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(i

SYNODr'SIS

In the development of highway design alternatives, total costs, especially those borne by the
community, must be given top priority. A large pottion of these communpity costs can be
attributed to vehicle operation which is affected, inter alia, by the riding quality (in terms of road
roughness), Models have been developed to quantify the financial benefit, in terms of vehicle
operating costs, associated with a better quality riding surface, although these models may not be
universally applicable. This rcsearch attempts to calibrate these models to South African
conditions for medium to heavy trucks, These models may then be employed in the cconamic
appraisal of highway design alternatives in the South Afrlcan environment,
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INTRODUCTION

In the economic and social development of any countty, an effective road iransportation
system is an fmportant factor IHawever, it also consumes a large proportion of ihe total
infrastructure costs, while the costs borne by the road user for vehicle operation and
depreciation are even greater. A policy must therefore be adopted in which total
community eosts for any road link or network are minimized. To do thia meaningfully,
alternatives must be developed and compared and the trade-offs between them carefully
assessed. This, in turn, requires the ability to quantify the different cost functions for the
desired period of analysis,

A study initiated by the World Bank in 1969 led to the production of the Highway Design
and Maintenance Standards Study, This study documents the research earried out on the
quantification of the trade-offs between the costs of road construction, road maintenarnce,
and vehicle operating costs and on the development of planning models simulating total
life~cycle costs which are used as a basis for decision making. To emerge from this study
was the Highway Desipn and Maintenance Standards Model (HDM I} -a computer
simulation model allowing for the comparison of differcot aiternatives.

The HDM III model employs four sub-models for this purpose, of which the vehicle
operating cost (VOC) sub-mode] is of relevance to this research. Vehicle operating costs
are those costs directly attributable to owning, operating and maintaining a vehicle, and
are the larpest cost element in road transport,

There is direct physical evidence compiled around the world that shows that pavement
roughness influencesveh’ = operating costs (Chesher and Harrison, 1987). Improvements
in road conditions, althe..:¢ 2 costly, can therefore pay substantial dividends by reducing
VOCs and hence genera.: large net benefits to the national economy as a whole, It is
necessary, though, to quautify these benefits by using, for example, the HDM III madel,

However, the VOC sub-modet cannot be employed in South Africa until it’s relevancs has
been established since resuits from other socio-cconomic cnvironments may not be
vaiversally applicable. A calibration of the model, to local conditions, is thercfore
imperative to ensure it’s applicability to South Alfrica and to promote confidence in the
validity of the output, This is the focal point of the proposed exercise, which is to
calibrate the HDM III vehicle operating cost sub-mode] to South African conditions {or
trucks only. This research forms part of a larger road user cost study, in which models are
being developed for use in road manapgement for gencral and cconomic appraisal of
highway projects, Furthermore, the exercise will be undertaken for only one vehicle elass
- that of medium to heavy trucks - as all other classcs have already been secounted for
in previous local studies. This class covers mostly 2 or 3 axled, 4 to 16 ton vehicles,



1-2

The first Part of this report covers the available literature and allows for the deduction
of those relationships requiring calibration to local conditions, It also provides the
necessary background neceded to analyse both road roughness and vehicle cost data and
discusses any extenuating factors influencing VOC relationships, The form of the
reiationships developed are highlighted since & similar form will be adopted for local
conditions - it is a calibration of the variables that is required.

The second Part of this document discusses the logistics and policies of the company used
for data collection. The methodology of the data collection as well as the actual data
collected is discussed with regards t¢ both operating costs and road roughness. The
processing of data is briefly explained and probiems encountered during this phase of the
research touched upon. Furthermore. ihe controversial method of “averaging-out”
roughness measurements is delved into and an alternative method of roughness disessment
proposed.

In the third Part the results and comparisons are furnished, in which the vehicle operating
cost components are analysed using both the conventional and alternative method of
ronghness assessment. The two methods are compared and conclusions drawn as to the
viability of employing each in an econw:aic assessment of highway design alternatives. The
last Chapter in Part III compares the relationships arrived at in this research witl: those
of the overseas models.

Part IV draws conclusions on the work undertaken, and summarises those VOC
relationships which are to be employed in future cost analyses in the South African
environment. Furthermore, recoinmendations are made with respect to the theoretical
and practical application of the alternative method of roughness assessment.
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2.1

LITERATURE REVIEW

This Chapter scrves as a literature review and explores and summarizes most of the
available literature on the subject in order o provide guidance as o the methodolagy of
the research. It covers most of the aspeets of vehicle operating costs and also exposes the
areas which require extra atiention.

Both international and foceal studies are covered in this literature review, with emphasis
on those studies that are similar to this one, or those that provide guidance to the
tesearch. The report begins with a brief background to the HDM I model followed by
a deseription of most of the studics reported on, Different factors which may influence
the outcome of the research arc then discussed, followed by information peitaining to
each VOC component,

Introduction

The lack of road surfuce smoothness (or, roughness) and its effect on ride comfort,
dynamic loading aad vehicle operating costs (VOCs) has received much attention through
the years and cengineers worldwide have spend considerable effort in quantifying road
toughness and its relationship to user cost ang comfort. du Plessis, Visser and Curtayne
(1988) and Zaniewski and Buticr (1985) repoart that the upgrading ol road surface quality
may be justified purely on the grounds of user cost savings. By teducing vehicle operating
costs by even a fraction of & percent contributes enormously to reduce the total
ransportation costs of an economy. The following diagram liustrates this coneeplually:

Totol comirmiy cost

|
| Constrection cost
I
%

Conatructad Rouginase Qf
fo « Optinum quallty 1 minkmize fotal coste

FIGURE 2.1: OPTIMIZATION OF TOTAL COMMUNITY COSTS WITII REGARD T
MAINTENANCE, ROAD USER AND CONSTRUCTION COSTS (du Plessls and
Curtayne, 1990)



2.2

Within the realm of total vehicle operating costs, there are also obviously different

contributions made by cach cost component. The approximate magnitude of these costs
are illustrated in Figure 2.2,
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FIGURE 2.2: 1546 VENICLE OPERATING COSTS FOR A BUS ON ROLLING
TERRAIN (du Plessis und Curtayne, 19./9)

Taking all the above factors into account i §s clear that there was © need to develop
vehiele operaiing cost relationships in order to quantify these effects. Only once all the
costs associated with any design alternatives are established, can an ceonomic Feasibility
study be undertaken assisting in the deeision making process of the dilferent alternatives.
The World Bank thus initieted e serles of VOC projects.

These major VOC studies were condueted in Brazll, India, Kenya and the Caribbeun,
which confitmed that yoad roughness and geometry are of paramount impertance in
determining fevels of road wser cost. From these and other VOC studics extonsive
experimental and survey data bases have been employed o determine the different vehicle
coat varsus roughne s relationships. An effort wus made 10 ensure that thuse relationships
could be used in different countries which obviously may have different geographical and
climatic conditions. The onus, however, is tn the user 0 ensure the applicability of the
relationships to local conditions. This point eannot be over-emphasized, and it forms the
entire crux of the proposed research, The process by which Uis is achicved 18 termed
calibration,
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2-3
The TIDM 11T Model

South African pavement menagement systems ave .t need of models to evaluate the
conscquences of allernative maintenance strategies. The World Bank’s Highway Design
and Maintenance Standards Model (HIDM III) is certainly 1he most comprehensive study
on the subject (o date, It is also adaptable to different conditions, For these reasons it
is belisved to contain the road deterioration relationships best sviled to South Alrican
conditions. "This model, however, cannot be applied as a basis for decision-making until
the applicability of the model has been (horoughly investigated and modilications made
where necessary. ‘This requires the comparison of model predictions against values of
actual, Joeal, road user costs.

The basic task of the HDM III package Is to cnable comparisons to be made between
allernatives using the predicions of total transport costs over a certain analysis period,
The total costs are made up of construction costs, maintenanee costs and road user’s costs.
Four sub-madels arc employed by the program (o caleulate these costs, of which only the
road user costs sub-mode} is to be calibrated in this project.

Two distinet principles emerge lrom the HDM I model, Firstly, roughness has a direct
influence nn VGCs, and sccondly, different modes of distress influence the rate of
roughnes: progression of a road, These principles are not to be conlused - it is the effect
of road roughness on VOCs that is to be investigated in this project.

The Measurement of Road Roughness

As the need arose for the quantification of road condition in lerms of ils serviceability,
iwo classes of measuring systems evolved « those that measure actual longitudinal profiles
and those that measure vehicular tesponse (o roughness. This Talter type is collectively
known as response-type raad roughness measuring systems (RTRRMSs). These instruments
measure cither:

i axle-body movements which arc usually summed to give cumulative "bumps® per
unit distance, or;

it aeeelerations of axle or body via accelerometes.
Of the RTRRMs available, Visser & Curtayne (1982) have developed the Lincor

Displacement Inteprator (L), which s gaining wide-spread neceplance because of ils
simplivity and reliubility.
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While developing the LD, Visser and Curlayne (1982) had to constantly refate their
outputs to some form of roughness scale, since the prediction of roughness under any
given eircumstance is dependant on the ability to relate that measure of roughness to the
measures used in the major empirical studies. The need for an international scale of
rouganess has led to a range of roughness measuring scales to be considered (Paterson,
1986), One such « seale is the QI {quarier-car index) roughness scale, derived from the
simulated response of a quarter-car to road profile inputs. This measure of roughness was
employed in the Brazil study. In the cstablishment of calibration procedures for
RTRRMSs used in South Africs, Visser (1982) found good correlations between QI and
outputs of the LDI roadmeter (units of mnyvkm).

In the other local studies similar to this one, Wessels (1989) and Curtayne et al (1987)
used the Linear Displacement Integralor to obtain toughness measurements. These
measurements were then converted to the QT scale of roughness by the following formula:

QI = 34,60 (LDI) -+ 249 esneon Bhdnl

The LDI has proven to be reliable and gives repeatable results, and the QI scale of
rouginess i gaining world-wide acceptance. The roughness measuremcnts, obtained by
this method, were used by Curtayne et al (1987) in the analysis of both tyre wear and
maintenance parts consumption. ‘They did, however, average out the roughness
measurements and the possible inaccuracies of this method are discussed further at the
end of this Sectlon,
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In the following table, du Plessis and Curtayne (1990) give an approsimation of how the
QI seale relates to road condition

.TABIJE 2.1; COMPARISON OF THE QI-BCALY OF ROUGHNESS
' TO ROAD CONDITION {(du Plessis and Curtayne, 1990)
QI {counts/km) Road condition
.25 smooth paved
25.40 fair paved
40 - 50 rough paved to fair unpaved
30 - 80 rough unpaved
80 « 150 poor unpaved
150 - 200 very rough unpaved
200 4+ virtuatly impassable

At an international level, the provision of a common quantilative basis with which to
referenca different measures of rughness Jed the World Bank to initfate the International
Road Roughness Experiment (IRRE) in Brazil in 1982, This resulted in the establishment
of the Intcrpational Roughness Index (IRI) as & standard against which roughness
measurements can be monitored, This index is essentially similar to the QI scale and was
also shown to be strongly related to subjective ratings of riding quality (Paterson, 1986).
Furthermore, very high correlations were found to exist between the QI and IRI scales
of roughness, so that a conversion belween the wo can be made with reasonable
confidence. From 49 phservations, the correlation cocflicient (R?) betwezn the QI and
IRI scales was (0,962,
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In a paper by Paterson (1986) the major roughness scales, which were investigated in the
International Road Roughness Experiment, are referenced against the IRI. A chart and
a series of equations arc provided for the purpose of converting between aiy two scales,
The conclusions that can be drawn from this is that although the IRY is being
internationally advocated as the scale of roughness, it is Feasible to use the QI scale since
they are readily interchanged. A diagram is also given hy du Plessis and Curtayne (1990)
in which conversions can be made between different roughness classes, including the QI
and IRI scales.

A further point raised concerning the measurement of road roughness is what effect, if
any, different types of vchicles have on the results. Paterson and Watanatada (1985)
addressed this issue, and they discuss the quantification of the effect of vehicle type on
the response-speed relationship. Alfter comparing three different vehicles and four
different instruments they found that the results were of the same order, expect for an
instrument installed in a trailer. They conclude, however, that specific speed correlation
relationships need to be established for individual vehicles, and that this is a requirement
of calibration procedures. Furthermore, the response of a measuring vehicle will be
different at different speeds and a universal roughness scale must therefore address the
issue of & refarcnee speed. This implies that there will be an adjustment across speeds
when the measuring vehicle hias had to reduce or increase speed, This topic is discussed
further in Section 2.5,

One last factor influencing the measurement of road roughness is that of the trucks’ load
eondition, Chesher and Harrison (1987) expiain that it Is very costly to obtain accurate
estimates of loads carried, In Eact, only in the Caribbean study were accurate vehicle load
data obtained (gross vehicle weights were determined st weigh stations). Attempls were
made to introduce weight effects into the Brazilian and Kenyan studies, The validity and
accuracy of these attempts are, however, dubious as some of the loads were estimated
visually. Taking these factors into consideration it is unlikely that vehicle loads will be
included in the present study.
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In closing it should be noted that misleading results can be produced by averaging out
roughness measurements. For example, 2 1 kin unpaved road and a 10 km paved road
with roughness measurements of 250 QI and 19 QI respectively will yield an aggregate
roughness of 40 QL This could be misteading since the 1 km section of unpaved road
could be causing 80 % of the vehicle operating costs, whereas it is assumed, by averaging
out the roughness, that it is causing only 57 %. This is of significant importance in the
rescarch sud it may be necessary to develop an acceptable method of correctly
proportioning vehicle operating costs 10 road roughness. A method which could be
employed is one which attempts to incorporate the effect of road roughness directly, This
would prevent the "loss” of the direct link between roughness and VOCs which occurs
when averaging out roughness measurements.

Facets of Calibration

A fundamental process employed in this research is that of calibration. A number of
methods could be used to obtain results and this Section outlines those available and
those most likely to be implemented, Calibration astivitics can be based on both primaty
and secondary data sources, Primary studies are those which compare directly costs and
roughness characteristics whilst secondary studies provide information on a region. This
regional information is used to calibrate primary study data to that reglon.

Curtayne et al (1987) say that calibration wo.x can be based o a combination of
secondary data and experimental or survey activities if adequate resoutrces are available.
Furthermore, economic growth and free competition, or regulation, for transport services
influence loads carried, utilization and vehicle speed. Knowledge of thess effects in the
countries in which the primary studics were conducted is very important when calibrating
primary relationships. This provides valuable sccondary information for the interpretation
of predicted values, It is unfortunate, however, that most study reports do not adequately
deseribe such effzcts. The prosent economic position, of South Africa, however, will
certainly play a role when justifying relationships produced in this study.
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Furthermore, during the undertaking of such a study, It may happen that resources prove
inadequate, and a calibration is attempted in which parts of equations from the primary
studies are combined to suit focal conditions. However, Curtayne et al (1987) state that
equations from various studies should not be mixed especially for the maintenance parts,
labour, depreciation and interest results, They go on to say that if resources do not
permit much calibration, then that study closest to the local enviconment should be chosen
and efforts to calibrate it contred on the critical cost components that were Identified by
secondary data as being sensilive. To best achieve this, a variely of calibration activities
that are influenced by study resonrces and data availability are identified, making it
possible to determine a progtam of prioritics which focus on the most important
components to be addressed.

