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The World Employment Programme was launched by the international Labour Organisa- 
tion in 1969. 

It is designed to assist national decision-makers in the reshaping of their policies and 
plans so as to achieve more effectively the employment and income distribution objectives 
of economic and social development. 

its main aim is in fact the eradication of mass poverty and unemployment. 

The World Employment Programme thus constitutes ;;,z ILO’S principn! contribution tu 
the International Devalopment Strategy for the Second United Nations Deviriopment 
Decade. 

There are four major types of WEP action: 

1. comprehensive employment strategy missions and exploratory country employment 
missions; 

2. regional employment teams for Africa, for Asia and for Latin America and the Carib- 
bean; 

3. country employment teams; and 

4. an action-oriented research programme. 

This publication is the outcome of a WEP project. 



Even in countries where labour is abundant and capital is scarce, people 
concerned with the planning and design of roads generally have no clear 
idea of the srflpe for the use of labour-intensive methods in road construc- 
tion. The scope is in fact considerable. To take the fuiiest advantage of it, 
however, road investment programmes and road designs, with their asso- 
ciated technological options, must be methodically reviewed in the light of 
the essential objectives of the national plan and of the roads themselves. 
The authors first give systematic descriptions of how the choice of tech- 
nology can be incorporated into planning and design. TheIt then describe 
how labour-intensive techniques should be analysed, and rhe range of 
technological options available. They also show how to analyse road con- 
struction costs proper as well as maintenance costs, road users’ costs and 
indirect benefits, and suggest criteria and methods to be used in evaluating 
different possible combinations of design and technology, both in orthodox 
financial terms and in terms of shadow prices using cost-benefit analysis. 
The concluding chapters review the problems of organisation and manage- 
ment in labour-intensive works, and suggest action that should be taken to 
eliminate capital-intensive biases in fiscal and financial policy, conditions of 
tender and contract terms, and the attitudes of engineers. 

Price: 40 Swiss francs 

ISBN 92-2-101543-2 
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to elaborate on a suggestion made by a comprehensive employment mission to that 
country which had been organised by the IL0 in 1911-72. It is often argued that when 
they leave the land, employment on public works could provide the rural poor with a 
livelihood until they find more attractive jobs elsewhere. On the basis of a field study 
of a number of road construction projects in Iran by a team of IL0 economists and engin- 
ears, the book investigates to what extent the substitution of more lahour for some of 
;.he r;lachinery used to build roads in th a: country would be justified in social terms. The 
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PREFACE 

This manual is being published mainly for the use of people who are engaged 
in the planning, evaluation and design of road construction projects; such 
persons will generally be responsible for co-ordinating and implementing road 
construction programmes throughout their country. This is not to say that 
policy makers, on the one hand, and site engineers, on the other, will not find 
anything of value in this guide but merely to specify to whom it will be most 
valuable. 

An attempt has been made to isolate various stages in the planning and 
implementation of road projects at which procedures can be changed to incor- 
porate the assessment of alternative technologies. The changes required are 
described in some detail and practical advice is given on how to implement them. 
Thus, in Chapter 2, various aspects of the design process are selected to show 
how the design can seriously affect the choice of technology, and practical 
advice is given to show how the relationship between design and the choice of 
technique can be evaluated. 

The assessment of alternative technologies requires adequate data, and a 
system of data analysis is described in Chapter 3, whilst Chapter 4 illustrates 
the range of alternative construction techniques. 

Considerable emphasis has been’ laid on project evaluation, not only in 
respect of choice of technology but also with regard to the assessment of the 
real cost to a country of utilising the various resources involved in road construc- 
tion. Certainly the economic arguments put forward in Chapters 5 to 9 will be 
unfamiliar to many. What is suggested in these chapters is not only a broadening 
of perspective to include alternative technologies but also a reassessment of the 
way in which the costs and benefits of particular projects are estimated for 
the economy as a whole, through social cost-benefit analysis. Although the 
rationale behind this evaluation procedure is relatively easy to grasp, it should 
be said that the actual methodology of evaluation is more complex. An endeav- 
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our has been made to present the methodology in a straightforward, practical 
manner so that readers will be able to appreciate its relevance and applicability. 

The later part of the manual covers various measures that may be taken in 
order to ensure that the appropriate technology will in fact be given duz 
consideration, Fiscal and financial policy are analysed in relation to their 
effects. and the practicality of certain adjustments is considered. The type of 
organisarion and management required for labour-intensive projects is illus- 
trated. Conditions of tender and contract terms are discussed, and suggestions 
are made for minimising biases tctwards the use of capital-intensive technologies. 
Proposals are also made regarding ways of changing the generally negative 
attitude of engineers and contractors toward labour-intensive technologies, and 
inducing them to seriously consider their adoption whenever such technologies 
are proven to be technically and economically feasible. 

The manual is principally the work of Moise Allal, an economist, and 
Geoff Edmonds, an engineer; however, some preparatory work was carried 
out by Joel Gochenour, Andre Lumbroso and Rune Ericksson. Geoff Edmonds 
wrote Chapters 2 to 4 and Chapter 10; Moise Alla1 was responsible for Chap- 
ters 1 and 5 to 9. Ajit Bhalla collaborated with Geoff Edmonds on Chapters 11 
and 12.’ 

In the final stages of preparation Jens Miiller examined the entire draft and 
made various valuable suggestions for its improvement. 

The preparation of the manual has been financed by a grant from the 
Swedish Government. 

The International Labour Office is grateful to the Transport and Road 
Research Laboratory of the United Kingdom Department of the Environment 
for permission to reproduce the photographs in fig~tis 3 to 6 and 37 to 39; 
and to the editor of Appropriate Technology (London, Intermediate Technology 
Development Group) for figure 8. 

l Messrs. Alla1 and Edmonds are both members of the Technology and Employment 
Branch of the Employment and Development Dcpartmenl of the International Labour 
Office; Mr. Bhalla is Chief of the Branch. 
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INTRODUCTION 

It is generally recognised that developing countries have a tendency to use 
production methods that are inappropriately capital-intensive: since such 
countries are usually short of capital and foreign exchange, and have high 
unemployment, the relative prices of labour and equipment should favour the 
use of technologies that are less capital-intensive than those currently in use. 
The adoption of appropriate technology could help to alleviate the dependence 
on foreign exchange, while creating substantial numbers of new jobs and 
providing the rural and urban poor with the means of meeting theif basic 
needs. 

The mere presentation of ideas is not sufficient to make them attractive. 
However correct the argument outlined above may be in theoretical terms, 
planners, project evaluators and engineers in the developing countries need 
something rather more substantial on which to base their day-to-day decisions 
regarding expenditure of limited funds on a host of competing projects. They 
may fully agree with the notion of appropriate technology, but they must first 
be presented with viable alternatives to the technology they are using. They 
also need to be given the means of evaluating, assessing and taking advantage 
of these alternatives. The present manual constitutes an attempt to meet that 
need. 

It is often said that the role of a civil engineer is to make the best use of the 
available resources for the benefit of society. Like many high-sounding state- 
ments, this maxim is open to diverse interpretations, generally revolving around 
the word “best”. In recent years road construction has figured prominently in 
written exchanges about the choice of the most appropriate techniques in 
developing countries, mainly because of the assumption that many of the tasks 
involved in road building could be executed by relatively unskilled labour. 
Advocates of more labour-intensive methods have suggested that the “best” 
use is not being made of labour: it is argued that in countries with a shortage 
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of capital and a surplus of labour, there is an obligation to investigate the 
possibilities of utilisin, 0 more labour-intensive methods. 

In an effort to provide some facts to justify the use of labour-intensive 
methods of constrllction, various case studies have been carried out. They have 
generally taken the form of theoretical analyses of road construction projects 
carried out ca.pital-intensively; the feasibility, both economic and physical, of 
carrying them out by using more labour-intensive methods has then been 
calculated. A limited number of studies have been done on projects for which 
these other techniques were actually used. All these studies have been extremely 
useful for identifying the operations to which a variety of methods could be 
applied, and to a lesser extent for assessing the efficiency of such methods. 
However, because the studies were generally not initiated by engineers, the 
road construction process was considered in isolation. Thus some basic mis- 
conceptions were written into the studies. . first, the construction process was 
considered to be independent of the design whereas, in fact, the design is an 
active constraint upon it. Secondly, and as a logical consequence c I :he first 
point, the responsibility for design was considered to coincide with the respon- 
sibility for construction. In fact, nothing is further from the truth: most road 
construction work is carried out by private contractors, who are responsible 
for the construc’.lon but not at all for the design. Thus engineering designers 
were criticised for not making the best use of resources, but the evidence used 
in support of the criticism was based on the construction process, for which 
the designer generally has no direct responsibility. It was also assumed that 
choice of design had no influence on the choice of construction methods, 
whereas it is likely that most designs are biased towards equipment-intensive 
operations because of the designer’s training. 

It is clear that any dictum about the best use of resources must be viewed 
within the institutional framework to which it applies. Thus, a design that is 
based on equipment-intensive technology is unlikely to allow a labour-intensive 
technology to display its optimum usefulness. To make the best use of the 
available resources, the engineer or planner must work in the correct frame- 
work. The range of designs considered for a road or group of roads must be 
such as to span the whole range of techniques. If the designs are all geared 
towards equipment-intensive operations, then no real comparison can be made 
of the correct use of the two resources, equipment and labour. Moreover, only 
when the designs provide for different alignments, specifications, and mainte- 
nance and road user costs will it be possible to assess accurately the most 
economic use of the resources. 

One of the most prevalent criticisms of road construction methods that do 
not involve the use of large-scale equipment is that their output is limited. The 
bulk of such criticism is levelled at the standard of compaction, the effectiveness 
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of grading and levelling and the inability to achieve he required tolerances. 
The World Bank, for example, has suggested that this factor severely limits 
any discussion of the use of more labour-intensive methods1 There is indeed 
some foundation for this criticism when the basis of comparison is a fixed, 
equipment-orientated design, and it is assumed that a road must necessarily 
have the pavement thickness, level of compaction and tolerance limits associated 
with one method even if it can be produced by a variety of methods. However, 
once it is accepted that a willingness to use different methods of construction 
implies a change of design philosophy, some of the criticisms are invalidated. 
Without departing from over-all objectives, it can be accepted that the finished 
road will have diifferent characteristics if constructed by alternative methods. 
For example, the road may have varying levels of tolerance as regards the 
finished surface, and the road user costs will then differ. The compaction of 
the sub-grade may be limited to 90 per cent of the optimum dry density, and 
it may have to be sealed to create an impervious layer. Also, the pavement 
thickness may have to be greater if the level of compaction is limited. The 
road maintenance costs may vary for each different design.2 It is necessary, 
therefore, for engineers to rid themselves of the idea that all methods are to be 
gauged by the standard of construction produced by equipment-intensive 
methods. Such methods produce a certain standard which can be associated 
with particular construction, road user and maintenance costs. Other methods 
produce roads of different standards which have different costs. It may well 
be that, all in all, the equipment-intensive methods will be shown to be the 
most economic. Nevertheless, it should not be automatically assumed that the 
alternative methods are inferior because they do not produce the same standard. 

When discussing the standard achieved by the use of labour-intensive 
methods, there has been a tendency to consider only cases in which such 
methods have been used to the exclusion of all others for an entire project. 
For example, it is admittedly difficult to achieve a high value of compaction 
with totally labour-intensive methods, and critics therefore assume that highly 
compacted earthworks cannot be a feature of projects using labour as the 
major resource. However, the use of equipment for compaction is advisable in 
such a case. 

In this controversy the question of productivity, particularly that of labour, 
has perhaps received more attention than any other. This is principally because, 
with the type of studies that have been carried out, any discussion of economic 

l International Bank for Reconstruction and Development: S&J of the substitution 
of labor for equipment in road construction, [Draft] Phase I final report, Oct. 1971, p. 6. 

2 The question of maintenance is dealt with in Chapter 6. It is worth noting here, however, 
that road maintenance is generally a labour-intensive activity, so that a need for increased 
maintenance will increase employment. 
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viability has hinged upon this factor. The productivity af machinery is difficult 
to assess because factors such as efficiency, rolling resistance, gradient and haul 
have to be considered. However, the manufacturer can at least indicate the 
maximum output of the machine, and from that calculation a working figure 
can be derived. Such a procedure cannot, however, be used in the case of 
manual labour: attitude, health, environment and physiology all have to be 
considered (for example, a World Bank study 1 reported a 1,300 per cent 
variation in the output of workers involved in excavation). It is a little sur- 
prising that productivity should be used as a stick with which to beat labour- 
intensive methods when so little is known about it: our present knowledge of 
labour productivity in road construction is related to such factors as haul dis- 
tance and height of lift; very little work has been done on the effect of good or- 
ganisation and supervision, diet and other conditions. The conclusion drawn by 
researchers is that when considered in isolation, labour productivity would 
appear to limit the implementation of labour-intensive methods. A far better 
approach would be to consider what productivity rates are required to make 
more labour-intensive methods viable, and whether it is possible to achieve 
those rates by supplying the right organisational and institutional framework. 

When deciding between any two or more designs it will generally be the 
over-all cost that will be used as the criterion for selection. Of the studies that 
have been carried out, many come to the conclusion that when evaluated at 
market prices, labour-intensive techniques currently in use are not economically 
competitive with modern capital-intensive techniques. However, if accounting 
or shadow prices were to be used in project evaluation, labour-intensive 
techniques could appear much more attractive.2 Moreover, when discussing 
more labour-intensive methods most analysts have restricted themselves to the 
construction costs, and the methods have all been assessed in relation to the 
same design. Thus it is not necessarily the correct alternatives that are being 
considered: the costs associated with more labour-intensive methods are 
restricted to the costs of constructing a certain design, whereas a true comparison 
of cost can be made only if a variety of designs are priced in terms of construc- 
tion, maintenance and road user costs. The argument of inferiority on a cost 
basis is based on a consideration of alternative techniques for a limited number 
of operations such as earthmoving and sub-base laying. While this may provide 
useful data on the productivity range that can be expected for those operations, 

l International Bank for Reconstruction and Development: Study of the substitution 
of labor jbr equipment in road construction, [Draft] Phase I $nal report, op. cit., p. 28. 

a W. A. McCleary, in collaboration with Moise Alla1 and Bertil Nilsson: Equipment 
versus employment: A social cost-benefit analysis of alternative techniques of feeder road 
construction in Thailand (Geneva, ILO, 1976). 
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Iqtroduction 

it is not a true assessment of the viability of alternative techniques for entire 
projects. 

Most of the methods used in road construction have been taken over from 
developed countries. If the methods had been imported in isolation, there 
would be no great problem in altering them. At the same time, however, the 
administrative procedures were also imported. Thus in most developing coun- 
tries the contract terms, specifications and conditions of tender are basically 
the same as those used in the developed world. In many developing countries 
the private sector is dominated by European and North American contractors 
whose expertise is geared towards the use of equipment-intensive methods. How 
far they would feel capable, or willing, to work to other design specifications 
and with other construction methods is a matter of conjecture. It may be ’ 
necessary to unify the responsibility for design and construction in the initial 
stages, and the public authorities may be called upon to prove the viability of 
alternative techniques. 

It has already been suggested that the attitude of designers and contractors 
in developing countries is biased towards equipment-intensive methods. While 
an effort should be made to permit the fair evaluation of alternative techniques, 
it is necessary to guard against an automatic bias towards more labour-intensive 
techniques. There is a danger of assuming that more labour-intensive methods 
are always appropriate instead of regarding them as a possible alternative. It 
would be a mistake to alter th.e institutional framework so that it discriminates 
against equipment-intensive methods: the framework must be altered in such a 
way that proper consideration will be given to all the technological possibilities. 
It is possible that although more labour-intensi ‘VP methods are now appropriate 
in many cases, in 20 years’ time the situation may change. In view of this 
uncertainty it would be foolish to completely charzge the institutional frame- 
work. The best solution is to widen it so that the methods that are the most 
advantageous in terms of the public interest can in fact be identified and applied. 
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ROAD PLANNING 

In order to facilitate an understanding of the various evaluation procedures 
described in later chapters of this manual, it is first necessary to describe the 
framework within which the choice of technology is undertaken. Accordingly 
the first section of this chapter brieflv describes the elements that should be 
taken into consideration when chooc:ng road projects and construction tech- 
nologies. The second section describes the steps involved in the elaboration of 
a road investment programme and the identification of potential road projects. 
The third section describes how those potential projects must be analysed and 
their most appropriate versions in terms of routing, design and technology 
identified. The fourth section describes how the project choice is’ made for the 
five types of roads to be considered in the manual. 

ELEMENTS OF CHOICE 

Evaluating the social profitability of road projects involves the estimation of 
both direct and indirect costs and direct and indirect benefits. Costs can be 
divided into capital costs, including the cost of land acquisition and construc- 
tion costs, and variable costs, including road user costs and road maintenance 
costs. The social benefits of a road include higher economic activity in the area 
crossed by the road, and decreases in both road user costs and maintenance 
costs. 

The difficulty in evaluating the profitability of a road project arises from the 
fact that there are usually several versions of the project. For a given road 
project, there may be a number of possible routes and various sets of design 
specifications. Furthermore, a number of different construction technologies 
may be used in order to build the road. In other words, for a given road project, 
there usually exists more than one version in terms of routing, design and tech- 
nology. The project evaluator’s task is to evaluate all versions of a toad project 
in order to identify the most socially profitable one. Other, less profitable 
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versions may then be disregarded when comparing the profitability of the 
particular road project with that of other public investment projects. 

The routing of a road is mainly determined by socio-economic considerations 
and by the topography of the area which the road should cross. These are 
exogenous variables which define the range of potential routes. Within those 
limits, however, the choice of alignment to be adopted is influenced by the 
design specifications and the construction technology which are adopted. This 
aspect of the problem will be examined in some detail in Chapter 2. The main 
point to be stressed here is that different routes may yield different road- 
induced benefits since the area of influence of a road is a function of the route it 
follows. Furthermore, different routes and alignments yield different road 
lengths, and therefore different construction costs, road maintenance costs, 
and road user costs. 

Road design specifications (governing the solidity of the road and such 
factors as the maximum permissible gradient and curves) are mainly determined 
by the current and future traffic volume and composition, by the topography 
of the area to be crossed by the road, and by the speed at which it is intended 
or expected that traffic should move. It will be shown later that the design 
specifications adopted affect construction costs, maintenance costs and road 
user costs. It will also be shown that the narrower the range of design specifi- 
cations, the narrower the range of construction technologies that may be adop- 
ted. Design specifications therefore affect construction costs by limiting the 
choice of construction technology. There is generally a trade-off between the 
initial construction costs, on the one hand, and the future maintenance and 
road user costs, on the other; and it is therefore very important that road 
designers should be concerned with both initial and future costs. 

The choice of construction technology is mainly determined by the route 
and design adopted, and by the availability of equipment and labour. Obviously, 
the use of labour-intensive technologies should not be considered in sparsely 
populated areas unless workers from other areas are willing to live in workers’ 
camps during t.he duration of the project. On the other hand, capital-intensive 
techniques cannot be used if skilled labour and construction equipment are not 
available. It should be stressed that the construction technology adopted will 
also affect construction costs. It may be noted that for any particular design 
specification the technology adopted will not usually affect maintenance costs 
and road user costs since it may be assumed that all technologies under consi- 
deration will yield the required output quality. 

To conclude: the profitability of a road project is generally a function of 
the road’s route, its design and the construction technology. It is the version of 
a road project which maximises social profitability that is to be evaluated for 
the purpose of comparison with other public investment projects. 
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THE ROAD INVESTMENT PROGRAMME 

The choice of technology follows the identification of actual or potential 
projects. Road projects are selected either on an ad hoc basis or on the basis 
of a more or less elaborate road investment programme. In the first case, the 
selection of road projects is made on the basis of political, social and economic 
considerations with little or no attempt to link the particular road projects to 
an over-all national or sectoral plan. In the second case, the selection of road 
projects follows the elaboration of an over-all transport investment programme 
which includes a number of potential road projects. If bottlenecks and excess 
capacity are to be avoided, and if national resources are to be used in the most 
efficient manner, economic planners must know how projects relate to one 
another within a given sector, as well as how sectors interact with one another. 
It is necessary to consider, for example, how the growth of one means of 
transport (e.g. railways) may affect the growth of other means of transport. 
Similarly, it is necessary to examine, for example, how the improvement of 
transport facilities in general will affect other sectors of the economy (e.g. agricul- 
ture and industry). Such information is very important in developing countries 
since the development of transport is usually a prerequisit,e-although by no 
means a guarantee-of economic growth. The aim in elaborating a transport 
programme is therefore to identify promising projects, to relate them properly 
to one another, and to relate all projects together to the macro-economic plan. 

It must be pointed out that the elaboration of a transport sector programme, 
and consequently of a road investment programme, requires a great deal of 
work and time. Transport experts may need to spend a year or longer on the 
elaboration of such a programme for a medium-sized country. Owing to lack 
of personnel trained in transport problems, lack of traffic data and time 
constraints, some developing countries may not be able to elaborate comprehen- 
sive transport programmes. In such circumstances rudimentary programmes 
can none the less be prepared on the basis of more subjective assessments to 
include transport projects which seem to be crucial to the future growth of the 
country, or for which there is a strong demand. 

A transport programme may cover a country’s entire transport system, 
including, in this case, a road investment programme worked out within the 
framework of the over-all transport programme. The development of an 
independent programme for a particular means of transport should be under- 
taken only if it can be shown that no other means of transport can be substituted 
for the one to which the programme relates. Thus a road network development 
programme may be elaborated independently of other transport programmes 
if it is shown that transport by air, rail or inland waterway would not be 
competitive with road transport. Within the road investment programme 
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itself, on the other hand, the identification of certain potential projects can 
be made independently of other transport projects. For example, feeder roads 
attached to ‘future agricultural projects or roads serving industrial sites are 
included in the programme as a result of a decision to implement those more 
general investments projects. In those cases, roads are a joint cost with other 
investments outside the transport sector, and the realisation of benefits depends 
not only on the roads but also on these investments. The planning of such 
roads is thus part of the planning of the sectors from which the above invest- 
ments originate. 

The elaboration of a transport investment programme follows the following 
sequence : 

(a) identification of the basic goals of the programme; 

(b) survey of existing means of transport; 

(c) traffic foreca.sts; and 

(ci) identification of the potential transport projects to be included in the 
programme. 

Means of transport serve to connect production and population centres 
with one another. Consequently the development of the transport network 
cannot be dissociated from the country’s over-all development goals or strategy. 
Ideally, a transport investment programme should be elaborated concurrently 
with the programmes for other sectors, and all programmes should be merged 
into an over-all national plan. A transport investment programme elaborated 
with respect to the planned growth in other individual sectors of the economy 
should take into consideration the need for various means of transport in each 
of those sectors: if it is planned, for example, to give priority to increasing 
agricultural production, feeder roads will have to be built; similarly, 
regional development plans may require that the existing road network be 
expanded. 

The planned growth nf individual sectors of the economy can sometimes be 
achieved through the development of alternative means of transport: for 
example, the development of mining may require that the existing road network 
should be developed, o- I ,,lsiead, that new railway lines should be built; the 
problem is then to identify the less costly means of transport in each particular 
case. 

In order to plan future transport, it is essential to have a fairly good assess- 
ment of the quantity and quality of existing facilities. Transport data collection 
is a fairly complex task, and surveys carried out with that object in view call 
for a great deal of work and time as well as qualified personnel. The total 
amount of information to be collected depends on the amount and reliability 
of the information already at hand. On road transport it is usually scarce, and in 
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most cases unreliable: road condition is not usually known, and little infor- 
mation is available on such factors as vehicle operating costs and traffic flows. 
A survey should provide a description of the existing facilities in qualitative 
as well as quantitative terms : for example, a survey of the existing road network 
should include estimates of the relative extent of various types of roads (e.g. 
paved, gravel, or earth roads), their current condition (good, fair, poor), and 
the volume and composition of traffic flows. To be useful, a road transport 
survey needs to include information about the main commodities and the 
passengers carried, as well as about the origin, destination, types and capacity 
of the vehicles using a given road. This type of information needs to be gathered 
for various times of the day as well as various seasons of the year. 

Since transport projects have long lives, of 20 years or more, traffic forecasts 
are essential for the elaboration of a transport investment programme. Traffic 
forecasts are needed not only in order to identify specific transport projects, 
but also in order to schedule project implementation in the cases where construc- 
tion can be carried out in stages. The way to conduct traffic forecasts will not 
be described in this manual since many books have already been published on 
this subject. 

Once forecasts of traffic by the various means of transport have been made, 
potential transport investment projects can be identified. For each means of 
transport, projects are listed and may be grouped into three distinct classes as 
follows : 

(a) maintenance projects; 

(b/ improvement and modernisation projects; and 

(c) new projects for the purpose of increasing existing capacity. 

Once the transport programme has been elaborated, the next step is to 
rank transport projects and select the higher-ranking ones for implementation, 
within the limits imposed by budgetary and other constraints. As regards roads 
this selection process is the subject of the present manual, and will be described 
in detail. 

IDENTIFICATION OF THE I\IIcST APPROPRIATE VERSIONS 
OF POTENTIAL PROJECTS 

In elaborating a transport investment programme, potential road projects 
are identified but not analysed in great detail. Information about potential 
roads is usually sketchy: design specifications are not fully elaborated, the 
route to be followed by individual roads is approximate and little information 
is available about. the way in which the roads should be built. This lack of 
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information is to be expected, since the purpose of a transport investment 
programme is to provide not detailed information on specific transport projects 
but an over-all view of transport investment needs. In order to enable planners 
to compare and select projects on the bases of their social profitability, a 
detailed analysis of potential projects must therefore be undertaken before 
individual projects are selected. 

As will be shown in Chapter 2, the choice of road design may affect the 
choice of construction technology and thus construction costs. Furthermore, 
road design always affects road maintenance costs and road users’ costs, The 
choice of the route which a road is to follow may affect construction costs, 
road maintenance costs, road users’ costs, and in some cases, the value of 
benefits derived from the road. Once potential road projects have been ident- 
ified, project evaluators must identify the most appropriate route and com- 
bination of design and technology for each potential road project. It is this 
version of a project that is ranked at the project selection stage. 

The identification of the most appropriate route and combination of design 
and technology generally includes the following steps.l 

1. Identification of possible routes for a road 

The route which a road shall follow is determined on the basis of socio- 
economic considerations as well as a number of technical constraints. Project 
evaluators may identify possible routes with the help of regional development 
planners. 

2. Estimation of road benefits for each possible route 

Road benefits may include additional agricultural production or the develop- 
ment of new industries which would not take place if the road were not built. 

3. Jdent$cation of possible road designs for each possible route 

Technical constraints may limit the number of possible road designs for 
each route. 

4. Identification of possible combinations of design and technology for each route 

The construction technologies considered for a given design must yield 
the quality of output specified in the design. 

5. Estimation of construction costs for each possible combination of design and 
teclznology 

l The identification procedure described in this section is further elaborated in Chapters 
2 and 7. 
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6. Estimation of roqd maintenance costs and road users’ costs for each combi- 
nation of route and design 

Road maintenance costs and road users’ costs must be those applying to 
the most appropriate (i.e. least costly) maintenance policy (covering the fre- 
quency and extent of maintenance operations over the life of a road). 

I. Ident$cation of the most appropriate route and combination of design and 
technology 

The most appropriate route and combination of design and technology is 
that which maximises the difference between road benefits (estimated under 
step 2) and the sum of road construction costs (estimated under step 5), road 
maintenance costs, and road users’ costs (both estimated under step 6). 

The following mathematical formulation summarises the above steps : 

Let Bi = road benefits that apply to road route i (i = 1, 2, . . . I); 

Cijk = road construction costs tha.t apply to road route i for a given road 
design j (j = 1, 2, . . . m) and a given construction technology 
k (k = 1, 2, . . . H); 

(MC + RUC),, = sum of road maintenance costs (MC) and road users’ 
costs (RUC) for a given route i and a given road design j. 

The most appropriate route and combination of design and technology is 
that which maximises the net road benefits (NB)iik where 

(NB)ijk = Bi - Cijk - (MC + RUC)ij 

(N&, must be estimated for each (gk) combination, the most appropriate 
co,mbination being the one that yields the highest net benefits. If, for example, 
there are two possible routes (1 = 2), two possible road designs for each route 
(m = 2 for all is), and two possible construction technologies for each design 
(i.e. n = 2 for allis), then the total number of (ijk) combinations to be analysed 
is equal to 8 (i.e. 2 x 2 X 2). 

It should be pointed out that the identification of the most appropriate 
version of a potential road project does not require that all benefits and costs 
be estimated: those that are common to all possible versions of the same project 
need not be estimated since they would cancel out when the various versions 
are compared. In most cases, the benefits of a road need not be estimated since 
they usually do not differ from one version of a project to another. Moreover 
if it is felt that there can be only one possible road route and design, the only 
variable will be construction costs, as a result of the existence of a variety of 
construction technologies. All costs and benefits must, however, be estimated 
if projects have to be ranked before the project selection stage. 

If benefits are not quantifiable, the identification of the most appropriate 
version of a potential road project will usually be based on information regard- 
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ing the cost of different possible combinations of design and technology 
for each route, and on the economic planner’s subjective evaluation of benefits 
for each route. 

The assumption that costs are fully quantifiable implies that different 
technologies are fairly well known and have already been tested in the process 
of building existing roads, so that figures on the productivity of labour and 
equipment are both available and reliable. It also implies that other input 
prices that will prevail during the implementation of the project can be estimated 
with an adequate degree of certainty. In practice, however, little may be known 
about alternative construction technologies. In particular, there may be little 
information available on the productivity of. equipment and labour and on 
managerial efficiency. This is especially true of labour-intensive construction 
technologies, in respect of which very few studies have been carried out. 
Furthermore, the few studies completed to date apply to particular environ- 
mental and other conditions such as climate, soil composition, topography and 
management; and it is difficult, if not impossible, to use their results to arrive 
at general rules applicable to other countries. A lack of information on the 
direci cost of a variety of possible technologies precludes the identification 
of khe most appropriate one for a potential road project. Yet cost data are 
needed if pic?jects are to be ranked for selection purposes, and if the national 
or sectoral budget is to be properly balanced. One solution to this dilemma is 
to collect all necessary data prior to undertaking the identification procedure. 
This solution, however, requires a fairly long time; indeed in some cases data 
collection could take over two years, which is the period covered by some short- 
term plans. The selection of road projects-or any public investment projects- 
generally cannot wait that long: the cost of waiting could be extremely high 
since scarce funds would be kept idle at the expense of the country’s growth. 
Such a solution is thus not feasible. 

An alternative solution, and the one usually adopted, is to estimate direct 
costs on the basis of past experience, assuming a standard construction techno- 
logy previously in use in the country, or construction costs per unit of output 
obtained from completed road projects. In this case, road projects will differ 
from one another with respect to routing and design only, since different 
technologies are not considered. Once the most profitable potential project has 
been identified on this basis and if the project is selected for implementation, a 
more detailed analysis may be undertaken in order to identify the most appro- 
priate construction technology, providing that enough time is available for such 
an analysis. Whenever feasible, experiments with different construction tech- 
nologies should be undertaken before a selected road project is implemented. 

Project selection in the absence of quantifiable data has two main short- 
comings. First, the modified identification procedure just described may lead 
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to the selection of projects that would have been *ejected, or, conversely, to 
the rejection of projects that would have been ,:o:f:c,;cd had reliable figures 
been available. In other words, unreliable information on costs and benefits 
may lead to an unreliable ranking of projects. This situation cannot at present 
be avoided, and will continue to prevail until reliable information is available. 
However, collection of reliable information is not an impossible task: given 
sufficient time, project evaluators should succeed in improving their data base 
for project evaluation. 

A second shortcoming of the procedure is that actual construction costs 
may differ from initial estimates based on an assumed technology or on standard 
unit costs. This situation requires future revisions of the budget in order to 
balance public revenues with public expenditure. It should be noted, however, 
that budget revisions would be needed for a number of reasons even if there 
were full knowledge of construction technologies at the project selection stage. 
First, input prices used at the selection stage may differ from those that will 
actually prevail when the project is implemented. This fact is usually recognised 
by project evaluators, who try to take account of potential price movements in 
carrying out project evaluation. They may not, however, always succE;ed in this 
endeavour. Secondly, unforeseen events may increase construction costs : floods 
may destroy some of the construction work; delays may be ificurred in the 
import of needed equipment. In general, there is always some degree of uncer- 
tainty with respect to the conditions that will exist at the implementation stage, 
and some discrepancy between estimated costs and actual costs nearly always 
occurs. Finally, estimated public revenues may differ from actual revenues. 
This necessitates the continuous adjustment of public expenditure to public 
revenues through the postponement or earlier implementation of public projects. 

PROJECT SELECTION 

Depending on the type of road project, selection may precede or follow the 
identification of the most profitable version of each potential road project. 
Five types of road projects will be considered in this manual, namely- 

(a) road maintenance; 

(b) road improvement; 

(c) new roads primarily intended to shorten travelling distances; 

(d) new roads that are part of wider sectoral investment projects; and 

(c.J developmental roads. 

In general, projects of types (a), (d) and (e&-concerning road maintenance, 
new roads that are part of wider sectoral investment projects and developmental 
roads-are selected before the most appropriate versions of such projects have 
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been identified. On the other hand for projects of types (b) and (c), concerning 
road improvement and roads to be built for the main purpose of shortening 
travelling distances, the identification of the most appropriate version usually 
prece cs the selection of the project. The reasons for these different approaches 
are explained below. 

Projects of types (a), (d) and (e) are among the many public investment 
projects for which costs and benefits cannot be fully quantified. Public planners 
have to choose which non-quantifiable projects should be implemented in the 
light of the funds available. Their choice may be made by first ranking non- 
quantisable projects on the basis of a subjective valuation of their wortL to 
society. Then, given a ranking of quantifiable projects, each non-quantifiable 
project may be compared, on the basis of subjective considerations, to successive 
quantifiable projects in order to det$:rmine the rank which should be assigned 
to it. Once a unique ranking of all projects-quantifiable and non-quantifiable- 
has been obtained, the higher ranking projects are selected within the limits 
imposed by budgetary constraints. 

Road maintenance 

Public works departments are usually responsible for maintaining the 
existing road network. Road maintenance is carried out either in accordance 
with rules laid down by those departments or under pressure from road users 
or local or other authorities. The public works department must know which 
roads should be maintained, at what time intervals maintenance activities 
should take place and what will be the extent of each maintenance operation. 

There is rarely a decision to take on whether to continue or discontinue 
maintenance of existing roads. In most cases, existing roads are essential links 
between population centres, and it is obvious that such roads must be kept open 
to traffic, and maintained accordingly. 

In general, whenever roads are used, there will always be some pressure 
from road users for continuing maintenance, The only situation in which a 
government may decide to discontinue the maintenance of roads serving 
population centres is one in which the government wishes to relocate the popu- 
lation. In other cases roads may have ceased to be useful, and it is obvious that 
they should therefore cease to be maintained: this is true for roads which no 
longer perform the role originally assigned to them (e.g. approach roads to 
closed mines or military camps no longer in use). 

Unless it has been decided that a road should not be maintained, the public 
works department must determine the frequency and extent of each maintenance 
operation so as to reduce to a minimum the sum of maintenance costs and road 
user costs properly discounted to the present. 
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It will be apparent from the foregoing passage that the maintenance of a 
given road need not be the outcome of a deliberate decision taken in relation 
to its merits by comparison with those of other road projects: on the contrary, 
road maintenance is normally undertaken on the unchallenged assumption of 
its intrinsic worth. Moreover, if a road is to be kept open to traffic at all, 
maintenance operations must be carried nut as needed since their postponement 
unnecessarily increases maintenance costs and road users costs, and thus results 
in the long run in a decrease of the amount of investible funds that may be used 
for other purposes. 

Road improvement 

The improvement of an existing road may be required for any number of the 
following reasons : 

(a) traffic so heavy that average travelling times between places along the road 
are unduly long; 

(b) high vehicle operating costs ; 

(cl a high accident rate resulting from the existence of dangerous sections along 
the road ; 

(d) uncommonly high road maintenance costs; and 

(e) frequent closing of the road to traffic as a result of floods, landslides or other 
natural disasters. 

q 

When contemplating road improvement,, the public works department must 
compare improvement costs to the sum of the various costs resulting from 
the use of the non-improved road. These costs include quantifiable items 
such as- 

(a) additional vehicle operating costs; 

(b) additional costs attaching to traffic accidents; 

(c) additional road maintenance costs; and, 

(d) loss of income due to frequent closing of the road. 

The profitability of a road improvement project may be expressed as the 
difference between the sum of the above four cost items and the road improve- 
ment cost. Unless unlimited funds are available, a road improvement project 
must be ranked along with other projects in order to determine whether, it is 
sufficiently profitable to be selected for impletilentation. 

The identification of the most appropriate version of a road improvement 
project precedes project selection. 
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New roads to shorq:en travelling distances 

The main purpose of a new road is often to lower road users’ costs by 
diverting some of the traffic on existing roads to the new road. Other road 
benefits may occur, but they are generally of secondary importance. 

Benefits derived from such a new road may be expected to include- 

(a) lower road users’ costs for traffic diverted to the new road; 

(b) lower maintenance costs of existing roads since they will bear a lower traffic 
volume than if the new road were not built; anu 

(c) increased benefits in the area crossed by the new road (e.g. an increase in 
agricultural production). 

Costs attached to a new road include- 

(a) construction costs, and 

(b) maintenance costs of the new road itself. 

The profitability of this type of road may be expressed as the difference 
between the benefits and the costs mentioned above. The identification of the 
most profitable version cf such a project must precede project selection. 

New roads that are part of wider sectoral investment projects 

Some public investment projects require the constrllction of new roads to 
serve either as links between the project site (e.g. in the case of a mine or an 
industrial plant) and existing roads, or as a means of communication on the 
project site itself, as in the case of feeder roads. Projects that include the con- 
struction of roads may or may not be compared to other projects for selection 
purposes. In any ca se, the task of selecting such general projects is not a concern 
of the road project evaluator. Once the over-all investment project has been 
selected, by whatever method, it is no longer necessary to compare the road 
project or projects involved to other road projects for the purpose of obtaining 
the necessary allocation of investmenr funds. 

Road projects falling within wider projects need to be implemented by a 
construction technology that maximises the social profitability of the over-all 
project. For example, in the case of an agricultural project, feeder roads must 
be designed and built in such a way as to ensure that they will not need to be 
closed to traffic during part of the harvest or planting seasons: the road design 
must satisfy that minimum quality standard. Subject to this kind of requirement, 
the identification of the most appropriate version of the road project consists 
in identifying the one that is least costly in terms of construction costs, mainte- 
nance costs and road users’ costs. 
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Developmental roads 

The purpose of developmental road projects is to promote economic 
development in isolated parts of the country in which development has not 
kept pace with that of other regions. The main motives behind a decision to 
invest in such road projects may be considerations of social equity. Since the 
benefits and certain costs attached to these projects are difficult to quantify, it 
is rarely possible to evaluate alternative versions prior to project selection, and 
the identification of the most appropriate version is therefore carried out after 
the project has been selected. 

To identify the most profitable version, project evaluators must estimate 
road construction costs, road maintenance costs and road users’ costs for each. 
In most cases, however, road users’ costs are not available since it is extremely 
difficult to forecast traffic flows for future developmental roads. The identifi- 
cation of the most appropriate version is then based on the first two cost items 
only. 

21 



ROAD DESIGN 

This chapter deals with the effect of choice of design on the choice of tech- 
nique. It will be shown that the design process can be improved to allow con- 
sideration of different construction techniques, and that there are particular 
aspects of road design that should be analysed to ensure that the optimum use 
is made of the available resources. In many cases this optimum use is very 
different from that which would result from designs taking little account of 
the possibility of using more labour-intensive techniques. 

DESIGN SCOPE 

There are many roads that do not need en‘gineering design, or at best a 
very limited amount: rural access roads, roads built under self-help schemes 
and access roads serving major public works such as dams fall into this cate- 
gory. Their construction has been the subject of extensive study by the United 
Kingdom Transport and Road Research Laboratory and to a lesser extent the 
Intermediate Technology Development Group (London). 

These roads are generally of a low technological level and lend themselves 
admirably to the use of more labour-intensive methods. As long as the basic 
ideas of alignment, drainage and compaction are understood, there is no 
reason why such roads should not be built without the full-time assistance of an 
engineer. However, by far the largest amount of money allocated for road works 
will be spent on roads that require a full-scale design by a civil engineer. 
The methodology developed in this chapter is concerned with these roads. 

The question of over-all road planning was discussed in the previous chap- 
ter. In the present chapter an attempt is made to indicate how a design engi- 
neer could use a knowledge of alternative methods of construction in designing 
a particular road, once the road planners have identified an economic priority 
for it and the engineer has been given the task of preparing a design. 
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It is quite clear that in many cases the design limits the choice of technique: 
the road designs are geared towards equipment-intensive techniques and it is 
therefore difficult for more labour-intensive techniques to compete. It is at 
the design stage, therefore, that the use of alternative techniques should be 
considered. What every designer must ask himself is “what purpose does this 
road serve and what methods could be used to achieve the objective?’ An 
example may help to illustrate this point. It may be necessary for a road to 
cross a river. The initial solution envisaged may be to provide a sophisticated 
pre-cast, pre-stressed concrete structure; but the engineer should ask himself 
why the structure should be of pre-stressed concrete rather than of reinforced 
concrete or of timber, and also whether it is necessary to provide a bridge at 
all and whether a ferry crossing would not adequately serve the purpose. 
Coupled, therefore, with the acceptance of the consideration of alternative 
techniques goes the need to consider the basic objectives in providing the road 
and the whole range of designs that might be suitable for their attainment. 

Many studies have already been carried out on the possible use of alternative 
technologies in road construction. l The figures that have been assembled 
in these studies are of value in indicating the efficiency of various methods. 
However, the studies have concentrated on alternative methods of implement- 
ing particular designs, without considering the possibility of altering the designs 
in order not to impose a constraint on technological choice. Thus, the original 
design is often biased towards the methods with which the designer is familiar, 
and it constrains the choice of techniques. It is not surprising, therefore, that 
when alternative methods are examined they are found to be inefficient. It is as 
if a motor car designed to be powered by petrol were expected to run equally 
well on kerosene. It has also been generally assumed that the construction costs 
can be considered in isolation, and that maintenance costs and road user costs 
will be the same whatever construction method is used. In fact each individual 
design will exert different pressures on the choice of technique to be used. For 
example, one design may call for a pavement construction of high quality 
which entails a low degree of tolerance in its construction, and has minimal 
maintenance costs and low road user cost; an alternative design may be less 
restrictive in the final quality of the running surface and be associated with high 
maintenance and road user costs; a design may provide for a route which is 
direct but involves a large amount of rock excavation; another may follow a 
more leisurely route which merely involves short-haul earth excavation. 

l See for example Deepak Lal, assisted by A. Heap, H. Boisen, B. Nilsson and 
L. Karlsson: Men or machines: A Philippines case study of labour-capital substitution in road 
construction (Geneva, ILO, 1974; mimeographed World Employment Programme research 
working paper for restricted distribution only). 
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In the initial stages the production of alternative designs will not be easy. 
The engineer will have to reconsider many of his preconceived ideas. There is 
unfortunately no short cut to the optimum combination of design and con- 
struction technique. It is not suggested that no extra work will be involved in 
the consideration of a wider range of design possibilities: certainly it will be. 
However, the benefits that will accrue should heavily outweigh any cost in 
terms of extra time and resources spent at the design stage. 

This chapter is therefore intended to show how a more wide-ranging assess- 
ment of the optimum design can be arrived at. It is hoped that, with use, the 
ideas put forward here would eventually be taken for granted. The road designer 
would then truly assess alternatives in terms of factor proportions and not 
purely the use of different types of equipment-intensive technology. 

COSTING OF DESIGNS 

It is possible therefore to think in terms of a road project for which there 
are a variety of possible designs. Some will be more suited to equipment- 
intensive techniques, others to labour-intensive techniques. The next step is to 
make a detailed costing of the designs. For each design a bill of quantities can 
be prepared. This describes each operation and the quantity of materials 
required. From the design drawings and the bill of quantities a schedule of 
material requirements can be made which can then be costed from information 
on the cost of the materials. 

To complete the costing procedure it is necessary to have labour rates for 
each type of labour used, plant rates for the equipment used and an assessment 
of the overheads. Some authorities promote the idea of using unit costs for 
each activity. Thus one item in the bill of quantities may be “excavate in bulk 
and cart to fill “. The quantity may be 20,000 cubic metres. The estimator 
would then calculate on past experience and prevailing costs the rate for moving 
1 cubic metre of soil. Unfortunately in civil engineering these unit rates vary 
enormously and past experience is ofien not a very good guide. A more effective 
method is the operational approach in which a whole operation of say excavat- 
ing, loading, hauling, unloading and spreading is costed and the total cost is 
then distributed among the relevant items of the bill of quantities. 

However, whatever method is used it is always necessary to calculate plant 
and labour rates. The calculation of plant rates involves an analysis of the 
initial cost of equipment, expected life, maintenance and operating costs and the 
prevailing interest rates. An hourly rate can then be calculated for each piece 
of equipment. The calculation of labour rates is equally involved. It is not 
sufficient merely to know the prevailing wage rate for a specific type of labour; 
one must know the total net hours paid and add to this any non-productive 
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time. Deductions must then be made for such factors as inclement weather, 
strikes and public holidays. A figure is then arrived at for the average effective 
working hours paid per day. To the basic daily wage for each category of wor- 
ker must be added allowances for such factors as are appropriate: this may 
include national insurance, holidays with pay, daily travel, subsistence allow- 
ance, lnedical insurance, tool money, hutting allowance; in Europe these 
allowances double the basic wage. The cost then to the employer is the total 
labour cost per day, divided by the effective working hours. These labour rates 
will vary for different categories of workers and for different times of the year. 

The overhead cost consists of a large number of items which are spread 
aver the duration of the contract. Apart from the obvious costs such as the 
salaries of site management staff and headquarters staff the following would 
also be included : 

(4 

(b) 

(4 

(4 

(4 

(fl 

kl 
w 

(9 

attendant labour such as chainmen, laboratory assistants, site vehicle 
drivers, watchmen and checkers; 

site vehicles ; 

setting up of the offices; this would include any necessary o&es for the 
site management, stores, canteens, sanitation, fencing, access roads; 

all surveying and laboratory equipment; 

the installation, maintenance and removal of any services that are supplied, 
such as electricity, water, telephone and sanitation; 

administrative charges such as postal charges, stationery, signs and pho- 
tography; 

first aid, canteen supplies and protective clothing; 

temporary works, comprising scaffolding, hoists, generators, temporary 
fencing, etc.; and 

other items which would include pumping, land charges, abnormal weather 
precautions and safety measures. 

All these items would be costed as a.. lump sum and added to the total cost 
of the project usually in the form of a percentage added to each item of work. 

The materials, plant, labour and overhead rates are then brought together 
to build up a rate for each item in the bill of quantities. 

PAVEMENT MATERIALS AND THE CHOICE OF 
CONSTRUCTION TECHNIQUES 

Roads can be broadly classified on the basis of pavement types into three 
categories-paved roads, gravel roads and earth roads. The distinction be- 

26 



Road design 

tween paved roads and gravel roads usually rests on the distinction between a 
sealed and an unsealed pavement surface. The distinction is therefore usually 

clear, except in relation to such surfaces as wet-bound or dry-bound macadam, 
for which it becomes optional. The transition from gravel roads to earth roads 
is less clear-cut, particularly in the case of soil-stabilised roads, such as roads 
built of soil mechanically stabilised with the addition of aggregate. 

There are a number of points to be made about the choice of technologies 
for various categories of pavement materials. First, it is possible to produce a 
pavement of the same strength and durability using different materials. Because 
different materials are often best suited to different construction techniques, a 
choice of materials increases the range of choice of techniques in terms of 
factor proportions. 

Secondly, certain road-building operations : provide little scope for the 
economic use of labour-intensive methods. The& operations tend to be those 
that produce roads of a high standard and that aie a necessary part of the con- 
struction of paved roads. Thus the use of labour-intensive methods is more 
likely to be viable for earth than for gravel roads, and for gravel than for paved 
roads. Research is needed to discover how these operations can be carried out 
efficiently by labour-intensive methods. 

Thirdly, the possibility of using certain materials, which may be either tra- 
ditional or modern, is generally not taken into consideration when roads are 
designed. Some of these materials, however, could be used effectively if manual 
methods were chosen. All these factors are discussed under each category of 
pavement. 

Paved roads 

According to O’Flaherty l there are at least 25 design methods in use 
throughout the world for paved roads. These can be divided into empirical, 
semi-empirical and purely theoretical. The empirical methods, i.e. those that 
use formulae and specifications based on data accumulation, are the more 
common. Of these the California bearing ratio (CBR) method is by far the most 
widely used; it is the method that will be generally referred to in this chapter, 
and knowledge of that method will be assumed. 

A typical cross-section of a paved road is shown in figure I. With the CBR 
design method the depth of construction is determined by the CBR value of 
the subgrade, whereas the quality of the surface and base of the pavement is 
generally not considered except to state that they should be of a minimum 
quality. This is because the CBR method consists in determining what depth 

l C. A. O’Flaherty: Highways (London, Edward Arnold, 1967), p. 561. 
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Figure 1. Structural elements of flexible and rigid road pavements 
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of construction is required with a given material to dissipate the axle loads into 
the subgrade. The choice of pavement surface and base materials is mainly 
dependent on the amount of deformation that is allowed, the drainage charac- 
teristics of the various materials and-perhaps most important for the surface 
material - the riding quality of the pavement. For roads carrying a present or 
expected daily traffic of more than 300 vehicles it is generally assumed that 
maintenance costs preclude the use of anything but a high-quality surface 
treatment. The choice of construction techniques for surfacing is somewhat 
limited in that for a high standard some form of bitumen or tar must be 
applied, and that cannot be productively and effectively done by manual 
methods. Hence it may well be that capital-intensive methods are the only 
possible choice for the surfacing of a paved road. This does not mean, however, 
that labour-intensive methods cannot be used for the base and subgrade layers 
of the pavement, and in the choice of methods for those layers the outputs of 
the labour-intensive and capital-intensive methods should be very carefully 
compared. 

Once the expected traffic volume is known and the necessary quality of the 
’ subgrade (i.e. the CBR value) is determined, the quality and depth of materials 

to be used are decided. It may be that different materials should be used 
according to whether the construction method is labour-intensive or capital- 
intensive. For example, modern bitumen madacam is particularly suited to 
laying by mechanical means and is not easy to place by labour-intensive 
methods. When consideration is given to the use of labour-intensive methods 
in the construction of high-standard roads particular attention must be paid 
to the choice of paving material as some of these materials pre-suppose the 
use of equipment. Generally the objective is the selection of the most suitable 
materials for each layer so that the stress distributed to each layer is commen- 
surate with its load-carrying capacity. Furthermore, the materials selected must 
be those which can be economically placed by a given method. 
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(1) Hand-pitched stone. For roads that do not carry heavy traffic, hand- 
pitched stone bases (figure 2) are particularly suited to large labour forces. 
The main problems arise because of the large voids between the stones. If 
suitable drainage is not provided or if the underlying layer is not sealed, the 
substratum becomes &ft and can work its way up into the base, which may 
then be heavily deformed. TMoreover, layers of stones more than 10 cm in 
diameter are difficult to compact effectively, which is the reason for which hand- 
pitched stone bases are not suitable for use on roads with heavy traffic. 

Figure 2. iiand pitching 

(2) Dry-bound macadam. Dry-bound macadam provides a compact and 
effective pavement layer. A coarse aggregate of a carefully determined size 
(40 or 60 mm nominal) can be laid by hand, usually in a layer 10 to 12 cm 
thick. This layer is then rolled with a smooth-wheel roller. A fine aggregate 
or dust is then spread over the compacted coarse aggregate. This can be done 
with ordinary farm equipment (figure 3). Afterwards it is usually necessary to 
broom the surface to spread the material evenly. When compacted with a 
small plate vibrator (figure 4) the dust fills the interstices between the coarse 
agregate, thus filling the voids. 

(3) Wet-bound macadam. A road of wet-bound macadam is similar in 
construction to one of dry-bound macadam, the difference being that in the 
wet-bound method water is sprayed onto the surface and the resulting surface 
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Figure 3. Spreading fine aggregate for dry-bound macadam 

Figure 4. Compaction of dry..bound macadam 
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is then compacted and rolled. The water acts as a lubricant allowing the aggre- 
gate to move and thus lock more easily. Further, a certain cementing action 
is produced with the interaction of the water and the fine aggregate. A potential 
drawback to the use of wet-bound macadam is that each layer must be allowed 
to dry thoroughly before the next layer is laid. In the case of labour-intensive 
methods this drawback may become an advantag -e iit that the slower speed of 
working with those methods may match the need for a drying period. 

(4) Stabilised soil. There are numerous ways in which the properties of 
a soil can be modified to give a dense homogeneous mass. These include 
mechanical stabilisation with the addition of aggregate, chlorides, lignin and 
molasses, cement stabilisation and stabilisation with bitumen and lime. Many 
of these operations can be carried out by manual methods. Some stabilised 
soils can be used as base material for roads, but usually not as a running 
surface because of their poor resistance to abrasion. Equipment such as 
levelling machines, rotary mix-in-place equipment and stationary mixing plants 
can carry out the mixing and placing operation. However, it is perfectly feasible 
to use modified agricultural equipment and labour to produce the required 
result (figures 5 and 6). 

(5) Bituminous paving. Grouting or penetration of road metal with a bind- 
ing material in a liquid state stabilises a road, i.e. it reinforces its structure to 

Figure 5. Lime stabilisation: bags of lime are dumped along the road 
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Figure 6. Lime stabilisation: a rotary plough raises a cloud of lime dust 

withstand traffic loading. There are various types of bituminous paving which 
are useful for different intensities of traffic. The simple method of bituminous 
paving requires no special tools or plant or skilled labour. The method consists 
of spreading the aggregate on the subgrade, to a thickness of at least 125 mm, 
and rolling with a smooth-wheeled roller. Then either a cold (emulsion) or a hot 
(bitumen or tar) binder can be allowed to penetrate into the consolidated stone 
layer either to the full depth or to half the depth. The binder is poured by 
workers using pouring pots. After the binder has been applied, aqd while it is 
still hut in the case of hot binder or before it “breaks” in the case of emulsion, 
small hard stone chips should be spread evenly over the surface and lightly 
rolled to force the chippings into the binder. A variant is the pre-mixed method, 
under which the aggregate is first mixed with the binder (hot or cold) and then 
spread on the road. In the hot process the bitumen is heated in a boiler and 
mixed with aggregate either in a power rotary mixer or hand drum mixer. The 
pre-mixed aggregate can be hauled in wheelbarrows and unloaded onto the 
prepared sub-base; it is then spread by workers with rakes, and finally rolled by 
smooth-wheeled rollers. The hot bitumen can be handled in pouring pots or 
cans. For premixing with emulsion the aggregate can be placed in perforated 
buckets and then coated by dipping into tanks containing emulsion; the coated 
aggregate is spread on the road and then left for 24 hours before rolling to let 
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the water content of the emulsion evaporate. There are cases in which the binder 
is first applied on the road bed and the coarse ingredient is added immediately 
afterwards. “Surface dressing” is a kind of bituminous surface treatment under 
which a film of bitumen, tar or emulsion is first applied on top of road founda- 
tions; a thin layer of stone chippings or other fine mineral aggregate is then 

/ spread on this film and the surface is rolled. 

(6) Concrete paving. For concrete paving the natural subgrade or the top 
of the sub-base is first given the required shape. Wooden or steel forms are 
placed and the laying of concrete is planned in sections. The mixing of concrete 
is carried out by mechanical or hand-operated mixers; if such mixers are not 
available the mixing can be carried out by workers with shovels. If a mixer is 
used its size naturally determines the rate of production and therefore a balance 
must be struck between the size of mixer and the number of workers employed 
to haul and lay the concrete. The concrete can be taken from the mixer either 
in wheelbarrows or in head baskets and laid between the forms, where the 
concrete can be consolidated either with a hand tamper or with a mechanical 
vibrator. The hand tamper or a wooden tamping beam (see figure 7) consists 
of a beam 75 mm wide by 225 mm deep and of a length equal to the width of 
the section, plus 300 mm. The underside of the beam has a metal plate equal to 
the width of the beam. The concrete can be compacted with the tamper by 
using a backwards and forwards sawing motion across the section in combina- 
tion with a series of lifts and drops with an advance of about 1 cm each time. 
Tamping is continued until the mortar in the mix begins to work up to the 
surface. The surface finish is produced with wooden floats. Whenever desired 
the surface can be roughened by brooming with a stiff fibre brush. After two to 
four hours the finished surface is covered with a layer of hessian bags or other 
suitable material, which is kept wet about 24 hours. Then the bags are removed 
and a layer of sand about 53 mm thick can be laid on top of the concrete and 
kept moist; as an alternative the surface is divided into a number of sections by 
forming small 50 mm earthen ridges and the sections are then filled with 25 mm 

Figure 7. Wooden tamping beam 
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I 

of water and the concrete surface is kept moist for the curing period. After the 
curing period the top 75 mm of the expansion joints between the sections are 
filled with bitumen. 

Gravel roads 

Gravel is generally used for roads on which the traffic flow is not expected 
to be more than 200-300 vehicles a day. The simplest form of gravel road is 
that in which gravel or coarse aggregate of a less carefully determined size than 
in the case of macadam construction is laid onto the subgrade. Each layer is 
then rolled and compacted. The final surface may be produced by spreading a 
thin layer of a finer aggregate. 

Gravel roads by their very nature are more adaptable to construction by 
labour-intensive methods than paved roads. With capital-intensive methods 
one can use gravel from any suitable quarry or borrow pit within several 
kilometres of the construction site. However, it is difficult to find efficient 
methods of transport by labour-intensive methods for haul distances greater 
than 1 kilometre. In order to attain a given standard, therefore, consideration 
may have to be given to using greater thicknesses of inferior material that can 
be obtained in the close vicinity. 

Earth roads 

The term “ earth roads ” covers roads from mere penetration tracks to 
high-quality earth roads with some form of stabilised surface. The expected 
maximum traffic for earth roads would be oj’ the order of 50 vehicles per day, 
depending on the type of vehicle. Earth roads are the most suitable for labour- 
intensive construction. Earth-moving provides the best opportunities for 
labour-equipment substitution. Also, earth roads are generally used to transport 
farm produce to market or to provide access to remote villages. Accordingly 
they are of direct and obvious benefit to the local population. This fact not 
only makes it easier to enlist local support for the building of these roads but 
also facilitates routine maintenance because the local people think of it as 
their own r0ad.l 

Most earth roads are of very simple design, as shown in figure 8. One of 
the major problems of earth roads is deformation under wheeled traffic, which 
generally produces longitudinal grooves. This tendency can be reduced by 
placing circular timbers of small diameter in the tyre tracks. 

l J. Miiller: “Labour-intensive methods in low-cost road construction: A case study”, 
in Zntemational Labour Review (Geneva, ILO), Apr. 1970, pp. 359-375. 
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Perhaps the most important requirements for earth roads from the engi- 
neer’s point of view are adequate maintenance and proper drainage : although 
these roads are not usually designed as ah-weather roads, the proper crowning 
of the surface and careful placing and shaping of drainage channels can make 
all the difference between high and low maintenance costs. 

Figure 8. How to make a simple earth road 

Clear trees, bushes and roots. 
Clear trees fur enough to keep 
road in sunshine. 

Strip off topsoil for at least 
8 metres from centre of road 

Dig wide ditches and dump 
sub-soil towards centro line 
to raise road level. 

Complete the ditches and 
roll, compact the formation 
using minimum slopes and 
wldths shown. 

Check the slopes and levels 
on formation and along ditch 
to make sure that water can 
run away 

Lay the topsoil on the ditch 
slopes to encourage grass to 
grow again. 
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Roads made of other materials 

As has been emphasised, the use of labour-intensive methods requires that 
the design and the construction materials should be orientated towards their 
use. Certain materials, which may not normally be considered for use with 
capital-intensive methods, are worthy of mention here. 

In some parts of the world there is a traditional local expertise in the con- 
struction of cobblestone roads. These are similar to the hand-pitched bases 
referred to above, except that the cobblestones are used as the final running 
surface. The subgrade is first levelled and then the stones are placed with great 
precision so that the final surface is smooth. Sand or fine aggregate is then 
spread over the surface and this fills the interstices between the stones. Speeds 
of 100 k.p.h. are perfectly feasible on this type of road. It should be added that 
they are usually built in areas of very low rainfall because of the damaging 
effect of rain on this type of road. A typical cobblestone road construction is 
shown in figure 9. 

This is one example of materials that could be considered. There are many 
others, such as wood or stone setts, pozzolan bricks and asphalt blocks which 
have been abandoned for pavements by engineers in developed countries 
because their use involves dependence on labour. It is this very dependence, 

Figure 9. Cobblestone road construction 
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however, which makes the use of these materials of interest to developing 
countries with abundant labour supplies. 

THE DETAILS OF DESllGN CHOICE 

One of the earlier road studies undertaken by the IJ3 emphasised the 
limiting role that the design played in the choice of techn’que. It was suggested 
that “the adopted design standard . . . will . . . determine the range of choice 
of appropriate construction technologies ” and that “in the selection of design 
standards . . . a bias . . . will generally operate in favour of known (or Western) 
standards”.l In the present section the relationship between the design and the 
choice of technique is examined more closely in order to show how the choice 
of technique can be considered at the design stage, when the design itself is a 
variable. The design of a road mainly consists of structural elements (i.e. the 
composition and structure of the pavement surface, base and sub-base), the 
routing of the road and its vertical and horizontal alignment, or slope and 
curvature. All of these elements can be treated as variables. 

The interaction between a design and a construction technique can be 
taken into account in two main ways. The first is to start by choosing the design, 
and then to make a choice among the methods hy which it would be possible 
to produce a road of that design; i.e. the design standards of the road are fixed. 
The alternative approach, where the design standards of the road are variable, 
is not to start by determining the design, but to allow for the fact that there is a 
trade-off between the initial construction cost and the future maintenance and 
road users’ costs, and to recognise that the trade-off may justify the choice of a 
design giving a road of a lower standard, which is likely to be more suited to 
construction by labour-intensive methods. In this section both approaches are 
discussed, but more attention is devoted to the second, which has hitherto 
tended to be ignored. 

In road design where the standards are fixed, the possibility of a trade-off 
between subgrade strength and pavement thickness should be examined in 
order to extend the range of construction methods, in terms of different factor 
proportions, that might then be considered by the designer. 

Trade-off between pavement thickness and subgrade strength 

For paved roads the depth of construction depends upon the quality of the 
subgrade as measured by the CBR value. As a consequence of this there 

1 G. W. Irvin, assisted by B. Nilsson, L. Karlsson and L. Eriksson: Roads and redis- 
tribution: Social costs and benefits of labour-intensive road construction in Zran (Geneva, 
ILO, 1973, p. 25. 
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Figure 10. Relationship between pavement thickness and subgrade strength 
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The figure beside each curve (in millions) is the trafic (in terms of the cumulative 
number of axles of a specified weight passing in one direction) that can be carried in the course 
of its design life by a road of the specifications indicated by the co-ordinates, 

Source: L. Odier, R. S. Millard, Pimentel dos Santos and S. R. Mehm: Low cost roads: Design, consrruction 
and nmhtenance (London, Butterworth, n.d.). p. 79. 

is a certain amount of trade-off between pavement thickness and subgrade 
improvement. It is unlikely that the trade-off rate will be the same for roads 
built by labour-intensive and capital-intensive methods respectively. Particu- 
larly in the case of gravel roads for which long-distance hauls of gravel may be 
unavoidable, it may be better to improve the subgrade to a very high quality 
and to reduce the depth of gravel. 

In practice the extent to which the subgrade can be improved will be the 
limiting factor. An experienced engineer may be able to assess the trade-off 
almost by looking at the quality of the subgrade material. It is useful, however, 
to try and quantify the relationship between subgrade strength and pavement 
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Figures 11 and 12. Pavement thickness and subgrade strength cost functions 
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Source: R M. Soberman: Transport technology for developing regions: A study of road transportation in Venezuela, 
a publication of the Joint Center for Urban Studies of the Massachusetts Institute of Technology and Harvard 
University (Cambridge, Massachusetts, and London, M.I.T. Press, n.d.), p. 14. 

Figure 13. Road cost isoquants 

z 5 CJ .- 5 5 
E s d 

Subgrade strength 

Source: Soberman, op. cit., p. 15. 

thickness, for it may be that, as shown by Soberman l, a change of factor costs 
may move the point of optimum balance between the two. Moreover, there is 
a clear relationship between pavement thickness, subgrade strength and the 
design axle load.2 This is shown in figure 10. 

1 Richard M. Soberman: Transport technology for developing regions: A study of road 
transportation in Venezuela, a publication of the Joint Center for Urban Studies of the 
Massachusetts Institute of Technology and Harvard University (Cambridge, Massachusetts, 
and London, M.I.T. Press, n.d.), pp. 13-14. 