Data should then be collected and this is accomplished either by experimentation or by
a survey of the costs of vehicle ownership. In the case of survey data, a single company
that provides similar scrvice over a representative range of road roughnesses {s the ideal
company to survey. This is because analysis of the Brazilian and Indian VOUT survey data
shows the importance of differences between companjes and within a company in the
estimation of survey data (Chesher and Harrison, 1987),

In summary, the calibration of VOC 1esults ranges from the selection of available
relationships on the basis of very littie data to the estimation of local relationships using
specially collected data to calibrate model forms reporied in the various major, primary
studies, This latter method is the one to be employed in this research as resources did
not permit a primary study in order to relate road roughness to vehicle operating costs.

Elements of Speed
A fair percentage of the aveilable literature covering VOCs and related subjects is

devoted to speed and the relationship between speed and vehicle operating costs. The
subjects referred to in this literature arc:

L The relationship between speed and the measurement of road roughness with
regard to vehicle response,
i8 The road roughness measurement error at different speeds, and

iil. The reduction of travel journey times resulting in a reduction of total community
Costs.
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Delving into the relationship between speed and the measurement of road roughness, one
finds that the quality of a wvehicle’s ride varies with travel speed, the dynamic
characteristics of the vehicle, and the roughness of the road. The assessment of road
roughness by measuring the responsc of a typical vehicle is thus dependant on the speed
and dynamic characteristics of that vehicle, In an attempt to model user costs and road
roughness, speed predictions should therefore be 2 primary objective.

In the Brazil study, passenger cars calibrated to 80 kmi/h were used for the measurement
of road roughness. When conditions such as poor geometry, traffic, bad weather, low light
or high levels of road roughness prevailed, and speeds had to be reduced, it was necessary
to estimate the equivalent output at B0km/h. This was done in order to express the
roughness in terms of the QF reference scale,

Paterson and Watanatada (1985} also mention that, when lower speeds are necessary, the
conversion of the response speed to the reference speed is required to estimate the road
roughness. From data sets on all different lypes of roads they produced an equation that
can be used to calibraie roughness measurements at different speeds. Their equation,
however, is suited to overseas conditions as well as to the use of an Opala Mays meter to
measure road roughness (and not the LDI roadmeter), It is thus not applicable to this
rescarch and an alternative equation may have to be sought,

Moving onto the subject of road roughness measurement error at differing speeds, it was
found that the literature was extremely limited. Paterson and Watanatada (1985), in their
analysis of the Brazil speed-roughness data showed that, when measuring roughness, there
js a measurement error, which increases with increasing roughness; typically the error
increases in proportion to the square root of the roughness. They go on to say that
surface-type effects are primarily, though not compietely, explained by different roughness
levels, These points will have to be considered in the research as any "outlying” roughness
data points may be exagperated due to the measurement ervor. Also any relationship
produced by Paterson and Watanatada {1985) would not be applicable to South African
conditions, especially the LDI roadmeter,
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Paterson and Watanatada also estimated speed statistically, in which conclusions are drawn
which would be of benefit to this rescarch. They based their predictions on some 100 000
individual speed observations obtained from over 200 road sections, for six vehicle classes,
tanging from passenger cars to articulated trucks. In their results it became apparent that
at low raughness lovels, in the range of up 10 B0 QI safety and speed limit considerations
tend to dominate. This makes the predicted speeds relatively insensitive to roughness.
As the roughness gets larger, in the middle range of 80 to 200 QI, it's effect on the
predicted speeds becomes more pronounced, In the high range of roughness (above 200
QI) the predicted speeds are almost totally dominated by roughness.

du Plessis, Morden and Coetzee (1989) attempted to show, locally, that speed is directly
affected by roughness or by road iype. In their pilot study, speed was measured against
roughness and modelled for all the vehizle classes. They found, however, that the
relationship that exists between road type and rosd roughness complicates the
interpretation of results. ‘This complication is to be enpected, since a gravel road will by
nature have poorer riding quality than a paved road, Other factors such as dust, road
width, and the presence of loose sand, which are associated with gravel roads, also cause
drivers to maintain lower speeds on unpaved roads. The data obtained in their survey was
therefore insufficient to identify a roughness-speed relationship for all vehicle classes,
since other factors related to road type should have been included in their predictions.

The results of the study by du Plessis, Morden and Coetzee (1989) were therefore
inconelusive and, unfortunately, no other local work has been done to quantify the effects
of road roughness on vehicle speed. Furthermore, it cannot be assumed that the work
done by Paterson and Watanatada (1985) may be used locally to address roughness-speed
cffects since their relationships were developed overscas,

The third and last salient point regarding speed is that of the prediction of the savings
to journey time. Chesher and Harrison (1987) mention that the prediction of vehicle
speed is central to the prediction of road user costs since they influence the journey times,
A quantification of travel time savings arc nceessary in order to undertake o Full cost-
benefit analysis of highway improvements so that total community costs may be minimized.
This prediction, however, falls outside the scope of this study and shall not be addressed.
This exercise must, however, be undertaken during a cost - benefit analysis of any highway
improvement alternatives,
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Components of VOCs - Applicable Literature and Summaries

With the background to most of the introductory aspects being discussed in previous
sections, it is now possible to move on to international and local developments with
respect to VOC's and road roughness, The available Hierature and the methodology of
the investigations are discussed in this Section. The first sub-section, Section 2.6.1,
outlines the broader aspects of each study with respect to the scope of the study and the
methodology of the research. In the following Sections each component of vehicle
operating costs is addressed separately, being discussed and reviewed in the light of the
task to be accomplished.

The order of discussion of each component is according to the relative importance
attached to each with regard to this research, Maintenance and repair costs are crucial
to this investigation since they constitute a large percentage of total VOCs on which very
little rescarch has been undertaken locally. Consequently, this aspect is discussed first,
followed, for similar reasons to those outlined above, by tyre consumption. The third
component to be discussed is that of depreclation and interest charges. The last two
components, fuel and oll consumpiion, are addressed last as it is unlikely that an attempt
will be made to model these two components - adequate relationships between these (wo
components and road roughness have already been established locally, Also, an attempt
has been made to include only relevant literature, aithough it is necessary, in places, to
provide other literature to favilitote better un.’~rstanding of the subject.

Further, the literature documenting the four major VOC studies (specifically by Chesher
and Harrison, 1987) is extensive. Therefore, a summary of most of this wotk is provided
in Section 2.6.7 while only a few refcrences are made in Sections 2.6.2 through 2.6.6.

General

At present, it is cost differentials of different design alternatives which are being employed
in the economic aspects of the decision-meking process, In order, therefore, to make
effective cost-benefit decisions of different highway alternatives it is imperative to have
available, the different levels of costs associated with each. Resulis from the primary
VOC studies showed that vehicle operating costs were sensitive to roughness but that this
sensitivity varied beiween the different components. Furthermore, and perhaps more
importantly, the studies showed varlances in cost magnitudes and differentials of each
component. These variations thus highlight the need to develop a series of cost-roughness
relationships specifically for Southern Africa,
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Primaty research on VOC relationships on a large seale is, however, both time consumiing
and very expensive. A number of smaller scale VOC projects were thus initiated in South
Altica In which an attempt was made to calibrate the available cost-roughness
relationships to local conditions. In the South African context this Is obviously an
important phase in the entire VOC exercise - it ensures a fair degree of confidence when
using the HDM I model locally.

In the resulis obtained locally over the past six to cights years similar trends were
indicated to those from other studics. A few ¢ ¥ these projects were reported on by
Curtayne ct al (1987), du Plessis, Visser and Curtayne (1988), Wessels (1989) and du
Plessis, Morden and Coetzee (1989). amongst others. Curteyne et al (1987) rocently
attempted a smaflseale VOO study, designed to select a set of cost-roughness
relationships that were reported in major primary VOC studies and to calibrate them to
local conditions. As far as maintenance parts and labour costs, and their trade-off with
depteciation and Interest charges are concerned, they do not recommend that these be
maodelled mechanistically, This is beeause ceonotics, and not technology, is the key factor
in the prediction of these components.

Road user surveys were therefore conducted in rural areas which showed that vehicle
maintenance, tyre wear and depreeiation are adversely affected by incrcasing levels of
roughness. Data was subsequently obtained from a company that operated 740 huses
from 9 depots with a combined annual feet use of 50 million kilometres, In order to
provide the bast range of road roughness values, operating cost data were taken from five
of the 9 depots over a complete calender year, as recommended by Hide et al (1974).

Concurrent to this research, rolling resistance experiments were done in order (0 permit
the mechanistic determination of fuct consumption. The mechanistic method of modelling
assumes that fuel consumed is directly relaled to the encrgy required to overcome
resistance o motion, This involves coasting it vehicle down & hill from a relatively high
speed (usually about 80 km/hir) over a road section of which the grade and roughness
charagteristics are known, Furthermore, rolling resistange is o function of road roughness
and the suspension characterlstics of a vehicle, The basic equations of motion can then
be applied to derive a formula for {uel consumption in which specds and coeflicients for
rolling, nir and gradient reslstance are the independent variables,
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Work was earricd out with passenger ears, buses and medium teucks that has quantified
the effeet of road roughness on fuel consuznption (du Plessis, Visser and Curtoyne, 1988),
In this report du Plessis, Visser and Curtayne produce fucl consumption - toad roughness
relationships which are thought to apply 10 local conditions, They also discuss the
methodology and comprehensibility of their research, in which theoretical considerations
were employed W praduce these refationships. A [urther very important point to cmerge
from their document was that mechanicad differences beiween vehicle types within o class
are appreciated, afthough these are not taken into account - largely beeause relationships
developed from empitical studies of this type are applied to typical vehicle fleets travelling
over a road facility and po finer distinctions are made at that level of analysis.

Their report provides a foundation on which 10 build the current research for the
following reasons:

L The user survey falls along much the same lines as the presently proposed
excreise;

ii. Thedr resuits are comprehensive and are being employed locally until better results
hecome avaliable)

fit.  Lessans lcornt in their rescarch are thought 1o also apply to other vehicle classes;

iv. The research was done locally and ean therefore provide puidance and agsistance,
and;

Vi Their methodolopy and results are well documented.

In another user survey stwdy, by Wessels (1989), the maintenanee cost predictions did not
calibrate well with resulls feom other studies, Tn addition to this, tyee data was found to
be insuificient to attempt a tyre data analysis, Wuessels suggests that, in this cose, depot
records be re-consulted o gain a better understanding of the data.  Individual depots
should also be visited so that geometrie attributes as well as greater quality data can be
obtained, ‘This rescarch provides guidance in a3 much as it shows appreciation for the
correet and comprehensive collection of data.
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In most user surveys, for reasons that arc outlined by Chesher and Harrison (1987), data
was sought from a single company, operating over a wide range of road roughnesses. It
should be noted, however, that in these surveys companies are usually chosen because
they operate over various combinations of route characteristics. This is not wholly correct
in that they should be chosen because they form a representative sample of vehicle
vperators, It is because of this that the operating costs reported in the various studies
cannot be taken to represent general cost levels, Users who require absolute cost levels
as well a8 cost dilferentials are advised to conduet an extensive calibration of equations
to suile loeal conditions,

As [ar gs oversens literature is coneerncd a report offering assistance to this project is that
produced by Zaniewski and Butler (1985). Their report was being compiled during the
time that the World Bank was doing its research on VOCs. Because of this, judgement
and theoretical considerations were employed to produce sets of VOGs,

In theie research five components of VOGS, for (rucks cnly, were studied, including Cuel,
oil and tyre consumption, maintenance (and repair) and depreciation, Using a large data
base their approach was to identify the consumption involved for cach parameter and then
1o price these components 1o oblatn VOCs, Data were received for 12 489 {rucks from
15 fleets, These data were sufficient o provide updated cost cstimates for all cost
components except use-refated depreeiation,

Zanjewski and Butler had available to them the preliminary results of the Brazil project
and used these to quantify the influence of roughness on VGCs, They state that, in
peneral, allocation of the non-fuct components of VOCs must be determined by
judgement and theoretical considerations, This is because direet evidence of the influence
of roadway parameters and pavement condition on the non-fuel components of vehicle
operating costs {8 difficull to obtain, since jong periods are necessary to observe
consumption of these componenis.

However, when judgement was the sole basls for cost allocation, they invariably used the
distributions originally developed hy Winfrey (1969). When subjective judgenients could
b augmented with theory, disiribution costs could by ealeulated using stondard equations
of foree and horsepower,

Most of the other literature documenting the major, internativnal VOO studics is
summarised by Chesher and Harrison (1987) and is discussed further ot the end of the
Seetion. Bach component of vehicle operating costs is now examined under it's respective
heading, with attention {oeused on the relationships produced by each,
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2.62 Maintensoce and Repair Costs

Maintenance costs are crucially important in the calculation of benefits derived
from road improvetients. They formn 4 large component of VOCs (as is evident
from overseas and local studles), they are sensitive to road conditions and the cost
progression of maintenance as vehicles age is influential in determining vehicle
replacement expenditurcs, and thus depreciation and interest costs.

Chesher and Harrison (1987) refer to "preventative meintenance” as that which
influences the relationship between maintenance costs and vehicle age, The
e .cent to which this preventative maintenance is carried out varies from country
to eountry due to differences in prices of maintenance faboue, paris and new
vehicles, Adding to this, Curtayne et al (1987) mention that maintenance
expenditures are sensilve to price and wage levels, and the trade.offs of
depreciation and interest charges. All of these are linked 1o the size, strength and
structure of the local economy. ‘Therefore, there 15 o strong argament for
developing relationships suitable for South African conditions,

In most of the previous studies concerning this subject, when analyzing vehicle
operating costs, the total maintenance costs of a vehicle are split up into 2
separate costs - that of parts and that of labour. For an individual vehicle, the
cxact parts and labour expenses incurred will depend an the care taken by the
owner and the specific conitions under which the vehicle operates,

The two maintenance costs (ports and labour) are discussed scparately under the
headings Maintenance costs - Parts and Maintenance costs - Labour,

Maintenanee costs - Parts

In order to deal with maintenance parts costs, results from the primary studies
indicate methods of manipulating data in order that influencing factors can be
readily taken care of. It has become apparent that the importance of vehicle age
in kilometres cannot be ignored, and must be taken into account whilst processing
data. This has been emphasized by all major VOC primary studies, In addition
to this, different rates of Inflation for different types of vehicles must be
accounted for, This is achieved by dividing average spares costs by the new
vehicle price, since 1t has been found that this ratio remains approximately
constant, despite inflation, This concept is discussed in greater detail by Chesher
and Harrison (1987),
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In the study by Curtayne ct al (1987) the consumption of engines, pearboxes and
differentials, which were changed at 304 000, 350 000 and 450 000 km respectively
were considered to be only partially related to road condition. They were
therefore not included in the preliminary analysis of maintenance costs,

For reasons that have been discussed, the bus data were assigned kilometre ages
and the maintenonce costs were divided by new vehicle prices. Onee the
preliminary data analysis was complete, varfous models reported in the majoe
primary YOC studies were estimated. The following equation, which is similar to
the Brazilian bus maintenance parts equation showed the best fic:

In (VD) = «0,7894 4 06,4153 In (QI) +
0,6313 In (AGL) e 2022
whore
P = spare parts costs in South African rands/10* km,
(2,5 SA rands = 1 US dolur),
VE = new vehicle price (In 10° SA rands),

AGE = bus age (in 10° km), and
QA = road roughness (countskm),
For this model the corrclation coefficient (R%) = 0,82

Again the resulls were regarded as encouraging and further work should be
undertaken for the estimation of relative parts consumption for trucks. Also, it
became clear in their research that the trade-off between maintenance costs and
depreciation costs are cruelal to vehicle operations, This is beeause these costs
determine purchasing, maintenance, selling and scrapping decisions, and form ¢
significant portion of total vehicle operating costs, These factors will be addressed
in detail in this rescareh,

Mm‘ntenagme COSES » !‘ﬂ'bﬂw‘

Curtayne ct al (1987) treated labour costs by dividing the total wages paid by the
kilometres travelied, This item thercfore containg no evidence of how road
roughness will aflcct labour costs, although it Is expected that more time will be
spent on repair work on very rough roads than on smooth ar paved roads,
However, this is not the only labourdnfluencing cost - they also depend on
prevailing wage rates. This method is therefors clearly unsuitable for application
In South Alrica,
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An alternative method of teeating labour costs was adopted by du Plessis (1987).
Because of the similarities between local and Brazitlan operating conditions and
in view of how bus fleets are operated in that country, he decided to use the
Brazilian model to predict local lubour costs. To evaluate these predictions, the
bus opetator was then asked for his comment on the values calculated at certain
roughness lovels,

tu Plessis assumed that conditions in rural South Africa and in Brazil were similar
at the time that the Brazilian model was developed, and that the mode] allowed
for the socio-economic circumstances in Brazil at that time. After converting from
the different monetary systems, 1nd allowing for inflation, the following equation

emerged :

il = 1,29 + 0,517 In B + 0,00548 QI v 20023
where

L s labour costs (Rands) per 1000 km,

P sparc parts cosls (Rands) per 1000 km, and

=+
Q = road roughness (counis/km)

However, it has to be noted that the cxchange rate/price inorcase has its
limitations,  Firstly, the exchange rate is largely dependent on political and
ceonomic expectations and does not necessarily reflect the relative buying power
of the two currencies, making any price comparisons meaningless. Secondly, socio-
economic differences between the two countries may result in vastly dilferent
labour-eapital trade-offs within the respective transport sectors, This was reflected
by the fact that the operator found the predicted values to be up to 50 % higher
{at high roughness levels) (han the actual operating costs,

Buased on the above. it is clenr that originat work in South Afriea will have to be
done to quantify the local labour cost~-roughness retationship.