2 See L. Odier, R. S. Millard, Pimentel dos Santos and S. R. Mehra: Low cost roads: 
Design, construction and maintenance (London, Butterworth, n.d.), pp. 76-80. 
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The cost of increasing the pavement thickness can be easily calculated or 
obtained from experience of pavement costs. A typical relationship could be 
similar to the one shown in figure 11. The cost of improving subgrade strength 
is more complex and depends a great deal on the type of material of which the 
subgrade is composed, However, there seems to be no reason why this relation- 
ship could not be easily calculated on the basis of data usually available in 
the costing unit of the public works department. The relationship is unlikely 
to be linear, and could be as shown in figure 12. Of course, the subgrade can 
be improved in a variety of ways, the simplest being compaction, although 
more expensive methods suchs as soil stabilisation could be used. The actual 
costs will depend on local factor costs. 

From the cost functions shown in figures 11 and 12 and from the amount 
available for the road project, it is possible to construct isocost curves like 
those in figure 13, in which each curve describes different ways of spending a 
specified amount. At one extreme all the money can be spent on the pavement, 
at the other it can all be spent in improving the subgrade. Naturally isoquants 
will vary in shape if the relative costs of the two possibilities change. 

If quality isoquants (of which the curves in figure 10 are an example) are 
superimposed on isocost curves as shown in figure 14, the cheapest combina- 
tions of pavement thickness and subgrade quality are then given by the points 
at which the isocost curves are just tangential to the quality curves. 

It must be emphasised that the shape of the cost curves, and hence the 
points of tangency of the two sets of curves, would vary with factor costs: the 
cost curves for labour-intensive and capital-intensive methods would not be 
the same, and thus the most economical trade-off between subgrade strength 
and pavement thickness would be different. A mistaken belief that the factor 
proportions do not have a direct effect on the choice of designs is one of the 
main reasons for the choice of inappropriate designs in developing countries. 

Routing and geometric alignment 

The possibility of a trade-off in terms of pavement thickness and subgrade 
strength having been considered, attention will now be devoted to the other 
major elements in the design of roads, i.e. routing and geometric alignment; 
and the possibility of relating these to the choice of construction technique 
will be investigated. 

The route which a road is to follow is often dictated by the need to maxi- 
mise the benefits of the project. It may be proposed that a road should be built 
from A to 23. In between these points, it could approach various areas of indus- 
trial and agricultural production and population centres, and the benefits 
that would accrue from it, and consequently its economic justification, will 
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I Figure 14. Tangency points of quality and cost curves 
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So&e: Soberman, op. cit., p. 16. 

often depend on how well it would serve those areas. There will be other cases, 
however, in which the building of a road between points A and B may have 
been already decided once and for all, but the more detailed aspects of its 
location and therefore the route to be followed may not be unalterable. It is 
possible in such cases that the route can be changed so as to facilitate the adop- 
tion of more labour-intensive construction techniques. 

There are various operations that are less amenable to the substitution of 
labour-intensive for equipment-intensi1.e methods : these are principally the 
haulage of earth over long distances, rock excavation, the clearance of dense 
vegetation on the site, and the building of very high embankments and large 
structures. A judicious choice of route could limit these operations to a mini- 
mum, although the result may well be that the road is less direct. 

Of these operations, ear& hauling is extremely important in limiting the 
choice of technique. A re-routing of a road so that it runs closer to borrow pits 
or quarries, so as to reduce haul distance to a minimum, may increase the 
length of the road and thus some of its direct construction cost. These increases, 
however, must be weighed against the benefits of using labour-intensive 
methods. With regard to the other operations, the read may have to be routed 
away from areas where hard rock would have to be excavated. It is even pos- 
sible to follow the ground contours, building simple embankments instead of 
taking a more direct route and building complex bridges or high embankments. 
Naturally the extra cost of extending the length of the road would have to be 
considered in any comparison. However, it is important to bear in mi .d the 
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Figure 15. Example of the relationship between design speed and construction cost in 
different terrains 
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possibility of altering the route of a road in order to achieve the optimum 
social cost-benefit ratio. 

The geometric alignment is dependent to a great extent on the design speed: 
it is in relation to the design speed that maximum vertical and horizontal cur- 
vatures and maximum gradients are specified, mainly according to the sight 
distance of vehicles triivelling at a particular speed and the centrifugal force 
exerted on vehicles at certain s,peeds on a particular curvature. It is not totally 
unreasonable to think in terms of lowering the design speed of certain roads 
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so that the limitations on cur;rature and gradient are reduced. This would 
allow a road to follow a less direct route and could reduce the earth works 
required, since the road could more easily follow the land contours. However, 
the reduction in design speed would have serious repercussions on the road 
users’ costs: the depreciation cost of vehicles may be increased, the time of 
travel would be longer and consequently the cost of transporting passengers, 
goods, and material would also increase. This might result in a net loss in 
benefit. Moreover, it might also preclude the upgrading of a particular road 
to a higher standard when the traffic flow on the existing road reached capacity. 
Again, the possib!e reduction in design speed in relation to labour-intensive 
methods would have to be evaluated in terms of the total cost of the facility 
provided. As a first step it would be necessary to attempt to quantify the 
relationship between design speed and construction costs. This was done by 
Soberman for Venezuela, as shown in figure 15. 

VARIABLE ROAD DES!GN STANDARDS 

The various possibilities that present themselves in relation to the choice 
of design have been discussed. In practice four cases are likely to arise: 

(1) The techniques are fixed although the design is variable. It may be that 
the choice of the technique to be used is dictated by political reasons, so that 
there is in fact no choice even if it were possible to produce a road of the same 
standard by different techniques. In this case the design must be tailored 
directly to the methods: thus if there is no alternative to using certain equip- 
ment, the most effective design will be the one that allows the machinery in 
question to work most effectively. 

(2) The design is fixed, but there is no objection in principle to making a 
choice among a number of different techniques. This is likely to be the familiar 
situation in which the practical possibility of using more labour-intensive 
techniques has to be viewed in the context of a framework which favours 
capital-intensive methods. Although this situation often puts the manual 
methods at a disadvantage, in the case of earth roads and low-quality gravel 
roads labour-intensive methods are probably still competitive. 

(3) The routing and geometric alignment of the road remain fixed, but the 
design of the pavement may be varied to suit the techniques that are employed. 
It would be assumed in this case that, because the product would in any event 
be of a specified strength and durability, the maintenance and road users’ costs 
would be the same irrespective of the design, For example, it has been suggested 
above that a stabilised soil road can be adequately and efficiently laid by 
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manual methods. If such a road has the same structural strength and durability 
as a sealed surface road that is more easily constructed -by equipment, then 
the over-riding criterion will be the comparison of constnlction costs, whether 
at market or shadow prices. 

(4) There are no limitations in principle on the choice of geometric align- 
ment, pavement design or method of construction. This also implies complete 
freedom of choice with regard to routing. In practire, however, the possibility 
of altering the general route fol!owed by the road is somewhat remote and has 
not in fact been considered in the subsequent analysis; roads are usually con- 
ceived as providing certain definite benefits, and it will be regarded as inappro- 
priate to re-route a road to such an extent that it does not fulfil the function 
for which it was originally planned. Total operating costs (i.e. maintenance 
costs and road users’ costs) can be directly affected in two ways by variations in 
road alignment: if the length of the road is increased, however slightly, this 
will clearly increase the operating costs; and if the geometric alignment stan- 
dard is lowered the design speed will also be reduced, again with important 
repercussions on the operating costs. 

In this fourth case, as in the third case already discussed, the composition 
and structure of the pavement are also regarded as variables; unlike the situa- 
tion in the third case, however, the standard of the pavement in terms of 
strength and durability is treated as a variable also, and it is recognised that 
the different standards of pavement design will certainly imply changes not 
only in the construction costs but also in the maintenance and road users’ 
costs. It is this possibility of trade-off that is discussed further in the present 
section. The three basic cost elements in road construction will first be briefly 
described.l An example will then be given of a trade-off in which accou,;ling 
(shadow) prices are used in addition to market prices. 

Construction costs 

There are two important facets of road construction costs, namely the 
standard of design in terms of quality 2 and expected life and the distribution 
of the costs among the various roadbuilding operations. 

It needs no detailed figures to show that in many cases the cost of earth- 
works as a proportion of the total is much higher for minor roads (which are 
not necessarily earth roads) then for major roads. The extent of the difference 

l The calculation of maintenance and road users’ costs is described in more detail in 
Chapter 6. 

* The question of design standard has been dealt with above and is also expanded in 
the discussion of maintenance costs and road users’ costs in this section and in Chapter 6. 

44 



Road design 

Table 1. Percentage distribution of road construction costs among various operations in 
certain parts of Asia and the Far East 

Operation Type of road 

Feeder Secondary Primary 

1. Clearing 3 2 2 
2. Excavation of earth with haul less thaL 100 metres 20 16 14 
3. Excavation of earth with haul more than 100 metres 12 10 9 
4. Compacting and grading 12 11 10 

5. Production and hauling of road materials other 
than earth 30 23 16 

6. Laying of base course and surfacing 9 18 25 
7. Drainage and structures 14 20 24 

100 100 100 

is illustrated by the case referred to in table 1. The first point to appreciate is 
that in this case even for minor (feeder) roads the production and haulagu,pf 
road materials other than earth constitutes no less than 30 per cent of the total 
cost; this aspect of the matter must therefore be considered if the adoption of 
more labour-intensive methods is under consideration. The second point is 
that because labcur-intensive methods are more applicable to items 1, 2, 3 and 
5 it is clearly much easier to substitute labour for equipment in the construc- 
tion of minor roads than in that of major roads. 

Maintenance costs 

Maintenance accounts for only a small part of the total cost of a road pro- 
ject. However, if maintenance is not carried out to the originally designed stan- 
dard, a road that is intended to last ten years may have to be reconstructed 
after seven, and this shortening of the road’s life will make nonsense of any 
project evaluation: there is no point in contemplating the construction of a 
road on the strength of a project evaluation assuming a standard of mainte- 
nance that is never achieved in practice. To enable realistic maintenance costs 
to be applied to the appraisal of projects, two steps should be taken. First, 
accurate records should be kept of the amount of expenditure on maintenance 
for each category of road. Secondly, total expenditure on the maintenance of 
the road system should be planned, as well as the allocation of that total among 
the various classes of road. 

National standards of maintenance vary: in some cases the authorities 
aim to retain as nearly as possible the original standard of the roads, whereas 
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in others they merely wish to ensure that the roads will remain passable. Road 
maintenance to a given standard is in any case generally regarded as consisting 
of two elements, First, vegetation must be cleared and the drainage system kept 
clear; this involves a fixed cost independent of the amount of traffic that tra- 
vels on the road. Secondly there is the variable amount of work required to 
repair the damage caused by traflic. Maintenance costs in the first year can 
therefore be represented as follows : 

MC= x + (Y. ADZ-) 

where X = cost of clearing, 
Y = cost of repair per unit of traffic, and 

ADT = average daily traffic. 

The average daily traffic is usually assumed to grow at a constant rate per 
year. Thus one obtains 

MC,= Xf Y.ADT(l +g)” (1) 

where MC, = maintenance cost in year n, 
ADT = present traffic flow, and 

g = expected absolute annual increase in 
traffic flow. 

Road users’ costs 

Tne total road users’ costs for a road project are calculated over the design 
life of the project in relation to the traffic flow. For a major road these costs 
are therefore usually far in excess of those for a minor road, first because the 
traffic volumes are usually greater on a major road and secondly because the 
design life of a major road is usually longer than that of a minor road. In the 
case of a major road the road users’ costs generally account for much the 
greater proportion of total costs, whereas in the case of a minor road the road 
users’ costs and the construction costs are much more nearly equal. 

The great relative importance of users’ costs in the case of a major road 
can be a source of difficulty. Total road users’ costs are very dependent on the 
traffic flow projections and these are often very tentative at best, so that the 
amount of the major cost to be considered in the project evaluation is the one 
most open to error. One difficulty is the estimation of traffic flow: the higher 
the speed at which traffic moves, the lower the numbe, - of vehicles which can 

safely travel along any given length of road at the same time. If the estimated 
speed-flow relationship used in an evaluation is in error by as little as 5 per 
cent, the error can mean the difference between a positive and negative net 
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present value for the whole project. To make the point another way, Jan de 
Weille finds that a 5 per cent change in traffic growth is reflected in a change of 
roughly 5 per cent in the rate of return on a project irrespective of the specific 
assumptions concerning the project’s 1ife.l 

A further difficulty arises in the assessment of the lifetime of the road. If a 
high rate of traffic growth is assumed, benefits in the more distant future 
become more significant. Thus, if the lifetime of the road is assumed to be 
30 years, it requires, with the same traffic growth, a much lower initial average 
daily traffic to produce a given rate of return than if the lifetime is assumed to 
be 20 years. 

It should be clear that the choice of realistic values for the lifetime of the 
road and the traffic growth rate is supremely important: in fact, cynics suggest 
that to produce the required rate of return on a project one need only choose 
a suitable lifetime and traffic growth rate. The estimation of road users’ costs 
should therefore be seen in its correct context: it is possible to estimate them 
quite accurately, but the estimates will be useless unless the assumptions made 
concerning traffic growth rate and road lifetime are realistic. 

EXAMPLE OF THE DESIGN TRADE-OFF IN TERMS OF INITIAL 
AND FUTURE COSTS 

In Chapters 5 and 6 the detailed evaluation of construction, maintenance 
and road users’ costs is described. In Chapter 7 the evaluation of the most 
economic combination of design and construction technique in terms of pre- 
sent and future costs is discussed in detail. In this section, however, a simple 
illustration of the trade-off between initial construction costs and future main- 
tenance and road users’ costs is given. (The comparison will be made in terms 
of the trade-off not only at market prices but also at shadow prices. Shadow 
pricing and social cost-benefit analysis were mentioned in the Introduction 
and are discussed in detail in later chapters. In brief, it is a matter of valuing 
resources in terms of the true cost of their utilisation to the country. For 
reasons described in Chapter 8, this valuation is often different from the market 
cost that is given to them.) 

Let it be supposed that the road under consideration is to be a gravel road 
6 metres wide in rolling terrain. 2 It will be assumed that th-re are two possible 
designs. The first would be suitable for construction by equipment-intensive 

’ Jan de Weille: Quantification of road NSC~ savings, World Bank Staff Occasional 
Paper No. 2 (International Bank for Reconstruction and Dev,ropment, 1966), p. 81. 

2 The example is based on an actual road project in the Philippines. 
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Table 2. Market and shadow prices of alternative gravel road designs 
(in US dollars) 

Design Market Shadow 
prices prices 

Capital-intensive l 38 200 42 250 
Labour-intensive z 32 200 27 380 

1 Distribution of costs: plant, 67 per cent; labour, 6 per cent; materials, 12 per cent; profit and overheads, 15 per 
cent. a Distribution of costs: plant, 26 per cent; labour, 45 per cent; materials. 14 per cent; profit and overheads, 
15 per cent. 

methods. It would have a high design speed and therefore a high geometric 
design standard. The alternative design would be more suited to construction 
by labour-intensive methods; it would have a lower design speed and possib!y 
also a reduced width. It is assumed that the external benefits in terms of, for 
example, an increase in the marketability of produce, would be the same for 
each design. 

Let it be assumed that the cost of construction to the two designs at market 
prices and shadow prices is as shown in table 2. 

Let it be further assumed that the maintenance costs would be higher for 
the labour-intensive design th.an for the equipment-intensive one. Using the 
summation of equation (1) the net present value l of the stream of maintenance 

Table 3. Annual equivalent maintenance costs at market and shadow prices for various 
combinations of design and type of maintenance 
(in US dollars) 

Maintenance 
method 

Design Nature of 
prices 

costs 

Labour Local 
capital 

Foreign 
exchange 

Total 

Capital- 
intensive 

Capital- 
intensive 

Labour- 
intensive 

Labour- Capital- 
intensive intensive 

Labour- 
intensive 

Labour- 
intensive 

Capital- 
intensive 

Market 686 611 229 1 526 

Shadow 343 671 275 1289 

Market 915 814 305 2 034 

Shadow 457 895 366 1718 

Market 1160 244 122 1 526 

Shadow 580 269 147 996 

Market 1 546 326 164 2 034 

Shadow 773 358 195 1 326 

l Readers not familiar with the concept of net present value should refer to Chapter 5. 
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Table 4. Annual equivalent road users’ costs1 at market and shadow prices for labour- 
intensive and capital-intensive designs 
(in US dollars) 

Design Nature of costs 
prices 

Labour Local Foreign Total 
capital exchange 

Labour-intensive Market 7 423 4 455 2 969 14 847 
Shadow 3 712 4 900 3 563 12 175 

Capital-intensive Market 5 104 3 062 2 042 10 208 
Shadow 2 552 3 369 2 450 8 371 

1 In this example the road users’ costs represent the vehicle operating cost component only, because it was not 
possible to obtain realistic data for the other component. 

costs can be obtained. For ease of comparison these are then converted into a 
scrics of annual equivalent costs over the life of the road, assumed in this case 
to be ten years. This group of maintenance costs is shown in table 3. Table 4 
gives annual equivalent road user’s costs. 

To be able to assess the substitutability of construction costs on the one 
hand and maintenance and road users’ costs on the ether, the construction 
costs are also converted to annual equivalent c0sts.l Figure 16 then shows 
graphically the potential trade-off. For a capital-intensive maintenance pro- 
gramme the basic costs to be compared are as shown in table 5. 

In order to make the best use of the money available for the project, the 
aim is to ascertain whether the reduction in initial costs is more than offset by 
the increase in future costs. 

Table 5. Annual equivalent initial and future costs at market and shadow prices for 
labour-intensive and capital-intensive designs 
(in US dollars) 

-- 

Design and costing Initial 1 Future* 

Labour-intensive design at market prices 5 240 16 881 
Labour-intensix;c design at shadow prices 4 456 17 1191 *- “II 

Capital-intensive design at market prices 6217 11734 
Capital-intensive design at shadow prices 6 876 9 660 

1 Construction costs. * Maintenance and road users’ costs. 

l These are the initial costs in table 5. 
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Figure 16. Example of possible trade-offs between initial and future costs, at market 
and shadow pricas 
(in thousands of dollars) 
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A simple comparison of the angles of lines AB, AC and DE with those of the isocost lines 
immediately reveals that in this case substitution of future costs for initial costs is never 
advantageous. 

Where IC1 = initial cost of the equipment-intensive design, 
ICz = initial cost of the labour-intensive design, 
FC1 = future cost of the equipment-intensive design, and 
FC, = future cost of the labour-intensive design, 

the reduction in construction costs is justified if 

G-G, 1 

FC,- FC, 

this particular example it is clear that neither at market nor at shadow 
is such a trade-off advantageous. It will be noted, however, that the use 

In 
prices 
of shadow prices markedly affects the possibility of a trade-off: the labour- 
intensive design is seen to be much more economic at shadow prices. It should 
also be noted that being small in relation to the total cost, the maintenance 
costs have little influence on the trade-off relationship. In figure 16 line AC 
represents the use of labour-intensive maintenance methods. Although it does 
lower the cost curve for the labour-intensive design, the reduction in cost is 
very limited and is unlikely to affect the total trade-off. 
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Until recently there has been little collection of data on labour-intensive 
methods of production or construction, which are generally traditional and 
have heen assllmed to be himhllr ;--qc;--+ h-w +---- b.A.J lllrl I ItiIIL vr ti”lllP&son -With the correspond- 
ing capital-intensive methods. Wherever labour-intensive methods are deemed 
only to be a poor substitute for capital-intensive ones, there has hitherto 
been no reason for a rigorous assessment of the advantages and drawbacks of 
methods in those two respective groups. Recently, however, the increasing 
demographic pressures in the developing world have forced engineers and 
economists to attach more value to labour-intensive methods than they did in 
the past. Unfortunately, the theoretical arguments in favour of these methods, 
though very powerful, have generally been undermined by the fact that there is 
little or no information available on their productivity (and hence their cost) in 
practice, ahd the effectiveness of the theoretical arguments has accordingly 
been somewhat reduced. 

In 1963 the IL0 undertook the first serious study of labour-intensive con- 
struction activities. The results of this study, which are well documented l, 
showed that by careful innovation the productivity of labour-intensive methods 
could be vastly improved. The study was perhaps ahead of its time, for no 
similar studies were carried out until the end of the 1960s. Since then both the 
IL0 and the World Bank, among other institutions, have been carrying out 
detailed studies of the viability of labour-intensive methods. However, while 
useful in themselves, the studies that have been carried out have lacked unifor- 
mity. FOF any useful comparisons to be made some sort of common framework 
must be foilowed. This does not necessarily mean that the information itself 
must be collec-ted in a uniform way: each individual study is undertaken in 

l IL0 Management Development and Productivity Mission to India: METI who mow 
mouutaim, an account of a research project concerned with manual methods of earthmoving 
(Bombay, R. Leslie Mitchell, 1963). 
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different circumstances, and the most advantageous way of obtaining the infor- 
mation has to be found in each case. However, it does imply that the compari- 
sons made are of like with like. It is not sufficient merely to present the over-all 
productivity of a particular technique in a particular construction operation. 
In a recent work l the World Bank showed that for excavation alone the 
reported productivity varied by as much as 1,300 per cent. The parameters that 
affect construction operations have a very pronounced effect on the producti- 
vity, and must be measured so that the output can be related to them. 

Data on road construction operations, whether labour-intensive or equip- 
ment-intensive, can be collected in a very detailed fashion. The productivity of 
each different technique can be observed over a length of time, and from statis- 
tics prepared on that basis the most likely productivity under particular con- 
ditions can be established. By using a detailed rating system the effect of each 
parameter on productivity can be estimated. If enough detailed data are col- 
lected in this systematic, rigorous way it will be possible to give an accurate 
azzssrneni OC the producrivity of each operation under a giiren set of site para- 
meters. Moreover, it will be possible to predict what the productivity of a 
particular technique, observed in one region or country, will be under different 
conditions in another region or country. For example the use of animal-drawn 
scrapers was tested in the Philippines.2 One can say what the productivity of that 
technique is, in the Philippines, under particular conditions (e.g. site supervision, 
method of payment, soil type). If one wants to use that technique in Thailand, 
for example, it should be possible to predict what its productivity will be under 
the different environmental, physical and economic conditions obtaining in the 
latter country. Nevertheless the amount of data required to be able to predict 
productivities of particular techniques or to make a detailed inventory of tech- 
niques is very large. A team of two or three trained people, working full time, 
may be needed to produce the necessary information. The World Bank and the 
IL0 have produced a joint manual on data collection 3, which shows what is 
involved. The recommendations in that manual represent an ideal. It is hoped 
that it will be possible to collect data in this organised, systematic way; cer- 

l International Bank for Reconstruction and Development: Study of the substitution 
of labow and equipment in civil comtruction : Phase II final report, January 1974, by C. G. 
Harral, L. H. Miller, I. K. Sud, R. A. Williams, A. A. Churchill, D. Jordan, A. Truneh 
and C. Gochenour (IBRD), and K. C. W. James, J. J. Gandy and G. Little (Scott Wilson 
Kirkpatrick and Partners), Staff Working Paptx No. 266 (mimeographed). 

2 See Chapter 4. 
3 International Bank for Reconstruction and Development (Transportation and Urban 

Projects Department, Transport Research Division) and International Labour Office: 
A field nmwnl for the collection of productivity data from civil construction projects, World 
Bank Study of the Substitution of Labor and Equipment in Civil Construction and IL0 
Technology and Employment Project Study on Labour-Intensive Road Construction, 
Technical Memorandum No. 8 (1975, mimeographed). 
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tainly future IL0 and World Bank studies will incorporate data collected along 
the lines recommended in that manual, and the information already obtained 
is now being used to produce a detailed inventory of labour-intensive techniques 
to enable the effect of particular parameters on producti ’ Vlty to be ana ysed iii 1 - 

detail. 
It is unlikely that the developing countries themselves will be able to afford 

to use the data collection techniques recommended in the joint manual in the 
near future. However, it is possible to collect data in a simplified fashion. The 
productivity figures that will emerge in such a case will not be as accurate as 
those developed from the ideal method mentioned above, nor will they usually 
be capable of being transferred to other regions or countries. However, they 
will be suitable for national planning purposes, and the collection of the data 
should be within the capability of the public works departments of developing 
countries. 

It should be recognised that detailed information on the productivity of 
cepits!-iztensil;e road CGiStXlCtiGii t&iiiqWs is nut readily avaiiabie in spite 
of their wide application, and that an extremely detailed and rigorous analysis 
of the productivity of labour-intensive techniques is therefore not absolutely 
essential as yet. In the circumstances the methods of calculation described in 
this chapter are useful means of assessing the productivity of both kinds of 
techniques with a reasonable degree of accuracy. 

A SIMPLER EVALUATION METHODOLOGY 

The simplicity of this alternative method lies in the fact that it relies on two 
coefficients which can be used to assess the total time needed to complete a 
particular operation by a given method. One of these coefficients tends to be 
project-specific, the other is more related to the region. The basic concepts of 
the methodology were evolved in a recent study l and have already been used 
in an IL0 project in Kenya. 

Subdivision of the time spent on construction operations 

In any particular area or region of a country one can make the assumption 
that many of the general parameters are similar from one site to another. This 
assumption faciiitates evaiuation of the productivity of a particular operation. 

1 Jens Miiller: Choice of technology in underdeveloped countries, exemplified by road 
construction in East Africa, report of a study of choice of technology in underdeveloped 
countries undertaken at the Department of Construction Engineering and Management at 
the Technical University of Denmark in collaboration with the Institute for Development 
Research, Copenhagen (Technical University of Denmark, 1973). 
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The productivity is evaluated by subdividing time spent on the operation, as 
described below and illustrated in figure 17. 

Figure is. Subdivision of the time spent on a construction operation 

Total time for the operation 

Operational time 

Method time 

Purely productive Method time 
time allowance 

Site time 

Breakdown time 

The total time spent on a construction operation is first divided into “opera- 
tional time” and “breakdown time”. 

As any experienced engineer knows, “normal” conditions are the exceptian 

rather than the rule. There is usually some “external” factor that prevents the 

construction process from flowing smoothly: machines break down, torrential 
rain washes away part of an embankment, a new culvert is suddenly required, 
the local villagers discover that the road is going through a tribal graveyard 
and stop the work. When such delays last longer than one working day, they 
are regarded as falling within breakdown time. 

Operational time is itself divided into “method time” and “site time”, which 
covers interruptions to the work cycle that can be directly attributed to the 
conditions that are peculiar to a particular site. In practice it is difficult to 
differentiate between delays caused by site conditions and those caused by 
“external” factors such as a shortage of spare parts, and accordingly only 
delays of less than a working day are attributed to site conditions. The site time 
can be broadly regarded as allowing for - 

(a) general management conditions (delays due to bad organisation or lack 
of instructions) ; 

(b) lack of personnel management (largely a matter of the quality of super- 
vision, which is reflected in the motivation of the workforce); and 

(c) equipment servicing (this takes account of the degree of skill of the main- 
tenance crew). 

Site time is affected by changes in such other site-specific parameters as the 
method of payment, physical condition and aptitude of the workers. C!n the 
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other hand breakdown time tends to be influenced by a number of “general” 
parameters applying to entire regions. As far as equipment is concerned, they 
include the availability of spare parts and the age of the equipment. Other 
factors that would also ha ve to be put under this heading include labutir rela- 
tions and social factors, and the quality of communications with the site in 
terms of physical access and the telephone network. 

“Method time” is defined as the irreducible time required to accomplish an 
operation under the given general and site-specific parameters. This is not an 
ideal method time; i.e. it is not the time the operation would take in perfect 
conditions, since on the contrary the parameters in question correspond to 
imperfect conditions. 

Method time itself consists of two elements, viz. “purely productive time” 
and time corresponding to the “ method time allowance”. 

Purely productive time is the time actually spent in the production of a 
physical quantity of output. 

The mcthcd time a::uwar~ct: i&es accuunr of the fact that in any activity 
there are certain dela!rs that are absoluteiy unavoidable in any conditions, 
e.g.- 

(u) some moving of equipment, materials or labour between working cycles; 

(h) necessary waiting time (because of interaction of resource inputs); 

(c) normal preventive maintenance; and 

(d) reasonable rest intervals for workers for immediate recuperation after a 
particularly heavy eRort (but not meai or tea breaks that are excluded 
from working hours). 

The method coefficient 

The foregoing subdivisions of the total time spent on a construction 
operation provide a basis for the calculation of a “method coefficient”, q, which 
will be generally applicable throughout a particular region. This method coef- 
ficient is defined as the ratio of the total time (0 VT) to the method time (MET). 

OVT 
Thus q = - 

MET 
and q . MET = OVT. It should be clear that if it is possible 

to establish MET by detailed observation and q is known, then the total time, 
which is one of the important elements as far as work scheduling and cost 
estiinating are concerned, can be assessed immediately. It has already been 
assumed that in absolute terms the method time will not change substantially 
from one site to another in a given area. The method coefficient, q, however, is 
less stable. The site conditions, affecting site time, as well as the more general 
conditions affecting the breakdown time, are unlikely to be the same on different 
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sites. It is useful, therefore, to bring into play the notion of operational time 
(OPT), and to disaggregate the method coefficient into two further coefficients 
-the site coefficient, s, and the breakdown coefficient, b. These are defined as 
fo!!ows : 

Site time OPT-MET 
.S= ..-= 

Operational time OPT 

Breakdown time 0 VT-OPT 
b= 

Operational time = OPT 

If b and s are known it is a simple matter to calculate q from the formula 

l+b 
- for each site. 4=1-s 

Careful studies at various sites in the given region will be needed before b and s 
can be established. Implicit in the evaluation of these two coefficients would be 
an assessment of the generai and site-specific parameters. Once this has been 
done it will be possible to estimate the coefficients for a new site by an assess- 
ment of the parameters that apply to it. 

As already stated, the method time is unlikely to change substantially from 
one site to another. For both capital-intensive and labour-intensive methods, 
it should be the easiest element to assess. What is required is a work study 
analysis l of the irreducible time required to carry out a given operation or 
giotiy of operations, due allowance being made for normal rest intervals, for 
necessary waiting inherent in the interaction of the resources used and for 
manoeuvring. 

When comparing different projects or project versions, however, it is 
necessary to ensure that the construction operation is similar, mainly in terms 
of the type of equipment being used: thus whereas the method time in an 
operation with bulldozers is likely to be of the same order as that for an opera- 
tion with a traxcavator, it is likely to be substantially lower than for an opera- 
tion carried out with ordinary shovels. If the operation is to excavate, load and 
haul soil with wheelbarrows it would be important for the type of soil, haul 
distance and condition of the haul road be similar; if they are not, some adjust- 
ment will have to be made to the method time. Unless conditions are very 
different, it is unlikely that the effect of the site-specific parameters will produce 
any great over-all increase or reduction in the total time, OVT. 

\w;+t. . ..-.--.-A I. 1L“ ~b&alu to site time and breakdown time aiiowance it is useful to 
differentiate between single operations and operations combining, for example, 

l See Rowland Geary: Work study applied to buildings (London, The Builder Ltd., 
1962); R. M. Currie: Work study (London, Pitman, 2nd edn., 1963); and ILO: bztroduction 
to work study (Geneva, revised edn., 1969). 
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Table 6. Method coefficients corresponding to different values of the site and breakdown 
coefficients 

Site Breakdown coefficient (b) 
coefficient (s) 0.0 0.1 

0.0 1.00 1.10 
0.1 1.11 1.22 
0.2 1.25 1.38 
0.3 1.43 1.57 
0.4 1.67 1.83 
0.5 2.00 2.20 

0.2 0.3 0.4 0.5 

1.20 1.30 1.40 1.50 
1.33 1.45 1.56 1.67 
1.50 1.63 1.75 1.87 
1.72 1.86 2.00 2.14 
2.00 2.17 2.34 2.50 
2.40 2.60 2.80 3.00 

excavation, loading, hauling, unloading and spreading (abbreviated in the 
foilowing discussion as “ELHUS”). For a single operation the delays can be 
directly observed and attributed. The b, s and consequently q coefficients can 
then be caicuiated for a particular operation carried out by a particular method. 
For more complex operations the analysis is more complex also. In the case of 
the ELHUS operation, for example, the over-al! delays may be due either to 
long delays in one element of the operation, such as loading, or many short 
delays in each element. In the latter case the governing element must be iden- 
tifed: Iv fnr example it will be found that if the hauling is carried out by lorries 
and one breaks down, or if the site management has mismatched the lorries and 
the excavator, productivity will merely be reduced, but that if the excavator 
breaks down the whole operation will come ( ’ a standstill. The element that 
governs the operation as a whole therefore has to be identified, and the q coef- 
ficient must be equated to that element. Where there are two or more elements 
that are totally limiting the highest q coefficier-:t should be evaluated. It is of 
course possible merely to observe the whole operation, record the delays and 
evaluate the q coefficient. However, this does not indicate the limiting task. It 
may be that by using different equipment in one task, such as excavating, the 
q coefficient could be greatly reduced. 

The foregoing examples relate to equipment; the kind of analysis required 
is the same for labour-intensive methods, but observation is more involved 
because it relates not to a small number of machines but to large groups of 
workers. For labour-intensive methods health and nutrition, for example, may 
retard the work but it appears likely that the site and breakdown time will 
depend more on the type of operation than on the characteristics of the iabour 
force: for instance, the recent IL0 study in the Philippines shows that for all 
earthmnving operations q had a relatively constant value of 1.25 for the more 
labour-intensive methods. 

The way in which q varies with b and s is shown in table 6. 
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To assess q for each and every road construction operation would be a very 
long process. It is not necessary, however, because in most projects about 

10 per cent of the operations account for between 80 and 90 per cent of the total 
amount of work. Thus it shouid be necessary to calculate the coefficients for 
these major operations only. These are - 

(a) site clearance, which may be light, medium or heavy; 

(b) excavation in small quantities; 

(c,J excavation in bulk; 

(d) loading; 

(e) hauling; 

(fl unloading; 

(g) spreading; 

(h) compacting and finishing; and 

(ij production -of locai materials. 

Operations (c,J to (g) inclusive are often regarded as constituting a single com- 
plex operation connected with earthworks (i.e. the ELHUS operation already 
referred to). 

Capacity and productivity 

It is possible to define productivity in terms of the method coefficient. Let 
it be assumed that the quantity produced in a given method time, MET, is Q. 

Then, m&hod capacity (MEC) = 
Q Q 

MET, and over-all capacity (OVC) = -. 
OVT 

MEC 
Thus, OVC - ----. The value of q, of course, gives an indication of the 

4 
suitability of the particular method for the operation being considered: a high 
value of q would indicate poor suitability and low value that the method is 
particularly suitable. 

The following is an example of the application of the concepts of method 
capacity and over-all capacity to the use of equipment. In the case of equipment 
a general idea of the ratio of method time to total time can be obtained from the 
equipment utilisation rate. To say that a machine has a 70 per cent utilisation 
rate l implies that it is actually working for 70 per cent of the time, the remain- 

l The %tilisation rate” referred to here is defined in terms of the over-all time and the 
various kinds of non-productive time described in this chapter. To estimate equipment costs 
(see Chapter 5), one must use the concept of a “yearly utilisation rate” which allows for 
additional non-productive time. 
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ing time being covered by the method time allowance, site time and breakdown 
time. Over-all utilisation rates should be treated with reserve because they 
generally tend to overestimate the utilisation of equipment, the method time 
allowance, in particular, being left out of account. Thus, one may be consider- 
ing the activity of excavating and loading into trucks using a power shovel. If 
it is known, for example, that the utilisation rate of this type of equipment 
under the prevailing parameters is 50 per cent and that the unhampered method 
capacity is 100 cubic metres per hour, q is 2.0 and the over-all capacity is 
50 cubic metres per hour. However, the method time cannot be assumed to be 
constant as a matter of course. It is unlikely that a power shovel that is excavat- 
ing and loading from a borrow pit into a fleet of lorries will have the same 
method capacity as one that is excavating in a road cutting. Allowance would 
have to be made, therefore, in the method time for type and quantity of work. 
This can be done either by observation or from experience. For the methodo- 
logy to be fully applicable, therefore, one needs to know not only the utilisation 
rate Cf each type of equipment but the method capacity for the various types 
of machine on each operation. This may seem difficult to achieve, but many of 
these method capacities are already known and those that are not generally 
relate to very minor operations that account for only a small proportion of the 
total work. It is clear from the example above that when the method time is 
calculated the parameters must be explicitly stated. If the observations were 
made on an old piece of equipment with an inexperienced operator it would be 
wrong to assume that the resulting method time would also be applicable to a 
new machine with an experienced operator. Thus great care must be taken 
when assessing the method time. 

It is clear tha.t this methodology provides a simple productivity evaluation 
system. If one has a reasonable estimate of the method time for particular 
techniques and therefore of the method capacity, and an evaluation of s and b 
for the particular project site, the over-all capacity, OVC, can be simply 
obtained by using the method coefficient, q, as shown in figure 18 overleaf. 

Tentative standard rating of productivrr, factors 

Pending the accumulation of data on equipment and labour productivity 
in the developing countries it would be useful to establish tentative and approx- 
imate ratings of the productivity in relation to the main parameters.l In the 
developed countries such ratings already exist for equipment, and are often 
embodied in a matrix similar to those in tables 7 to 10. The figures in those 

1 This refers to productive time only, and has no relation to the method time allowance. 
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Figure 18. Evaluation of the productivity of an operation 

A. Productive and unproductive hours 

Quantity of output (e.g. in cubic metres) 

Time in hours 

B. Theoretical subdivision of total time 

ua ntity of output (e.g. in cubic metres) 

Method time 1 Site time Time in hours 

Operational time Breakdown time 

Total time 
A + 

Key: MEC = method capacity; 
OVC = over-all capacity. 

The staggered iine in diagram A indicates the various phases of the operation. A horizontal 
line indicates delays due either to site conditions or to breakdown (i.e. external conditions). 
A slope indicates method time. 
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Table 7. Specification of condition of machinery as determined by its age and the quality 
of its maintenance 

Age oi machinery Quality of maintenance 
(hours) 

High AverEage Low Negligible 

o-2 000 Excellent Excellent Excellent Good 
2 000-4 000 Excellent Excellent Good Fair 

4 000-6 000 Excellent Good Fair Poor 

6000-8000 Good Fail Poor Poor 
8 000-10 000 Fair Poc,r Poor Poor 

1 I 

tables, however, reflect the fact that in the developing countries the over-all 
productivity of machines is much lower owing to lack of maintenance and 
skiiiecl operators and general unfamiliarity with the machines. Trials on known 
data with these ratings appear to suggest that they may have some value. 
Further tests are being made with a view to arriving at closer approximations, 
although in the final analysis there is no substitute for detailed studies of 
operations carried out under controlled conditions. 

The two main general parameters affecting equipment productivity could 
be assumed to be the condition of the equipment and the operators’ skill. The 
conditions of equipment could be specified as shown in table 7. It could be 
assumed that whatever the circumstances the maximum productivity of a 
machine is 83 per cent of the manufacturer’s maximum estimate (i.e. operaiing 
for 50 minutes out of every hour of working time) and the minimum produc- 
tivity is 15 per cent. The operators’ skill could then be related to the condition 
of the equipment as shown in table 8. The following is an example of an assess- 
ment along the lines just described. A specified type of scraper is to be used to 

Table 8. Tentative scale of equipment productivity as determined by the condition of 
the machinery and operators’ skill 
(percentages) 

.( 

Condition of machinery Operators’ skill 

Outstanding Great Adequate Inadequate 

Excellant 83 65 47 30 

Good 68 53 39 25 

Fair 54 42 31 20 

Poor 40 31 23 15 

.-. 
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Table 9. Values tentatively attributed to physical condition, aptitude and climate in 
calculating the probable productivity of iabour 

Factor Excellent Good Fair Poor 

Physical condition 1.0 0.80 0.60 0.4 
Aptitude 1.0 0.76 0.53 0.3 
Climate1 1.0 0.83 0.67 0.5 

1 The range from “excellent” to “poor “for climate corresponds to a corrected effective temperature ranging from 
25” C or less to 33O C or more. 

haul dry earth over an average distance of 750 metres on a road project in 
Central Africa. The operators can be rated as highly skilled. However, the 
machine has been in service for 5,000 hours and there is a shortage of spare parts 
and skilled mechanics. What would be the expected output of this machine? 
From a reading of the first table, the condition of the machinery would be 
described as fair, and from the second table the productivity of the equipment 
would then be assessed at 42 per cent of the manufacturer’s maximum estimate, 
which is 472 cubic metres per hour. Thus the expected output is 200 cubic 
metres per hour. 

The assessment of labour productivity is more complex, mainly because 
there is no upper limit. It is suggested that figures such as are given in this 
section should be applied either to the maximum observed output in an opera- 
tion or to the engineer’s estimate of what that maximum would be. To simplify 
matters it could be assumed that apart from labour management, the three 
general parameters that have the greatest influence on the productivity of 
labour are the physical condition of the workers, their aptitude and the climate. 
(The effect of the method of payment would have been allowed for in :he 
engineer’s assessment of the maximum possible productivity.) A tentative 
range of values for the three parameters in question is given in table 9. Where 
P is the physical condition of workers, A is their aptitude and C is the climate, 
the joint effect of three parameters, L,, could be calculated according to the 
following formula: 

L, = 0.6OP + 0.254 -+- 0.15C. 

The resulting values of L, could be classified as “excellent” (1 .O-0.85), “good” 
(0.84-0.70), “fair” (0.69-0.55) or “poor” (0.54-0.39). The effect of the quality 
of labour management could then be amalgamated with the effect of the other 
three parameters as shown in table 10. 
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Table 10. Tentative scale of labour productivity as determined by the quality of labour 
management and other factors 

Labour management Factors other than labour management, combined (If) 

Excellent Good Fair Poor 

Excellent 0.83 0.60 0.40 0.25 

Good 0.68 0.49 0.32 0.20 

Fair 0.54 0.38 0.25 0.16 

Poor 0.40 0.28 0.18 0.12 

Examples of the use of the methodology 

To exemplify the use of the methodology in the planning of projects three 
brief examples will be given, relating respectively to site clearance by manual 
methods, earthmoving by manual methods and earthmoving by equipment. 

Example 1 

The first example relates to site clearance by manual methods: the task is 
to clear 20,000 square metres of vegetation of medium density using a gang of 
48 unskilled workers with hand tools. The method productivity has been 
observed to be 12 square metres per man-hour. The site coefficient, s, is 0.3; the 
breakdown coeiricient, b, is 0.1; the method coefficient, q, is therefore 1.57. 

The hours of unskilled labour are calculated as follows: 

Method capacity for 48 workers = 48 x 12 square metres per hour 
= 576 square metres per hour 

:. over-all capacity = 576 + 1.57 = 367 square metres per 
hour 

Over-all time for 1,000 square 
metres = 1,000 + 367 = 2.73 hours 

:. time for total operation l = 20 x 2.73 = 55 hours 

The time required for the equipment used in the operation can also be cal- 
culated in a similar way: 

Equipment input for 20,000 
square metres Z.7 OV? x number of machines or tools 

= 55 x 48 
= 2,640 hours. 

l The method coefficient q is an over-all figure. If there is a degree of breakdown time 
represented by b then it is possible to envisage that the workers would not be idle during this 
time but could be moved on to other projects. Thus q could be reduced by a factor of say 
10 per cent to account for this. 
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Example 2 

The second example relates to excavating, loading, hauling, unloading, 
spreading and compacting of 900 cubic metres of soil by workers with hand 
tools, wheelbarrows, a towing roller and a water bowser. The method capacity 
for a gang of 200 labourers is 40 cubic metres per hour. The site coefficient, S, 
is 0.4; the breakdown coefficient, b, is 0.1; the method coefficient, q, is therefore 
1.83. The total time can then be calculated. 

The hours of unskilled labour required are calculated as follows : 

Method capacity for 200 workers = 200 x 0.2 cubic metres per hour 
= 40 cubic metres per hour 

Over-all capacity = 40 f 1.83 = 21.8 cubic metres per 
hour 

Over-all time for 1,000 
cubic metres = 1,000 + 21.8 = 45.8 hours 

900 
:. Time for total operation = - x 45.8 = 41 hours. 

1,000 

The time required for the equipment used in the operation is as follows: 

Equipment input for 900 cubic metres ( OYT x number of machines): 

For agricultural tractors = 41 hours, 
For attachments = 82 hours, 
For tools = 8,200 hours. 

Example 3 

The third example relates to the same complex operations as example 2 
but carried out by capital-intensive methods and involving a total of 1,500 cubic 
metres of earth. The machines used are two motor scrapers, one grader, one 
self-propelled roller and a water bowser. There are 24 unskilled workers 

employed. The method productivity for the equipment is 120 cubic metres 
per hour. The site coefficient is 0.5; the breakdown coefficient is 0.4; the 
method coefficient is therefore 2.8. The over-all capacity of the machines is 
2 x 120 + 2.8 = 86 cubic metres per hour. 

The hours of unskilled labour required are calculated as before: 

1,000 
Over-all time for 1,000 cubic metres = 86 = 11.6 hours. 

Time for total operation 
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1,500 
=- x 11.6 = 17.4 hours. 

1,000 



The time required for the equipment used in the operation 
ators is as follows : 

Equipment input for 1,500 cubic 
metres (0 VT x number of machines) : 

For scraper = 34.8 hours, 
For the grader = 17.4 hours, 
For roller and bowser = 34.8 hours. 

and its skilled oper- 

Productivity 
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RANGE OF LABOUE-INTENSIVE TECHNIQUES 

There would be little point in showing the economic desirability of using 
labour-intensive methods if they existed only in the minds of protagonists of 
appropriate technology in developing countries. Moreover the traditional 
labour-intensive methods are admittedly often inefficient. They are capable of 
improvement, even to the stage of being competitive; the most promising future 
may lie in the adoption of so-called “intermediate techniques” that are designed 
to be labour-intensive but do incorporate some capital outlay on tools and light 
equipment. Unfortunately, because of the radical switch that commonly occurs 
from one extreme of the technological range to the other, these methods are 
not readily identifiable, but by imaginative and creative thinking, engineers and 
planners should be able to modify existing labour-intensive methods in ways 
that increase productivity enormously while barely reducing the amount of 
labour required, To quote solutions described lat.er in this chapter, the use of 
steel scrapers and bottom unloading carts are excellent examples of practical 
modifications of existing methods, and the use of small trucks on rails in exca- 
vation and hauling also shows how the provision of inexpensive machinery can 
effectively increase the productivity of labour-intensive methods. 

Various labour-intensive methods evolved in different parts of the world 
will now be described in relation to different stages of road construction. They 
are presented as a spur to the imagination, so as to show engineers and planners 
that by small modifications and innovations, methods that were previously 
inefficient can be made highly productive. 

SITE CLEARANCE 

The principal operation involved in site clearance is the clearing of vegetation 
from the strip of land reserved for the roadway. This vegetation can range from 
grass and scrub to dense forest, and the methods used will vary accordingly. 
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The capital-intensive method is to use a bulldozer with a blade or various other 
attachments, and in the case of heavy vegetation to use tree-cutting equipment 
in addition to a crawler or wheeled dozer with a ripper attachment. The more 
dense the vegetation the more difficult it is to rely on manual methods. For 
dense vegetation the best intermediate technique relies on the use of small 
power saws and other small mechanical tools; for light and medium vegetation, 
on the other hand, agricultural implements such as long-bladed knives, hoes 
and picks are suitable, and productivity depends mainly on the organisation of 
labour. One effective way of increasing productivity is to organise a team of six 
or seven workers to clear a particular area, which is staked out into units for 
each man to clear. These units, constituting a target for each man, should be 
carefully estimated; a unit should not be so large that the worker feels he will 
not complete it within a reasonable time, nor should it be so small that the 
workers get in each other’s way or find it easy to stop work and talk. A piece- 
rate system could be based on a standard productivity per day and the number 
of units the workers actually complete. 

Once the vegetation is cleared the next step is to strip the overlying topsoil 
or other unsuitable material. This operation can be regarded as falling under 
the heading of earthworks, most of which are dealt with in the next section. 
However, the preparatory operations of loosening and clearing the top layer of 
material is often regarded as part of site clearance. The surface layer can be 
effectively loosened by agricultural ploughs drawn by animals or by small 
tractors. Although high productivity can bc achieved with animal-drawn 
ploughs, the use of draught animals is not universal, and in many parts of 
Africa small tractors may have to be used instead. 

EXCAVATING AND LOADING 

Earthworks constitute the major part of road construction. The excavating 
and loading of material constitutes a major part of the earthworks and therefore 
has a limiting effect on the productivity of the construction as a whole. Exca- 
vating and loading by manual methods are interlinked but separate operations: 
it is perfectly feasible, and in many cases more productive, to have one group of 
workers excavating and another group loading; natu.rally the productivity of 
each group will be different and it is necessary to match their size accordingly. 
On the other hand if mechanical equipment is used the two operations are not 
normally separate: machines (front-end loaders, both crawler and wheeled 
bulldozc;s with buckets, motor scrapers, bucket wheel excavators) are designed 
to carry out the two operations as one, and it is usually inefficient to use them 
to carry out the two operations separately. 
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Figure 19. Use of head baskets to carry excavated material (India) 
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Figure 20. Carrying excavated material on stretchers (Philippines) 

The labour-intensive methods used for these two operations are generally 
very traditional. No small manually operated machines appear to have been 
developed for excavating and loading; the tools used are basic farm implements 
such as picks, hoes, shovels and spades. Excavating and loading by traditional 
methods are reasonably competitive as long as the loading height is quite small 
(e.g. 1.5 metres). As already mentioned, the productivity of these operations 
depends more on the organisation and matching of the two, and on the means of 
hauling that are used. Thus high productivity can be achieved in the loading 
operation with a loading height of virtually zero, when the material is loaded 
into head baskets (figure 19) or stretchers (figure 20). However, this high 
productivity in loading is usually offset by the fact that head baskets and 
stretchers are an inefficient means of hauling because it is difficult for human 
beings to travel quickly when carrying heavy weights. In the case of wheel- 
barrows, trucks or carts, however, the greater possible length of haul usually 
offsets any reduction in productivity caused by increased loading height. 
The small trucks on rails mentioned in one IL0 study l were excellent hauling 
vehicles; however, some of the efficiency is lost because the sides of tipping 
trucks are about 1.5 metres off the ground and therefore difficult to load 

1 Men who move momrains, op. cit., Ch. 7. 
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Figure 21. Loading tipping trucks from head baskets (India) 

(figure 21). Aloading height of 1.5 metres seems to be the limit for efficient load- 
ing by hand, and care should therefore be taken to select equipment with a 
loading height below that limit. 

The development of the tools used in excavating and loading has received 
little attention so far. In many parts of the world the principal tool used for 
light excavation and loading into small containers is what is known as a mattock 
in Europe and a mumty in India. It is wielded like a pick-axe and generally 
the material is then pulled through the legs of the operator, who stands astride. 
This tool comes in various shapes and sizes, often according to its agricultural 
uses; it is usually not specifically designed for earthworks. 

The use of spades and shovels is common in Europe and North America, 
but they are not found throughout the developing world. Where they are not 
indigenous it should be recognised that their use will require a certain amount 
of :carning. Mtireover there is no point in issuing shovels or spades with sharp 
top edges to workers who have no shoes, but some models (see figure 22) have 
a footplate which is at right angles to the blade and on which a worker can push 
with his foot. Even in areas where the spade is in common use care should be 
taken to ensure that the model used is suited to the job to be done. The cutting 
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Figure 22. Spade for barefoot workers 

handle 

end may be straight or pointed, the sides may be built up for lifting material, 
and the size of the blade may be adjusted to the worker’s lifting capacity. The 
planner of any labour-intensive scheme must bear in mind that the choice of 
the right sort of tool is as important as the choice of the right type of machinery 
on a capital-intensive project: given the right tools a worker’s productivity can 
be .enormously increased. A small research unit to consider the appropriate 
designs of small tools and equipment would be very useful. 

HAULING AND UNLOADING 

Traditional labour-intensive methods are generally not competitive for the 
hauling and unloading of material. Transport (as distinct from loading) by 
shoulder yoke, head baskets or human chains is generally very inefficient, very 
arduous and possible only for short hauls (20-25 metres in the case of head 
baskets). Only intermediate techniques involving the use of small machines or 
trucks or animal-drawn vehicles i;an compete with equipment-intensive methods 
involving the use of scrapers or dozers and trucks. Draught animals can gener- 
ally be used in one of two ways, viz. either to transport material on their backs 
as pack animals or to pull various kinds of transporting equipment. A factor 
affecting the productivity of draught animals is the need for rest anal watering: 
in the Philippines the water buffa’oes, for example, ,leed to be watered for 
an hour a day. 

Pack animals 

Donkeys (figure 23) and camels are used as pack animals in various parts of 
the world. Although both animals tend to be slow, they can be useful in moun- 
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Figure 23. Donkeys carrying soil (Pakistan) 

tainous areas where the passage of small wheeled vehicles is dif3cult. In the 
World Bank study in India a typical work unit for embankment construction 
using donkeys over a haul distance of between 75 and 200 metres consisted of 
four or five labourers with ten or twelve donkeys they owned. 

The donkeys carried woven rope panniers and were loaded with about 
150 kg of soil. Their productivity, of some 1 or 2 cubic metres per man-hour, 
was reasonable for this haul distar.ce.l 

Animal-drawn carts 

For haul distances up to 500 metres animal-drawn carts constitute an 
efficient means of transport. The comments already made about loading height 
are applicable in this case, Various ways of improving such carts were tried out 
in the Philippines. 2 The wooden wheels were exchanged where possible for 
pneumatic tyres, and the sides were slightly built up to contain the material 

l International Bank for Reconstruction and Development, Transportation and Urban 
Projects Department, Transport Research Division: Comparison of difirent modes of haulage 
itt earttworks, World Bank Study of the substitution of labor and equipment in civil construc- 
tion, Technical Memorandum No. 3 (1975, mimeographed), pp. 4, 9. 

2 See Deepak La1 et al., MetI or machines, op. cit., p. 31. 
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Figure 24. Animal-drawn carts (Philippines): this one has rubber tyres but has to be 
unloaded by hand 

(figure 24). The most important feature of these carts was that the bottom had 
been modified to allow the material to be discharged through it. A bamboo mat 
was placed over the modified bottom of the cart before soil was loaded into it, 
and discharge was effected by pulling out the bamboo mat (figures 25 and 26). 
A possible further modification of this system would be the provision of opening 
hinged flaps underneath the cart so as to do away with the effort requi<ed to p~ll 
out the bamboo mat. Pneumatic tyres not only redlice the tractive effort 
required but also provide better compaction. The cost of the conversion of the 

carts in the Philippines was about US $3. The pneumatic tyres cost a further 
us $31. 

Other animal-drawn equipment 

For the transport of material that is loose 01 . has aiready heen loosened 

scrapers can be used. They are limited to hauls over distances of less than 
100 metres, but they have the advantage of being self-loading and self-unloading. 
Such implements wele used in the latter half of the nineteenth century in North 
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Figures 25 and 26. 

Animal-drawn carts (Philip- 
pines): these do not have 
rubber tyres, but their bot- 
toms consist of bamboo 
mats which are simply lifted 
tQ unload 
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Figure 27. Steel scoop scraper used in North America in the nineteenth century 

Figure 28. Steel buck scraper used in North America in the nineteenth century 

America (figures 27 and 28). The models illustrated are drag scrapers. There 
were also wheel scrapers; in those models the scraper itself is mounted on 

wheels and furnished with levers for raising, lowering and dumping. 
These sophisticated models are mentioned to provide food for thought 

rather than as models of equipment that should be directly copied. Engineers 
would have to assess whether materials that are locally available could be 
used to provide comparable pieces of equipment. Scrapers made out of bamboo 
(figure 29) or oil drums cost virtually nothing, but of course are not as robust 
as the steel ones (figure 30): which cost about US $!OO. However, large-scale 
production would further reduce the cost of the steel models, and the provision 
of replaceable runners and cutting edges would prolong their life. 
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Figure 29. Bamboo scraper (Philippinesj 

Small trucks on rails 

The use of small tipping trucks on rails has been reported on in two studies 
relating to India. These trucks are of a standard type, shown in figure 31. The 
loading height, 1.2 metres, is close to the upper limit for effective manual 
loading. The capacity of these trucks is usually 0.76 cubic metre. Certainly 
these trucks, which workers can easily push, are efficient hauling vehicles. An 
IL0 study team assessed the cost for a lOO-metre lead as US $0.20 per cubic 
metre l, while an IBRD team for the equivalent operation involving the 
transport of boulders observed the cost as US $0.50 per cubic metre.2 The main 
disadvantage of these vehicles is that the track has to be laid, moved periodically 
and finally taken up again. In the IL0 study it was found that inexperienced 
labour required 10 man-minutes to lay a metre length of track onto a pre- 

l ILO: Men who move mountains, op. cit., p. 218. 
? International Bank for Reconstruction and Development, Transportation Department, 

Transport Research Division: The me of rail systems in civil construction, World Bank study 
of the substitution of labor and equipment in civil construction, Technical Memorandum 
No. 23 (1976, mimeographed), p. 26. 
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Figure 30. Animal-drawn steel scraper (Philippines) 

Figure 31. Tipping truck on rails (India) 
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viously prepared foundation. A further problem is that the trucks are too 
heavy to be pushed up steep gradients. However, this problem can be overcome 
by the use of a winch. Various suggestions can be made concerning the improve- 
ment of the trucks, which were originally designed to be pulled by locomotives 
and are unnecessarily robust for manual operations : 

(a) the loading edge should be lowered; 

(b) the included angle between the sides should be increased; 

(c) some form of pushing bar should be provided to assist the workers; and 

(d) a more effective tipping mechanism should be evolved to ensure stability and 
to prevent the sides from becoming embedded in the discharged material. 

Wheelbarrows 

FOF hauls of less than 75 metres the wheelbarrow is another efficient means 
of hauling. There appear to be as many types of wheelbarrow as there are 
countries in the world: some have two wheels, some have one; some are light- 
weight with pneumatic tyres, others are heavyweight with solid tyres; some have 
wheels in front of the container and others underneath it. In identifying the 
best design for wheelbarrows the following factors are critical: 

(cr) the distance between the handles; 

(1,) the relative position of the grips, the centre of gravity of the loaded barrow, 
the axle, and the point of contact of the wheel on the ground; and 

(c) the rolling resistance crf the wheel. 

The distance between the handles affects the ease with which th;c: pusher can 
correct any tendency to tip sideways and apply the maximum eflort to pushing 
the barrow. 

The longitudinal position of the centre of gravity determines the proportion 
of the total load that will be borne by the worker at the grips. The closer it is to 
the handles the more load he carries. The heavier the load on the handles, the 
easier it is to control the barrow, but also the more fatiguing is the operation; 
conversely, the closer the centre of gravity to the wheel the lighter is the load on 
the handles and the more difficult it is to control the barrow. Naturally, a 
compromise has to be reached. 

The vertical location of the centre of gravity is the main factor affecting 
stability. If the barrow is to be stable the centre of gravity when the barrow is 
being pushed should be on or below a line drawn between the level of the 
handles and the point at which the wheel touches the ground. 

The bigger the wheel the better for pushing the barrow. However, as the 
wheel size increases the centre of gravity is pushed back and more weight rests 
on the handles. Again a compromise has to be reached. 

79 



Labour-intensive road construction 

Pneumatic tyres are clearly superior to solid tyres. On the other hand wheel- 
barrows with two wheels are more difficult to push and not as manoeuvrable 
and cannot be used on narrow tracks, in addition to which the extra wheel 
doubles the chance of hitting an obstacle. 

Trailers 

For longer hauls (up to 2 km) farm tractors and trailers have been used. 
The trailers are generally cheap, while the tractors are expensive. It therefore is 
important to keep the tractors permanently working, by ensuring that there is 
always a surplus of trailers either loaded or ready to be returned empty for a 
tractor to tow. 

A recent innovation observed in Southern Africa is shown in figure 32; it 
is a complete unit of small tractor, towed chassis and hauling container. The 
container (figure 33) can be hydraulically off-loaded at the excavation point, and 
is then filled by hand as shown in figure 34. Again, it is advisable to have a 
surplus of containers so that the standing time of the tractor is limited. To use 
this piece of equipment is, of course, to adopt a more capital-intensive method. 
However, the towed chassis anti container could be of wood, thus reducing 
capital costs. Some form of hydraulic or mechanical arrangement to off-load 
the container could be attached to the wooden frame. 

Figure 32. Small dump truck combination consisting of small tractor, towed chassis 
and hauling container (Southern Africa) 
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Figure 33. Hauling container on its towed chassis (see figure 32) 

Figure 34. Hauling container being loaded by hand (see figures 32 and 33) 
i? ; ‘1.. 

/- n’ 
L 

81 



Figure 35. Small ropeway for hauling material (Indonesia) 
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Figure 36. Lever and transfer basket (China) 

Quick-release, self-emptying basket 

Notes: 1. Designed for two-mnn operation, lead approximately IO metres. 2. Steei content approximately 
2 kg for pulleys and hooks (see detail). 3. Other mnteriols: bamboo, rope. 4. Operation: (a) excavator 
attaches full basket to pulley-rig; (b) spreader pulls boom down by means of suspended rope; (c) excavator 
begins loading second basket; (d) spreader unloads first basket by releasing one hook: (e) spreader rehooks 
empty basket and signals to excavator; (f) excavator pulls his rope and empty basket slides back to borrow-pit; 
(g) excavator detaches empty basket and attaches full basket to pulley-rig; (II) operation is repeated. 5. Ex- 
cavator and spreader exchange positions regularly. 

Other hauling devices 

The hauling devices dealt with in this section have not yet been used on a 
large scale. However, they appear td offer particular benefits and are therefore 
worth investigating. 

(1) Small cable ropeways to haul materials (figure 35) have been used in 
Asia on a limited sca1e.l The ropeways were manually operated and the 
material was carried in small bags. According to the circumstances, the hauling 
mechanism could be manual, animal-powered, pedal-powered or mechanical. 
Pedal power has the advantage that the driving unit can also be used as part 

l International Bank for Reconstruction and Development, Transportation and Urban 
Projects Department, Transport Research Division: Haulage using aerial ropeways, World 
Bank study of the substitution of labor and equipment in civil construction, Technical 
Memorandum No. 22 (1976, mimeographed). , 
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of a bicycle, i.e. a means of transport to and from the worksite. The hauling 
containers could be simple bags or large metal skips. Instead of a simple hoist 
over short distances it would be possible to have R system of ropeways carried 
over long distances on pylons. 

(2) The lever and transfer basket used in China is also a useful means of 
transporting material vertically. Figure 36 shows a simple version, more 
sophisticated equipment with steel or aluminium parts could be considcrcd. 

(3) The use of conveyor belts in conjunction with labour-intensive methods 
of excavation and loading is also worth investigating. Because of their conti- 
nuous hauling there would be less of a problem of trying to match the output 
of loading with that of the hauling equipment. The conveyor belts could be 
driven by pedal power. Deployment of a group of interconnecting conveyor 
belts driven by hand, pedal or machine certainly seems a feasible method of 
effectively transporting material in large open areas. 

SPREADING AND LAYING 

The capital-intensive methods of spreading and laying material involve the 
use of scrapers, graders or angledozers. The operation can also be carried out 
entirely by hand, although this is not generally very productive and it is often 
difficult to produce a reasonable finish. The animal-drawn scrapers described 
in the previous section can also be used. Other methods, often used in mainte- 
nance work, involve the towing of brooms and drags as shown in figures 37, 
38 and 39. These can be pulled by tractors or lorries, or by draught animals 
or labourers. 

Another type of drag is shown in figure 40. This is common in India. It 
consists of a timber log 20 to 25 cm in diameter and between 2 and 2.50 metres 
long cut into two halves longitudinally. These split logs are then braced together 
by 1-metre-long cross-braces on top of which a platform of wooden planks is 
constructed. An iron plate is fixed to the vertical face of one of the split logs in 
such a way as to project about 15 mm below the split log. The drag is attached 
to an animal by ropes or chains and the operator stands on the wooden plat- 
form. The depth and shape of the cutting section of the drag can be regulated by 
the operator’s moving backwards or forwards on the platform. The front log 
with the iron plate attached makes an angle of 30” to 45” with the cross-section 
of the road to facilitate the dispersal of the soil or gravel to the side. 

Many of these innovations are potentially efficient, but in their existing 
form they are often clumsy and over-elaborate: more work needs to be done 
on the design of this type of equipment. The drag or scraper shown in figure 38 
is basically an adaptation of an agricultural hoe using pieces of scrap metal. 
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I Figure 37. Broom used to finish a road surface (East Africa) 

Figure 38. Drag used for shaping road surface (East Africa) 
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Figure 39. Towing of brooms foi spreading (East Africa) 

In view of the limited tractive effort available it would be better if the drag had 
a very light frame; hollow steel or aluminium tubing would be useful. 