Tyre Consumption

As in the caleulation of other VOC components, theoretical, as well as data
collection, considerations can be employed in relating tyre consumption (o surface
roughness, Like fuel and off, tyres are eonsumed continuously as vehicies travel,
Haowever, two types of wear occur on tyres - ablative and abrasive, ‘The former
is due to premature failing of the casings and the fatter purely to shedding of
material over time. Furthermore, tyres are expensive and carcass's robustly built,
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It makes sense therefore fo retread {yres provided the carcass is still in o
serviceable condition. For this reason, a caleulation is performed in which any
ablative and abrasive wear as well as any retreads arve aken into consideration
when relating tyre wear to road conditions, This "equivalent new tyre life"
caleulation iz performed in order to take inlo account the ablative wear of the
tyres at any particular depot since it would be unfair to allocate tyre wear due it
premature rilings of the casing, eg. penctrations, to the roughness conditions at
a depot. Although it Is generally agreed that a higher roughness level would lead
to a higher ablative wear, this may not be the case.

Adding to this, Chesher and Harrison (1987) discuss the research undertaken in
the Indian study, This was to investigate differences in tyre lives for tyres of
different brands and for tyres made from different materials, No significant
diffetcnces were found and henceforth all tyres were treated similacly. This is of
obvious significance to the present study.

In their analysis at the Kwazulu bus tyre data Curtayne ct al (1987) adopted the
user survey technique - similar to that which is proposed for this project. Monthly
average tyre cosis for both new and recapped tyres were provided, This made it
possible to calculaie equivalent new tyre life vatues as was first done in Kenya and
subsequently adopted by all major studies. Equivalent new tyre lives were derived
from the following equation :

ENT = TK/(1 + NR/R) sessesense EQL 24
where

ENT = equivalent new tyre life (10° kmAyre),

™" = totul kilometrage per casing (km),

NR = number of retreads per casing, snd

R = ratio of pew tyre price to retread price,

The ENT data points were then plotted and a simple log-linear relationship was
determined from the various models that were {itied to the data, The relationship
s as follows :

2
I

131,5- 25,0 QI SOR— . I .

g

equivalent new tyre life (10" km/tyre)
R = 081 standard vrror of estimate = 5,42
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Once this equation was established, Curtayne et af (1987) performed a comparison
with results from the major VOC studies, They found the following:

There was a degree of similarily between the loeal bus tyre predictions and those
of the TRRL studies in Kenya and the Caribbean, but a divergence was shown in
the results of the Brazilinn and Indian studies, The Brazilian sty used data
genernted by a mechanistic tyre wesr madel, which appears to yield conservatlve
figurcs by comparison, But the Indian study differences could not be explained
and it is thought that they could be stiributed 1o elther driver behaviour, which
is extremely difficalt to quantify, or 1o the characteristics of the gravel materials,
These comparisons are discussed in detail in later Chaptets of this report,
Furthermore, it js evident from available data that tocal gravel materials cause
many premature failures and tread wear due o pencteations of the tyre casings.

Adding to this, Chesher and Harrison (1987) warn that considerable across.
company dilferences in tyre Hves eun be expecied, This is due (o the effects of
company policy differences (with respect to reeapping, ete) and Lo across-company
vatiation in types of business. Furthermore, they sny that tyre data are difficult
{0 collect because, ol Jeast in large organisations, tyres are moved from vehicle to
vehicle.

In their experiments, Zanlewski and Butler (1985) used the slip energy model,
developed by the US Forest Service in 1973, in order lo calculate tyre wear, This |
is similar to the method adopled In the Brazilinn study. The approach selected
wis to relate tyre wear to both the fevel of tractive {orce exerted by a vehicle and
the tyre slip which occurs at the tyrefroad interface, The best model was
produced by relating the volume of tread rubber warn to the amount of slip
energy expenced at the tyra/rond Interface, Slip encrgy is simply the produet of
the total distance slipped by the tyres and the fotal horizontal foree.

However, proper use of the model requires the quantilication of dots [rom the
tyres, surfaces, and vehicles Tor which predietions are to be made, Furthermors,
it is diftfeult to choose cocfficlents for the slip energy tyre wear mode} which are
typlcal of a particular tyre consteuction on 4 partleular surface,
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The method employed by Zaniewski and Butler (1985) has severe limitations sinee
tread wear is only one espect of tyre life, Carcass deterjoration iz as, if not more,
important since it limits the owner’s ability to recap. Furthermore, their model
does not cansider complete tyre fuilure caused by blowouts or ablative tyre wear,
It is important that the cutrent study takes these above factors into consideration.
This will facilitatc a comparison with the other, non-theoretical studies,

Depreciation related Expense

A substantial cost for vehicle owners is that which is reflected in the change of
capital value aver time and use - otherwise known as depreciation, The major
area of contention in the debate concerning deprectation expense is what, if any,
portion of the expense should be assigned to operation on the road, As Winfrey
(1969} natas, only the portion of the new price of a vehicle that is assignable to
rond use is valid in discussions related to road design alternatives,

None of the primary studies reported relationships of vehicle values as a fubetion
of age (in km or calendar years) and of the roate characteristics over which the
vehicles travelled. Instead they reported average wehicle age (in years)
relationships that were generally obtalned from national surveys of used vehicle
prices, The effect of highway design characteristics appears to relale only
indirectly to depreciation through the number of kilometres travelled. Therefore,
fixed depreciation costs per time period can be placed on a per-unit time basis by
changes in vehicle kilometres travelled,

There is 4 point at which a case could be made to sell a vehicle when running
costs exceed revenue {or capilal return) or scrapping that vehicle when
depreciation gnd inierest costs are zero.  Chesher and Harrison {1987) have
developed an optimal scrupping model that requires that vehicle life, s, satisfies
the fellowing equation :

L [m(s) - m{d)le™ dt = VP R =< X

where

m(t) and m(s)

i

the por year rate of running costs for a twyear-old
and s-year-old vehicle respectively,

per tir« period continuous discount rate, and
VP & new vehicle price.

-
1
K
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Given the discount rate, the new vehicle price, and the predictions of running
costs over time, the optimal vehicle fife(s) can be dotermined using this equation.
Furthermore, the flow of running costs at the scrapping date, m(s), is equal to the
sum of the Aows of depreciation cosis, D(t), interest costs, I(t), and rusining costs,
m(t), at any vehicle age, so that

m(s} = D@) + I{t} + m(t) S o« N
i latter condition implies that depreciation and interest costs are zero at the
date of scrapping, and that total operating costs are invariant with respect to
vehicle age, with increases in running costs {m(t)) being offset by decreases in
depreciation and interest costs (D(1) + I{t)).

These two cquations are important for this rescarch for the following reasons,
Equation 2.6 provides & way of predicting vehicle lives because, given the discount
rate, r, new vehicle prices, VP, and the study’s information concerning the How of
running costs (m(t)) and it's increase with vehicle age, equation 2.6 can be solved
for vehicle life, s (Chesher and Harrison, 1987). Using this optimal vehicle life,
equation 2.7 may be used to predict time-dependant depreciation and interest
costs.

Curtayne ef al {1987) note, however, that this equation Is optimal only as long as
vehicle use does not vary with vehicle age. 1t is likely that this method will be
employed to estimate deprociation and interest charges for trucks in the South
Alfrican anvironment.

Another method employed overseas to estimate depreciation and interest cost
attributable to use was that of Zanicwski and Butler (1985). Their theoretical
approach was to quantify the life milsage of vehicles in the highest 3 % annual
mileage catcgory, The depreciation of these vehicles was assumed to be totally
assignable to use , The life mileage of the vehicle was divided into the
depreciable value of the vehicle to obtaln a current estimate of the depreciation
expense attributed 1o use, The statistical approach used by Zaniewski and Butler
was only possible, however, hecause of the large data base nvailable to them and
is obviously not possible in this research.  Again these two researchers then used
the Brazi] projeet to adjust their depreciation expenses to refleet changes in road
roughness,
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2.6.5 Aspects of Fuel Consumption

In most of the previous studics, the fuel consumption component of VOCs has
received a fair share of the attention, since it allows [or relatively casy modelling
and accounts for a large proportion of total VOCs. Despite this, there is
considerable variance between reported results, This can be ascribed to two
factors. First, the earlier studies in particular failed to relate fuel consumption to
an objective measure of road condition (such as roughness). Second, even though
later studies related fuel consumplion to road roughness, results differ widely as
to the contribution of roughness to fuel consumption.

In all primary studics, except the Brazilian study, the so-called aggregale-empiric
approach was used to relate fuel consumption to rond characteristics. Fuel
consumption was measurad directly in 8 numoer of types of instrumented vehicles
on a great number of roads thet varied in geometric properties and roughness.
Regression analysis was then used to obtain the required relationships. The
relationships obtained through this approach are, however, inflexible as they
cannot be readily adapted to suit different engine types, Also, changes in
technology will also necessitate a completely new experiment since the majority
of aggregate-empiric resulis do not transfer casily and convincingly to the local
conditions encountered.

In Brazil, fuel consumption was modelled mechanistically by accounting for engine
and drive trains, wind and rolling resistance. The advantage of this approach {s
that new technology in tyres or vehicle design can be incorporated by revising
estimates for the various coefficicnts, without having to re-run a major experiment.
Furthermore, a fucl consumption equation fot a specific vehicle type can easily be
adjusted to suit another by «justing the relevant cocfTicients,

du Plessis, Visser and Curtayne (1988) performed their experiment along these
lines, in which relationships for the rolling resistance of a passenger car, 2 buscs
and 2 fourteen-ton trucks were derived, The following approach was adopted by
them because of the flexible nature of such models,
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Coast-down tests were performed on 2 series of road sections (from good paved
10 poor unpaved) with roughness levels ranging from about 20 to more than 200
QL In addition 1o road roughness, the cffects of rosd surface texture and tyre
pressure were also investipated. The results obtained by them explained the
variances between earlier fuel consumption models and provided a set of
relationships belicved to be the most reliable of those developed so far in Sonth
Africa,

It is not necessary to delve into the methodology or mathematicat process by
which they achieved their results for the following reasons

i Due to the comprchensive naturc ol their experiment it has been
suggested that their results be employed in the development of VOC
relationships for local use, and '

i, If 2 fucl consumption relationship were 1o be developed in the present
project it would not be done using this method; the user survey approach
would be adopicd since the entire study focuses around this procedure.

In their experiment it was {found that the rouphness confficients in the regression
model of the different vehicles did not differ significantly and the data were thus
pooled. Testing of various model forms showed that tyre pressure and roughness
were significant in the relationship with rofling resistance, but that texture depth,
vehicle mass, depth of loose material, and snrface aggregate size were not. The
following regression model of rolling resistance in terms of road roughness and
tyre pressure emerged from their analysis :

A = 0,199 + 0,000322 QI - 0,000177 TYREP ..o B 2.8
where

A = rolling resistance coefficient (N/kp)

A = road roughness (counts/km), and

TYREP =  tyre pressure (kPa).

R* = 0,56; and standard error of estimate = 0,0164

Conscquently, their research shoved that for a constant tyve prossure, the fvel
consumption on very poor, unpaved roads (approximately 220 QX) is 23 percent
higher than on good, paved roads (approximately 25 QI). Also, an increuse in tyre
pressurc resulted in a reduction in fuel consumption. The above formwla can be
used to obtain rolling resistance in the prediction of fuel consumption tor local
conditions.
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du Plessis, Visser and Curtayne (1988) conclude that the coast-down method
employed in their experimem yiclded repeatable results and proved w be of
practieal value, Verifivation of the results through a comparisan of caleulated and
measured gradients supported confidence in the test procedures applied,
Furthermore, the lincar refationship between roughness and rolling resistance is,
in form, similar to the results reported in overseas studies. The relationship to be
used locally, untif a better one is established, for fuel eonsumption, Is therefore:

F = 151,078 + 0,524.Q1 + 2520/V + 0,0307.V* &
15 970}7.(} [T T LA Eq.z.‘)

fucl consumption (#/1 000 km),
speed (km/h), and
gradicnt (m/m) or percentage.

o<
T H

As far as the oversens studies are concerned, Harrison and Visser (1983) report
thut the Brazil deta sugpests that the effeet of road youghness on tucl
consumption is significant, The other studies, however, have indicated an almost
nepligible effect, They go on o say that this follows (rom he difficulties of
isolating the eontribution of roughness {tom all the other factors atfecting fuel
tonsumption.

If an attempt were made to improve the fucl consumption relationships (du
Plessis, Visser and Curtayne, 1988), # would obviously also require a speed
varinble input to mateh the comprehensibility of that study, This may be very
difficult since the user supvey may not provide speed data. In this case the
researchers would have to employ some or other substitution variable which could
lead to inaccurate (uel consuraption predictions. Because of these faetors it was
decided not o model fuel consumption in this research, Equation 2.9 is thus the
one ta be employed for future fuel consumption predictions under South Alrican
conditions,

Aspeets of O and Labrieant Congumiption

Engine ol and lubricant consumption constitute a very small companent of the
lotid running costs of & vehicle and are vather difficult to analyze. They have
therefore not heen researched 1o the same degree as the other components,

As for as local research §s concerned, Pienaar (1985) iltustrates the wffoct of speed
on oil vonsumption, Schutte (1987) ftted regression equations o the values
oblained by Pienaar to produce a relationship bhetween oil consumption and speed.
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For medium trucks the equation is :

Ol = 0,38453 + 11,06646/V i{ V < 50 kph .isersinenns By 210

or
OIL = 074051 - 0,00624 V + 0,000064V*
i V & 50 kph snsenmennneres Bl 2,11
whore
Ol. = il consumption in litres/t 000 kim, and

v = speed (kph).