It is difficult to lay material by labour-intensive methods, particularly in 
the case of bituminous or flexible pavement materials. Naturally, laying is no 
problem in the case of hand pitching. The greatest problems emerge in connec- 
tion with the laying of material that is homogeneous and requires a uniform 
and standard pattern of laying and of surface finish. A large machine will lay 
at a standard rate, whereas the 20 workers who could perform the same 
operation by hand will all have slightly varying output rates and this will lead 
to variations in the quality of the final product. It is therefore not yet possible 
to recommend the use of labour-intensive laying methods on major highway?,- 
which are generally the only roads that will have this form of construction. 

COMPACTING 

The effective compaction of soil has been one of the operations in which 
it has been difficult to achieve the same standard by labour-intensive as by 
equipment-intensive methods. The depth of effective compaction depends upon 
the type of soil and the type of equipment being used: the machine is often very 
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Figure 40. Split-log drag (India); the piatform is laid on top 

Cross bracing 

large, and produces a high level of compaction to an appreciable depth. Prior 
to the advent of large compacting equipment (smooth-wheeled, pneumatic-tyred 
or sheeps-foot rollers, including vibration rollers), when the speed of construc- 
tion was slower, the soil was often left to consolidate by itself or under the 
weight of traffic. This, of course, may still be possible in the case of minor or 
secondary roads. However, if a road must be completed in a short time some 
form of positive compaction is required. 

The main limitation of the use of manual methods for compaction is that 
they cannot apply sufficient pressure because the loads that are required are 
too great to be hauled manually or by animals: if a simple concrete roller is 
used it must have a diameter of 60 cm to obtain a reasonable pressure of the 
order of 1 Newton per square millimetre on the soil to be compacted; however, 
a roller 60 cm in diameter and 90 cm in length is difficult for animals to draw. 
Rollers of a smaller diameter do not apply sufficient pressure, and shorter 
rollers do not cover a wide enough area. Such simple rollers are therefore of 
dubious value except on roads designed to carry only the lowest volume of 
traffic. Small vibrating plate ccmpactors (figure 41) constitute an alternative. 
Even the smallest of these are effective with materials that are uniformly 
graded. Even though vibrating plate compactors are effective, it should be 
recognised that they are mainly designed for small areas, and that if the area 
to be compacted is large and several small compactors are used it is difficult to 
achieve uniform compaction. Moreover their output is only about one-twentieth 
of that of the large vibrating rollers. 
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Figure 41. Vibrating plate corrpactor 

MIXING 

Materials for mixing can be divided into those that can be mixed on the 
roadway and those that have to be mixed before they are spread on the road. 
The materials that can be mixed on the roadway are chiefly those used for soil 
stabilisation, whether with bitumen, cement or lime. Either an agricultural 
tractor or animal-drawn ploughs can be used to mix the lime with tht: soil. Con- 
crete and bitumen macadam or asphalt have to be mixed before the! are spread, 
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and to produce the required quality mechanical mixers are needed. However, it 
is not always necessary to have a central batching plant for concrete or paving 
materials: small mixers spaced along the length of the works may be sufficient, 
Of course such an arrangement increases the transport cost of the material, 
but the increase may be offset by the reduction in capital cost required. Small 
mixers can be, and have been, used for the mixing of bituminous materials. 
They have to be heated to the required temperature, and quality control and 
therefore supervision has to be very good. When consideration is given to 
the use of labour-intensive methods for the production of pavements of high 
quality for a high volume of traffic, the question is not merely one of substituting 
small machines for large ones, or labour for equipment: the important point is 
to define the product required and utilise the materials that are best suited 
to labour or capital as the case may be. In North America work has been 
carried out on the use of cold asphalt for high-quality roads. If labour-intensive 
methods are io be used for the laying and spreading of bituminous materials, 
it is important to bear in mind the rate of production in each of those two 
operations: if the workers cannot keep up, there is little point in using an 
asphalt plant with a high output rate which requires the asphalt to be rolled at 
an equally high rate. This is one field in which much more research work needs 
to be done on the type of materials to be used and the plant and equipment 
to produce them. 

ROCK EXCAVATION AND CRUSHING 

Rock has to be excavated and crushed where it is encountered in excavation 
and where aggregate is required for concrete, paving materials or as a construc- 
tion material in the road base or in drain linings, for example. It is not always 
necessary to use dy,latnite and large crushing machines. Big rock masses can 
be split by burning a fire on them and then suddenly cooling them with water. 
A jumping bar can be used to make a hole into which a plug and feather can be 
placed; as these are I’orced deeper into the rock the wedge action splits the rock. 
Hammers and chisels can be used to produce smaller aggregates. Sieves and 
screens can be manufactured locally and can be used for separating aggregates 
into various sizes. 

In India the World Bank experimented with small crushers in local use. By 
improving the work management at both the input and output stage it was 
possible to increase the output by at least 10 per cent.l 

’ International Bank for Reconstruction and Development, Transportation Department 
Transport Research Division: Aggregate production, World Bank sludy of the substitutioi 
of. labor and equipment in civil construction, Technical Memorandum No. 25 (1976, 
mumeographed), p. 13. 
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OTHER OPERATIONS 

Intermediate techniques have also been suggested for various other opera- 
tions. 

The two-handled rake shown in figure 42 is used in India for the spreading 
and laying of asphalt. The material is more easily spread when two labourers 
can push and pull alternately. 

The ripper shown in figure 43 could be constructed in wood or a lightweight 
material and pulled by animals, although a small tractor would be preferable. 
The one illustrated is rather cumbersome, and modifications could be made to 
streamline the design and reduce the weight. 

The water bowser shown in figure 44 is a simple, effective animal-drawn 
means of distributing water. This model cost US $30 to produce, at 1972 prices, 
in the Philippines. The rate of spread is 2 litres per square metre and the 
productivity varies from 1,006 square metres per hour at a haul distance of 
50 metres to 272’square metres per hour at a distance of 1,000 metres. 

Figure 42. Two-handled rake (India) 

Figure 43. Ripper 
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Figure 44. Animal-drawn water bowser (Philippines) 



ROAD CONSTRUCTION COSTS 

Road costs and benefits may be classified as direct or indirect. The purpose 

of this chapter is to identify road construction costs and to show how they 

could be estimated. Chapter 6 will serve the same purpose with regard to 

maintenance costs as well as indirect project costs and benefits. Estimation 

procedures will be described in some detail for each item. While these proce- 

dures will probably be applicable to many project evaluation cases, there will 

be other cases in which the evaluator will need to devise other, more appropriate 

procedures in the light of the type and accuracy of the data available; in such 

cases it is hoped that the procedures outlined in these chapters will serve as 

useful examples of how costs and benefits may be estimated. An accurate 

estimate of all such items is essential when different combinations of design and 

technology are being compared for any particular project. The differences in 

profitability between different versions of a single project are less marked than 

the differences in profitability between different projects, and a higher level of 

accuracy is therefore needed in the former case than in th.e latter. 

Direct costs are the actual money outlays incurred by the authority in charge 

of the road project. These direct costs include both road constructio;. costs and 

road maintenance costs over the life of the road. Direct benefits include actual 

revenues obtained by the public works department (i.e. the authority in charge 

of road projects) from the imposition of road users’ charges. In some cases 

direct benefits may also include a saving on maintenance costs as a result of the 

reduced use of existing roads as traffic is diverted to the new road. The above- 

mentioned direct costs and benefits are in fact the only items included in the 

financial analysis of road projects. When roads are built and operated entirely 

by private concerns seeking to maximise profits, the evaluation of road projects 

consists of a financial analysis. In developing countries, however, most roads 

are built and operated by the government, which seeks to maximise social rather 

than private profitability. The public works department must therefore take 
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into consideration additional costs and benefits which do not involve money 

transactions, but which are indirectly linked to the road project and which affect 

society as a whole. In the present manual these factors will be termed indirect 

costs and benefits. Their inclusion in project evaluation provides a better measure 

of the social profitability of road projects than if only direct costs and benefits 

were taken into consideration. Indirect costs may include road users’ costs, as 

well as a number of negative externalities. The indirect benefits may include 

a certain number of road users’ savings, as well as a number of positive 

externalities. 

It may be noted that while all project costs and benefits must be estimated 

in order to calculate the social profitability of a road project, certain costs and 

benefits (namely those common to all technologies under consideration) may 

not need to be estimated if one’s purpose is merely to identify the most appro- 

priate version of a given project. It is not possible, however, to specify in 

advance which particular costs and benefits will be common to all technologies 

under consideration for any and every type of road project. For this reason, this 

manual will show how to estimate all possible costs and benefits; it will then 

be up to the project evaluator to decide which costs and benefits need to be 

estimated, for a given road project, in order to identify the most appropriate 

version of the project. 

Construction costs in the narrow sense are those attached to carrying out the 

various physical operations required for building a road with given specifi- 

cations and design. These operations have already been described in Chapter 4 

of this manual. To estimate such construction costs, project evaluators must be 

in possession of input data generated by the engineering study. The input data 

should consist of a detailed inventory of all inputs entering into the various 

operations involved in the construction process. Strictly speaking, there is in 

fact no such thing as a construction technology fcr an entire road project; 

it will consist of a combination of the differing technologies used for the various 

individual operations involved. There are cases in which different techniques 

of widely differing labour and capital intensity could be combined for the 

construction of a given road (e.g. labour-intensive methods for earthworks and 

capital-intensive methods for paving). An input inventory should therefore be 

obtained for each technology available for any major operation. 

Example : Input inventory for earthworks using labour-intensive methods 

Description of task: Excavation with picks, loading with shovel in wheel- 

barrows, unloading. 

Number of cubic metres of earth: E 
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Number of man-days : (i) unskilled labour: D, man-days 

(ii) gang leaders : D, man-days 

(iii) foreman : D, man-days 

Tools: picks, shovels, wheelbarrows, in terms of the number of fully depreci- 

ated tools, i.e. taking into account their working life. 

Given unit prices of labour and equipment, construction costs may be estimated 

from inventories of the type shown in the above example. 

It is the prevailing practice for a road engineering study to yield a bill of 

quantities rather than input inventories. Estimation of construction costs, by 

a private contractor or the public works department, is then based on the bill 

of quantities, on input productivity data attached to the construction technology 

generally used, and on input prices. This estimation procedure is appropriate 

only if there is only one construction technology in general use for each opera- 

tion. In this case, past data may be used with some adjustments for inflation 

and for any special features of the road projects under ::onsideration. However, 

in cases in which there is more than one technology and the department 

wishes to identify the most appropriate one it is essential that the project 

evaluator should obtain an input inventory for each technically reasible design 

and technology alternative: therefore in addition to designing roads and 

providing bills of quantities, the design branch of the public works department 

or the private engineering firm should translate bills of quantities into input 

inventories for each design and technology alternative. 

The estimation of construction costs requires the estimation of the costs of 

project design and appraisal, land acquisition, set-up and overheads, materials, 

and labour, the rental rate of engine-powered eauipment, and the cost of 

animal-powered equipment and of tools. 

PROJECT DESIGN AND APPRAISAL 

Project design costs are those attached to the engineering analysis of road 

projects. For given road specifications, such an analysis provides a number of 

technically feasible road designs. It also yields, for each feasible design, possi- 

bilities of using a number of construction technologies. Thus the engineering 

analysis provides, for a given road, a number of different possible combinations 

of individual designs and technologies. 

Project appraisal costs are those attached to the economic evaluation of 

the various design and technology alternatives generated by the engineering 

analysis. The economic evaluation may be a straightforward financial analysis or 

a more complex social cost-benefit analysis. 

. 
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Project design and appraisal costs may be estimated on the basis of the 

budget allocated to the department in charge of road studies. If, for example, 

the budget of this department is B,, and if M, kilometres of roads are designed 

and appraised each year, the design and appraisal costs of a road of Mp km 

is equa 

Design and appraisal costs represent a small proportion (on the average 

about 5 per cent) of total project costs. The average proportion may be slightly 

exceeded if an attempt is made to analyse a. larger number of design alternatives 

than is typically done. The benefits derived from an analysis of additional 

designs may, however, outweigh the increase in design costs since the additional 

analysis may permit identification of more feasible and substantially less 

costly design alternatives. 

LAND ACQUISITION 

Direct land acquisition costs are the actual money outlays incurred by the 

public works department for the acquisition of the land over which the road 

will run. It wi!l Se shown later that these direct costs may not reflect the true 

social cost of land, and adjustments may therefore need to be made in order 

to compensate for the difference between the social cost and the estimated direct 

land cost. 

Land may be state property, private property, or under joint state and 

private ownership. Government land is usually transferred without cost to the 

public works department; rules governing the acquisition of private land differ 

t&m country to country. No attempt will be made in this guide to show how 

the cost of Frivate land may be estimated since the estimation procedure is also 

specific to each ir;Jividual country. 

SET-UP AND OVERHEAD COSTS 

Set-up and overhead costs may cover one or more of the following cost 

items : 

(a) transport of equipment and tools to and from project sites; 

(b) daily transport of workers to and from project sites; 
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(c) the building and dismantling of temporary structures for the storage of 

materials, tools and equipment, and for equipment maintenance and repair; 

and 

(d) the building, operation and dismantling of workers’ camps, including 

sleeping, eating and sanitary and health facilities. 

The importance of set-up and overhead costs depends on the type of road 

project. Cost items (a) and (c) usually apply to all road projects. Cost items 

(b) or (d) apply only when the project site is situated in an isolated region, far 

from population centres. 

Jt will now be shown how these costs may be estimated. 

Transport of equipment and tools 

Once the location of project sites, and thus the transport distances, have been 

determined, transport costs of equipment and tools may be estimated on the 

basis of the total tonnage of equipment and tools to be transported, and on unit 

vehicle transport costs. Project evaluators therefore need the following data: 

(a) transport distances; 

(b) type and number of vehicles needed for the transport of equipment and 

tools ; 

(c) vehicle operation costs per unit of distance; and 

(d) number of trips required by each type of vehicle. 

Data on items (a), (b) and (d) are specific to each project, and should be 

provided by the engineers in charge of the project. Item(c) is of a more standard 

nature: vehicle depreciation, operation and maintenance costs are country- 

specific rather than project-specific. It will be shown later in this chapter how to 

estimate those costs for various types of vehicles. 

Daily labour transport 

Given the locations of the project sites and of the various places where 

workers are to meet in order to be transported to work, it is possible to estimate 

an average +ravel distance between those places and the project sites. If the 

total number of workers to be transported each day is Ni and if each vehicle can 

transport N, workers, the daily transport costs will be equal to 
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where M = average one-way distance between the pick-up points and the 

project sites, and 

C, = vehicle depreciation, operation and maintenance costs per unit of 

distance travelled. 

Given an estimated D working days for the completion of the road project, the 

total transport costs of workers will be equal to 

23 M.&D. 
” 

M is by far the most difficult item to estimate since it is extremely difficult to 

know before starting the project where workers will be assembled. Labour 

transport cost is, however, an important item when it comes to comparing 

labour-intensive methods with capital-intensive ones, and it is therefore impor- 

tant to estima:e the value of M even if the estimated value is not highly reliable. 

NV and C, are standard data, but Nt and D are project-specific. The required 

daily number of workers is a function of the required daily output (i.e. the 

road construction schedule), and of labour productivity. Estimation of Nt 

therefore presupposes knowledge of labour productivity and of the construction 

schedule. 

Storage facilities and workers’ camps 

The project evaluator must know the number of pieces of equipment and 

the quantities of materials to be stored in order to determine the size of storage 

facilities. Similarly, he must know the number of workers who will live on the 

project sites in order to determine the size of workers’ camps. The proiect 

evaluator should be able to obtain this type of informatisir tram the civil 

engineers in charge of the project. Once the engineers have indicated, on the 

basis of their past experience and their analysis of project needs, the number and 

size of the facilities in question, the building and operation costs of such faci- 

lities must be estimated. 

With regard to building costs, facilities on project sites usually consist of 

buildings made in sections, trailers, large canvas tents or shelters made of other 

light materials. Building costs consist of the following items: 

(a) depreciation costs of building sections, trailers, tents or other materials; 

(b) transport costs of components and materials to and from the project sites; 

and 

(c) erection and dismantling costs, 
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In order to estimate depreciation costs the project evaluator must know the 

price and the durability of the structures to be erected. Since the durabili’y of 

the structures depends on the conditions under which they are used, ac;urate 

data may not be available. The project evaluator may have to make a very rough 

estimate of the depreciation rate of various structures in order to calculate 

depreciation costs. Cost items (b) and (c) are fairly straightforward, and should 

be relatively easy to estimate. 

The operating costs of workers’ camps include the cost of food, the upkeep 

of the camp and the operation of health care faciiities. Those costs are also 

fairly standard, and should be relatively easy to estimate. 

MATERIALS 

The cost of materials includes the purchase or production costs, as well 

as the transport costs, of such items as gravel, asphalt, cement, lime, building 

stone, pipes, metal or wooden construction beams and road signs. For many 

of these the quality specifications vary according to the requirements of the 

particular road. The engineering analysis provides, for a given road, estimates 

of the quantities of the particular materials that are required. The next step is 

to estimate the unit purchase or production cost of those materials, as well as 

unit transport costs. Total materials costs can then be estimated on the basis of 

the unit costs and the total quantities required. 

The procedure to be used in the estimation of the unit price of materials 

necessarily depends on their origin. Materials may be imported or be produced 

locally either by private firms or by the public works department. 

Imported materials may be brought in by private trading companies and 

sold to the public works department, or may be imported by the department 

itself. In the first case the department may obtain price quotations from the 

trading company, while in the second case the prices may be estimated by 

adding the c.i.f.l price of materials to port handling charges and customs duties 

if any..The c.i.f. price may be obtained from the foreign exporter or manu- 

facturer. Port handling charges may be ascertained from officials in the harbour 

administration, and customs duties from the customs office. 

In the case of ma$$als produced locally by private firms, prices may be 

obtained directly from the local manufacturers. 

For materials produced by the public works department, prices are equal 

to the department’s production costs. Such materials usually include gravel of 

1 C.i.f, here has its customary meaning of “cost, insurance, freight”, i.e. the purchase 
price abroad, transport insurance costs and freight costs. 
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various grades, building stones and road signs. Of course production costs 

depend on the production technology used. It is worth mentioning at this point 

that the department should evaluate the current production technology and 

compare it to other possible production technologies in order to determine 

whether the technology currently in use yields the lowest social production 

costs. For gravel and building stones the production costs include quarrying 

costs and the cost of processing the quarried materials. Quarrying and pro- 

cessing costs may be readily available from the division of the department that 

is in charge of the production of road materials. Where no such division exists, 

however, or when materials production costs are not accounted for separately, 

they must be estimated on the basis of input and output data. The estimation of 

materials costs then involves the estimation of the following cost items: 

(a) plant set-up cost; 

(b) equipment depreciation and operation costs; equipment used may include 

pneumatic hammers, loaders, rock-crushing plants, mechanical sieves, and 

diesel power generators ; 

(c) hand tool depreciation costs; tools may include sledgehammers, picks, 

shovels and wheelbarrows; 

(d) cost of explosives; 

(e) unskilled labour costs; and 

(f) skill.ed labour costs. 

The cost of explosives may be obtained from the supplier or manufacturer. 

The other costs must be estimated separately for each product (e.g. building 

stone, gravel of various grades). However, this may not be possible if account- 

ing procedures do not differentiate among products (i.e. if data are not avail- 

able on the ntimber of man-hours and equipment hours per unit of production 

of individual quarry products). In this case, project evaluators may use the 

average production costs per ton or cubic metre of product. The same unit 

production cost will then apply to all quarry products. In many cases the average 

unit production costs for different products will be very close to each other. 

Materials may need to be transported either to a few specific locations on 

the new road or to a large number of points along the road as part of an on- 

going construction process. Transport costs of materials may be estimated in 

the way described for the transport of workers. For a given project, the transport 

cost of materials is a function of the total amount of materials which is required, 

and of the distance between the quarry site and the various project sites where 

materials are unloaded. The total amount of materials required may be estimated 

from the bill of quantities. 
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UNSKILLED LABOUR 

Unskilled labour costs are estimated on the basis of the bill of quantities, 

labour productivity data for various operations, and the unit cost of labour 

(usually expressed as an hourly wage). 

It may be recalled that labour productivity was defined in Chapter 3, on 

the basis of the method coefficient, as the over-all capacity, 0 VC. That capacity 

is defined as the productivity of a group of workers engaged in a particular road 

construction operation. If the group consist of N workers, the average produc- 

ovc 
tivity per worker is equal to - . 

N 

Thus, if the output of a particular task is E (in terms, for example, of cubic 

metres of excavated rock), the total number of man-hours needed to complete 

the task is equal to 

Y,= E 
ovc 

( ) N 

ovc 
where - 

N 
is defined in terms of cubic metres per man-hour. Y, does not, 

however, include a number of idle hours not taken into consideration when 

estimating OVC. Additional idle time may include, depending on the circum- 

stances, some or all of the following remunerated idle times: 

(a) travelling time to and from the worksite; 

(b) sick leave ; 

(c) annual holidays with pay; 

(d) public holidays ; 

(e) work stoppages due to bad weather; and 

(f) officially agreed rest periods such as tea breaks, and breaks for meals. 

The total number of remunerated man-hours required to obtain output E is 

then equal to 

Y; = Y”(1 +x) 

where x = idle time coefficient. 

The Appendix shows how to estimate x. Given Y,, x and the hourly wage of 

unskilled labour, W, the cost of unskilled labour, C, for the given task is 

obtained from 

c= o;c *(l+x).w = J$w 

( > N 
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When estimating wages of unskilled labour the project evaluator must take 

into consideration the following factors: 

(a) how wages are determined; 

(ZY) the origin of the labour force; 

(c) the seasons of the year during which work is to take place; 

(d) taxes; 

(e) insurance costs or disability payments; and 

(fl payments in kind. 

Project evaluators must first determine whether wages are determined by 

market forces, or are determined independently by unions or by the govern- 

ment, or by the two together. In the latter cases, project evaluators need 

simply to find out which public wage will apply to a given project. On the other 

hand if wages are determined by market forces, project evaluators may need to 
. survey labour market conditions in the area crossed by the future road. 

Having decided the wage to be paid, the project evaluator then carries out 

further calculations on the basis of that figure to arrive at the additional 

amounts required to cover whatever income taxes, insurance costs and payments 

in kind may have to be taken into account. 

If t = the tax rate applying to unskilled labour income that is borne by the 

contractor or the public works department, 

I = average annual insurance costs, or average annual disability payments 

for work accidents, and 

F = daily payments in kind per worker, 

then t’he hourly wage for unskilled labour will be equal to 

where w’ = wp in the public wage case and 

w, in the market wage case, and 

T = number of working hours per day. 

It will now be shown how w’, t, I and F can be estimated. 

Public wage 

When the public works department is directly in charge of a road construc- 

tion project, the public unskilled labour wage is the one to be used in project 

evaluR+ion .I . 
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In general the public wage (w,) or unskilled labour wage paid by the 

government is based largely on socio-economic conditions rather than actual 

labour market conditions. It is also affected to some extent by the unskilled 

labour wage paid in the capitalistic sector of manufacturing or services, which is 

generally higher than that paid in the traditional agricultural sector. Thus, the 

public wage is nearly always higher than the wages paid in the rural areas to 

agricultural workers. The public wage is generally the same for all parts of the 

country unless a regional wage is determined by regional authorikies. 

The daily take-home wage, wP, can usually be determined in a fairly straight- 

forward manner by finding out from the government or the unions what is the 

wage that applies-in the region to be crossed by the road. The project evaluator 

should take care, however, to ascertain whether the current wage will still ’ 
apply at the time when the road. is to be built. If a wage increase is expected, 

it should be added to the current wage. Moreover, except when the level of 

unemployment in the area to be crossed by the road is very high and one can 

be sure that it will rem:.m so, the project evaluator should carry out a labour 

rnarket survey, as described below, in order to ascertain whether labour supply 

will be sufficient to cover project needs. 

Market wage 

In cases in which construction work is given out on contract to private 

construction firms, there is no reason to assume that the wage paid by the 

firms in question will be equal to the public wage: the only cases in which that 

will happen are those in which the firms are compelled by law to pay a minimum 

wage equal to the public wage. If there is no such compulsion, the firms will 

tend to pay the wage prevailing regionally or locally. 

Since project evaluators must base cost estimates on wages actually paid, 

it is necessary to estimate the market wage (w,) that will prevail in the project 

area. In other words, the wage must be determined for individual regions of 

the country as well as for particular seasons of the year (e.g. the peak and the 

slack agricultural seasons) since wages may vary from region to region and 

from season to season. Thus a labour market survey in the project area may be 

needed for either or both of two reasons: it may be necessary to assess the 

availability of labour’so as to determine whether there will Se enough unskilled 

labourers to cover the project’s needs; and it may be necessary to determine 

the regional or local wage. An evaluation of labour supply and demand during 

the construction period is needed in order to avoid bottlenecks and delays that 

would increase construction costs. In other words, construction operations 

should be synchronised with the availability of labour during the peak and 

slack agricultural seasons. It should be noted that in some areas there may be 
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no excess labour, and that the use of labour-intensive technologies may conse- 

quently be unwarranted. In some cases, therefore, it may be necessary to 

carry out a labour market survey before adopting a particular construction 

technology if there are good reasons to believe that unskilled workers may not 

be available in sufficient numbers. 

In most cases regional or locai unemployment statistics are not available 

and it is not possible to obtain a direct estimate of excess labour supply in the 

project area. Therefore one must first estimate the local or regional labour 

supply and demand. 

First the area from which labour is to be recruited must be determined. If 

the workers are to be put up in camps, the recruitment area may be more 

extensive than if the workers are to be transported daily to the worksite, in 

which case the maximum radius of the recruitment area may not exceed a few 

kilometres. Once the recruitment area has been determined it is possible to 

estimate the local labour supply as being equal to a fraction of the population 

in the area, provided that the composition of the local population corresponds 

to the national or regional average in such respects as the proportion of active 

male and female populations and the proportion of the population that consti- 

tutes the unskilled labour force. Although estimates of local labour supply 

obtained in this fashion are not highly reliable, they should be sufficiently 

accurate for road planning purposes. 

Next, labour demand must be estimated for each season of the year. If 

labour is to be recruited from an agricultural region, one must be in possession 

of statistics on land use in the region (i.e. of the total area under each type of 

crop), as well as estimates of the number of man-days of unskilled labour per 

unit of area and per type of crop. This kind of information is not usually 

available, and may be difficult to obtain. 

If estimates of labour supply and labour demand cannot be obtained from 

available statistics, a project evaluator must undertake two labour market 

surveys in the project area, one in the peak agricultural season and one in the 

slack. Such surveys cannot be avoided unless interviews with local authorities 

indicate that there is a surplus of labour all the year round. 

Once the excess labour supply has been estimated by whatever method, its 

ainount expressed in terms of man-days may then be compared to the number 

of man-days of unskilled labour that are required for the project during each 

of the seasons during which construction work is to take place. If the excess 

labour available exceeds the project labour requirements throughout the year, 

construction operations may be scheduled in such a way as to reduce the time 

taken to a minimum; on the other hand if the excess labour supply falls below 

the project labour requirements for all seasons of the year, it may not be possible 

to use a labour-intensive technology unless it is possible to prolong the construc- 
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tion period or to attract the workers needed from agriculture by paying more 

than the agricultural wage. It should be noted, however, that it is very unlikely 

that a labour-intensive technology will be economic if the implementation of 

the road prqject gives rise to a labour shortage %I the project area. 

A third possibility is that excess labour supply may be lower than the 

project iabour requirements during only some seasons of the year (e.g. the 

agricultural peak seasons). In that case a labour-intensive technology may 

become economic if the scheduling of road construction operations is adjusted 

to the availability of labour in each season. For example, operations requiring 

a large number of workers may be scheduled during the agricultural slack 

seasons, and those in which fewer workers are needed may be scheduled 

during the peak seasons. If such scheduling is not possible or if it entails a 

prolongation of the construction period, the cost of such a prolongation, in 

terms of induced benefits forgone, must be estimated and included in the 

evaluation of the road project. (IndLlced benefits in this case are the economic 

benects indirectly generated by the road.) 

The regionai or local market wage (w,,J at various seasons of the year may 

be estimated by a s!‘mple projection I’rom existing data, or data from a labour 

mzrlitii survey. A market wage &mated in t!:is manner may, however, be 

lower than the one that will aciunlly prevail once the road project is under way, 

if the project is iarge enough to s,.lbstantially alter labour demand in the project 

area. When the excess labour supply is very large, the additional demand for 

labour generated by a road projt<+ will not affect wages, but if the additional 

demand creates a situation of high I:niploqrnent in the project area, the market 

wagt: will reach a peak which may !X assumed to be equal to the wage paid 

during the peak agricultural season (on the assumption that the additional 

labour demand generated by th:. projec:; ,lpproaches but does not exceed the 

excess labour supply in each season of the y): : 

To conclude: if additional labour Alana :I‘:c r;A by the project is well 

below the excess labour supply in each seasol., I% L L dnal wage may be used 

for project evaluation. If, on the other hand, t!:,- Jriditional labour demand 

results in high employment during the whole. cons+lllction period the peak 

season wage should be used throughout. 

In the first case (additional labour demand well below the excess labour 

supply in each season), one should use a weighted average labour wage obtained 

from the following relationship: 

w,,, = w’, I x, + wp . sp 

where MJ~~ = the average market wage, 

w, = the market wage during the slack season, 

I.V~ = the market wage during the peak season, 
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x, = the fraction of the total number of man-days required during the 

slack season, and 

xp = the fraction of the total number of man-days required during the 

peak season. 

It may be noted that if the local seasonal wage actually shows a significant 

increase as a result of the implementation of the road project, workers from 

outside the project area may be attracted by the high wage. Subsequently, an 

increase in labour supply may take place which will dampen further rises in the 

wage level, or actually make wages fall back to the level at which they would 

have stood in the absence of the road project. 

Allowance for income tax, workmen’s compensation 
and part payment in kind 

It should be pointed out that, depending on the laws, regulations and 

practices that prevail in a given instance, there may be no need to make any 

allowance for income tax, workmen’s compensation and payments in kind. 

If income tax on wages is borne by the contractor or the public works 

department, the project evaluator will need to find out the tax rate (1) that is 

applied. 

If labourers are covered by an accident insurance scheme for which the 

contributions are paid by the contractor or the public works department, 

average annual insurance costs per worker (I) need to be estimated. In general, 

however, road construction labourers are not formally insured against work 

accidents, but receive disability payments paid by the employer. In such cases 

it is necessary to estimate an average disability allowance per man-year, taking 

into consideration the frequency of various types of accidents and the average 

clisability allowance attached to each type of accident. If there are no national 

statistics on work accidents in road construction, project evaluators may need 

to estimate the fr’zquency of work accidents themselves. One way of obtaining 

information for such estimates would be to interview contractors or field 

engineers working for the public works department. The estimation of the 

disability allowance attached to each type of accident should include both 

hospitalisation costs and the value of payments made to the injured workers 

while they are disabled from work. 

Payments in kind (F) may include food and clothing. Their value needs 

to be included in the wage only in the case where the government actually 

purchases the items. Thus, food or clothing granted by an outside donor under 

a technical co-operation project need not be considered in estimating the 

unskilled labour wage, although these items will be taken into consideration 

when carrying out the social cost-benefit analysis of the project. The cost of 
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issues of food and clothing may be estimated on the basis of wholesale prices, 

since those are the prices which the government would generally pay. The 

value of the daily payment in kind may be defined as follows : 

F= i Piefi+z 
i=l 

wherefi = daily ration of food item of type i, 
Pi = unit wholesale price of food item i, 
n = number of food items, 

C, = wholesale price of clothing items, and 

D = duration of the construction period in days. 

If the construction period is longer than one year and if clothing is provided 

once a year, D is equal to 365. 

PROFESSIONAL STAFF AND SKILLED LABOUR 

The determination of the remuneration of professional and skilled labour 

is a simple matter if the public works department is in charge of the construction 

work: the department generally has specified standards for the salaries and 

wages it pays to these categories of personnel. On the other hand if construction 

work is given out on contract the remuneration due may not be known, since 

contractors may pay different rates according to their geographical location, 

their size and their policies. In such a case, project evaluators will need to 

make a survey of the rates paid by various contractors in order to estimate 

an average level of remuneration for each category of professional and skilled 

labour. 

The professional staff and skilled labour used in road conctruction may be 

sub-divided into three distinct categories: 

(a) supervisory and administrative staff, including executive. issisi,.Lt11 nnd 

junior engineers, supervlsors, overseers, surveyors, acc~~~i~:tants and 

clerical and medical personnel ; 

(b) foremen ; and 

(c) equipment operators and truck drivers.l 

l In the interests of brevity, this manual does not cover a fourth category of skilled 
workers (consisting in particular of masons and carpenters for the building of bridges and 
culverts) who are needed for road structures. 
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Supervisory and administrative staff 

The size and composition of the supervisory and administrative staff is a 

functioil of the size of the project labour force, the location of the project and 

the method of payment of the unskilled labour. Its size can be expected to be 

large if, for a given project, one or more or the following conditions prevail: 

(a) the road is to be built by labour-intensive techniques; 

(bj the location of the road project is such that it requires the building and 

operation of one or more workers’ camps; and 

(ci unskilled workers are to receive both money payments and payments in 

kind (e.g. food rations). 

Project evaluators should therefore take the above factors into considera- 

tion when estimating the number of supervisory and administrative personnel. 

It may be assumed that Nsi, the number of supervisory or administrative 

personnel of category i, is constant over the entire construction period. There- 

fore, for a given I\J,i the number of man-days or man-months of supervisory or 

administrative personnel of category i is equal to Nsi . D for the whole project 

where D = the length of the construction period in days or months. Therefore, 

given D and individual values of Nsi, total supervisory and administrative 

costs are equal to 

(SA.C) = ;: N,i.D.W,i 
i=l 

where M’,i = the gross daily or monthly salary of personnel in category i, and 

I = the number of categories of supervisory and administrative per- 

sonnel. 

Foremen 

Foremen costs should be estimated for each operation since the number of 

foremen usually differs from one operation to another. For a given taskj, the 

number of foremen is equal to 

where (NOLri = the number of unskilled workers on taskj, and 

Si = the number of unskilled workers per foreman on task j. 

N,j may also be estimated on the basis of the total number of road sections, 

and on the construction operations required for each section. 
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In terms of man-days or man-months, the number of foremen is therefore 

equal to Nrj . Dj for task j 

and to g Nrj. Dj for the whole road project 
j-1 

where Dj = the length of the construction period for task& in days or months, 

and 

m = the total number of tasks. 

Foremen costs are therefore equal to 

(FC)j = NFj . Dj . WF for task j, and 

(FC) = 5 Nrj. Dj. wr for the whole road project 
j=l 

where wF = the gross daily or monthly salary of the foremen in question. 

Equipment operators and truck drivers 

The total number of hours of work of equipment operators and truck dri- 

vers may be estimated on the basis of the bill of quantities and the average 

productivity of equipment and trucks. The estimation procedure is the same 

as the one used to estimate unskilled labour costs. Given the over-all capacity, 

0 VC, of n similar pieces of equipment (in some cases, n may be equal to 1 if 

0 VC was estimated for one piece of equipment only), and the required output, 

Ej, for operation j (e.g. Ei cubic metres to be excavated and spread out), the 
total number of equipment operator hours for task j is equal to 

Ej 
‘E.j = ovc 

7.----I n i 

Ys,j must then be adjusted in order to include all remunerated idle times such 

as those listed in the case of unskilled labour, This adjustment gives 

Y’ E, i = YE, j (1 -b X) 

where x =‘I idle time coefficient estimated as described in the Appendix. 

Equipment operator costs, (EOC),, for a given road construction opera- 

tion, j, are then equal to 

07c 

r-7 
(1 +X)*Wj = yE: j*Wj 

n 

where Wj = gross hourly or daily wage of an equipment operator for opera- 

tion j. 
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The total equipment operator costs, EOC, are then equal to 

‘;; (EOC)j 
j=l 

where m = total number of operations. 

It should be noted that the idle time coefficient, x, does not include idle 

time due to equipment breakdown, work stoppages in order to perform 

periodic equipment maintenance, and work stoppages due to interference 

from other operations (i.e. necessary waiting), since these latter idle times are 

already included in the over-all time, OVT (see Chapter 3), and are therefore 

taken into consideration in the estimation of OVC. 

ENGINE-POWERED EQUIPMENT 

For a given road construction operation j, the cost of engine-powered 

equipment is equal to 

m 

(EC)j= 
c( ) 

~ C, 

k=l k 

where Ej = value of operation j from the bill of quantities (e.g. so many cubic 

metres of excavated rock), 

Zk = productivity of the piece of equipment h- used in operation j while 

actually in use (i.e. productivity of the piece of equipment 

excluding idle time periods l), in cubic or square metres per 

hour, 

117 = number of types of equipment used in a given operation j, and 

Ck = hourly cost or rental rate of the piece of equipment k, excluding 

the cost of the operator. 

The total cost of equipment is then equal to 

(EC) = 5 
j=l 

(EC), 

where 117 = total number of activities involved in a road construction project. 

l For example, during purely productive time, excluding the method time allowance 
(Chapter 3). 
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The hourly equipment cost, ck, for a piece of equipment k is equal to the 

sum of hourly depreciation costs and hourly operating costs. That is, 

c, = D, + c,, 

The procedure used in this manual for the estimation of the hourly equipment 

cost may be unfamiliar to many project evaluators, and some may question 

the usefulness of introducing a new estimation procedure. Some of them may 

indeed be tempted to reject out of hand the procedure developed here, and to 

use procedures that are more familiar to them instead. It should be pointed 

out, however, that current estimation procedures generally tend to understate 

the true cost of equipment; consequently they create a bias towards the use 

of capital-intensive methods, and are inappropriate for the evaluation of 

alternative technologies. In the light of this fact, project evaluators should 

re-assess the estimation procedure they are currently using, and make any modi- 

fications that may be required in order to ensure that equipment costs are not 

significantly underestimated. 

Hourly depreciation costs 

Before the method of estimating the hourly depreciation costs, Dk, is 

described, the concept of present value must be defined and explained for the 

benefit of readers who are not familiar with that concept. Let it be supposed 

that one unit of money is invested or put in a bank savings account today. In 

one year’s time, the invested unit of money will yield an interest r. Therefore 

one unit of money available today may be exchanged for (I + r) units of 

money in one year’s time. Similarly, one year later they will yield (I fr). (1 +r)= 
(I + r)” units of money. Therefore, one unit of money invested today will yield 

(1 -t r)2 units of money two years hence. In general, one unit of money invested 

today may be exchanged for (I + r)” units of money II years later, provided 

that r remains consmnt over the whole period. Conversely, one unit of money 

1 1 . 
in one year’s time is equivalent to -- 

(1 + r) 
units of money today. - 

l+rlS 

known as the “present value” of one unit of money accruing in one year’s 

time. Let it now be supposed that a capital investment today will yield a flow 

of net earnings (i.e. revenues minus yearly variable costs) for n consecutive 

years as follows : 

R,, &, RJ, . . . 4, 

The present value of the stream of net earnings is then equal to R, where 
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RI R2 R, R=--.- - - R 

1+r+(l+r)2+(1+r)3 + ‘“(1 

or 

Let it also be supposed that the foregoing investment requires an initial 

capital outlay K,. If K,, were put in a savings account instead of being invested, 

it would have yielded revenues in the amount K,, (1 +y)“, n years hence. The 

present value of K, (1 + r)” is equal to 

Kou+r)“=K 
(l+r)” O 

Therefore the investment will be worth undertaking only in a case in which R, 

the present value of net earnings, exceeds or is at least equal to Ko. (In fact 

the present value of net earnings will in general have to be larger than K,, 

since a certain degree of uncertainty makes one unit of future net earnings less 

attractive to the private investor than one unit of capital at hand.) 

The role of the concept of present value in the estimation of equipment 

hourly depreciation costs, D,, will now be explained. Let it be supposed that a 

piece of equipment has a useful life of n years. That life may be calculated 

from the relationship 

H 
,I = -2 

K 
(4) 

where Ht = total number of hours during which the equipment may be used 

before it is scrapped, and 

H, -y-- equipment annual utilisation rate (e.g. 1,000 hours per year, 

2,000 hours per year). 

Let it be supposed that the purchase price of a piece of equipment k is Ko, 

and that its salvage value at the end of its useful life (i.e. II years) is S,. The 

owner of such a piece of equipment will be willing to rent it out as long as the 

sum of the present value of the stream of yearly rental rates, Ak, and of the 

salvage value, S,, is equal to K,, i.e. 

4 4 K,=- ~ 4 4 S ~ 
1 +vf(l +r)‘+(l+$ 

. ..- 
+ (l+r)“+& 

n 

OC K,= ~~ 
c 

4 se 
(1 +r)‘+(l +r)* 

r=l 

where I’ = market rate of interest. 
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Ak may also be defined as the yearly depreciation rate. In the foregoing for- 

mulation -qk is assumed to be constant over the life of the piece of equipment. 

It may be noted that such an assumption is not a realistic one since the yearly 

rent should decrease as the piece of equipment gets older. However, such ay? 

assumption is usually made since it would be extremely difficult to estimate 

the true depreciation rate for each consecutive year.l 

Now equation (6) may be rewritten as follows : 

K, = A, 

It can be shown 2 that ” 
c 1 (1+$--l 

-= 
(1 +r)’ r(l+r) 

I=1 
Therefore, 

K,=A, [%$$I+& 

Ak, the equipment annual depreciation cost, is then 

or 

(7) 

63) 

l For a detailed discussion of equipment depreciation costs see McCleary ef al. : Equip- 
ment ver~~t~ employment, op. cit., Appendix 2. 

2 If B = -!-. +remm+ *.. --I 
1 +r (1 +r)2 (l+r),l 

1 and .A = ---I--+----+ . . . .___ L ~__~~_.. 1 1 

(Nr) (I+# (I+# (l+r)n' (l+r)“+’ 

(1 Cr.)“-’ 
[- 1 (t+r)“+’ and then B = ~---__- = (l+r)n-I 

r r(l+r)” --- 
(1 +r) 
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To take a numerical example, suppose that K, = $20,000; r = 0.15; S, = 

$2,000; and n = 10 years ; then 

[ 

0.15 (1 +O.l5)‘O 
Ak = 2QO~ (1+0.15)10-1 -2@O 1 [ 0.15 

(1 +O.l5)‘O- 1 1 
= 20,000 [;;.;zp-“‘;)j -2,000 [4s;&] = $3,887. 

It is important to recognise that serious errors would result if one were to divide 

the portion of the price of the equipment which is depreciated ($18,000, i.e. 

$20,000 - $2,000) by the life of the equipment, 10 years, in order to obtain the 

annual depreciation costs. This procedure would provide depreciation costs 

of $1,800 a year (i.e. $18,000-+ lo), a substantial underestimate of the true 

annual depreciation costs. The divergence between $3,887 and $1,800 is due to 

the fact that the latter estimate is based on the assumption that the interest rate 

is equal to zero, i.e. 

Ak Ak Ak St? -- 
Ko - ~1+oy+~1+o~2+ ‘“+~+o)‘o+(~+o)‘o= “fAk)+‘, 

Given that K. = $20,000 and S, = $2,000, we obtain 

$20,000 = 10 (A& + $2,000 

and A, = 
$20,~ - ROOO = #& 8oo 

10 
, * 

ObviousIy, such an assumption is not tenable in any circumstances; therefore 

the procedure must not be used when estimating annual equipment depre- 

ciation costs. 

Given the annual depreciation costs, Ak, the hourly depreciation costs are 

then 

Dk=$=2[($&] -2 [,,,:,_,] WV 

Ways of estimating the various items in equation (10) will now be described. 

Tt was shown earlier that 

where H, = the life of the piece of equipment; and 

He = the yearly utilisation rate. 
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An estimate of Ht may be obtained from the equipment manufacturer’s 

catalogue, but such an estimate may be not very reliable: manufacturers tend to 

overstate the useful life of a piece of equipment, and their estimates are generally 

based on conditions (e.g. environmental conditions, equipment operators’ 

performance, availability of maintenance and repair facilities) that are charac- 

teristic of the country where the piece of equipment is manufactured. It is 

therefore recommended that H, should be estimated on the basis of an analysis 

of the log books of pieces of equipment that have come to the end of their 

useful life, spent entirely in the country where the road is to be built, or in a 

similar country. 
The average annual utilisation rate of equipment, H,, may also be estimated 

on the basis of an analysis of individual equipment log books. Usually, equip- 

ment log books record the number of hours during which a piece of equipment 

has actually been in operation. This information may then be used in order 

to estimate He for each type of equipment k. (“Type of equipment” is defined 

here as equipment capable of performing a very specific set of operations. 

Pieces of equipment of various makes or models may constitute a single 

equipment type.) The estimation of H, may be carried out in the following 

steps. First, as many individual equipment log books as possiblk should be 

obtained for each type of equipment. Log books of salvaged pieces of equipment 

may be used along with log books of pieces of equipment still in use. The 

number of years, nk, for which each piece of equipment, k, of a given type has 

been in use since the equipment purchase date if the piece of equipment is still 

in operation, or for which the piece of equipment has been in existence even if 

it is no longer in use, should then be noted. Thirdly, for each piece of equipment 

the number of hours, hk, during which the piece of equipment has actually been 

used should also be noted. 

The average annual utilisation rate of each type of eq,uipment is then equal 

to 

&n H =k=l k 
e e 

where e = number of pieces of equipment of the same type included in the 
analysis. 

It should be noted that the procedure just described for estimating H, ensures 
that all equipment idle time periods, whether the piece of equipment is idle 

l .* while on a project or between in’ o consecutive projects, are taken into consider- 

ation in the formulation of the hourly rental rate, ck. Given estimates of Ht and 

He, one can then estimate n. 

115 



Labour-intensive road construction 

The original price of the piece of equipment, K,, should include the following 

items : 

(a) the sale price of locally produced equipment or the c.i.f. price of imported 

equipment; 

(b) customs duty, if any; and 

(c) miscellaneous charges (handling charges, including inland transport of 

equipment, and administrative charges, if any). 

Estimates of these items may be obtained from local importers, foreign or local 

manufacturers, and the port authority or other agencies of government. 

The salvage value of the piece of equipment, S,, is a function of demand 

conditions. Scrapped pieces of equipment may be sold locally, or exported if 

there are no local plants for the processing of such materials. Revenue from the 

sale of a scrapped piece of equipment, k, is then equal to 

where Pk = price of a ton of scrapped equipment, and 

Qk = weight of the piece of equipment, in tons, 

In some cases S, can also be estimated as a fraction of the capital cost of 

equipment K,,. Such a fraction may vary between 0.05 and 0.15 depending on 

the condition of the piece of equipment when it is sold. 

Operating costs 

Equipment operating costs, Cok, include the following cost items : 

R,, the yearly maintenance and repair costs of the piece of equipment, 

I,, the yearly insurance costs, 

T,,, the cost of tyres or tracks changed during the equipment’s lifetime, and 

F,, the hourly fuel and lubricant costs. 

Given an equipment life of n years, and an equipment annual utilisation rate 

of H,,, the hourly equipment oper:!‘_it; 9 costs can be obtained from the following 

relationship: 

C”, = 4,1p+zL+F” 
H, H, n.H, 

It should be pointed out that Cvk does not include operators’ costs, such costs 

being estimated separately. The formulation of Cok in equation (11) assumes 
L- -11 ZL^__ that the annuai costs 01 au I ~13113 &i2 constant 0. w -r the equipment life, but in 
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reality the older the piece of equipment, the higher repair costs tend to be, 

and tyres or tracks are not changed every year. Consequently, the hourly costs 

Ty of these items are not strictly equal to ‘$ + -. An estimation of these 
n. He 

cost items which takes into consideration iheir variability over time should not, 

however, yield significantly different results. Furthermore, the data needed in 

order to undertake such an estimation are usually either lacking or very 

unreliable. In view of these facts it is recommended tnat CSlk should nevertheless 

be estimated on the basis of equation (11). The estimation of the individual 

elements of operating costs is described below. 

Maintenance and repair 

Yearly maintenance and repair costs (R,) consist of four components: 

labour cost, materials costs, cost of spare parts and overhead costs. Estimates 

of these costs may be obtained from the following sources in ways that will be 

described in the frJiowing paragraphs : 

(a) equipment m;:intenance and repair manuals; 

(b) equipment maintenance and repair log books; and 

(c) the expenditure of the equipment repair and maintenance workshops of the 

public works department. 

Equipment maintenance and repair manuals provide a description of the 

maintenance and repair jobs that are required. In some cases, they also provide 

yearly maintenance and repair costs as a percentage of the original equipment 

price. Estimates based on data provided by manufacturers may not, however, 

be accurate since they reflect conditions in industrialised countries. In particular, 

wages of mechanics in developing countries may be lower than those in indus- 

trialised countries, whereas the frequency of repair and maintenance may be 

higher in the former countries than in the latter. Manufacturers data may need 

to be adjusted in order to reflect conditions in the utiliser’s country. 

An analysis of equipment maintenance and repair log books usually provides 

a good estimate of repair and maintenance costs, provided that the data reported 

in log books are fairly detailed. Whenever feasible, a number of log books 

referring to the same type of equipment should be examined, so that the cost 

estimates may represent average values based on a large number of observations. 

Estimates of yearly repair and maintenance costs per ton of equipment can 

be obtained by dividing yearly expenditures of the workshops of the public 

works department by the total number of tons of equipment processed during 

a one-year period. This procedure may be used only in cases where the depart- 

ment’s workshops operate on a separate budget or under a separate accounting 
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system. The adoption of this third estimation method requires, for a given one- 

year period, the following information: 

(a) number of pieces of equipment that underwent repair and maintenance, 

as well as the weight of each such piece; 

(b) total cost of spare parts actually used on repair jobs (a yearly inventory of 

spare parts may be needed in order to obtain this type of information); 

(c,J total cost of materials used for repair and maintenance jobs; 

(d) total amount of wages paid to the personnel of the workshop; and 

(e) building and tools depreciation costs. 

The yearly repair and maintenance costs per ton of equipment is then 

R -SP+MA+DE+WM 
e- 

iQk 
k=l 

(12) 

where SP = cost of spare parts, 

MA = cost of materials, 

DE = building and tools depreciation costs, 

WA4 -= total amount of wages, 

e = number of pieces of equipment processed over a one-year period, 

and 

Qk = weight of equipment, k, in tons. 

The yearly maintenance and repair costs of a given piece of equipment k is 

This third estimation method provides less accurate estimates of equipment 

repair and maintenance costs than the second method since costs are not 

strictly a function of equipment weight. It is therefore advisable to use the 

second method of evaluation whenever equipment log books are available. The 

first or third methods should be regarded as stop-gap methods for use while 

equipment log books are being developed. 

Insurance 

Yearly insurance costs (I,) vary with the type of construction equipment. 

In general they are very low for pieces of equipment other than trucks and cars, 

whereas insurance costs for the latter items may be high and should bc taken 

into consideration when estimating equipment rental rates. Insurance cost 

estimates can be obtained without difficulty from insurance companies. 
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Tyres or tracks 

Tyre or track costs over the equipment life time (T,,) are as follows : 

Ty = St. P, 

where S, = number of sets of tyres or tracks that are needed over the lifetime of 

the equipment, and 

Pt = price of a set of tyres or tracks. 

The estimation of P, should cover the same items as are used in the estimation 

of KO. S, is a function of the life of tyres or tracks. Estimates for tyres or track 

lives may be obtained from equipment log books 01 on the basis of interviews 

with equipment operators. 

Fuel and lubricants 

A general formulation for fuel and lubricant costs is given by 

4 

where Pfr = unit price of fuel or lubricant of type i, 

Qr, = quantity of fuel or lubricant of type i per hour, in litres or kilo- 

grams per hour, and 

i = type of fuel or lubricant (1 for diesel oil, 2 for petrol, 3 for 

lubricating oil, 4 for grease). 

Unit prices for each type of fuel or lubricant are usually readily available. These 

prices should, however, be adjusted to take account of site conditions; in 

particular, the unit cost of transport of these products to project sites should be 

added to the unit price prevailing at the nearest public or government-operated 

filling stations. 

The average hourly fuel and lubricant consumption of individual pieces of 

equipment is best estimated from data recorded over a long period of working 

hours. if such records are not available, project evaluators may use data 

provided by equipment manufacturers. Such data generally apply to new 

pieces of equipment and average to favourable site conditions. Thus, data 

obtained from manufacturers’ halTdbooks may need to be adjusted in order to 

reflect site conditions and an average equipment age. 
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Hourly equipment costs 

Given & and C& the hourly equipment costs, Ck, may then be obtained 

from the following relationship : 

c,=Dk+cuk=Ko H, [(;;;?1] -2 [(1+$-l] +$+$+2+Fu 
(13) 

This relationship could be adjusted in order to take into consideration 

variations in depreciation costs, &, repair costs, R,, tyre costs, T,,, and fuel 

costs, &. It is doubtful, however, whether such adjustments will provide 

estimates of Ck significantiy different from those obtained from equation (13). 

Furthermore, such adjustments will be warranted only if detailed and accurate 

information on depreciation costs, repair costs, and tyres and fuel costs is 

available. In gener;il, such detailed information is very difficult to obtain, and 

most public workr departments may be forced to use the formulation of 

C, provided in equation (13). 

ANIMAL-POWERED EQUIPMENT 

Animal-powered equipment includes various types of carts, ploughs, water 

bowsers and scrapers that are drawn by arlimais. Such equipment may belong 

to the public works department or may instead be rented from local farmers 

who are employed on the project for wages on the understanding that they 

bring their equipment with them. Procedures for the estimation of animal- 

powered equipment should accordingly be worked out according to its owner- 

ship, on the assumption that if equipment is owned by a farmer he will opera6 

it but that if it is owned by the public works department or a building contractor 

it will be operated by unskilled labour hired on the project site. 

It is unusual for the department itself to own animal-powered equipment. 

However, if labour-intensive techniques are increasingly adopted, the depart- 

ment may find it advantageous to acquire its own animal-powered equipment 

for ‘Ihe following reasons: 

(1) Animal-powered equipment owned by local farmers may not be available 

during agricultural peak seasons, and this rnaj lead to delays in construction. 

(2) The department may need to design and produce special pieces of 

animal-drawn equipmeEt to be used in road construction. In that event it may 

be advantageous in the interests of full utilisation of the equipment to have 

always available, and hence own, the Test appropriate type and breed of animal 

as well, instead of using the beasts of the local farmers. 
S 
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(3) The number of pieces of animal-powered equipment owned by local 

farmers may be lower than the number needed for road construction. 

(4) The hour1 y cost of rented equipment may be higher than the hourly 

cost of the same piece of equipment if it were produced by the department. 

Qn the other hand, the owning of animal-powered equipment may be 

disadvantageous for the public works department or a contractor for the 

following reasons : 

(1) Since equipment drivers are often unskilled workers hired near the 

project site, they may not be familiar with the driving of animal-powered 

equipment, and may need to be trained. At first the productivity of these 

Ivorkers may be low. 

(2) The transport of animal-powered equipment from the regional depots 

of the public works department to project sites may be costly and time- 

consuming. 

(3) Shelters for the animals must be built on the project sites. Such sheiters 

would not bc needed if the animals belonged to local farmers and were taken 

back to their farms at the end of the day. 

(4) Although the market price of animal-powered equipment rented from 

farmers in return for part of their wages may be higher than that of equipment 

owned and operated by the road-building agency (whether it be a public works 

department or a contractor), the shadow price (i.e. true social price) of rented 

equipment may be lower than that of equipment which the agency owns. This 

will be so whenever animal-powered equipment owned by local farmers is 

found to be lying idle during the agricultural slack seasons. 

The project evaluator should compare the advantages and disadvantages of 

ownership versLts rental of animal-powered equipment in order to identify the 

alternative that is socially more profitable. 

Animal-powered equipment co:!s may be estimated from the following 

relationship: 
‘I 

(APEC)j= ~ Pk 
c k-1 lh 

where (APEC)j = costs of animal-powered equipment for operation-j, 

Aj = number of units of output included in operation i (e.g. E 

cubic metrcs of hauled earth), 

a = number of types of animal-powered equipment that are used 

in operation j (a is often equal to l), 
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V, = productivity in cubic or square metres per hour of animal- 

powered equipment of type k used in operation j I, and 

Pk = hourly cost of animal-powered equipment of type k. 

The estimation procedure for Pk varies with the type of equipment owner- 

ship. The remaining part of this section will show how to estimate Pk when 

animal-powered equipment is rented from local farmers and when it is owned 

by the public works department. 

Rented 

If animal-powered equipment is rented from and operated by local farmers 

employed on the project for wages, the rental cost for equipment may be 

assumed to be equal to the difference between the farmer’s wage (which includes 

the cost of renting the animal and the equipment) and the unskilled labour 

wage. The hourly cost may therefore be estimated with the help of a survey of the 

daily wages asked by the farmers. Such a survey should also provide information 

with respect to the availability, types and number of items of animal-powered 

equipment in various areas at various periods of the year. Such information 

is vital in order to determine if such equipment is locally available in suficient 

quantities alld in order to schedule the road construction properly. 

Owned by the pubiic works department 

The hourly cost of animal-powered equipment owned by the public works 

department must cover the following cost items: 

(a) capital expenditures on animai-powered equipment; and 

(6) maintenance of animals and equipment. 

The acquisition of animal-powered equipment (item (a)) should be regarded 

as capital expenditure since the life of such equipment probably exceeds five 

to six years. Cost item (a) should therefore be calculated accordingly. The 

following definitions will be used in the ensuing analysis: 

n - number of years of active life of a given farm animal used in road 

construction, 

Pa = original purchase cost of the animal, 

r I= rate of interest, 

S, = sale value of the animal when it ceases to be productive (i.e. at the 

end of rz years), 
-. 

l vk is actually the method capacity (Chapter 3). 
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H, = number of LiJilrs a year during which the animal-powered equipment 

is actually used on construction work, 

P, = original cost of the equipment itself, 

M, = annual maintenance and repair costs of the equipment, and 

Cf = daily feeding and maintenance costs per animal. 

Transport costs of animal-powered equipment to the project site and the 

cost of animal shelter construction have already been dealt with in the section 

of this chapter relating to set-up and overhead costs. It is assumed that equip- 

ment has a life of n years.l 

The formulation of Pk may be derived in the same way as the one used to 

arrive at C,, the hourly cost of engine-powered equipment. In other words, the 

hourly cost of animal-powered equipment is equal to the hourly depreciation 

costs of animal and equipment plus the hourly operating costs, or: 

Pk = D, + C;. 

The formulation of D, is basically the same as that of D,. If 

P, = P, + P, 

then 
D -P,*_C(l+rY s, r 

“- H, (1 +r) 
--a 

-1 H, (l+r)“-I 

Similarly the formulation of Ci is given by 

M,. C,.365 
c:. = H +---- 

II Ha * 

(14) 

(15) 

Then p, = DC,+ c:, = 5. ------?!L. 
r(l+r) r 

M, C, .365 

H, (l+r)n--1 H,, (l+r)“-ll~H,+ H, 
W5) 

II; order to calculate Pk it is necessary to have estimates of M,, Cf, W, P,,, P,, 
S,, II, and H. 

Estimates of Pa and S, should be fairly easy to obtain, P,, from a survey of 

market ljrices of farm animals aud S, from local stockyards. C, includes the 

cost of feed per animal and a fraction of the daily wages of the workers in 

charge of the feeding and cart of the animals. Therefore 

C,=p,.Q,+; 
a 

where pf = unit price of feed, 

Qf = daily quantity of feed per animal, and 

l This assumption is made in order to simplify the formulation of the hourly cost of anunal- 
powered equipment. It may be dropped in case of need. 
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N, = number of animals that are taken care of by a single worker 

receiving a daily wage \Y. 

P, is equal to the production costs of the piece of equipment if it is manufactured 

by the public works department i,self, or its purchase price if it is produced by 

local manufacturers. If information on the maintenance costs of equipment 

is not available, Me may be assumed to be equal to some proportion of P, 
(say 10 or 15 per cent). It is advisable, however, that such data be collected in 

order to obtain reliable estimates of M, for future projects. 

Interviews with local farmers can easily provide information on n, the 

working life of the farm animal. 

If a piece of animal-powered equipment is being fully used, Ha is equal to 

T(365-Ho), where T is the number of working hours per day and Ho the 

number of non-working days per year (i.e. the weekly day of rest plus other 

public holidays). The value of H, obtained from this relationship may, however, 

be overestimated because animal-powered equipment may remain idle in case 

of bad weather, while being transported to the project site, or when not in use 

between two consecutive projects. These idle times should be estimated and 

Ha adjusted accordingly. 

TOOLS 

Whereas the cost of road construction tools such as picks, shovels and 

wheelbarrows accounts for a negligible proportion of the total costs of capital- 

intensive techniques, their proportion of the total costs of labour-intensive 

techniques is considerable. A discrepancy between estimated tool costs and true 

tool costs will therefore have a much greater effect on the total costs of labour- 

intensive techniques than on those of capital-intensive ones. Overestimation 

or underestimation of the cost of tools can introduce a serious bias against or 

in favour of labour-intensive techniques. When comparing labour-intensive 

techniques with capital-intensive ones it is therefore important to obtain a 

reliable estimate of tool costs. 

For a given activity j, tool costs may be obtained from the following 

relationship : 

(TO.C)j= ~ Nk.Pk 
k=l 

where t = number of types of tools needed for operation j, 

Nk = number of tools of type k used in operation j, and 

Pk = price of a tool of type k. 
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The total cost of tools for the road project may then be obtained by summing 

up the tool costs for all operations. 

Nk may be estimated on the basis of the duration of operation j, and the 

average life 07 a tool of type k, which may be obtained from field engineers. 

The duration of activity j may be estimated on the basis of the bill of quantities 

and the average productivity of unskilled labour. 

If zjk = productivity of unskiiled labour in operation j using tools of type 

k, in units of output per hour I, 

Ajk = output of operation j with tools of type k (e.g. so many cubic 

metres of earth excavated with picks), 

Lk = life of tools of type k, in working days, and 

T = number of working hours per working day, 

then N, = 
Ajk 

Zjk.Lk. T 

It may be noted that estimates of Nk obtained from this relationship should be 

adjusted upwards in order to allow for tool losses. The adjustment coefficient 

may be determined on the basis of interviews with the personnel responsible for 

distributing tools to the workers. 

The price of tools (Pk) may be obtained from local manufacturers, or from 

tool-importing firms if tools are not produced locally. In the latter case, quoted 

prices should include customs duties and all relevant fees. it should be noted 

that tools are not regarded as fixed capital, and therefore the estimation of tool 

costs does not take toLA utilisation ra:cs and interest rates into consideration. 

The reason is that, in contrast to powered construction equipment, tools have 

relatively short lives which vary between five weeks and six months; they are 

therefore regarded as construction materials and their cost estimated accord- 

ingly, It may also be noted that tools may be repaired during their lifetime; 

repair costs should therefcre be estimated and added to the tool purchase costs. 

l Of purely productive time as defined in Chapter 3, i.e. excluding method time allowance. 

125 



MAINTENANCE COSTS, USERS’ COSTS 
AND INDIRECT BENEFITS 

A method of estimating the construction costs of a road project was 

described in the previous chapter. The present chapter deals with maintenance 

costs and indirect costs and benefits I, and explains in particular how some of 

them can be estimated. 

When a new road is built or an existing road improved, three different 

effects pay be expected: 

(a) a redistribution of traffic flows between existing roads and the new road, 

and the generation of new traffic flows; 

(b) a transformation of the production structure of the area crossed by the 

road ; and 

(c) social consequences linked to increased access to public facilities by the 

people in the area crossed by the road. 

The importance of these effects depends on the type of road project: in some 

cases, they may have so little influence on the over-all profitability of the project 

that they may be safely neglected in project evaluation. Each of these effects 

may be translated into terms of indirect costs and benefits, as shown in table 11. 

While the direct, initial road construction costs may be regarded as the 

fixed capital costs of a road project, the future costs (i.e. the road users’ costs 

and the road maintenance costs) may be regarded as variable costs, largely 

because they are a function of the use that is made of the road (i.e. of the 

composition and level of traffic flows). In this respect, therefore, investment in 

a road may be assessed like an industrial investment involving both capital and 

variable costs. 

To take the three effects in turn, the redistribution and generation of traffic 

flows resulting from the new road project leads to additional variable costs- 

1 Direct benefits (e.g. revenue from road tolls) will not be considered since they rarely 
occur in developing countries. 
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Table Il. Maintenance costs and indirect costs and benefits of road projects 

Effect Maintenance costs and Maintenance costs forgone and 
indirect costs indirect benefits 

Redistribution and 
generation of traffic flows 

Maintenance ,Jsts of new 
road : (MC)N 

lower maintenance costs of 
roads from which traffic is 
diverted : (LIMC)E 

Road users’ costs of diverted 
traffk using the new road Road users’ costs of diverted 
WODN traffic before the new road 

comes into use: (RUC)DE 
Road users’ costs from newly 
generated trafhc (RUC)N 

Transformation of the 
production structure 

Present value of additional 
production costs : (DEQ 

Present valup of the increase 
of regional output : (DEQ 

Social consequences Present value of the increase Utility derived from the use of 
of government expenditures nearby educational, recre- 
on public facilities such as ational and health facilities: 
schoo!s, health centres, and (GJVB 
vocational centres: (GE)c 

(MC), -!- (RUC)m + (RUOV- but decreases past variable costs-(dMC)E + 

(RCrC)DE. The latter, forgone costs may be regarded as benefits of the project. 