In a different approach the HDM T model predicis the oil consumption s a
function of roughness. This equation is as follows :

OIL = 3,07 + 0,000211 B wrsssrerns B2 12
where

$)18 = s abuve, and

BI (mm/Akm) = 35 QI (counts/km), {rom Peierson (1986).

Furthermore, it is belicved that oil consumption is strongly related to travel speed
and indirectly related to road roughness through vaciations in traved speed. The
work by Piennar (1984}, however, is the (irst to aflow for a good representation
of operating conditions and speed on oil consumption.  Conscquently it is
recommended that it should continue to be used in South Africa until better
relationships are stablished. Forther work on ofl comsumption was th wefore nod
undertaken in this research,

Summary

As mentioned pro dously the doeumented lterature covering the four major VOG
studies is extensive. Yor this reason a summary is provided, giving some of the
more relevant aspects of the major studies, This summary can be found in
Table 2.2,
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Furthermore, when taken out of context, many ecxperimental results and
observations could give a false impression of correctncss, This is also true for
survey data, This inefficiency may, however, be put right by comparing results to
similar studies perforined clsewhere, So, although overseas results are being
calibrated to local conditions, it is still necessary to compare observations in order
to prove: their worth or otherwise. Where discrepancies arise, the differences must
be substantinted and objectively reviewed. This Section also provides a summacy
of the relationships developud by the four major VOC studics, as well a3 other
relovant studics,

Table 2.3 displays the equations which will be used for comparlson purposes
against the local observations, Relationships already shown in previous sections
of this Chapler are not included so 2s to keep the table as short as possible,



TABLE 22: SUMMARY OF RELEVANT ASPECTS PERTAINING TO THE MAJOR VO STUDIES
{extracted from Chesher and Hanison, 1987)

STUDY METHOD OF FLEEY SIZE METHOD OF PERIOI OF GEOMETRY OTHER
RESFEARCH ROUGHNESS OBSERVATIGN : OBSERVATIONS
_ MEASUREMENT
Kenya User survey 78 teucks (5 - 26 Bump Integra- 2 yeats, with 12 Geometry Limited range of

except fuel - tonnes payload) tor, units of month periods obtained from roughness and

aggregate-empiric | for user survey, mmfkm of vehicle mags or geoneiry

approach i truck for fuel operation measpred

experiments
Brazil User survey 1675 vehicle Maysmeter, Up to 3 years. Geometry Extensive fuel

except fucl and records for all units of QL average period surveyed and;or consumption

tyres - vehicle classes (countsfkm} of 12 months measured experiments,

mechanistic wide range of

modelling roughness

Caribtean | User sunvey 96 trucks (> 3 Bump integra- 2 years, with 12 Geometry Very low anmmal

except fuel - tonnes GVW)}, 19 | tor, units of month periods obtained from utitization

agmegate-empitic | for tyre analysis munfkm of velicle maps or £16 000 km},

appreach operation measnred wide range of
geometry

Icdia User survey 232 trucks, 2 Bump Integra- Up to 2 years, Geometry Very broad

except fustf - trucks for fuel tor, units cf averzge period surveyed study, including

agogreghte-empidc | experiments mmfkm of 17 months accident rate,

approach road width, ete.
Wide range of
geometry, wide
ange of

roughness

LT



TABLE 2.3: RELATIONSHIPS PRODUCED IN THE MAJOR VOC AND OTHER RELEVANT STUDIES (Harrison and Visser, 1985}

¥OC STURY DEPENDANT RELATIONSHIF CONSTANT INFUT
COMPONENT VARIABLE % RIABLES
Fuel consumaption India - lipht F= 85,07 + 3905/V + (,0206V* + 0,066 O + Will be studied if 2
3328 RS - 1,777 FL. - 6,24 PW comparison is
India - heavy 266,52 + 251T/V + 0,0362V* + 0363 QI + undertaken.
4,265 RS - 2,737 FL - 6,26 PW
Brazit Falls outside the scope of this study
Caribbean 294 + 2219/V + 0,02031V2-26 FL +
00132 FL? + 4,8478 GVW.RS
Kenya 121,99 + 796/V + 0,015V° + 4,176 RS -
2216 FL - 2619 PW + 1,969 D + 0,08 QI
Mzintenance- India BVP = EXP(1,1213 + 0,00787Q1 + 0,0531 GVW) GVW = 4 tons, AGE = 100
relative parts Brazil - light (1,931 + 0,4862QY) AGE™ 0,371 AGE = 100
corsamption Brazil - beavy {11,168 + 0,3944QDIAGE 0,371 AGE = 100
Caribbean (-6,54 + 0,1738QI - 0,00001155Q1~ 2)(AGE + 6) AGE = 100
Kenya (048 + 0,0204QIAGE + 23} AGE = 100
Maintenance- India Labour howrsf | 1,296 EXP (0001375 QI)}(P/VP) 0,654 AGE = 100
Iabour Brazil 1000 km = (0. 766)(P/VP} 0,519 AGE = 100
consumpfion Kenya (0,0298 - 0,0000429QL)(F/VF) AGE = 100
Caribbean Labour Parts cost x 0,45
cost =
Ty consumption India = 6/(51,766 - G088 QI)
Brazit 6/(84,592 - 077 QI)
Caribbean GVW (0,00706 + 0,0000743 QI) GVW = 12 tons
GVW = 12 tons

GVW (0,0083 + 00000616 QI)

(A



Note: F
v
QI
RS
PW
GVW
D
P/VE
AGE
and
ENT

ST O
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fuel consumption (¢/10° km),

vehicle speed (kmih),

road roughness (counts/km),

rise (m/km), FL = fall (m/km),

power to GVW ratio (kWiton),

gross vehicle weight (tons),

depth of loose matetial on gravel roads,

relative parts consumption (refer to section 7.4.1),
vehicle age at survey midpoint (10° kna),

equivalent new tyre lile (per 10° km, per vehicle)
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Othier Aspects

The method used to express the different data and the recommended ranges of vehicle
attributes and roadway characterdstics are clearly of significant importance in this project.
It would be unfeasible, for cxampie, to do research on vehicles which have excessive
kilometrage ¢ are very old since the VOCs may not provide a true reflection of how
roughness affects VOCs, In a report by du Plessis and Rust (1988) they summarize the
ranges recommented by the HDM IIT manual,

The reeommended range of vehicle attributes for medium trucks are :

gross vehicle mass 5000 - 16000 kg
payload 0.11 000 kg
projected Crontal arca 50 - 8,0 m?
cumulative kilometrage G - 600 000 km

The recommended range of roadway characieristics are

road roughness 0-200 Q1

positive and negative gradicnt 0-12 %

hotizonal curvature ) - 1200 degrees/km
altitude 0-5000m

In their report they also cover the method of expression for the different VOC
components and the unit ecst or multiplying factur used when converting from units to
costs. Table 2.4 displays the method of expression and multiplying factors,

In their research, Zaniewski and Butler (1985) express the components as the following
percentages of the overall costs :

(#)  maintenance and repair - the percentage of the average cost per kilometre of
eperation, and

(b)  ures « the percentage of the cost of a set of Lyres,
(¢) depreciation - the percentage of the depreciable value for a new vehicle,
These dependent variables were seleeted beeause they are readily available and, henee,

operating costs can be readily updated or computed for specifie regions. This method of
expression may thus have applicability to this project,
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TARLE 2.4: METHOD OF EXPRESSION AND MULTIPLYING FACTORS FOR TIIE

VOC COMPONENTS
COMPONENT | METHOD OF UNITS UNIT COST OR
EXPRESSION | MULTIPLYING
FACTOR
Maintenance parts | P/VP Proportion of new vehicle { Cost of new
price per 1 000 km vehicle
Maintenance labour | L Hours per 1 000 km Wage costthour
Tyre wear ENT No., ol equivalent new Cost per tyre

tyres per 1 000 km

Depreciation and Do) + {1 Time - dependant Rands | Rands
Intevest costs

Fucl consumption F Litres per 1 000 km Cost per litre
Lubricants usape DIL Litres per 1 000 km Cost per litre
28  Summary and Praposals

In the development of o policy in which the total community costs for any road link or
network are minimized, the quantification of vehicle operating costs plays a vital role, To
eliminate the inclusion of vehicle operating costs in an economic appraisal of highway

alternatives is to tolally undermine the confidence and valldity of the decision,

For these reasons, there has been an international attempt at predicting the beaetits to
be derived from VOCs in the upgrading of any road or road nelwork.  However,
relationships produced in different socio-ceonomic climates may not be employed in a
pacticular region until their validity has been established.  In order to produce South
African velationships it is nccessary, within time and money consiratnts, to calibrate
international resulls to local conditions, and to guantify the effuet of road roughness on

vehicle operating costs,
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‘This Chapter attempted to document most of the available literature on the vehicle
operating costs for trucks and to cx xose thase arcas in which further research work should
be carried out. It's purpose was, jowever, twofold since it also exposed thase areas in
which comprehensive work has flready been undertaken and as such need not be
readdressed, Furthermore, it facilitated the understanding of the subject in order that the
research be covrectly undertaken.

It is clear, from the documented literature, that the following vchicle operating cost
componenis for trucks require attention and a calibration of overseas relaticuships to local
conditions

i mainienance consumption - both parts and labour, and
ii. iyre consumption,
itt, depreciation and interest costs.

The work done by Pienaar (1985) and Schutic (1987) have produced oil consumption
relationships which are thought to apply to local conditions, du Plessis, Visser and
Curtayne (1988) produced a comprehensive set of [uel consumption equations which take
intoy account most of the variables affecting this component. Their mechanistic mode! for
fuel consumption has great advantages over a user survey study since speed and other
variables can be readily included. Tt would be unrealistic to assume that these variables
can be modelled from a user survey study in which the likelibeod of them being available
is minimal.

A definite attempt roust be made (o model tyre and maintenance consumption as these
are not available for trucks operating under South African conditions. But, because good
data are expensive to collect, the challenge is to develop effective calibration procedures
based on secondary data. Once accomplished, the overseas results can be calibrated to
South African conditions for future use in cconomic evaluations of highway alternatives,
Furthermore, the relationships should be developed so as (o be applicable over a period
of time and should be efflciently transferrable to other environments.

As [ar as depreciation and interest coss are coneerned, an atiempt should b make to
rclate these to road condition, The methodolagy of the exercise will be that proposed by
Chesher and Harrison (1987) and reported on in Section 26,4, The major VOC studies
dealt with these costs by relating them to vehicle life (in years) and value, but non related
depreciation and interest 1o toad condition. Tt fs anticipaled, therefore, that a fow
probiems may prise durlng this phase of the research, Table 2.5 summarises the existing
status of VOC componenis for medium trucks, in tabular form, and shows which are those
to be addressed in this research.
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TABLE 2.5: STATUS QUO OF VOC COMPONENTS FOR MEDIUM TRUCKS IN
' - BOUTH AFRICA

Maintenance
Consumption

Parts | Labour | Tyre | Deprec- | Fuel | Oil | Speed
Cons, | iation | Cons, | Cons. | Predic-
Charges - lions

Comprehensive local X X
relationships exist

Comprehensive local
relationships do not
cxisf, but the
calibration thereol X
falls outside the scope
of this study

Existing relationships
must be calibrated to X X X X
suit local conditions

Finally, it is also recommended that once the results are known, a comparison he made
with other studies, both international and local, in order to ascertain the validily of the
results. This would indicate those relationships which would best suit focal conditions in
the analysis of truck vehicle operating costs for South Africa.



PART II

METHODOLOGY OF DATA COLLECTION -
BOTH VOCs AND ROUGHNESS
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PREAMEBLE

By definition, research involves the collection and vbservation of some or other type of
information or data and analysing it in order to produce worthwhile information. It is the
data coflection phase of any research which must be afforded critical examination; one
cannot produce results from data which is incorreet or has been erroncously assimilated.

It is in light of this that these 4 Chapters have been prepared, as they outline the
methodology of the data collection undertaken in this rescarch. Considering all the
factors Jaid out in Part I of this report it was necessary that certain requirements be
fulfilled. These are:

()  Alarge firmn operating a relatively larpe fleet of medium to heavy trucks over an
extensive area should be sought;

{iiy  The route characieristics of the feet should cover as wide a range as possible,
with speeific reference lo road roughness;

(i)  As far as the vehicle operating cost records of the firm are concerned, they shouid
be regularly updated, accurate, comprehensive and easily assessable. In addition,
the records should cover 4 period of at least 12 months.

In accordance with previous studies, it was necessary to use data from a sinple company
that provides a similar service over a represcntative range of road roughness’s. This is
because snalysis of the Brazillan and Indian VOC survey data shows that fundamental
differences exist between companies, especially with respect to recording systems,
maintenance procedures, and the like,
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Consequently, a few firms and associations were approached, with the idea of finding a
suitable one that satisficd all the above criteria,  They were, however, dismissed as
prospects for data collection, since their vehicles travelled solely on paved roads and
vehicle operating costs at high roughness levels were thus unattainable. Subsequently, a
holding company which hag 7 forestry operations under it’s leadership was approached.
Five of these operations were selected as inspection of hoth thefr macro and micto levels
of operation and cost recording systems proved to satisfy the provedented conditions.
Combining their data laid the foundation on which the research could be cartied out. For
the five operations the total fleet comprised 91 vehicles with a combined annual usage of
3 500 000 km. (For the 1990 financial year). The Meet vehicles are used predominontly
for lopging operations, i.c. carting logs from within the forest to the sawmill and then
returning for another load. The road conditions range from smooth, paved roads to very
rough roads (> 200 QT),

The five forestey operations, the geographical Iocation of each, and the size of the
respective flects are given in Thble 3.1, Tt should be nowd, however, that there is an
obligation on the part of the researchers to keep the names of the different operations
confidential. ‘Tha names have therefore been substituted by the leiters A, B, C, D and
E.

i P

" TABLE 3.1t DEPOT LOCATION AND FLEET SIZI
QOBERATION GEQOGRAPIIICAL LOCATION FLELT Si71
(AT SEPLIEMBER 1990)
TOWN REGION
A Snbi Easiern Transvanl 23 vehicles
B Trancen Northers Transvaal 9 vehicles
C Pietermaritzburg Nutal Midlands 19 vehicles
D Weza Southern Nadal 11 vehicles
1) Sinpisi Northern Transkei 29 vehieles

The next 3 Chaplers broadly outling the operating principles of the logging firms involved
and pive details of the modus operandi of the data colleetion - hath YOOs and roud
rouphness,
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COMPANY POLICIES AND OPERATIONS

As mentioned previously, the business concern approached was mercly a holding compuny,
which had 7 forestry operations under its administration, It is important to note, however,
that each operation was a separate enlity, with its own autonomy and management. Bach
operation had very fittle (o do with the others bar the interaction provided through the
holding company.

Furthermore, the holding company is instrumental in ensuring that the ditferent [orestry
operations have, fundamentally, (he same operations policies. This is to say that they all
maintain their vehicles to approsimaiely the same siandards, their missions, goals,
objectives, sccounting and bookkeeping systems werg the same, and their approach to
linancial principles are similar. In addition to this the decisions made by management
teams are plabally affected by the hoiding vompany. It can be assumed, therefore, the
condition that data be collected from a single company (Chesher and Harrison, 1987} is
satisfied.

Of the 7 operations, § were chosen for proposes of data collestion for reasons mentioned
previously, Each depot used the same computer soltware 10 record their information {n
terms of & vehicle ledger, This sub-program formed a part of their larger, company Jedger
and as such eould not be copied onto a disk without revealing the deput's financial
position, The data was therefote entered manually from copies of the vehicle ledger
printouts,

The data from these ledger print-outs were in purely monetary units with no reference
to any quantitics whatsauver. The exception was, of course, the kilometres travelled by
the vehicles. “This was (o the advantage of the rescarchers sines no conversion had to be
made between unit quantitics and monetary values. Tt was still neevssary, however, to
obtain statisties showing the amount of new tyres bought and the number of retreads per
casing in order to caleulate dhe "equivelent new tyre life" value for the furmulation of
VOC relationships [or tyres.
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At cach depot at the end of every month the costs per vehicle for the diflerent
componenis are eatercd onto computer. The software then caleulates the total for each
VOC component for vach vehicle for 3 periods - the month that s entered, the year-to-
date figure, and the costs for the fife of the vehicle. The year-to-date statistic provides
information on the sum of VOCs for o particular vehicle {rom the beginning of the
financial period (jn this case the 1st of April) to the month in question, Tt was nceessary
therefore to obtain only 3 printouts to cover the 18 month period. These were the year-
to-date {igures for September 1989, March 1990 and September 1990, The year-to-date
figures for Sepicmber provided the 6 month totals [rom April to Septembur (Loth months
inclusive} for that year. Since the yearsto-date figure for March 1990 is the entire
financinl year tolal, the 6 month year-to-date figure for September 1989 was subtracted
{o obtain figures (or the 6 months October 1989 1o March 1990 (both months inclusive).

During the 18 month period used for the rescarch a number of new vehicles were
purchased by each depot. The VOC data for these vehicles was then used only in that
period for which it incurred costs,

Routine maintenance was performed on a regulat basis at every depot, consisting of o
lubricant change every 2 weeks, a regular service cvery 4 weeks and a major service every
6 months. This converts, on average, lnto a serviee every 3000 - 4000 km.  Insofur oy
engine overbauls or rebuilds were concerned, there was no company policy as to when
these be undertaken, Most vehicles wete either scrapped or sold before the depots
considered rebuilding them. Depot B, however, has recently given ronsideration o the
matter and has decided it would be finarcially viable to rebuild their vehicles at 300 006
km. Depot B used to rebuild their vehicles but now consider it financinlly vishle w sell
their vehicles onee they attain an age of 5 years,
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COLLECTION OF DATA AND DISCUSSION OF OPERATING COST DATA

The data that was eventually extracted from the depot reeorus proved to meet and even
hetler expectations,  Vehicle operating costs were availuble for 18 months and were
trented as three separate periods - the 3 six months periods leading up 10 and including
the months of September 1989, March 1990 and September 1990, Tach operation was
visitew, in turn. to obtain vehicle operating cost data and, ot a later stage, (o measure the
roughness of the roads.

The data that was made available to the researcher'’s comprised of fuel, oil, tyres, parts
and labour costs (all in monetary units) per vehicle per & month period.  Furthermore,
and of equal importanee, the kilometres covered by each vehicle for cach 6 month period
and the kilometrage age of the vebicles was provided. The make and model of cach
vehicle was also furnished in order that the prices for the equivalent new vehicle may be
obtained.  Other aspeets not relevant to this survey were also ineluded. A sample data
report sheet §s provided in Appendix A

The data collested allowed for the deduetion of relationships for maintenance (parts and
lsboour), tyres and for depreciationfinterest charges. These relationships were calenlated
using the same form that was adopted for the major VOC studies, the VOC component
heing expressed in terms of road roughness arl, sometimes, other variables.

1t was thought initially that roughness comparisons would be made within each separate
aperation. It turned oul, however, that comparisons of roughness and VOCs were made
between depots and ool within depots,  The reasons for this are discussed in Chapter 6
of this report along with further salient points coneerning the collection of roughness
statistics,

From reports for three consecutive 6-month report periods starting Apell 1989, a datn file
was compiled containing the following Information per vehicle, per period and per depots

Tehicle type and fleet nunther
Tutal distance travelled (km)

Vehicle age tmonths and km)
Total spares cost (R)

Total labour cost (R)

Tinal tyre cost (R)
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These fgures were then used to calenlate spares and Jabour costs per km, The {inal data
file is shown in Appendix B, Furthetinore, a number of data {iles s astructed, with
euch serving its own purpose - usually to alfow for the caleulation of relationships or to
allow for the construetion of Figures shown in later Chapters, Appendix C shows an
example of one of these data files containing average figures per depot which was used
in the regression analysis for parts and Jabour consumption,

Tnspeetion of the data revealed that certoin velicles were feported to attract extremely
high costs during certain 6-month perlods and were quite obviously out of line with the
cost trends within that depot. Each of these suspected cases was followed up with the
depot fleet manager concerned to aseertain probable causes. In cases where the vebicle
had undergone a nugjor overhaul or major unit (engine, gear box or rear axle)
repl :ement, that vehicle was removed from the file, sinee Jarge cost items of that nature
should, in fairness, be discounted over the whole vehicle life, and ot only over o 6-month
period.

A [vrther data file was constructed which contains the average tyre life and the number
of retreads por tyre casing for each depot for cach penod. From this data file the average
distance travelled por tyre casing was calculated which permitted the computation of an
"equivalent new tyre life " fou each depot. This ealevlation, which is explained in detail
in Section 2,6.3, was [irst used in Kenya and was subscquently adopled by all mujor
studies, ¥ is used to i corporate the number of aborted tyre casings due lo premature
foilings, eg. tyre penetratiung, tyre splits and the like, This is 1o cnsure that the number
of cosings used is not wholly attributed to tyre wear on a particutar surface but also to
premature failings, Table 5.1 displays the extra tyre data coliected at cach depol {n order
1 perform these caleulations,



TABLE 5.1: EXTRA TYRE DATA PER DEPOT

DEPOT |  NEW TYRES RETREADS NOOF | AVERAGE

RETREADS | DISTANCE

PER ACHIEVED

NO PRICE NO PRICE CASING PER

USED | (RANDS) | USED | (RANDS) | CASING
{lan)

A 114 612 227 250 2 35 000
B X 609 X 293 1 33 000
C 55 630 167 393 2 30 000
D X 313 X 216 1 10 000
B 106 844 314 220 3 90 (00

X - information not available

In addition to the dota assimilated from the depots and from roughoess measurements,
1t was also necessary to approach vehicle manufacturers to obtain new vehicle prices, This
was nasessary for the analysis of parts mainienance and these figures represented the new
vehiele price of all the different vehicles used, at the mid-point of each of the 3 six month

petiods. Thble 5.2 presents these new vehicle prices




TABLE 5.2: NEW YVEHICLE PRICES

NEW VEMICLE PRICE (RANDS)

MAKE AND MODEL
APRIL 1989 « GCTOBER 1989 APRIL 1990 -
SEPTEMBER 1989 | MARCH 1990- | SEPTEMBER 1990

Nissan CM15 130 650 137 815 143 675
Nissan UG780 96 115 101 175 104 480
Nissan CW45PAN 240 095 256 185 266 550
Hino 13136 115 193 122 055 126 045
Hino 14177 133 303 141 243 145 BS8
Hino 39240 222 570 239175 246 990
Hino 26280 248 245 261 835 270 390
Tsuzu 8000DFN 116 (83 122 180 126 295
Tuzu FOOODFT 134 063 140 443 145 210
Mercedes Benz 1113 110375 117 830 117 830
Mereedes Benz 1413 132 235 149 565 158 270
Sampg 70L 170 890 179 298 189 263

239 688 255 681 266 134

Samag 240/16
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MEASUREMENT AND ANALYSIS OF ROAD ROUGHNESS

Section 2.3 of this report delved into the somewhat diffieult subject of road roughness,
It also explained the use of the LDI roadmeter in quantifying road roughness by
converting it's measurements into units of the QI scale (counts/km) - a widely used
measure of roughness. This facilitated in the comparison of results with other studics.
However, the controversial method of "averaging out” roughness measurements In order
to achicve a roughness value for a particular stretch of road was mercly touched vpon,
This Chapter serves to cxplain how and what measurements were taken and then
investigates the method of analysis of roughness measurcments. Both the traditional
("averaging out") and an slternative method are discussed.

The Council for Scientilic and Industrial Reseatch provided the LDI vehicle with which
roughness measurements were carried out.  Before these measurements took place,
however, the depot fleet managers were asked to prepare the following information, which
is required in the assessment of measurements:

(i) A depot route map;

(i) A specific route which was broken up into subjective classification, These
clagsifications were in terms of road roughness and had o represent, as {ar as that
particular depot was concerned, the average travel in that roughness category by
a {leet vehicle on an average day In the 18 month period. This was done because
it was practically impossible to travel on all the roads in s particular depot in order
to measure road roughness. A far more feasible method was to ohtain this
“average® route which the depot flect manager felt represented the mean at the
routes, travelled by all of his vehicles, over the entire period;

{iily  Tho classifications that wore uscd to represent the different roughness eategoties

were:

* paved surface

* gotd unpaved (gravel surface)
* fair unpaved (gravel surface)
"

poor unpaved (earth/unimproved surface)

(iv)  The average percentage of travel of the vehiclos in each of these categories
throughout the 18 month period,
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It should be noted, however, thai problems were ¢xperienced in this regard, They were
mainly the inability of the depot managers to find such a route and, once found, the
deterioration of these routes, due mainly to rain before the measurements could take
place. These problems did not become an obstacle, though, and were easily overcome.

Once this information had been prepared by the depot flect managers, the LDI roadmeter
measured the roughness of each differcnt representative section at each depot. The
information that was obtained is set out in Table 6.1. The weighted QI value (or the
"average QI") is obtained by weighting the QI value by the percentage of travel on that
road category, This i8 the conventional method of obtaining 2 representative road
roughness value and is discussed further in the next section,

TABLE 6.1 QUANTIFICATION OF ROAD ROUGNESS PER DEPOT
DEPOT TOPO- - ROAD % Q1 WEIGIITED
NAME GRAPHY CATEGORY TRAVEL Ql

A Rolling to Paved 50 30
(Babie) mountainous | Cood unpaved 25 110
Medium unpaved 15 250 110
Poor unpaved 10 300
B Rolling to Paved 40 20
(Tzaneen) | mountainous | Good unpaved
Medium unpaved 50 100 80
Poor unpaved 10 235
c Roiling to Paved 8 30
(Pieter- flat Good unpaved
marilzburg) Medium unpaved &0 75 i30
Poor unpaved az 250
D Rolling, 5 % Paved 30 30
{Weza) mountainous | Good unpaved
Medium unpaved il 200 150
Poor unpaved
E Rolling, 5 % Paved 55 25
(Singisi) | mountainous | Good unpaved 12
Medium. unpaved 25 40 4n
Paar unpaved 8 160
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6.2

Conventional roughness nssessment

It became apparent on cxamination of the roughness measurements that the classification
of routes into the different roughness categorics did not turn out as expected. The
subjective asscssmenis of road eondition varied widely between depots, as is evident from
the measurements taken per depot on "similar” road classes. ‘These assessments therefore
were only valid as relative asscssmenls within a deport - there was barely any corrclation
between corresponding categorics at different depots.

Furthermoare, it was thought that there may be a possibitity that vehicles could be matehed
to certain routes and thereby certain roughness levels, In this case a direct comparison
between VOCs and road roughness could take place, However the primary difficulty with
relating cost figures to these roughness assessments is that cost figures apply to the depot
as a whole and not to a specific vehicle traversing a specific road seetion with a known
roughness value, Vehicles are subjected {0 a wide variely of road condiiions av sny one
depot. Therefore, a divect comparison between VOCs and mughness proved im- sssible
and the formulation of an "average” road roughness valoe per depot was necessary, ‘The
vehicle operating costs at a particular depot could then be matched to the "average®
roughness at that depot and compared to VOCs at different roughness levels at other
depots,

In deeveloping the vehicle operating cost model, the depot roughness values are regressed
against the dependent variable, For purposes of this research the dependent variables are
parts, labour and tyre consumption and indicectly, depreciation costs. Other factors also
play a part in these regression models but these have been discussed in Chapler 2,
Furthermore, the equations take a similar form to those deseribed in Chapter 2 of this
report,

Allernative method of roughness assessment

Clearly, the conventional method of roughness assessment has its shortcomings in that it
fails 1o addrass the direct link between VOCs and road roughness. It can be argued that,
in averaging out roughness measuremenis 1o achicve a specifie roughness value for o
particular depot, the fundamental principle that the two are direetly linked breaks down,
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A new method of roughness sassessment has consequently been proposed, in which an
attempt has been made to overcome these complications. Instcad of expressing roughness
a5 2 weighted average of the measurements obtained at a particular depot, it is expre.sed
as 4 percentage of travel per roughness class. All rouphiness measurements are grouped
into specific classes and the percentage of travel in this class is regressed directly against
the dependent variable,

The classes that roughness measurements were grouped into are:

)] percentage of travel in the 0-35 QI class;

(ii)  percentage of travel in the 35-75 QI cluss;

(ili) percentage of travel in the 75-150 QI class;

(iv)  percentage of travel in the > 150 QI class,

Table 6.2 shows the percentage of travel in each roughness class for each depot. The
nominal QI value in the respective class is also displayed,

 TABLE 6.2: PERCENTAGE OF TRAVEL IN EACH QI
CLASS PER DEPFOT
DEPOT QI (COUNYS/km)
035 | 3595 | 75.150 > 150
A 50 0 25 25
B 40 0 50 10
C 8 30 30 32
D 30 0 0 70
E 55 37 0 8
NOMINAL 25 50 100 200
QI
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The regression techniques for this method of roughness assessment are similar 1o that of
the conventional method, although the equations take a different form. Instead of having
just the one roughness independent variable there are now 4, and the form of the
equation, is:

Independent variable = C+C K+ G . QI+ Cp. QI

where
C, = constant,
c, = coetficlent for other independent variables,
e AGE
K = other independent variables,
QL - Qg = % at travel in each respective roughness class,
C, -G = cocfficlents for QI - Qly,

In both the conventional and the alicrnative method of ronghness aseessment it has boen
assumed that the roughness values obiained were representative of tu. entire period over
whick: data was assimilated. The importance of this is that there are 3 identical values of
roughness being regressed against 3 different VOC ~omponent costs at each depot. This,
unfurtunately, masks the eifect of roughness on vehwle operating costs 1o a certain extent
and the ideal situation would have been to obtain roughness measurements during cach
6 mouth period, However, time and money constraints were the limiting factor in this
regard and it is still felt that, despite this deficiency, the resulis will be of benefit to
polential users.
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RESULTS AND COMPARISONS
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COMMENTARY

The dilemma in the rescarch thus far is what method of roughness should be recom-
mended for future implementation of vehicle operating cost analyses. This enigra can
be found in most tescarch concerning the relationship between road roughness and
vehicle operating costs,

Part IIT serves 1o claborate on the subject with regacd to data collected and results
obtained. In so doing it paves the way for a firm decision with respeet to which of the
methods is a more aceurate and reBable representation of the above-mentioned
relationships.

Part I concluded with a recommendation of the VOC compunents to be addressed in this
study, belng maintenance, tyre and deprecistion/interest costs, Bach of these are discussed
and analysed using both the traditional and alternative method of roughness measurement.
The regression equatinns ohtained in each cuse are compared with one another 1o
fagilitate in the understanding of the concepts.