Subsequent sections of this chapter will be devoted to explaining how to 

estimate road users’ costs and maintenance costs in order to obtain estimates of 

increases and decreases in variable costs. Secondly, some road projects may 

result in a transformation of the production structure of the area crossed by 

the road. This transformation may provide net indirect benefits in the amount 

(DEV)B - (DE& that is the difference between the value of the increase in 

output resulting from the road project and the production costs attached to the 

same increase in output. It may not always be possible to isolate the effect 

of a road project on output in the area since changes in output may be in part 

the result of other concurrent investments. This problem will be dealt with 

later in this chapter. Thirdly, a road project may have various social conse- 

quences linked to increased access to public facilities by the people in the 

area crossed by the road. In general, the associated indirect benefits are not 

quantifiable: for example, no specific value can be assigned to the benefits 

derived by people in the area from being able to use nearby educational, health 

or recreational facilities. In other words, there is usually no market mechanism 

that helps to quantify (GE),. On the other hand (GE), usually is quantifiable, 

since it is possible to estimate the additional costs attached to the increased 
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use of public facilities or to the creation of new facilities as a result of the road 

project. 
The present chapter will focus on lhe first effect, and provide only a very 

general methodological framework for the evaluation of developmental beneW B 
due to the second and third effects. z The reason for this focus is that in general, 

when it comes to choosing among different possible construction technologies, 

effects (b) and (c) may be safely neglected since their value is not usually a 

function of the type of technology used (see Chapter 1). 

As has also been indicated in Chapter 2 of this manual, labcur-intensive 

technologies are, given the present state of knowledge, recommended mainly for 

low-standard roads such as those made of stabilised earth or gravel. At East 

sight it might appear that the desi’gn of such roads is essentially predetermined. 

In most cases the project evaluator would accordingly have to make a choice 

not among a series of particular combinations of design and technology but 

purely among a number of construction technologies. If only one design is 

under consideration, road maintenance costs, road users’ costs and road- 

induced benefits need not be taken into account for the choice of technology.2 

There are, hcwcver, many cases in which even a low-standard road can be 

built to a variety of possible designs. Since the design affects the range of 

technologies that can be used, it is important in such cases to take into account 

all the costs and benefits that may be affected by each design under ccnsidera- 

ticn. 

TRADE-OFF BETWEEN INITIAL AND FUTURE COSTS 

It waz. shown in Chapter 1 that a project evaluator must identify the most 

socially l$cfitable design and technology version of each potential road project 

since that is the version that needs to be ranked for project selection purposes. 

Let it be assumed for the moment that the design and technology possibilities 

for a gillcn road project differ only with respect to construction costs and the 

cc ts associated with the redistribution and generation of traffic flows (i.e. 

effect (n) already referred to). In other words, the possibilities differ only with 

respect to construction costs, maintenance costs and road users’ costs. In this 

l The reader may obtain additional information on the second and third effects from 
Arnold C. Harberger : Project evaluation, Collected papers (Chicago, Markham Publishing 
Co., n.d.), Ch. 6; Lionel Odier: Les inth?ts Pconomiques des truvuux routiers (Paris, Editions 
Eyrolles, 1963), Part II; and Herman S. van der Jak and Jan de Weille: Reuppraisul of a road 
project in Zrun (Baltimore, Johns Hopkins Press, 1969), Ch. VII. 

2 However, these additional costs and benefits should always be taken into consideration 
when the over-all profitability of a road project is estimated. 
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case the most profitable version of the project is the one that gives the lowest 

total for the three costs referred to above. 

As shown in Chapter 2, road construction costs are a function of road 

design and road construction technology. 

Road maintenance costs are partly a function of the following road design 

variables: 

(a) length and width; 

(61 composition and thickness of the pavement; and 

(c) strength of the subgrade. 

Variable (a) determines the total area of road to be maintained. Variables (b) 

and (c) affect the rate of road deterioration and thus partly determine the 

frequency and extent of maintenance operations (i.e. the maintenance policy). 

The rate of road deterioration is also affected by environmental conditions 

(e.g. climate, vegetation, topography) and the volume and composition of 

traffic flows. 

Road users’ costs are partly a function of the following road design variables : 

(a) length and width; 

(b,J vertical and hcrizcntai alignment; 

(c) road surface condition (e.g. roughness, rut depth, looseness of materials). 

Road users’ costs are also a function of non-design variables (variables such 

as actual vehicle speed-as distinct from the road design speed-vehicle type 

and size, altitude and rainfall, traffic volume and composition, the driver’s 

behavicur and road maintenance policy). Together these non-design variables 

and the three design variables determine road users’ costs, which can be broken 

down as consisting in vehicle operating costs and the value of the vehicle 

occupants’ time. 

In short, road design affects road construction costs with respect to the 

quantity and quality of output as well as with respect to the constraint it puts 

on the range of construction technologies that may be used: in general, as the 

specified rcarl quaiicy sta.ndard improves, the construction costs increase and 

the range of technicall feasible construction technologies narrows; it may not 

be possible to use labcur-intensive technologies for the construction of high- 

standard roads. Road design also affects road maintenance costs and road 

users’ costs: in general, as the specified road quality standard improves, 

maintenance costs and road users’ costs are lowered. 

It may therefore be concluded that there is a trade-off between the initial, 

road construction costs, on the one hand, and the sum of future costs-road 

maintenance costs and road users’ costs-on the other. The task of the project 

evaluator is to choose a road design that will reduce to a minimum the sum 
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of initial and future costs. Since the choice of road design is as important as 

the choice of construction technology, the prcject evaluator should investigate 

&e possibility of using different road designs. s 

A method of estimating road maintenance costs and road users’ costs for 

the evaluation of different road designs wili now be described. Indications on 

the way to estimate indirect road benefits will also be given. Unlike indirect 

cost’, indirect benefits are rarely affected by road design. 

MAINTENANCE COSTS 

As indicated in the previous section, maintenance costs are a function of 

the rate of road deterioration, the maintenance policy and the maintenance 

technology. The relationship between maintenance costs and the abcve- 

mentioned variables is analysed in greater detail in the present section. 

Maintenance policy 

There is to some extent a trade-off between maintenance costs and road 

users’ costs: in general, the lower the maintenance costs the higher the road 

users’ costs. Ideally, the maintenance policy adopted should be one that 

reduces the sum of maintenance costs and road users’ costs, and therefore 

social costs, to a minimum. 

There are, however, two reasons for the fact that the maintenance policy 

adopted is often not the optimal one. First, it is empirically difficult to determine 

what the optimal maintenance policy is. Secondly, vehicle operating costs are 

borne by road users, whereas the road maintenance costs are borne by the 

public works department. The department’s decisions on road maintenance 

are often based solely on road maintenance costs : road maintenance expenditure 

is compared with investment needs for new road projects, without taking 

account of road users’ costs. In such circumstances the frequency and extent of 

road maintenance operations are often based on predetermined levels of road 

deterioration and on the importance cf the road in terms of the type and 

volume of traffic it carries. 

The present value of costs over the life of the road is affected by the length 

of the time intervals between consecutive maintenance operations, and the 

cost of each successive maintenance operation, (MC),. The longer the time 

intervals, the lower the total number of maintenance operations over the life 

of the road, and the higher the cost of each consecutive maintenance operation. 

The estimation of maintenance costs is carried cut by summing consecutive 

values of (MC), for a given maintenance strategy. If the goal of the public 
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works department is to reduce social costs to a minimum it is necessary to 

determine the optimal maintenance policy, which will reduce to a minimum the 

sum of maintenance costs and road users’ costs. 

Road deterioration rates 

Road deterioration may take many forms, including an increase in surface 

roughness, the formation of ruts and pot-holes, road cracking, and a loosening 

or loss of surface material. Some aspects of road deterioration apply to all types 

of roads, while others apply only to particular types: for example the loosening 

and loss of surface material applies primarily to unpaved roads. 

As already indicated, road deterioration is a function of environmental 

conditions (notably climate, vegetation and topography), road design (including 

road surface and subgrade), and the type and volume of traffic flows. For a 

given set of environmental conditions and a given road design, it is necessary 

to estimate levels of road deterioration and to translate these levels into main- 

tenance costs. 

The following is a general functional relationship which relates road de- 

terioration to time and to cumulative traffic flows : 

HD = f (T, CTF) 

where RD = measure of road deterioration, 

T = time, in months or years, an.d 

CTF = cumulative traffic flow. 

The time variable is included in the above relationship since roads deteriorate 

even in the absence of traffic flows as a result of the blocking of drains and the 

growth of vegetation, not to mention the possibility of severely adverse climatic 

conditions, landslides or natural disasters. 

Specific functional forms of the above relationship have been derived 

mainly for pavements of a high standard in North America, Europe and 

Australia. Some attempts have been made to derive specific functional forms 

for roads of a lower standard in developing countries. Altogether, however, 

little is known about the rates at which roads deteriorate, and the results of the 

few existing studies l cannot be applied to all countries and types of roads. In 

l Certain road deterioration relationships have been calculated for a number of roads 
in Kenya. The study was conducted jointly by the World Bank and the Transport and Road 
Research Laboratory of the United Kingdom, in co-operation with the Kenya Ministry of 
Works. The study constitutes one of the very few attempts to estimate road deterioration 
relationships in developing countries. See International Bank for Reconstruction and Devel- 
opment, Transportation and Urban Projects Department, Transport Research Division: 
H.ighway Design Standard Study Fhase II: Background, summary and evaluation of TRRLJ 
I_RRD Kenya Study (mimeographed draft, 1973, subsequently cited as IBRD Highway 
Design Standard Study. 
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particular, there is very little information with respect to gravel and earth 
roads. Generally the public works department will have to undertake studic.s in 

order to estimate road deterioration relationships for various environmental 

conditions and road design characteristics. 

Road deterioration relationships may be established on the basis of cross- 

sectional analyses and experimental studies. Cross-sectional analyses may 

provide reliable estimates of the rate of road deterioration as a function of 

time and c;lmulative traffic flows, as well as of design and environmental 

variables. The first step in such an analysis is to identify the range of environ- 

mental conditions, road type and design characteristics to be investigated. The 

next step is to select a sample of road sections that are representative of each 

combination of environmental and design variables under study. For each 

road section included in the sample, information must be obtained with respect 

to- 

(a) the time interval since the last maintenance operation; 

(6) the cumulative traffic flows since the last maintenance operation; and 

(c) the current level of deterioration of the road. 

T- e results of the cross-sectional analyses will indicate how the rate of road 

deterioration varies as a function of time and cumulative traffic flows, for each 

combination of environment and design that has been examined. 

Road deterioration relationships may also be obtained from experimental 

studies. In this case, specified flows of vehicles are driven over road sections that 

are representative of the environmental conditions and design characteristics to 

be investigated. At selected time intervals, measurements are made of the level 

of deterioration of the road sections. In an experimental study the intervals of 

observation and the traffic flows are under the control of the researcher, and 

much more accurate estimates of deterioration rates can be obtained than in 

cross-sectional analyses. For gravel and earth roads, results may be fairly 

rapidly obtained from an experimental study. For paved roads, on the other 

hand, deterioration occurs at such a slow rate that experimental studies may 

not be a practical possibility. 

Estimation of maintenance costs 

A reliable way of estimating maintenance costs of a potential road project 

would be to express road deterioration in terms of the specific maintenance 

operations required to remedy it, and to cost such operations in the same way 

as for road construction. For example, looseness of materials and gravel loss 

could be expressed in terms of blading frequencies to be applied to gravel roads 

of different designs with given traffic flows. Subsequently, each blading operation 
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Table 12. Annual maintenance cost formulae in US dollars per kilometre 

Type of road Formulae Continent or country 

Earth 270 + (5.3 ADT) 
344 4 (12 ADT) 

c-ravel l 

Paved 

254 + (6.6 ADT) 
87.5 + (3.5 mT) 
200 + (10 ADT) 

89 + (3.5 AD73 
168 + (2.4 ADT) 
90 + (3.5 Am-l 

300 + (6.5 AD-D 
262.5 + (1.75 mT) 

142 + (2.5 AD-l-3 
372.5 + (5.2 ADT ) 
372.5 -t (6.9 ADT) 

159 + (4.3 f+JW 
175 + (5.5 ADT) 

1 150 + (4.0 AD-U 

520 + (0.48 ADT) 
1 219 + (0.37 ADT) 

331 + (0.5 (ADT - 1,000)) 
2 313 + (0.225 A-IX? 

Congo 2 
Venezuela s 

Africa p 
Africa p 
Chad 4 
Dahomey 4 
Kenya 6 
Nigeria 1 
Nigeria 4 
Nigeria (North) ’ 
Swaziland a 
Tanzania 4 
Tanzania 4 
Togo 4 
Zambia ’ 
Venezuela 3 

El Salvador 2 
Nicaragua 2 
Niger 4 
Venezuela 3 

1 Because it is often difficult to draw a distinct line between gravel and earth roads. some of these formulae may 
apply to ivhat are described in the present manual as earth roads. g Anthony Churchill, in collaboration 
with Klaus Huhcr. Elke Meldau and Alan Walters: Rood user charges in Cenrrol America. World Bank Staff 
Occasional Papers No. 15 (International Bank for Reconstruction and Development, 1972). pp. 48, 52. 8 Sober- 
man. op. cit., p. 56. 4 F. Moavenradeh: Investment strategies for developing areas: Analytic model for choice 
of strategies in highway transportation (Cambridge (Massachusetts). Massachusetts Institute of Technology, 
19721, pp. 79-80. 6 Churchill, op. cit., pp. 51-52, citing British Road Research Laboratory. East Africa Trans- 
port Planning Research IJnit: A study of road maintenance cosfs in Kenya (mimeographed, 1966). 

ADT = Average daily traffic flow. 

would be costed and the present value of maintenance co+ over the life of 

the road calculated. To estimate maintenance costs by this ,. !:thoti, .oad. deterio- 

ration relationships must be available for each possible combination of design 

and technology. In general, such relationships are not readily available, and a 

number of years may be needed in order to ascertain them. In the meamime, 

the project evaluator may need to obtain rough estimates of maintenance costs 

from similar existing roads. Such an approach requires that maimenance 

expenditure on these roads be known, as well as the dates on which it is incurred 

and the average daily traffic flow. 

It should be noted that maintenance costs are partly a function of the 

maintenance technology used. There is a general tendency to use technologies 

of the same type as those used in the original construction of the road. For 
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example, a labour-intensive maintenance technology would generally be used 

for roads built labour-intensively. This should not be the rule, however. 

Maintenance differs from construction: in particular, excavation has little or 

no place in maintenance; it may therefore be found profitable to use a labour- 

intensive maintenance technology for a road built capital-intensively. 

Some idea of the range of maintenance cost formulae arrived at in a number 

of countries is given by table 12. As one would expect, maintenance costs that 

are a function of average daily traffic flow tend to decrease as the construction 

standard of the road itnproves. These maintenance formulae are purely illustra- 

tive and should not be used in specific project evaluation since not only the 

physical characteristics of roads but also relative input prices differ greatly 

from country to country. 

ROAD USERS’ COSTS 

Road users’ costs include vehicle operating costs and the value of vehicle 

occupants’ time. Each will be analysed in turn. It will then be shown how to 

estimate total road users’ costs on the basis of the composition and volume of 

traffic flows. 

Vehicle operating costs 

A numbers of studies l of vehicle operating costs have been published. Most 

of them are compilations of the results of separate primary research studies. 

The World Bank has reviewed the existing literature on vehicle operating costs 

and found them to be deficient in a number of ways. The Bank’s conclusions 2 

are as follows : 

Unfortunately, as fully recognised by most authorities, the existing information, 
despite the vast amount of publications, is highly deficient both in terms of its com- 
prehensiveness and the adequacy of the underlying data base and methodology. 
This is particularly true for low-standard roads. While extensive information is 
readily available on vehicle operating costs component by component, research has 
generally been too limited to establish the relationship of these to road design geo- 
metrics, surface design and maintenance standards. 
In particular- 
(i) fuel consumption and driver/passenger time savings are the only components 
which have been researched in any detail; much less is known about the relationship 

l See for example de Weille, Quantification of road user savings, op. cit., and H. Hide, 
S. W. Abaynayaka, I. Sayer and R. J. Wyatt: The Kenya Road Transport Cost Study : Research 
on vehicle operating costs, Transport and Road Research Laboratory Report 672 (Crowthorne, 
Berkshire, 1975). 

’ IBRD Highway Design Standard Study, op. cit., p. 8. 
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of other components (tyre wear, vehicle maintenance and depreciation) to decision 
variables; to a great extent standard references are b?,sed on extrapolations from a 
limited base using engineering judgement to infer more comprehensive results; 
(ii) no research (previous to the Kenya study) has attempted to measure costs in 
response to road maintenance standards and surface conditions; 
(iii) the full range of vehicle types and sizes, particularly for the vehicles most common 
in developing countries, have not been covered; 
(iv) much of the research, particularly that for low-standard roads, was done largely 
in the 1930s; changes in vehicles, tyres and fuels over the years may have altered 
these relationships significantly; 
(v) much of the most important primary research has relied on controlled experiments 
with a very limited number of vehicles (and experimental conditions) wherein it is 
difficult to simulate normal or typical driving conditions. 

It seems, therefore, that most developing countries need to undertake studies 

in order to determine road users’ costs relationships that apply to their partic- 

ular conditions, especially in the case of low standard rural roads (gravel or 

earth roads) for which very little data are available. 

Vehicle operating costs comprise the following items : 

‘a) fuel consumption costs; 

(b) lubricating oil consumption costs; 

(c) vehicle maintenance costs; 

(dj tyre consumption costs; and 

(e) vehicle depreciation costs. 

A number of relationships have been calculated which relate each of the 

above cost items to various road characteristics. Of great interest is the World 

Bank’s study in Kenya .l The study arrives at relationships between vehicle 

speed and a number of design variables for various types of roads (e.g. paved 

roads, gravel roads). Relationships between vehicle fuel consumption and 

vehicle speed a*e also established for various types of vehicles. The study also 

analyses vehicle maintenance costs, tyre consumption and vehicle depreciation. 

Value of vehicle occupants’ time 

The estimation of the value of vehicle oscupant’s time is desirable but gen- 

erally difficult from both the conceptual and the empirical point of view. Each 

of the individual occupants may assign a different value to any given amount 

of time spent travelling along a road. Such subjective evaluations would seem 
to be at least as valid in principle as a uniform, professedly objective evaluation 

by an economist whose values may differ quite markedly from those of most 

- 

l IBRD Highway Design Standard Study, op. cit., Annex 1. 

136 



Maintenance and users* costs and indirect benefits 

if not all of the occupants. This difficulty arises, for example, in relaiion to the 

principle that a zero value should be attributed to time spent on a road outside 

working hours, or by travellers who are unemployed. 

Furthermore, even if it is assumed that a unit of a vehicle occupant’s time 

spent travelling along a road is equal to the value of the occupant’s income 

for that unit of time it remains empirically very difficult to estimate the value. 

First, automatic traffic flow counters cannot be used for this purpose since it 

is necessary to know the number of persons per vehicle, as well as their age 

and sex, so as to determine whether they are likely to belong to tha workforce, 

and consequently to have incomes. Road interviewers are needed in order to 

collect this type of information. Secondly, once information regarding the 

number of the various categories of road users is obtained, it is necessary to 

adopt values for those categories. Here again it is difficult to define a reliable 

estimation method. Should one use the national average hourly wage? Should 

different values of time be used for the occupants of different types of vehicles 

(e.g. passenger cars, trucks, buses) ? Once again, interviews of vehicle occupants 

may be needed in order to obtain a reliable estimate of the average value of 

their time.l 

Estimation of total road users’ costs 

Once unit road users’ costs have been estimated, the present value of the 

stream of road users’ costs over the life of the road may be calculated on the 

basis of the composition and volume of present and future traffic flows. 

Costs per unit of distance 

As shown previously, the items making up the road users’ costs per unit 

of distance are a function of a number of road design characteristics and en- 

vironmental conditions. Road users’ costs accordingly differ from one road to 

another; moreover, on any given road the variations in the vertical and hori- 

zontal alignment have a substantial effect on fuel consumption. 

In order to estimate fuel consumption costs, a road should be divided into 

homogene?!?s stretches along which fuel consumption will be constant. Vehicle 

operating costs per unit of distance may then be estimated for individual 

stretches and for various types of vehicle on the basis of formulations relating 

fuel consumption to various aspects of road alignment. 

l No method for the valuation of vehicle occupants’ time is suggested in this manual, and 
the reader is referred to de Weille, Quantification of road user savings, op. cit., and Harberger, 
op. cit., Ch. 10. 
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Traffic flows 

Traffic flows are not identical throughout a road’s length: traffic may leave 

or enter the road at different points. Tratfic counts should therefore be made for 

the section of road between every two consecutive exit or entry points.’ 
There are five diff’erent types of traffic which should be taken into consid- 

eration when estimating initial traffic flows (i.e. traffic flows that will occur 

immediately after the completion of the road project) and future traffic flows. 

Initial traffic can be regarded as consisting of two types of traffic-existing 

traffic and attracted or diverted traffic. Existing traffic relates to road improve- 

ment projects; since road users’ costs decrease as a result of road improvement, 

traffic existing prior to road improvement can be expected to continue at the 

same level once a road has been improved. Whenever it is more economical to 

use the new or improved road rather than other existing facilities (e.g. other 

roads, railway lines), there will be attracted or diverted traffic. The level of 

diverted traffic depends part!y on the geographical location of population and 

production centres and on the extent and quality of the existing transport 

network. 

Future traffic comprises generated traffic, development traffic and traffic in- 

creases resulting from normal traffic growth. Generated traffic is traffic that 

would not have existed if a new road had not been built or if an existing road 

had not been improved. Most of the generated traffic develops v *thin the first 

year or two after a new road is opened; it is associated with little or no modi- 

fication of the existing production structure. Development traffic is due to 

improvements in the economic situation in areas adjacent to the new road, 

improvements which would not have taken place in the absence of the new 

road. Unlike generated traffic, this component of future traffic continues to 

develop for many years after a new road is built; it is the result of increased 

land use, the development of new industries, and, in some cases, an increase 

in the population of the area as a result of internal migration. Finally, normal 

traffic growth is the increase in traffic volume due to a general increase in the 

number and utilisation of motor vehicles. Normal traffic growth should, in 

general, continue over the life of the road, levelling off once a saturation po.int 

is reached. At that point, the road should be widened or new roads should be 

built if traffic is to be permitted to grow. 

-.- 

l Although the types of traffic flows to be expected on a new or improved road will be 
identified below, readers wishing to obtain information regarding the techniques for estimating 
such traffic flows are advised to consult Jan G. Heggie: Transport engineering economics 
(London, McGraw-Hill, 1972), Ch. 8. 
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Present value 

The following definitions will be used for the elements of the formulae for 

estimating the present value of road users’ costs: 

(FL), = fuel consumption costs per km for a vehicle of type j, 

(LB)j = lubricating oil consumption costs per km for a vehicle of type j, 

(MC)i = vehicle maintenance costs per km for a vehicle of type j, 

T,y = tyre consumption costs per km for a vehicle of type j, 

Dj = vehicle depreciation costs per km for a vehicle of type j, 

Lk = length, in km, of road section k, 
c)k = average speed of vehicle j on road section k, in km per hour, 

(PT)j = average hourly value of the time of occupant in a vehicle of type j, 

Ni = average number of occupants per vehicle of type j, 

(TR)j, = annual two-way traffic, in number of standard vehicles, for a 

ve’hicle of type j on road section k, and 

r = rate of interest. 

An average vehicle operating cost per km, ( VC), must first be estimated for 

each of the road s,ections, k, characterised by a constant traffic flow (i.e. the 

sections of the road between every two consecutive exit or entry points.) For 

a given vehicle of type j, this gives a formula 4 the type 

(vcljk = (mJj+(MC)j+ ~j+Dj+(FL)r,j.~+(F’)~,j’~’ ---+(FL)nvj’+ 
k k k 

where L1, L2, . . . L,, are stretches of road section k with constant vertical 

and horizontal alignment characteristics l such that 

L, f L2 . . . L,, = Lk. 

Then for a given year t and for a vehicle of type j, road users’ costs are equal to 
s 

k=l 

where s = numb,er of road sections carrying a constant flow, k = 1,2,3, . . . S. 

Road users’ costs at year t for all types of vehicles are then equal to 

(RUC), = i (RUC),j 
j=l 

~hrr;t 1’ =: number of Lypes of vehicles. 

l It is assumed that only fuel consumption varies from one stretch of road to another, 
and that (.CB)j, (MC’)j, (Ty)j and Dj are therefore constant over the whole road. 
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Road users’ costs dver the life of the road are therefore equal to 
T 

(RUC’) = 
c 

WC), 
(1 +r) 

r=l 

where T = life cf the road in years. 

INDIRECT BENEFITS 

In most of the developed countries indirect road benefits are related pri- 

marily to the redistribution of traffic flows and only marginally to development 

resulting from the transformation of the production structure of the area 

crossed by the road. In other words, indirect road benefits may be regarded as 

amounting to roads users’ savings and road maintenance savings. These two 

types of savings constitute a large part of total road benefits, and in the evalu- 

ation of a road project they may be safely assumed to account for the% entirety. 

This is particularly true of road improvement projects or road projects designed 

to shorten the travelling distance between population centres. There are ex- 

ceptions, of course, but the number of such exceptions is small in relation to 

the total number of road projects implemented each year. In developing 

countries, on the other hand, a large part of the total benefits often consist of 

developmental benefits; therefore in a large number of cases road users’ 

savings and road maintenance savings cannot be equated with total benefits 

in those countries. 

The significance of the developmental benefits of a road project depends on 

the type of road project. It is useful in that connection to make use of the 

following classification, already described in Chapter 1: 

(a) road maintenance ; 

(b) road improvement; 

(c) new roads that are primarily intended to shorten the distance, and therefore 

the travelling time, between population centres; 

(d) new roads that are part of wider sectoral investment projects; and 

(ej “developmental roads”, i.e. new roads built under a general regional devel- 

opment policy. h 

The benefits of projects of types (a) and (b,l may be evaluated solely in 

terms of road users’ savings and road maintenance savings. 

New road projects in group (d) that are part of wider sectoral investment 

projects (e.g. agricultural or mining projects) should be re:garded as one of the 

various investment cost items (together with the cost of irrigation systems or 
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.I 

of mining equipment in the two examples just mentioned). On such a view, it 

is meaningless to assign benefits to the road projects themselves since no 

benefits would accrue if the building of the roads constituted the only invest- 

ment: it is therefore the over-all evaluation of the sectoral projects that should 

determine whether the roads that are part of the projects will be constructed or 

not. The project evaluator in the public works department is generally not 

responsible for the evaluation of such projects; his involvement at the project 

evaluation stage is usually limited to providing road construction cost data to 

the ministry or other agency that is evaluating the sectoral project as a whole, 

Koad projects in group (c) yield two types of benefits, namely road users’ 

savings and road maintenance savings on the one hand, and developmental 

benefits on the other. In this case the developmental benefits are usually a by- 

product of the road project, and of secondary importance. However, they should 

be estimated since they may in some marginal cases be the decisive factor in 

determining whether the project should be adopted or not. 

Road projects in group (e) produce great developmental benefits, together 

with road users’ savings and maintenance savings constituting a by-product of 

secondary importance; such savings may be equal to zero in the case of pene- 

tration roads or rural access roads. Developmental benefits are rather difficult 

to estimate. The main difficulty liec in the fact that regional development is 

usually the result of a number of investments in different fields, one of which is 

the construction of new roads: it is difficult to isolate the effect of road projects 

on regional development because in most cases such projects are implemented 

concurrently with other development project relating, for example, to health 
facilities, schools and irrigation. Yet, unlike new roads that are an integral 

part of a sectoral investment project-case (c!) above-roads built for the 

purpose of regional development-case (e)-may yield benefits without signi- 

ficant additional investments. The new roads may, for example, encourage 

farmers to switch from subsistence crops to cash crops, or to make greater use 

of nearby health and educational facilities. These road projects should there- 

fore be evaluated and ranked on their own merits, and not as part of a more 

comprehensive regional investment project as suggested by some authors. If 

governments are short of money, they may need to choose between a road 

project and other regional development projects (relating, for example, to 

schools or hospitals). It is therefore important to estimate the benefits that are 

specific to road projects so that such projects may be ranked along with other 

types of projects for comparison and selection purposes. 

One way of estimating developmental benefits is to carry out a field study 

based on a sample of production units or households, or of both. The purpose 

of such a study is to determine the relationship between the distance of a sample 

unit from the existing road network, market centres and public facilities on 
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the one hand and such characteristics of the unit as income, proportion of land 

area pianted with cash crops, proportion of land cultivated, amount of emi- 

gration and frequency of members’ use of nearby public facilities on the other 

hand. If meaningful results are to be obtained I, a study of this kind needs to be 

based on a large sample of households or production units. 

It should be pointed out that developmental benefits should be estimated net 

of costs (i.e. investment costs, (DE& + (GE),, in addition to road capital 

and variable costs); otherwise the profitability of the new road project will be 

overstated. 

EFFECT OF ROAD CONSTRUCTION TECHNOLOGY 
ON FUTURE COSTS AND BENEFITS 

In cases in which a road design is chosen and a choice is then made among 

possible construction technologies, the effect of choice of technology on road 

users’ costs, road maintenance costs and road benefits is extremely slight. In 

fact the only possible effect of the construction technology is tLat relating to 

the rate of road deterioration, and the extent of such an effect will, in general, 

be marginal : for any given maintenance policy, the technology chosen will 

entail maintenance costs that will differ only slightly from those attached to 

other technologies. Since it would be extremely difficult to estimate, empirically, 

the extent of any differences in maintenance costs resulting from differences in 

construction technologies, it may be necessary to assume that road mainte- 

nance costs are not affected by the choice of construction technology at all. 

On the other hand, in cases in which a choice is made among possible 

combinations of design and technology, road users’ costs and road mainte- 

nance costs are affected in the ways described in this chapter. Road benefits 

are not much affected by the choice of any particular combination of design 

and technology unless variations in design significantly alter the routing of the 

road, and consequently its area of influence. Such cases are infrequent. 

l Special statistical techniques may also have to be used if the effect of new roads on 
regional development is to be isolated. Readers interested in the problem of t;;timating 
developmental benefits of new roads may refer to Harberger, op. cit., Ch. 10; Odier: Les 
int&&s dconomiqws des travaux routiers, op. cit.; and A. R. Prest: Transport economics 
in developing countries (London, Weidenfeld and Nicholson, 1969). 



EVALUATION OF ALTERNATIVE 
TECHNOLOGIES AT MARKET PRICES 

This chapter will show how to identify the most appropriate construction 

technology for a given road by means of a cost-benefit analysis based on market 

prices. It should be noted that market prices may not reflect the true social 

value of project inputs and outputs, and may Lnerefore need to be adjusted if 

the true social profitability of a project is to be estimated. In other words, 

project evaluation may need to be based on “shadow” or “accounting” prices 

instead of market prices. The present chapter is an introduction to the procedure 

of cost-benefit analysis, as carried out on the basis of market prices. The 

estimation of accounting prices and their incorporation into the analysis will 

be described in the next chapter. 

There are a number of reasons for beginning with the use of market prices 

in the evaluation of construction technologies. The most important is that in 

some cases it is not necessary to use accounting prices even if market prices are 

distorted. Such cases arise when it is found that the more labour-intensive of 

two alternative technologies is also the one that is less costly at market prices. 

In those circumstances the use of accounting prices would do no more than 

underline the social profitability of the labour-intensive technology. The follow- 

ing example will clarify this point. Let it be assumed that the differences 

between two construction technologies are limited to the number of man-hours 

and equipment hours needed to build a given road, the amount of materials 

being the same for both technologies. If both technologies are technically 

efficient l, then 

ml > m2 and hl < h, 

where ml = number of man-hours used in the labour-intensive technology, 

m, = number of man-hours used in the capital-intensive technology, 

’ A technology is technically efficient if it does not require more of both man-hours 
and equipment-hours than any other existing technology. 
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hl = number of equipment-hours used in the labour-intensive techno- 

logy, and 

h2 = number of equipment-hours used in the capital-intensive techno- 

logy. 