Furthermore, a Chepter is provided in which comparisons are made betwezn results
produced in this study and those of the major, international VOC studies,
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THE DETERMINATION OF VOC RELATIONSHIPS - CONVENTIONAL METIIOD

In this Chapter the 3 components of VOCs being researched are analysed using conven-
tional roughness asscssment methods. A briel deseription of the numetical operation
involved for each component is entered into and then the regression equation provided,
In addition to this, graphs are provided showing the actual data colleeted as well as the
regrossion line which best fiis the data.  The influence of outside factors on cach

conmiponent is also addressed and, where applicable, graphs are provided showing these
effects,

Maintenance and repair costs
§1.1 Mnuintensnce costs - Parts

As discussed in Chepter 2 of this report the analysis of parts costs requires waat
the parts cost be divided by new vehicle prices, This yiclds a relative parts
consumption variable inseusitive to price inerenses and aliows for a comparison
between this study and previous work where similur practice was followed
{Chesher and Harrison 1987), Thus maintenance parts rates were ealeutated per
vehicle, per depot and per period,

Furthermore, the effect of vehiele age has beeome appaient in studies concerning
parts consumption and this is clearly indicated fn Figure 8.1, Vehicle age is
plotted against parls consumption for o roughness of 70 QY for locally collected
data, In this casc the parls consumption was normalised in order to show the
effect of vehicle age,

The process of normalising data involves the use of the corresponding regression
model (obtained from the data). Tt can probably best be depicted as attempting
to {ind the numerical value of the dependant variable at a certain numarical value
of the independent variable. The [oliowing conceplual cquation illusteates this
further, in which a normalised vulue of P/VE is obtained for a QI value of 70
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Parts = Conslant + AGE + QI
So, if one wants to plot AGE against Parts for a QI of, say, 70,
then:

Pﬂrui(”’ = Qﬂ!lﬂtgﬂt + AGE :t QT‘”,

PurtS o Consiant + AGE + QI
therefore,

Parts = Parts . *Constant + AGE + Ol 5,

Constant + AGE + Qi

Using this equation the normalised Parts consumption can be caleulated ot a QI
of 70 for different AGE values. In this way the normalised data shown in Figure
8.1 was obtained, and the same prineiple is applied elsewhere in this report,

The parts consumption regression equation arrived at foc this study, using the

conventional method of ronghness and accounting for the effect of both roughness
and vehicie age is:

in (P/VP) = =3.0051 + 04514 In(AGE)

+ 1.2935 In(QI) s B 8,1
where
P = parts cost in R/10° km,
A4 new vehicle price in R 105,

=
ACE w vehicle age in 10° km, and
Q1 = rond roughness in countsfkm,

An Rivalue of 0,75 was obtained from 15 observations, with o standard error of
edtimate of 0,35,

Figure 8.2 displays this regrossion model, a2 well as the normaifsed data for o
vchicle age of 110 000km, This vehicle age was choscn as it represents the
average age of the vehicles at all depots at the midpoint of the data collection
period.
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8.1.2 Muinienance costs - Labour

As mentioned in the previous Section the relative parts consumption of vehicles
is affected by the vehicle age as well as road condition. The Fact that labour costs
usunlly increase with a general increase in parts consumption indicates that lnhour
costs are also affected by vehicle age and road conditior. This is to say that more
time will be spent repairing vehicles travelling on rougher roads than those
travelling on smooth roads, as well as vehicies that have a high kilometrage age.
These notions were also confirmed by the flect managers and the data analysis,

Part 1 of this report indicaled that labour consumption should be regressed against
both parts congumption and road roughness. In an attempt to justify the
regression of Iabour using a parts consumption vari=ble, the iwo costs were
graphically and mathematically compared. A regression between the two produced
a:* extremely well correlated pair - with a correlation cocfficlent of (,92. A visual
tepresentation of this is highlighted in Figure 83 where parts costs are plotted
against labour costs. ‘The regression model is also dispiayed, although it is not
necessary for purposes of this research (o provide the equation,

Labour costs were expressed in R/1000 km and regressed against average depot
roughness and relative parts consumption. It was unnecessary to include vehicle
age in the regression as this influence is implicitly accounted for by regressing
apainst relative parts consumption. In addition to this the effect of inflation is
also considered by regressing ngainst relative parts consumption.

A plot of the normalised average labour figures per depat, together with the
regression equation is shown In Figure 84, A B/VP valuc of 200 is used since it
represents the average value encountered in this rescarch. The following model
proved 10 best fit the data

LAR = 18,7453 + 06,8572 (PIVP) + 08,6753 QI v Eq82
whera

LAB = labour costs in R/10% km, and
B VP and QI are as in Section 8.1.1

An Rvalue of 0,88 was obtained from 15 observalions, with a standard errot of
estimate of 40,2,
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82  'Tyre consumption
A detailed explanation of the way in which tyre consumption is dealt with in rescarch of
this kind was provised jn Part I ‘This Section analyses this vehicle operating cost
component according to the methodology laid out.
From Table 5.1 the equivalent new tyre life (ENT) in kilometres per tyre were calc ilated
using cquation 2.4
ENT = TK/(1 + NR/R) vamsssonnnes B 24
where
ENT = Enuivalent new tyre life (1000 kmftyre),
TK = Total disiance per casing (1000 km),
NR = Number of retreads per casing, and
R = Ratio of new tyre price to ratrend price.
Table 8.1 displays the caleulated ENT values per depot, at the respective roughness levels,
TABLE 8,1: ENT VALUES PER DEPOT
DEPOT ROUGIINESS (QI) ENT (10° KM/TYRE)
110 19,5
B 8} 223
c 130 13,3
D 150 5,9
E 40 50,5
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It is unfortunate, however, that this method of analysis allows for only 5 data points since
only one ENT value is available per depot for the entire period. Hence the repression
contains 5 variables and it can be argued that the relationship produced may not be
statistically reliable. With this in mind, 2 points must be raised:

()  Even though only 5 data points cxist, cach data point, in itsclf, consists of a fair
smount of information; many tyres were consumed at each depot resulting in
acceptable estimates of ENT values, and

(i)  This rescarch scrves to calibrate existing models to South African conditions and
very little work has been de .2 on & national level in this area, There is thus very
little information upon which to base a decision.

It is therefore recommended that this information be used for local conditions, albeit
statistically insufficient. Fuarthermore, as will be shown in Chapter 11, the relationship
produced when taking ali the extenuating factors into account compares well to overseas
snd local studies (Curtayne et al, 1987 and Chesher and Harrison, 1987,

As with the other VOC components, the data was used to determine o simple log-linear
relationship, based on previous models. ‘The equation that best fitted the data was:

ENT = 166,47 - 31,83 ¢n QI — -« N -5
where
ENT = equivalent new tyre life (1 000 km/tyre), and

QI = *..'1 roughness (counts/km).

A R*value of 0,97 was ootained from 5 ohservations, with a standard error of estimate
of 3,43.

This relationship is shown in Figure 8.5 along with the data points. The correlation is
easily noticed although one cannot overlook the fact that only 5 observations were used
in the regression.
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Depreciation related expense

As discussed in Section 2.6.4 the costs, to the economy, of owning as well as operating a
vehicle cannot be ignored in the analysis of road design ulternatives, Furthermore,
depreciation and interest cosis are generally of the same order of magnitude as
maintenance and running costs and therefore constitute an impor: ait and significant
portion of total VOCs,

In the analysis of depreciation and interest costs, the equations developed by Chesher and
Harrison (1987) are uscd, since these comprehensively take into account the effect of
road roughness on these costs, In so doing, the portion of vehicle operaling costs
assignable to road use, with regard to depreciation expense, ave accounted for,

These cquations are:

0 J" s B2
 Ins) - m@le™ dt = vp &
where
§ = optimai vehicle life,
m(t) and m(s) = the per year rate of running costs for a t- and s-year-old
vehicle respectively,
r = per time period eontinuous discount rate, and
VP = new vehicie price

Given the maintenanee costs per annum and assuming different vehicle lives, Equation
2.6 can be used to compute the optimal vehicle life, s, Tt should be noted that the per
time pariod continuous discount rate, r, relers to the interest rate in real terms. The

analysis is thus undertaken in constant prices, i.e. inflation is not included in the interest
rate,

(i) wmfs) = DY) + I(Y) + m{t) w5 2.7
where
m() = running costs at the scrapping date,
mt) = running costs at any vehicie age,
Dy = depreciation costs, and

bt

-~
=

g
#

intorest costs.
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This condition implivs that depreciation and interest costs arc zero at the date of
scrapping, and that lotal operating costs are invariant with respect to vehicle age, increases
in running costs, m(t), being offset by decreases in depreeiation and interest costs, (B(1)
+ 1I(1)).

Since both m(s) and m(t) are expressed in terms of road roughness an expression can be
obtained for s, also in terms of road roughness. By using Equetion 2.6 and obtaining the
optimal vehicle, s, Hquation 2.7 can be solved to produce the Ume-dependent depreciation
and inderest costs.

In using Equation 2.6 the foflowing input constants were used:

(i) The per time period continuous discount rate (in rcal terms), r, = 8%, This
{igure was recommended by the Central Economic Advisory Services (CEAS) in
their report "Manua] for Cost-Bonelit Analysis in South Africa, August 1989

(i}  The now vehicle price = R150 000, This corresponds to both the avernge new
vehicle price encountered in this stady as well as 1o a survey of national data,
available from Transporick, Couneil for Scicntific and Industrial Research,

(ili}  Average annual vehicle utilisation = 70 000km, Although this figure represents
just less than doubie the average amount covered by the vehicles in this study it
was [clt to be mare applicable. This can be aseribed to the foet that, by the very
nature ¢f logging operations, the vehicles trave! relatively short distances and
spend a large percentage of their time being on- and ofl-lnadzd, Furthermore, an
interview was carried out with another comparatively Jarge firm, operating a fleet
of 25 vehieles, of the same vehicle class, but having 9 combined annual {leet pse
of approximately 2 500 000km per snnum. This converts to an annual average
utilisation of 100 000km per vehicle, per anoum, The figure of 70 600km p.a, was
therefore fekt to be more applicable to this study, especially i the results are to
be employed on a national level,

(ivy The average labour rate = R30Mour, ‘This was obtained from the logping
aperations used in this study and is discussed further in Chapter 11,

The relationships developed in this study for parts and fbour costs were then used to
numerically solve Bquation 2.6 to obtain vehicle lile s, As 5 1o be expected, the value of
8 depends on, inter ala, road roughness and the above-mentioned input constunts,  The
method used to solve Bquation 2.6 can be summarised as follows:
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Afler caleulating the mafntenance costs par annum using the regressed labour and parts
relationships, the integral was cbiained by summing the valucs of thesc costs multiplied
by the exponent, This summation 5 based on the mathematical principle of adding
increments (or slices) of the arca under a particular geaph. In so doing an approximation
of this (ota. area Is obtelned and the value represents an estimate of the integral, This
was done Cor 4 dilferent QI values, and the aptimal vehicle life, s, was abtained for cach
(obviously, for cach QI, 5 was the age at which the total area, or integral, was equal (o the
fiew vehicle price). An iterative process thus allowed for the deduction of s.

These s values were then regressed againgt QI, resulting in the following equation for the
elfeet of road roughness on optimai vehicle life:

§ = 24,0 - 0,1383.Q1 B— - B X
An R? of 0,98 was obtalngd, with a tandord error of estimate of 0,89,

It should be nated, however, that « i equation is only valid in the 0170 QI rouphness
range since, at greater roughness vatves, vehicloe life will be predicted as a negative value,
It is highly unlikel: though, that avernge roughness values higher than this will be
obtained in practice, since the highest reeeded in this study was 150 QI, nnd this at 2
depoi which was considered to have vety raugh roads.

Equation 8.4 was then used o recale “ute mainlenance cost streams m(t) and ultimate
maintenance costs m(s) for different kewls of road roughness, in order to solve Equation
2.7. This ylelded the [ollowing relationship:

D) + 1) = 0,3592 - 0,0185.63: QI - 0,1128 fn ¢ wammmmrerns EJe 85

where D{t) + I(t) = lime-dependent depreciation and interest costs, in % of
new vohile price per 1000 km, and
t R vehicle 1o, years.

An Riyaluc of 0,82 wns obtained, with & standard error of estimate of 0,03. The dats
generated from this relationship is displayed in Figure 8.6 overleal, for an arbitrary vehicle
age af § years,
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TIE DETERMINATION OF YOC RELATIONSIIPS - ALTERNATIVE METIIOD

This Chapter takes a similar form to that of the previous Chapter, although the emphasis
is placed more on the validity of the newly proposed alternative method of roughness
assessment. The emphasis in Chapter 8 fell more directly onto the numerical operations
employed for each component and addressed the influence of outside factors on the
regression equations,

‘The form of equation used in the alternative method of roughness assessment is discussed
in detail int Section 6.2. Consequently, only the actual data manipulation and regression
resulis are shown, and an attempt is made 10 employ similar praphical aids to those used
in the previous Chapter,
Maintenance und repair costs
%L1 Maintenunce costs - Parts

Using the percentage of travel In cach QI class per depot shown in Table 6.2 and

regressing these values against relative parls consvmption, the following equation
was arrived at:

PVP = 1,5408 (AGE) ~ 2, 4 (Qly) - 2,9474 (OLy)
+ 1,545 (Ql) + 2,6224 (QLygy) N 1% |

where
PIVE AGE and Qg « Qlyg are as set out In Seetion 6.2,

An R* value of 0,82 wis obtained from 15 observations, with a standard error of
cstimate of 37,9,

Twa points should be noted at this stage:
{0 Thig regression required that the equation be foreed through the origin,

since the line became almost asymptotic to the y-axis and a lirge value of
the constant was obtained.
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(i)  Unlike previous relative parts consumption equations, which arc logar-
ithmic in form, this equation is a direct relationship, Natural logarithms
were used in a regression exercise and the "better" result employed in
Equation 9.1,

A noticenble feature of this regression is the high correlation coefficient (0,88
compared to 0,75 obtained in the conventional use of roughness assessment). This
seems 1o imply that a *better” relationship is obtained using the new roughness
method.

An attempt was made to display Equation 9.1 in graphica! form aithough this
proved to be merely an objective cxercise of very little value. The reason for this
was that the "averaging-out” method would have to be employed in order to obtain
QI valucs against which Parts consumption could be plotted.

A comparison for relative parts consumption using the 2 methods of roughness is
presented in Chapter 10, where conclusions drawn are also discussed,

Maintenance costs - Labour

As done in normal labour regressions, in addressing labour costs and their
relationship with the aliernative method of roughness assessment, the parts
consumption variabje s also included, A similar regression was then perfornted
to that shown in Scction 9.1.1.

The following equation was the one 10 emerge from this exercise:
IAB = 0 + 0,6216 (P/VP) - §,8218 (Ql,) + 1,3507 (QIy)

+ 1,8736 (Qlpe) + 2,0057 (Qlyg) e B, 9.2
where

LAB = lnbour costs in RACPkm, and
B/VP and QI - QL are as set out in Section 6.2
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Furthermore, the corrclation coefficient is marginally better than that obtained in
the conventional labour regression (0,87), which again seems to imply that a
"better” relationship is obtained using the alternative roughness method. These

indications arc certainly worthy of further consideraiion and are discussed in
Chapter 10.

As far as showing this relationship in a graphical form is concerned, the same
arguments that applied to relative parts consumption are applicable. The reason
given for having to force the equation through zero is also the same.

A comparison between the use of the conventional and alternative method in
obtaining a labour consumption model is undertaken in Chapter 10

Tyre consvmption

An initial attempt at regressing equivalent new tyre life against the percentages of travel
in each QI class proved impossible, This is because, in any statistical regression, the
number of abservations must be greater than the number of vatiables plus one. For this
exercise the number of observations is 5 and the number of variables 4, There are
therefore insufficient observations which can be used to comment on the variables and a
statistical regression was impossible.

Depreciation related expense

As discussed in Section 8.3 the analysis of depreclation is a complex procedure, It is not
a5 simple as the other VOC components, in which a regression analysis is undertaken
between different variables. A number of mathematical processes, including itcrations,
are used, and certain approximations with respect to integratling are employed.

A suitable method of performing these tasks using the alternative method of road
roughness assessment will have to be developed before any optimal serapping lives snd
depreciation and interest charges can be computed. The calcuiation of o depreciation and
interest relationship with road roughness using the aliernative method therefore [olls
outside the scope of this study. In addition to this, it may not be worth underlaking this
analysis until such time: as the alternative method of roughness assessment has proved it's
value.
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THE ROAD ROUGHNESS DILEMMA - COMPARISONS AND CONCLUSIONS

With the full analysis of VOCs with respect to both the conventional and alternative
methods of roughness assessment realised, a comparison between the two methods can
now be undertaken. The main purpose of this exercise is io ascertain whether the
predictions using the alternative method of roughness assessment are valid and to identify
those ranges of road roughness in which it is applicable. These predictions are
represented graphically and any deviations can therefore be readily identified,

As mentioned in the previous Chapter, these comparisons are addressed for only relative
parts consumption and labour costs.

Comparisan of maintenance costs - Parts
Relative parts consumption predictions were computed using Equations 8.1 and 2.1. In
keeping with previous graphical representations of these costs, a vehicle age of 110 000km

Is employed as the input constant.

The roughness values used for Equation 9,1 (alternative method) are shown in Tuble 10.1

TABLE 10.1: ROUGKINESS INFUT PERCENTAGES FOR TITE PREDICTION OF
PARTS AND LABOUR COSTS _
_ _ -

QI cluss - ‘Casel | Case2 | Cased | Cased | CaseS | Case6 } Case?

0-25 25 50 50 50 0 0 0

25-50 25 50 0 0 50 50 0

50-100 25 i 50 0 50 0 50

100-200 25 0 0 50 0 50 50

Average QI 04 a8 63 113 75 125 150

The average QI was again obiained by weighting the class of QI by the percentage of
travel in cach class, This average QI was used as the input for Equation 8.1, whilst the
percentages of travel in cach class were used in Equation 9,1. The comparisons are shown
in Figure 10,1,
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The most striking aspect of this graph is the similarity between predictions in the range
of road roughness of 50-140 counts/km. This is vety encouraging and demonstrates that
the "averaging-out' method of roughness assessment is good enough for application in
VOC studies, and can therefore be applied with confidence, As far as the alternative
form of roughness assessment is concerned, predictions scem to diverge rapidly when
outside of the 50-140 QI class. This {rregularity must be addressed in any future work in
this field. It may be that the alicrnative form of road roughness is applicable only within
& certain range with respect (o parts consumption.

At this, the infant stages of such research, comments can only be made to the effect that
the alternative method definitely has an application in this field. This holds until such a
time as it i3 proved to be statistically or mathematically insulficient in it's representation
of vehicle operating costs,

Comparison of maintenance costs - Labour
Equations 8.2 and 9.2 are applied for this comparison, in which the above QI percentages

and values are used along with a common parts constant of R200/1 (00km. The
comparison is represented graphically in Figore 10.2.
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At first glance it appears that the new method of roughness assessment produces
haphazard and itregular results. However, on closer examination of the equation, one
sees that the constants of the different roughness classes vary significantly. This implies
the roughness classes are too broad and need to be refined, since any difference in the
values of the input variables will lead to a large ditferent in the output. The equation
produced for relative parts consumption also has this flaw, although it is not highlighted
during the comparison. 'This is discussed in more detail in the next section.

Because of this {ncificiency it is difficult to pass any valid commenis on the use of the
alternative method with respect to labour couts, suffive to say it requires a great deal more
attention. This attention could be focused more directly on the classes of roughness to
be emplayed in any such analysis.

Conclusions

The labour comparison highlighted an imporiant point with regard to the new, alternative
method of roughness assessment: The models are not versalile enough with regard to
VOC analyses,

This research was plapned to facilitate the conventional method of roughness assessment
arqd thus falls short in the other department  Any future research on the new method
must be geared on obtaining proportinns of .. .sel for far smaller roughness categories -
say 10 counts/km on the QI scale. In this way the restrictions imposed on the user are
limited, resulting in a more versatile relationship with applicability o most operating
conditions. In so doing, the alarming rates of increase and decrease of costs shown in
both Figures 10,1 and 10,2 will be "ironed out". This will also help with the problem of
identifying the range of roughness, if any, in which this method is applicable.

A possible method which may be used to implement the results obtained using this
method could be to develop a series of graphs. These could be on a common axis, where
a user can read off cost prediciions for certain combinations of travel in certain roughness
classes.
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In concluding it should be noted that this model, once refined, may not be robust cnough
for purposes of obtaining differentials in vehicle operating casts at different roughness
levels, In the conventional method of analysis, the user can simply input two different
roughniess values and immediately extract an operating cost differential, which can then
be used in the decisionsmoking process of highway design alternatives,  With the
alternative method of assessnicnt this procedure tay not be as simple sinee the way in
which the roughness categories are affected are not immediatcly known. They can be
affected in one of, or by a combination of, the following ways:

(i}  The category of roughness changes, just the percentage of travel in each remains
constant, and

(i)  The roughness calegory remain constant, just the percentage of travel in euch is
adjusted,

TInless this fundamental aspect is addressed in foture research, this method will have no
applicability to this ficld of work.

Morcover, the argument that the direct link between costs and raad roughness is lost
when averaging-out roughness values is not strictly true. A direet comparison still takes
place, it is now on a global scale with average VOOs from a depot related to averape
roughress measurements from a depot,
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DISCUSSION OF RESULTS AN COMPARISONS WITIT OTIIER STUDIES

Since the vulidity of the conventional method of roughness assessment has been
internationally accepted, it will be used for the remainder of this research. This Chapter
provides a comparisan between the locally produced truck VOCs and those obtained in
the major VOC studics undertaken elsewhere. At the risk of lubouring the point, it is
only the cenventional method of roughness which will be used in these comparisons,

When taken out of context, many experimental results and observations could give a Fulse
irpression of correctness. This is also true for survey data.  This inelfivicncy may,
however, be put right by comparing results to similar studies performed elsewhere, 1t is
therefore necessary to objectively review the results obtained in this rescarch in order to
prove their worth or otherwise. It must be borne in mind though, that if dilferences
batween the local and overseas studies are encountered, and connot be substantiated, then
those differences do not necessarily imply that Iocal vesults are incorreet and the other
results correct, This is especially true for overseas models being applied under local
conditions,

Furthermore, putting the [ocal resulls into context with oversens studics inspires
confidence in the predictions of data, The order of discussion of this Chapter follows that
of the report - maintenance costs (parts then labour), tyre costs and, finally, depreciation
and intetest changes,

Muintenance parts costs

Sinee maintenance s one of the eritival cost components it must be reviewed aceurately
snd abjectively with emphasis on reasoning out the differences in results,  If these
differences ean be substantiated, then it may be assumed that the locol study can be
confidently employed in South Alvica,

Figure 11.1 displays the comparison of maintenance parts for the 4 primary studics and
the local study for medium to heavy trucks,



P/VP
600 -

. Vehicle age = 100 000 km
500 ~

400 -
300 -
200 -

100 -

Di ; . :
0 50 100 150 200 250
Qt {counts/km)

. — India —— Brazil-light —— Brazil-heavy

~— 8A irucks —o~— Caribbean

FIGURE 11.1: COMPARISON OF P/VP MODELS

(18



11-3

It is clear that, except for India, the SA truck predictions are lower than that of the
overseas models. The main reasons for this are twofold, Firstly, it can be said with
reasonable confidence that a business caterprise, such as the one used for data colleetion
in this study, hae the resources, technology and capacity to carry ot routine maintenance,
These firms will cun their operations to minimise costs and thereby increase profits and
even without a comprehensive knowledpe of VOCs will carry out routine maintenance &
otder to reduce long-term costs, In terms of overscas models, it is questionable whether
such maintensace was carried out or whether he eapacity exists to fulfii service
requirements. It is a known fact that, in some thivd-world countries, "vehicle graveyards”
uxist comprising of a large pereentage of usable vehicles - they are just in need of a few
parts which are unobtainable, This lack of paris contribute to reduced maintenance and
thus increased vehicle operating costs.

The second reason is that South African heavy vehicles carry a relatively high proportion
of imported content, An unfavourable cxchange rate will therefore artificially inflate naw
veiicle prices, therchy reducing the P/VE rativ, The parts are not affected in the same
way since many Jocally produced pirate parts are used, incurring relative eost benefits, In
most cases, and for this application, these pirate paris setve (heir purpose a5 well as the
ariginals,

However, a most important point to be raised at this stape, is the slope of the line of the
local prediction, In comparison with the uther studies the slope indicates that the
roughness trends are similar, i.e., the rate at which roughness affects the refative parts
consumption is similar, (o those reported in Kenya and Brazil. This is very encouraging
since, a8 covered in Chapter 2, price differentials will ultimately be used in an cconomic
abalysis, and not absolute values,

As [ar as the Indian predictions are concerned, these are very mach lower then thal of
the other overseas models. This can be credited o the fact that Tubour there i8 very
cheap and, instead of purchasing replacement parts, the labovrers physically repalr any
broken or damaged parts. Indin has always been, and is still presently, a highly labour-
intensive country, This {act is confirmed by the maintenance labour prediction models
(Flgures 11.3 and 11.4) - the India madel consistently predicts higher labour hours per
unit distanee,

Furihermore, the Caribbean model shows what appears (o be an unrealistic rougnness
effesl. The reason for this is not known,
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Figure 11,2 displays the comparison of the influcnee of vehicle age on parts consumption
for the different studies, for a roughness of 70 QL. Again the SA Truck predictions are
lower than the other models, except for India, and in accordance with the muintenanee
parts comparisons. This figure brings to light the fact that the local trucks appear to age
better than overseas models, which can be credited to the regular maintenanee and
servicing carricd out on them, This figure also provides assistance in understanding the
effect of roughness on relative parts consumption (Figure 11.1) for local conditions,

Maintenames labour costs

In order to perform a comparison of the different labour models, it was necessaty to
obtain the hourly charge-out rate for labour per depot. This facilitates comparing
predicted hours/1000 kny, since the local data predicted Rands/ 1000 km and the overseas
studics hours/1000 km, The labour rates at each depot as well ag the average is shown
in Tabke 11.1. The SA Truck predictions con then simply be divided by the average labour
rate Lo obtain labour predictions in hours/1000 ke,

TABLE 11.1: LABOUR RATES PER DEPOT
DEPOT LABOUR RATE (RAIR) AVERAGE OVERALL
1589 1990 AVERAGE
A ag 50 44
B 60 0 60
C 42 37 39,5 468
D 35 35 35
B 52 59 555

All of the labour predictions include a relative parts consumption variable, and take o
similar form to Equation 8.2. The predicted B/VP values wiilized in Section 11.1 wete
{herclore used as an input to caleufate Iahour consumption at the respective roughness
{evels.
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Figure 11.3 displays the comparison between the local labour model and the tour major
study models. The roughness effects are again similar between the various studies, with
the level of predictions from India the highest (offsetting the low relative parts
consumption).

The South African labour model predictions are the Iowest. There may be two possible
explanations for this trend. Firstly, the productivity of the average South African labour
force is low whilst the wage demands by unions are relatively high, In effect, labour thus
becomes expensive. ‘The employers therefore have a tendency to buy parts in order to
reduce the labour requiremenis and thus the labour foree,

Secondly, the local buying power of the South African monetary unit is still relatively high
compared to other third world countries, ¢.g., Brazil and Kenya. This may further swing
the scale in favour of buying parts instead of repairing them. However, it should again
be pointed out that the rate at which Iabour input increases with an increase in roughness
is similar to the overseas models, ‘This is important since differentizls and not absolute
values are used in an economic analysis of highway design aliernatives,

It should bo noted that the labour models use predicted P/VP values, Since the local
P/VE values are lowet then the other models, they will nepatively influence the labour
mode] predictions. It was decided therefore (o attempt o labour prediction using the
Brazilian P/VP values in the local labour model, to produce an unblased comparison,

Figure 11.4 shows the same labour comparisons as before, excapt that the South African
values were obtained using the Brazilian P/VP values, Labour inputs are now marginally
higher and closer to the Kenya predictions, but are still the Jowest, It is therefore true
to say that South African labour inputs appear to be lower than in any of the other
studies, even when using "middie-of-the-range” prediction varfables from overseas models,
The above explanations therefore still apply.
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Tyre consumption

As explained in Chapter 2, all the major studics usc the "equivalent new tyre life" variable
as a tyre consumption measure, The comparison of the different ENT models apprars
in Figure 11.5. Also shown is the tyre wear model produced from survey data obtained
in Kwazulu (Du Plessis et al, 1987).

There is excellent agrecment in tyre life predictions between the Kwazuly, Caribbean and
Kenyan models. 'The Brezitian relationship uses data generated by a mechanistic tyre wear
maodel, which appears to yield conservative figures when compared to other studies. The
reasons for this have been discussed in detail in Chapter 2. The relationship produced
by the SA truck study shows a much higher rouphness effect. This is thought to be eaused
by a high incidence of premature tyre failure and increased ablative wear on unimproved
Ingging roads. This is especially true for forest conditions where broken sticks, etc
penctrate the tyre. These conditions were prevalent at the forestry operations
encouniered in this study and are reflected in the low values of equivalent new tyre lives

(Table 8.1).

1t should be noted, however, that on very smooth roads the SA truck prediction for tyres
is essentially similar to the values reported from Kwazulu, Kenya, India and the
Caribbean, Thbie 5.1 shows, for depot E with the lowest roughness value, that the
average number ot retreads per casing is also the highest and is in agreement with values
reported for similar conditions in Kwazulu (du Plessis et al, 1987),

Depreciation related expense

Although the major studies addressed the subjec. of depreciation and interest charges,
rone of them related it to road roughness. The Jocal study produces a relationship
between these charges and roughness and as such a comparison between the local and
overseas studies cannot be made,
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12.1

CONCLUSIONE AND RECOMMENDATIONS

This small-seale vehicle operating cost study was dusigned to seleet a set of cost-roughness
relationships reported in the major primary VOC studies and to ealibrate them to local
conditions, A literature survey was underiaken, providing the foundation upon which the
research could be built and more specificolly to expuse those relationships deemed to
require calibration, Data was coflected from o largn logging enterprise, operating some
91 fleet vehicles with a combined annual uillisation of 3 500 000km. Data from 5 depols
were collated and then analysed using mathematical regression technitues, based upon
previous studics done internatonally and locally, 'The relationship calibrated were
specilieally for medium to heavy trucks, operating over a broad range of road roughnesses,
for the following vost compunerits ¢

{i) maintenonce costs - parts
- labour

(ii}  lyre consumption

(iii)  depreciation and integust charges,

Of prime importance was the ability to relate the calibrated relationships to other models,
However, the ahsolute values of predietions may or may not be in nccordanee with
expeeted values, since a great many variables act to influence operating costs,  This,
howevet, can he overlooked since the general trend of predictions should be In agreement
with previously used and internationally reported models and it is fundamentally the cost
dillferentials which are used in cconomic analyses of highway design alternatives,

The predietions used calibeated aggregate-empirie relationships estimated from user survey
data, and will be employed in the World Bank's Highway Dosign and Maintenance
Stundards Mode! (FIDM II) for South African conditions. The resulls compliment eorlier
rescarch and con be used with confidence for mudium- to heavysized trucks, in
clreumstanees where coad-surface types are situilar o the experimental conditions.

Emerging during the course of the study was the controversial topic of "averaging-out"
roughness measurements in order 10 achieve a rouguness value for a specilic depot, Tt
is argued that, by performing this calewlation, the true effect of road roughiness on VOCs
is lost. ‘The relationships produeed are thus not wholly representative of the relationship
between roughness and costs,

A nowly proposed alternative form of roughness assessment was consequently addressed,
in which propartional travel in different roughness eateporics was adopted, The same cost
components as outlined abowe were analysed,
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The method proved to have certain merits, although the relationships produced from this
study proved (o be inadequate for purpos s of economic analyses, The reason behind this
was (hat the study was not originally desipned around the method and, as such, the
roughness categories were not versatile enough. Fowever, the method warrants further
rescarch and the following recommendations can be made:

®

(it)
(iti)
(V)

)

(vi)

(vif)

To ensure the applicability of the method, with regard o the mathematical
approach used:

To develop a more versatile solution with regurd to toughness categarios;
To study the cffect of a change in a roughness category on the predictions;

T study the effect of a change in the pereeatage of travel in a particular
roughness category;

T define a range of road roughness within which the medel s applicable;

Th develop a method allowing for the simple use of the model, chsuring that
limited restrictions are placed on the user; and

To compare prediciions using this mode! with predictions from the other VOC
studies using the conventional method of road roughniess assessment,

If these recommendations are satisfied, this new method of aggregaing difterent
roughnesses may well prove 1o be of assistance in the field of VOCs, As for the time
being, the original method {s adopted in cognisance of the fuet that it has proved reliable
in a number of such studies. The relationships produced lor cach VOC compunent are
presented below, ns well as those ceeommended for future use in the South African
enviranment,



12-3

The analysis of maintunance consumption produced good correlations for the 2 separate
components, The models 10 bo employed in (uture economie unalyses for trucks are
therefote:
Relative parts consumption

(VP = <3,0951 4 04514 ¢n (AGE) + 1,2935 fn (QI) v Bl 8.1
R? = 0,75 standard error of estimate = 0,35
Labour consumption

LAB = «18,7453 + 0,8572 (PIVR) + 0,6753 QI .osvcerenrme BGe B2

R* = (,88; standard error of estimate = 40,2,

where
P = patts cost {R/10km),
vP = new vehicle price (R10%,
AGE = vehicle age (10°%km),
LAB = labour costs (R/10%m), and
QI = road roughness {counts/km).

As far ag tyre consumption i concorned, two dillerent models will have o be recome
mended, depending on the ablative wear expeeted of the operating conditions.  Both
models produced good corrclations and as such can be employed with confidence, IE
conditions result in low ablative wear, consistent with gravel or smoath roads, the mocel
10 be used will be that developed in Kwazuly (Da Plessis, Visser and ¥orrison, 1987),
where

ENT = 134,5-21,0 ¢n QI envmmnnans 1301, 2.5

R? = 0,81; standard error of csiimate = 542
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If the prevailing conditlons are that of angular stones and racks, broken sticks or branches
and a high ablative waar is expected, a tyre analysis can be carried out using the model
developed in this study:

ENT = 166’47 - 31’83 tn QI “uuuu-uoutﬁq; 8.3
R* = 0,97; standard crror of estimale = 3,43
whare

ENT = equivalent new tyre life (10°km/yre),
QI w2 road roughness (counts/km).

The depreeiation model reported in this study relates depreciation and intercst charges
to road roughness and vehicle age in years. "Through roughness, it also incorporates the
effect of maintenance polivies and strategics employed by the operator in response to
road conditions, As such, it provides for an improvement to curtent models used focally
and also to models reported from the four major studies. Unfortunately the made is nat
as rabust as the others reported on in this study, since it s defined for an annugl
utilisation of 70 000km and a new vehicle prive of R150 060, This shortcoming should
be addressed in future research in vrder to provide a more versatile solution.
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The following models and input parametess can be used for the analysis of depreciation
and interest charges :

Input parametess

annual utilization (km) = 70 000
new vehicle price (1990, Rands) = 150 000

Model predicting optimal vehicle life

5 = 24,00 « 0,1383 QI wsvmrerinnnes B S84
R? = 0,98; standard error of estimate == 0,89
Depreciation and Interest costs

B + I{) = 0,3592 - 0,0185 én QI - 0,1128 én ¢ SO———_ /s Ny . N

R* = (),82; standard crror of estimate = 0,03

where
5 = optimal vehicle life (years),
D) = depreciation costs (Ranuds),
Ity = interest costs (Rands),
t = present vehicle age (years), and
QI = road roughness (counts/km),

In coneluding, it is recommended that the sbove relationships be employed in 2 practical
sense, and the results compared to those predicted in the research, It may then be
pussible to further calibrate the models, on a micro scale, to suit specific conditions.
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Depot

A

A

RAH DATA FOR TRUCK VOU SYUDY - MAINTENANCE AND NEW VEHICLE PRICE
DATA SAMPLED FOR 18 NONTH PERIOD - APR[L 1989 T0 SEPTEMBER 1990

§ month  Dapat
period  Heighted
up to 4

Sep 09 {lo

1
Har 90 110

Sep 90 110

vehigle
type

Nissan CH15
Hino 39 240
Hino 14 1#2
Hing 14 177
Hino 14 177
Isuzu FOGOODFT
[suzu FQODODFT
[suzy FOO000DFT
Isuzu BOOCDFN
Isuzu B000DFN
[suzu BOOCDFR
Isuzu SU00DFN
Isuzu BOOODFX
Isuzu SO000DFR
{suzu BOOODFN
[suzu BOCODEN
[sazu BOGODFN
{suzu B0000FN
Isuza BOOCDFN
[suze A0000FR
Hissan CM1A
Hino 39 240
Hino 14 177
Hino 14 177
Hine i4 1%7
Esuzu FOGUODFY
[$azu FIQOODFT
[suzu FOGDODFT
fsuza BOMOFN
[suzu BOOOOFN
[suzy BOGODFN
Isuzu BGOOFN
[suzu BOOQOFN
Isuzu A000OFN
Isuzu BOOCHFN
Isuzu GO0COFN
Isuzu BOOCDFN
Isuze SO0CDFN
1suze QGOGOFN
Isuzu A0D0DFN
Isuzu BOOCOFN
fino 13 136
Hino 13 136
Nissan CH16
Hino 39 248
Hino 14 117
Hine 14 177
Hino 14 i77
[suzir FOOQODFT
fsuzu FOOQODFT
Isuzu FOO0ODFT
Tsuzy 8000OFH
Isuzu B00OOFY
Isuzu BOGODFN
Esuzu 8OOCDFY
Isuzu S00COFN
1suzu BOOODFR
Isuzu 8000DFK
[suzu BODODFN
[suzu BOGODFY
[suze BOQUDFN
[suzu BOGODFN
[suzu BOCODFN
Isuzy BOGOOFN
Hino 13 13§
Himo 13 136

veh
no

Ry
veh
prica

130660
222570
133303
133303
133303
§34063
134063

126045

spares
cost
6 mnths

2756



& manth  Dapot paw  spares labaur km
period Halgﬁged vehicle voh veh cast cost recrd

Depot  up to at type na price 6 mnths & maths 6 muihs
8 Sep B9 ED fiissan CHASRAN 22y 240095 140 a53 BL17
a0 Hiro 13 136 237 115193 3651 1060 13182

80 Hino 13 136 248 115193 2590 1088 10394

80 Hino 14 177 a2 133303 1181 1085 8827

80 Hino 26 280 291 248245 1773 1083 a756

80 Hino 13 134 10 ji56107 2117 1063 16832

a0 Hino 25 280 126 248245 703 680 9363

ao Hino 13 136 432 115183 1007 685 13227

5 Har 90 80 Hiro 13 13§ 237 122085 3724 1949 19447
80 Hine 13 134 48 122055 5220 2402 16241

80 Hina 14 177 a2 141243 373 3146 13616

80 Hiro 13 135 401 122055 J606 24813 18758

80 Hino 26 280 426 261815 1100 1560 14101

8o Hino 13 136 432 122058 154 1949 22934

f Sep 90 80 Nissan CW4SPAN 227 266550 2712 3082 12131
80 Hina §3 136 237 126045 650 1708 10,49

80 Wino 13 136 248 126045 2635 262l 14676

a0 ina 14 177 272 145858 2527 32a5 13416

80 Rino 1) 13§ a0l 126015 2037 2470 24233

80 Hino 13 136 432 126045 g2 1878 26571

80 Hino 13 136 84 26045 823 1080 11222

¢ Sep 89 130 MERC BENZ 1113 183 110375 8443 an 13399
130 MERC BENZ 1113 184 110375 8644 7401 24013

130 MERC BENZ 1113 i85 110375 8273 7085 19961

130 MERC BERZ 1113 186 110375 9293 6533 18783

130 MERC BEHZ 1113 198 110325 5581 606 11084

130 MERC BEWZ 1013 200 110375 1730 4232 8751

13t HINO A4 177 2581 133303 11490 6768 31964

130 HIND 14 197 262 133303 10248 8668 20504

130 HIND 14 177 253 133303 5095 5651 31853

i MERC BERZ 1413 254 132235 5326 5754 20500

c Mar 92 130 HERC HENZ 1113 182 117830 5446 10545 34828
13 HERC BENZ 1112 183 117830 13017 7583 19250

130 NERC BEKZ 1113 13 e 8079 11561 15440

13 MERC BENZ 1113 185 117830 8832 8928 22315

130 BERC BENZ 1113 186 117830 11813 10738 19158

130 NERC HEKZ 1113 188 117830 15640 10267 18657

130 HERC BENZ 1113 200 117830 4480 aarz 25880

130 HIXG 14 177 206 IMzal 4179 3633 10,56

130 HIND 14 177 25k 141243 8503 9607 27812

130 HIND 14 177 253 (41243 20016 4260 2.578

130 MERC BENZ 1413 254 149565 9735 7713 *6508

¢ Sep 90 130 MERC BENZ 1113 182 117830 1348 1249 RXOK]
130 MEAC BENZ 1113 184 117830 2359 1058 11250

140 MERC BENZ 1113 185 112830 1466 1079 1379

130 MERC BENZ 1113 185 117830 1645 212 5086

130 MERC BENZ 1113 fsa 112830 1780 L0417 11127

130 MERC BENZ 1113 200 (17830 E15E G208 14000

130 HING 14 177 206 145558 1534 1753 Jaiel

130 HINO 14 137 251 145858 L] 6033 #5208

i30 HINO 14 177 252 145858 8519 5346 £3643

130 RING 14 177 253 145858 34 5111 12110

130 MEHC BENZ 1413 254 158270 11942 7 20071

130 SAMAG 70L 262 189763 819 1621 14310

130 SAMAG 0L 263 100263 591 78} 16275

3¢ . SAHAG 701 264 186262 1236 1415 9344

130 SAMAG 0L 265 189263 528 1769 14312

130 SAMAG 701 268 190263 204¢ 1190 9899

130 SAHAG 70t 267 189263 Kk 1756 14091



Depot

6 manth
werjod
up to

Sep 89

Mar 00

Sap 90

Sep B9

Depat
Halgh}ed

vehicle
type

Nissun UG7IR
Nissan QG780
#1ssan UG780
Kissan CH15
Nissan CM15
Hissan CM15
Nissan CH15
Hissan CM15
Niszan UG780
Kissan UG780
Hissan CM15
Nissan M5
Hissan CM15
Nissan CM16
Nissan CHLS
Nissan UG780
Nissan UGIEO
Nissan (N15
Nissan CMiL5
Nissan CH1G
Hissen CH1S
Nissan CH1§
Nissan CHIS
SAMAG 70L
SAMAG 70L
SAMAG 0L

SAHAG 240.16
SANAG 240,16
SAMAG 70L
SAMAG 70L
SAMAG 70L
SAMAG 70L
SAMAG 701
SAMAG 70L
SAMAG 701
SAMAG 70L
SAMAG 70L
SAMAG 70L
SARAG 70L
SAMAG 240,16

“pares
cost
& mnths

laboer
cost
& mnths

km
recrd
6 mnths

17702
15991

veh
age
fn ki

152402
716285
42607
50061

176905



Depot

i

& month
per tod
up ko

Mar 90

Sep G

Depot
Heighted

vehigle
type

SAMAG 70L
SANAG 0L
SANAG 701

SAMAG 240,16
SAMAG 240,15
SAMAG 240,16
SAMAG 70L
SAMAG 0L
SAMAG TOL
SANAG 701
SAMAG ?ﬂt

SAMAG 201
SAMAG 240,18
SAMAG 240,16
SAMAG 240,15
SARAG 70L
SAMAG 70U
SAMAG 70L
SAMAG 7L,

SAMAG 240.16
SAMAG 201,
SAMAG 70L
SANAG 701,
SANAG 201,

tidw
veh
price

1 79258

183
1849263
154243
185263
266134
189263
189264
189263
189263

spares
cost
8 mnths

14549

weh
age
in km

264585
246155



APPENDIX C : EXAMPLE OF A WORKING FILE



SUMMAZY DT A FOR Al [EFITS:

Eepereed  Beporfed Reported Aerage Fered e Koroalised
Period fapst Beact i=pct Hgktd  valbele spires vehicle SPivP Fredic- In{lsbj Reprid norD
& caths Tsres  spires Fabgur Bepat price pEr age imfReE for ticn PP
Zepot op to RfEZ%kn RIIGFIkD REIGIGko gF  per depot vell pr ko feRf  fI603})  gI=98 IL{SPRP) aze=Ii0
A Sop £9 175 54 153 1y 127 440 73.78 i6,00% 4.70 4.93  I11.8% £5 £.68 4.3 §7.01
A Her 63 s =8 « 148 1 132553 113,63 84,800 .70 4.43 12,80 7g 5.00 .73 126.5%
A %op 53 57 124 irs e I3F.E3 Z25.43 135,000 §.76 4,74 2.3 91 L.15 4.89 124.65
8 Seq &5 7! 257 g5 &0 5,303 55.01 3,000 £.38 3.Er 1413 &7 4.55 £.55 141,13
g Mzr 49 7 D i £} KB,EEF 121,13 64,653 7,78 4.15  13.62 70 1.91 4.683 I57.%7
g Lan 25 355 3 158 &p 3,653 g93.595 72,4650 4.33 §.28 2.3 74 5.05 4.5 114.02
£ Sop &3 I Fip 371 133 9,468 253.63 175,648 4.87 5.6 13.58 10 5.77 &.56 210.73
H Mar &3 131 476 £35 37 222,353 g3 .08 4.67 5.24 I4.5% 114 £.00 5.95 298.56
c Lep 53 53 z235 Z7B 135 152,069 7 53 TN _AE .87 4.55 13.654 iar 5.82 5.23 187.27
8 fon 53 2:3 241 75 150 I FED 207.76 54,808 5.01 3.89 Z2.78 &5 5.5 837 AR89
& Ezr 53 253 Feb =2 158 127,352 229,67 55,0093 J.01 .52 i3.61 &5 5.65 5.4: JER.73
o Sep &3 35 IEg 237 150 133,955 55.71 67,082 5.0 2.20 12.32 I 5.47 5.2 233.4
£ Eep £3 27 K- &5 42 185,209 L85 IED,033 353 5.68 13,15 65 .5 3.7 35.01
£ Mzr 50 23 72 £2 o 193,753 36.73 1B5,808 .62 522 3. 113 4.52 3.5%2 29.38
£ ~ep 52 i3F 215 e 4 43 AIG, FEF .12 F80,653 3.69 8,38 15.59 4374 3.3 1.6 72.85
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