Using the following definitions : 

w,,, = hourly market wage rate, 

ws = hourly shadow wage rate, 

R, = hourly market rental rate for equipment, 

R, = hourly shadow rental rate for equipment, and 

M,,,, M, = cost of materials at market prices and at shadow prices, 

let it now be assumed that 

m,.w,+h,.R,+M,<m2.w,+h2.R,+M, 

or m,.w,+h,.R,<m,.w,+h,.R, (17) 

or, to put it differently, that the laboui-i-atensive technology is less costly at 

market prices. It will be shown in the next chapter that in most developing 

countries the shadow wage rate is lower than the market wage rate (i.e. w, < w,), 

and that the shadow equipment rental rate is higher than the market equipment 

rerltal rate (i.e. R, > R,). Relationship (17) therefore yields the following 

relationship : 

m,.w,+h,.R,<m2.w,+h2.R, (18) 

Thus, when it is known that w, > w, and R, -C R,, it is not necessary to evaluate 

construction technologies at shadow prices if it is established that the more 

labour-intensive technology is also the less costly one at market prices. It 

should be pointed out, however, that the argument outlined above does not 

always apply when a road project is financed through a foreign loan or grant. 

That case will be discussed in the following chapter. 

There are a number of other reasons for using market prices in project 

evaluation. First, a government may prefer to use market prices if it is not 

fully convinced of the appropriateness of using shadow prices. Secondly, 

estimates for parameters needed to compute shadow prices may not always 

be available at the time when projects are being evaluated, and projects may 

then have to be evaluated at market prices while steps are taken to obtain 

estimates of the parameters. It should be pointed out that a cost-benefit 

analysis always takes into consideration indirect cost and benefit items (such 

as road users’ costs and road benefits) that do not enter into a purely financial 

analysis of projects. Thus even when market prices are used a cost-benefit 

analysis yields a measure of the social profitability of projects, as distinct from 
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their private profitability. The use of shadow prices merely permits a more 

accurate estimate of the social profitability. 

RECOMMENDED CRITERIA 

Ranking of projects is not a simple matter: there are a number of different 

criteria by which they may be ranked, and those criteria do not always yield 

concurrent rankings; it is therefore important to adopt the criterion that will 

provide the most valid ranking in a particular case. A number of ranking 

criteria will now be described and their individual merits and drawbacks 

discussed. 

Net present value 

Let it be supposed that the life of a project is 12 years, and that the project 

yields a stream of yearly benefits 

4, 4, 4 . . . 4 

as well as a stream of yearly costs 

Cl, c,, c, . . . G 

The stream of yearly net benefits is therefore 

(4 - Cd, (B, - Cd, (B3 - G) . . . (4 - ‘3 

The net present value (NPV) of the project is then 

(B,-C,)S(B,-C2)+(B3-C3)+ + (B” - C,) 
(Ifr,) (1+r2)2 (l+r$ *** (l+r,) 

(1% 

where r is the discount rate. 

The value of r may fluctuate from year to year. If it does not, or if an average 

value of r is used, ecjuation (19) becomes 

n 

c 
(Bi - CJ 
(1 +r)’ 

m 

i=l 

I Benefit-cost ratio 

A second ranking criterion, the benefit-cost ratio or ratio of the present value 

of the stream of project net benefits over the present value of the stream of 

project costs, is obtained from the following relationship: 

145 



Labour-intensive road construction 

The following example will show in what sort of cases the benefit-cost ratio 

is a better criterion than net present value, or vice-versa. Let it be supposed that 

a government department needs to rank projects A to G. Let it also be supposed 

that the projects are ranked according to their respective net present values and 

benefit-cost ratios, as shown in table 13. 

It can be readily seen from the table that, with the exception of project C, 

projects are ranked dilferently according to the ranking criterion adopted. 

The choices made will differ if there is a budgetary coastraint of, for example, 

1,000 monetary units. According to ranking R1, the budget should be spent on 

projects A and B, the sum of the corresponding net present values being equal 

to 800 (500 + 300). On the other hand, according to ranking R,, the budget 

should be spent on projects G, F, A, C and D (100 + 100 + 500 + 200 + 100 = 

l,OOO), the sum of the corresponding net present values being equal to 1,045 

(1% + 120 + 500 + 200 + 75). Therefore, the R, ranking is preferable since 

for the same amount of money, projects adopted under R, provide a higher net 

present value than projects adopted under RI. 
Let it now be supposed that there is a budgetary constraint of 600 monetary 

units and that it has been decided to spend the full amount. According to 

ranking RI, the budget should be spent on projects A and G since other 

combinations of projects are either less profitable or do not use up the full 

budget. In this case the sum of the net present values is equal to 650. According 

to ranking R,, the budget should be spent on projects G, F, C and E, with the 

sum of the net present values being equal to 570. (Project A was skipped because 

its cost, added to those of G and F, would have exceeded the budget constraint.) 

In this case the RI ranking provides a better choice of projects than the R2 
ranking. The general conclusion to be derived from this example is that the 

benefit-cost ratio should be used whenever it is not necessary to skip projects 

in order to match the budget amount to the sum of the costs of selected projects. 

On the other hand, if skipping of projects is needed, it may be necessary to 

rank projects according to each criterion and select the combination that yields 

the highest total net present value under RI or RZ. 
There is one main drawback to the use of these two criteria. The value of 

the discount rate r may not be accurate: as stated earlier, it may fluctuate from 

year to year, and a forecast of such fluctuations may be impossible. Further- 

more, it is usually difficult to specify accurately the discount rate to be used. 

Should the government use a discount rate higher or lower than a specified 

market rate? This is a very clifficult question indeed, since market rates tend to 
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T,;hle 13. Ranking of a hypothetical set of projects by net present value and benefit-cost 
ratio 

Project $*& g&i cyE$ R1 ~l~jc& R2 
i=l 1=1 

(1) (2) (3) (4) (3 (6) (7) 

A 500 1000 500 1 1.00 3 

B 500 800 300 2 0.60 6 

C 200 400 200 3 1 .oo 3 

D 100 175 75 7 0.75 5 

E 200 300 100 6 0.50 7 

F 100 220 120 5 1.20 2 

G 100 250 150 4 1.50 1 

Key: Column (2) gives the present value of the stream of costs for each project, and column (3) the present value 
of the stream of benefits. Column (4) provides the net present value of each project, yielding the ranking RI in 
column (5). Column (6) provides the benefit-cost ratio of each project, yielding the ranking R2 in column (7). 

be distorted by imperfections of the capital market.l If the wrong discount rate 

is used in project evaluation, some of the projects that are selected may in 

reality be less profitable than some projects that are rejected. In view of that 

drawback, a number of economists have shown some preference for another 

criterion, the internal rate of return, for the calculation of which no specific 

discount rate needs to be used. 

Internal rate 0.f return 

To assess net present values and benefit-cost ratios, a discount rate must be 

specified. However, the discount rate can also be regarded as an unknown. In 

that case projects are ranked according to the value of the discount rate that 

equates the present value of the stream of benefits to the present value of the 

stream of costs, that is the discount rate that equates the net present value of 

individual projects to zero: such a discount rate is called the internal rate of 

return. For example, let it be supposed that the life of a given project is one 

year, that total project costs (100) are incurred on the first day of the year, 

and that total project benefits (120) are achieved on the last day of the year. 

Since the costs are incurred on the first day of the year, the present value of 

120 
costs is equal to 100. The present value of benefits is equal to - 

l+P 
, where 

l This subject will be dealt with in more detail in the next chapter in connection with 
the social discount rate. 
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p = internal rate of return. The value of p that equates the present value of 

project costs to the present value of project benefits is obtained by the solution 

of the following equation : 

120 
100 = -. 

l+P 

From the above, we obtain p = 0.2, or 20 per cent. In this example the internal 

rate of return of the project, p, is equal to 20 per cent. 

Formally, the internal rate of return of a project, p, is obtained by the 

solving of the following equation : 
n 

c 

B’-Ci 
A=() 
u+PY 

(22) 

i=l 

where Bi and Ci are respectively the benefits and costs at year i. 
The solving of equation (22) is not easy when n is large (i.e. n > 4); when it 

is, a good desk calculator may be needed. In general, however, the method used 

to find p is one of trial and error. 

The internal rate of return p should be regarded as the average discount rate 

over the l.ife of the project, as in the following example. Let it be supposed that 

the life of a project is two years and that the net benefit stream is as follows : 

- 100 (first day, or year 0), 

60 (end of year l), 

72 (end of year 2). 

The internal rate of return p is obtained by solving the equation 

60 72 o 
-loo+l+p+(l+p)z= * 

The value of p is found to be 0.2, which yields the following equation : 

60 72 
- loo+~+~ = 0. 

However, the discount rate at year 1 may differ from the rate at year 2. For 

example, the rate could be 50 per cent the first year and 9.545 per cent the second 

year, yielding the following equation : 

- 100+~+ 
72 

1.5 (1.09545)2 = 
0. 

In this example the 20 per cent internal rate of return is a weighted 

average of the successive rates of 50 and 9.545 per cent; other combinations 

of discount rates could be found that would also yield a weighted average 
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of 20 per cent. In other words, the value of p should be regarded as a 

weighted average of the (unkno\vn) discount rates applying each year. 

If a number of potential projects are under consideration, they may be 

ranked according to their internal rate of return, and the higher-ranking ones 

selected up to the point at which the budget is fully exhausted. 

The main advantage of this criterion is that the internal rate of return can 

be calculated on the basis of project data alone, there being no need to estimate 

the opportunity cost of capital. Another advantage is that this criterion allows 

the government to compare the profitability of public investment projects 

with the profitability of projects in the private sector. It is conceivable that a 

government would refrain from investing in some public projects with low 

internal rates of return, even if such a course of action were to result in incom- 

plete utilisation of the available funds. 

As a criterion of choice, however, the internal rate of return has two main 

defects. First, there are projects fJr which it is not possible to determine a 

unique value for that rate, as may bt: seen from the following example. Let 

it be supposed that a given project produces the following net benefit stream: 

- 4,500 (year 0), 

10,000 (end of year l), 

- 5,500 (end of year 2). 

Then the following two equations may be established: 

and 

10,000 5,500 
-4,500+(1-o) = 03 

10,000 

-4,500+(l +0.2222) 

5,500 -- 
(1 +o.2222)2 = OS 

There are thus two possible internal rates of return for the project, namely 

zero and 22.22 per cent. 

In general a project will have multiple internal rates of return if the sign of 

the stream of net benefits changes more than once. Yearly aet benefits may, 

for example, exhibit the time profile depicted in figure 47. That profile could 

apply to a road needing to be rehabilitated six years after being built, so that it 

would yield negative net benefits during the first and seventh years. In such cases 

it may not be possible to obtain a unique estimate of the internal rate of return. 

Another defect of that criterion appears when it comes to evaluating a 

variety of projects designed to meet the same requirements (e.g. when a road 

may be built by any of several construction techniques). In that case the use 

of the internal rate of return as a criterion of choice may not lead to the adop- 

tion of the most profitable project, as may be seen from the following example. 

Let it be supposed that a number of potential projects are ranked according to 
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Figure 47. Example of time profile for yearly net benefits of a road-building project 

Positive 

I 

8 9 IO II+ 
m 

Time (years) 

Negative t 

their internal rate of return and that the last project that can be included 

within the budgetary limits has a rate of 10 per cent. That percentage repre- 

sents the appropriate opportunity cost of capital (i.e. the appropriate discount 

rate). Hence the net present value of all projects should be recalculated on the 

basis of that rate. Let it now be supposed that version A of a road project 

with an internal rate of return of 20 per cent is adopted, while the alternative B, 

with a rate of 15 per cent, is not. l If, however, A and B are re-evaluated at the 

appropriate discount rate, 10 per cent, B may be found more profitable than 

alternative A. Let it be supposed that A and B show the following net benefit 

streams : 

A B 

(IRR = 20 per cent) (IRR = 15 per cent) 

-2,000 - 2,000 

1,000 100 

1,200 300 

339.3 2,564.7 

It may be noted that the initial investment cost is the same for both A and B, 

namely 2,000 monetary units. Since the last adopted project has an internal 

rate of return of 10 per cent, the adoption of A rather than B does not affect 

the adoption of other projects with an internal rate of return higher than 

10 per cent. 

l Since A and 3 are alternatives to each other, only one of them (A, which has a higher 
internal rate of return than B) is included in the ranking. Thus, adoption of A implies rejection 
ofl?. 
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The net present value of A when discounted at 10 per cent is equal to 

-2 
1 ooo+ 

l,ooo+ 1,200 339.3 
1.1 priy -t -5 (1.1) 

= 155.7, 

whereas the net present value of B when discounted at 10 per cent is equal to 

-2000+100+ 300 +2,564.7 -- , ____ = 265.7. 
1.1 (1.1)2 (1.1)3 

Version B should therefore have been adopted instead of A. In this case the 

criterion of the internal rate of return leads to the adoption of the less profitable 

alternative. 

It is therefore recommended that projects should be ranked by their benefit- 

cost ratios, as well as ‘by their net present values when the need arises, instead 

of by their internal rates of return, This recommendation is based on the fact 

that the two main defects of the internal rate of return as a criterion are parti- 

cularly serious when evaluating road projects: it is often necessary to consider 

alternatives of a given road project, and the streams of net benefits of such 

projects often change their sign more than once. 

Others 

Some governments may wish to consider other aspects of projects before 

making a final choice. Two important aspects that may be taken into consid- 

eration are employment generation per unit of investment (L/K) and the 

balance-of-payments effect expressed as the ratio of local costs to total project 

costs (M/K).l These two additional aspects of projects are fairly important to 

planners in developing countries because such countries are usually short of 

foreign exchange and have high rates of unemployment. 

Weighted ranking 

Planners can rank projects simultaneously according to their social profit- 

ability (net present value, benefit-cost ratio and internai rate of return) as 

well as according to their L/K and M/K ratios. An example of such a multiple 

ranking is shown in table 14. 

If projects A to G cannot all be implemented owing to budgetary con- 

straints, project evaluators must attach a weight to each of the three ranking 

1 If a project yields foreign exchange revenues, the balance-of-payments effect may be 
expressed as the ratio of foreign exchange revenues over foreign exchange costs. In this 
manual the M/K ratio is used instead because most road projects do not produce a direct 
yield in terms of foreign exchange and, that being so, then the higher the M/K ratio, the 
higher the ranking of a project with regard to the balance-of-payments effect. 
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Table 14. Multiple ranking of a hypothetical set of projects by benefit-cost ratio, balance- 
of-payments effect and employment generation per unit of investment 

Ranking factor 

Designation 

Projects 
. 

Weighted A B C D E F 
mulripli- 

G 

Benefitcost ratio 0.5 1 2 3 4 5 6 7 

Balance-of-payments effect (M/K) 0.3 7 5 6 3 4 2 1 
Employment generation per unit 
of investment (L/K) 0.2 6 7 4 5 3 1 2 

Weighted combined ranking 3.d 3.9 4.1 3.9 4.3 3.8 4.2 

criteria so as to arrive at a single weighted ranking of projects. In this example, 

the benefit-cost ratio (BCR) is given a weight of 0.5, the balance-of-payments 

effect (M/K) a weight of 0.3 and the employment generation per unit of invest- 

ment (L/K) a weight of 0.2. The weighted combined ranking of each project 

is then as follows : 

weighted rank = (BCR rank x 0.5) t (M/K rank x 0.3) + (L/K rank x 0.2). 

On the basis of the weighted ranking, the projects in the above example 

are ranked as follows : A, F, B, D, C, C, E. 

The defect of weighted ranking is that the weights are subjectively deter- 

mined by project evaluators, i.e. they are based on educated guesses about the 

relative importance of the various aspects of the projects to be considered. 

Such a procedure is therefore recommended only in cases in which differences 

in the social profitability of projects as expressed by their benefit-cost ratios, 

net present values or internal rates of return are small by comparison with the 

differences in their M/K or L/K ratios. Another, much more accurate means of 

assessing the employment and foreign exchange implications of project choice 

will be described in the following chapter. 

APPLICATION TO DIFFERENT KINDS OF PROJECTS 

The remainder of this chapter is devoted to explaining how the general 

project evaluation criteria and methods just described can be applied to the 

five types of road project identified in a previous chapter.l To some readers, 

the steps involved in the identification of the most appropriate combination 

l See Chapter 1, pp. 17 ff. 
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of design and technology (or policy and technology in the case of maintenance) 

may seem too involved, too time-consuming, and possibly of limited practica- 

lity: some may object that it is extremely difficult to estimate all the various 

streams of benefits and costs attached to the different types of road projects. 

Yet such complications cannot be avoided if a rational choice is to be made 

among different combinations. The project evaluator should therefore set up 

a systematic data collection programme (relating, for example, to unit construc- 

tion costs, maintenance costs and road users’ costs) in order to be able to apply 

the identification procedure developed in this manual. As accurate data are 

accumulated, the project evaluator will find the $rocedure increasingly easy to 

apply; indeed, with time, it may appear too rudimentary, and some evaluators 

may start developing procedures of their own that will provide them with a 

more reliable basis for decision. 

Maintenance 

There are three types of road maintenance-emergency maintenance, 

routine maintenance and major road rehabilitation. Emergency maintenance 

is needed whenever stretches of road are made unfit for traffic as a result of 

floods, landslides, or other adverse conditions that result in the closing of a 

road or in a considerable slow-down of traffic flows. In such cases maintenance 

is needed as a matter of urgency in order to restore traffic to normal. Routine 

maintenance is undertaken at regular intervals in order to restore to an accept- 

able quality standard the condition of roads that undergo a certain amount of 

deterioration as a result of normal use. Routine maintenance operations may be 

divided into those concerning the road shoulders and those concerning the 

carriageway. Costs attached to the repair of the road shoulders usually occur 

at fixed intervals of time, and are mostly a function of the climatic conditions 

prevailing in the area crossed by the road. On the other hand, costs attached 

to the repair of the carriageway are a function both of the climatic conditions 

and of the level and composition of traffic flows. Major road rehabilitation is 

warranted whenever routine maintenance is not sufficient to restore the road 

to an acceptable quality standard. It may consist in the resurfacing of a paved 

road or the regravelling of a gravel road. It should be pointed out that in a 

road rehabilitation project, unlike a road improvement project, the original 

design and quality standard of the road are not altered. It should also be noted 

that major road rehabilitation cannot be dissociated from routine maintenance 

since the routine maintenance frequency affects the number of times major 

rehabilitation is needed over the life of the road. The means of identifying the 

most appropriate maintenance technology for each of these various kinds of 

road maintenance will now be described. 
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Emergency maintenance 

Emergency maintenance is needed either to re-open a road to traffic or to 

restore traffic flow to the original design speed. It may include one or both of 

the following operations : 

(a) clearing stretches of a road pavement of silt or boulders deposited by floods, 

landslides, or other calamities; and 

(b) reconstructing stretches of road that have been washed away by floods, or 

on which the carriageway may have subsided for some other reason. 

The range of potential technologies may be quite narrow when an important 

road has been closed to traffic and must be quickly reopened. For example, a 

road may constitute the only link to some settlements. If road damage is 

excessive, a capital-intensive technology may have to be used in order to enable 

the road to be re-opened quickly. In general, the public works department will 

use the resources at hand in order to restore traffic flows, and construction 

equipment is usually preferred to unskilled labour because the use of equipment 

may shorten the constructiL.. in Feriod; but whenever the equipment cannot be 

quickly transported to the site the use of a labour-intensive technology may 

be preferred if unskilled labour is available locally. 

Routine maintenance and major rehabilitation 

Maintenance of road shoulders is usually undertaken at intervals depending 

on the climate, but at least once a year. To identify the most appropriate 

(i.e. least costly) technology for this purpose, there is no need to estimate the 

present value of all maintenance operations over the life of the road since the 

frequency of such maintenance operations is the same whatever technology is 

adopted. The steps involved are- 

(a) establishment of a bill of quantities (e.g. Y square metres of grass to mow, 

removal of 2 cubic metres of silt from drainage ditches); 

(b) identification of technically possible maintenance technologies; 

(c) estimation of total amount of inputs for each possible maintenance techno- 

logy; and 

(d/ estimation of total maintenance costs with each technology. 

Once the appropriate technology has been identified, it should be used over the 

life of the road unless relative input prices (e.g. wages or equipment rental 

rates) fluctuate over the years. When there is fluctuation of the ratio W/R 

(W being the unskilled labour wage and R the equipment rental rate), the 

technology identified as most appropriate for a particular year may be less 

appropriate than others for subsequent years. A reassessment of maintenance 
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technologies for road shoulders may therefore be warranted from time to time 

in order to ensure that the technology used is always the most appropriate. 

It is difficult to identify the most appropriate technology for the maintenance 

of the carriageway. That technology will be the one that yields the lowest 

present value (PV) of the time stream of maintenance costs and road users’ 

costs over the life of the road. The present value is obtained from the following 

relationship : 

(IV)= 2 
(MC),+(RUC)i+(RC)i 

(l+r)’ (23) 
i=l 

where (MC)i = maintenance costs at year i, 
(RUC)i = road users’ costs at year i, 
(RC), = cost of road rehabilitation at year i, 
T = life of the road in years, and 
r = rate of interest. 

If, in any particular year, no road maintenance or rehabilitation is carried 

out, (MQI or (RC)i for that year is equal to zero. If maintenance is carried 

out more than once in any one year, (MC)i for that year is the sum of the 

costs of all maintenance operations undertaken during the year. 

For a given road and traffic flow, the sum of the annual maintenance costs 

is a function of both the maintenance technology adopted and the extent and 

frequency of maintenance operations, or more formally 
T 

c (s = f (tech., F, 0) 

i=l 

where tech. = the technology adopted, 

F = the frequency of maintenance operations, and 

0 = the extent of each maintenance operation, or the specified output. 

The value of F may be low during the first years following the building of a 

road, and then gradually increase. In some cases it may be affected by the type 

of technology adopted : for example, the maintenance of a minimum quality 

standard of the road may require a higher frequency of maintenance operations 

if the technology adopted is more labour-intensive than capital-intensive. 

The sum of road user costs is a function of the average level of road 

deterioration between two consecutive maintenance operations, and is therefore 

a function of the variables tech., F, and 0, defined above: 
T 

c 
‘gz) = f (tech., F, 0). 

i=l 

155 



Labour-intensive road construction 

The same relationship also applie to the sum of road rehabilitation costs: 

T 

c 
s = f (tech., F, 0). 

Therefore 
i=l 

(PV) =f(tech., F, 0). 

Given the above relationship, (PV) must be estimated for each combination 

of the variables tech., F, and 0 in order to identify the socially most profitable 

combination of these variables (i.e. the most profitable combination of main- 

tenance technology and maintenance policy). Since the number of combinations 

may be very large, a simplification that does not seriously affect the validity 

of the findings may be introduced. It may be assumed that the value of the 

variable 0 (the output of the maintenance operation) is the same for all tech- 

nologies, and that this result may be achieved through an adjustment of the 

value of I;: For example, if the maintenance frequency is higher, the same out- 

put may be obtained with a labour-intensive technology as with a capital- 

intensive one. Consequently, the present value of the stream of road users’ 

costs over the life of the road will be the same for all maintenance technologies. 

To identify the most appropriate combination of maintenance technology 

and maintenance policy (i.e. that with the lowest present value) the procedure 

is as follows: 

(4 

(6) 

(4 

(4 

(4 

f-f) 

kl 
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specification of the road life, T, i.e. the number of years that elapse 

between the adoption of the maintenance policy for an existing road and 

the time at which the road must be improved as a result of traffic saturation; 

specification of minimum road quality standards (e.g. maximum road 

roughness, maximum gravel loss), to be maintained over the life of the 

road ; 

identification of the technologies that could technically ensure the desired 

maintenance; 

specification of alternative road maintenance policies (designed to meet 

alternative road quality standards), for each maintenance technology; 

estimation of the total inputs per maintenance operation for each combi- 

nation of maintenance technology and maintenance policy; 

estimation of total costs per maintenance operation for each combination 

of maintenance technology and maintenance policy (i.e. estimation of 

maintenance costs in individual years-(MC),-for each combination); 

estimation of the present value of maintenance costs over the life of the 

road for each combination of maintenance technology and maintenance 

policy, i.e. 
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(h) estimation of yearly road users’ costs for each road quality standard to 

be maintained over the life of the road; 

(i) estimation of the present value of road users’ costs over the life of the 

road for each road quality standard, i.e. 

( > c ’ tRUCji . 

(l+r)’ ’ 
i=l 

(j) identification of the least costly road rehabilitation technology, to be used 

for all combinations of maintenance technology and maintenance policy; 

(k) estimation of the present value of road rehabilitation costs over the life 

of the road for each combination of maintenance technology and mainte- 

nance policy, i.e. 

(1) estimation of the present value of the sum of road maintenance costs, 

road rehabilitation costs and road users’ costs over the life of the road, 

for each combination of maintenance technology and maintenance policy. 

Table 15 gives an example of the steps that have just been outlined. The 

table gives the maintenance, rehabilitation and road users’ costs for three 

combinations of maintenance technology and maintenance policy. In the 

interests of simplicity it is assumed that only the policy varies from one com- 

bination to the other: in other words, the example deals with the identification 

of the most appropriate maintenance policy for a given maintenance tech- 

nology. The road is assumed to have a IO-year life subdivided into ten equal 

periods of one year each. Under the first policy there are no maintenance 

operations, and the maintenance cost is therefore zero throughout. In this 

case the road must be rehabilitated every three years. Under the second policy 

maintenance takes place in the second, fourth, eighth and tenth years, and the 

road needs to be rehabilitated once only, viz. in the sixth year. Under the third 

policy, maintenance is carried out once a year, and there is never any need for 

rehabilitation. Under all three policies road users’ costs are computed on the 

basis of estimated traffic flows and the estimated average level of road deterio- 

ration for each year. The present value of the sum of maintenance costs, road 

rehabilitation costs and road users’ costs is the total in Ihe bottom row of the 
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Table 15. Calculation of present values with a view to identifying the most appropriate 
maintenance policy for a given maintenance technology 

Years First policy Second policy 

Mainten- Reha- Koad Mainten- Reha- 
aIlce bilita- users’ ante bilita- 
costs tion costs costs tion 
(MO Costs (RUO WfOi costs 

CR’3 (RO 

Third policy 

Road Mainten- Reha- 
users’ ance bilita- 
costs costs tion 
(RUC)i (MO costs 

(RC)i 

Road 
users’ 
costs 
(RUC)r 

1st 0 0 1000 0 0 800 1 500 0 600 

2nd 0 0 1000 3 000 0 800 1 500 0 600 

3rd 0 10 000 1000 0 0 800 1500 0 600 

4th 0 0 1 200 4 000 0 1000 2000 0 700 

5th 0 0 1200 0 0 1000 2000 0 700 

6th 0 12 000 1400 0 8 000 1000 2000 0 800 

7th 0 0 1400 0 0 1 200 2 500 0 800 

8th 0 0 1 500 5 000 0 1 200 2 500 0 1000 

9th 0 14 000 1 500 0 0 1 300 2 500 0 1000 

10th 0 0 1 500 6 000 0 1 300 3 000 0 1200 

Whole 0 36000 12700 18000 8000 10400 21000 0 8 000 
decade \ / b / 
(present 48 700 36 400 29 000 
value) 

table for each of the three maintenance policies. In this particular example 

the third policy yields the lowest present value. Similar tables could be con- 

structed for all the possible maintenance technologies under consideration in 

order to identify the most appropriate combination of maintenance technology 

and maintenance policy. 

The procedure just described calls for accurate information on traffic flows 

and reliable road deterioration relationships. If such data are not available, 

it will not be possible to identify the most appropriate combination, and the 

public works department may decide to adopt a certain maintenance policy 

on the basis of past experience, or availability of labour and equipment. 

Different maintenance technologies may then be evaluated with respect to the 

policy adopted, and the most appropriate maintenance technology identified. 

In this case, however, there is no certainty that the combination adopted will 

be the optimal 0ne.l 

l It should be pointed out that in any event the procedure for choice of maintenance 
technology and maintenance policy presented in this section is not the most rigorous one 
possible. A more comprehensive treatment of the subject would, however, be outside the 
scope of this manual. Readers who wish to acquire a better grasp of the subject may refer 
in particular to P. W. Abelson and A. D. J. Flowerdew: “Economic evaluation of road 
maintenance”, in Journal of Transport Economics, May 1975. 

158 



Evaluation at market prices 

Table 16. Present value of road costs according to whether a road is improved or not 
(in notional monetary units) 

Nature of road 

Non-improved 
Improved 

Year of road’s life 

1st 2nd 3rd 4th 5th 6th 7th 8th 9th 10th 

50 60 70 80 90 100 110 120 130 140 
200 30 35 40 45 55 65 75 85 100 

Road improvement 

Timing 

In the absence of budgetary constraints, road improvement projects are 

justified whenever it can be shown that the total costs (i.e. the sum of improve- 

ment costs, road maintenance costs, road users’ costs) of an improved road 

are lower than would be the total costs of the same road without improvement 

(i.e. allowing as well for the benefits that may have to be forgone owing to the 

frequent closing of the road). Since the costs and forgone benefits are spread 

over a number of years, one must first determine when a road improvement 

project should be undertaken. The following example will clarify the idea of 

project timing. Let it be assumed that the remaining life of an existing road is 

ten years. (In this very simplified example it is assumed that the existing road 

will be closed and a new road built in its stead at the end of the tenth year.) 

Let it also be assumed that the discounted (i.e. present) value of the yearly 

costs is as indicated in table 16 according to whether the road is improved or not. 

Since a substantial sum is disbursed for improvement costs, improvement of 

the road results in a higher cost (200) in the first year than if the road were not 

improved. Road improvement is nevertheless worth undertaking in that year 

since the present value of the stream of costs for the improved road (730) is 

lower than that for the non-improved road (950). It may, however, be more 

profitable to postpone road improvement for one or more years. In order to 

make an optimal choice of the year in which the road should be improved, 

the present value of the stream of costs if the roa.? 1s not improved must be 

compared with the present value of the stream of costs that would result if 

the road were improved at various dates. Such a comparison is summarised 

in table 17. The table gives the present value of the stream of costs which 

apply if road improvement is undertaken in any of ten particular years. The 

computations are based on the costs reported in table 16. For example, if the 

improvement is made in the first year- 

(W), = 200 + 30 + 35 + 40 + 45 + 55 + 65 + 75 + 85 + 100 = 730, 

(IV), = 50 + 60 + 70 + 80 + 90 + 100 + 110 + 120 + 130 + 140 = 950. 

Then (Pv), - (Pv), = 950 - 730 = 220. 
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Table 17. Optimal timing of a road improvement project 

Year Present value of costa Difference 
APV 

If road is If road is 
improved not improved 
(pm (PY)N 

1st 730 950 220 
2nd 680 950 270 
3rd 655 950 295 
4th 650 950 300 
5th 665 950 285 
6th 700 950 250 
7th 755 950 195 
8th 825 950 125 
9th 910 950 40 
10th 1010 950 -60 

If the improvement takes place in the fifth year- 

(W), = 50 + 60 + 70 + 80 + 200 + 30 + 35 + 40 + 45 + 55 = 665. 

In this second case, the present values of the costs for the first four years are 

those applying to the non-improved road, while the values for the fifth to the 

tenth year are those applying to the improved road. Thus 

(IV), - (IV), = 950 - 665 = 285. 

It can be seen from table 17 that the optimal year for road improvement is 

the fourth, since in that year the difference between (PV), and (PV)l is the 

highest. It can also be seen that road improvement will not be profitable if 

undertaken in the tenth year since in that case (PV), is lower than (PV),, the 

difference between the two present values being equal to 60. 

The formula for identifying the optimal starting date of a road improvement 

project is obtained as follows. The first step in the identification process is to 

estimate the life of the improved road, TI years, partly by analysing the growth 

of traffic flows. Other relevant factors are defined as follows: 

CRUC)I, i = annual road users’ costs that apply to the improved road in 

year i (road users’ costs should include vehicle operation costs 

and vehicle occupant’s opportunity cost); 

CMC)I, i = annual maintenance costs that apply to the improved road in 

year i; 

CRC),, i = road rehabilitation costs that apply to the improved road in 

year i; 

G = road improvement costs; 
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(RUC)N, i = annual road users’ costs that apply to the non-improved road 

in year i; 

cMC)N, i = annual maintenance costs that apply to the non-improved 

road in year i; 

(RON, i = road rehabilitation costs that apply to the non-improved road 

in year i; and 

cFB)N, i = road benefits forgone as a result of the closing of the non- 

improved road to traffic in year i (it being assumed that the 

improved road will remain open all year round and that there 

will be no losses of road benefits). 

The next step is to estimate [(Pv), - (PV),] for different road improvement 

dates. The differences between present values without or with improvement- 

dpv, or (Pv), minus (PV),-are as follows : 

(dwj = [(Pv)N-(Pv)I] = f 
(MC),, i + (RC)N, i-f (RUC)N, i+(FB),, i 

(l+r)’ 
i=l 

T,- 1 

c 

(MC)N,~+(RC)N,~+(~~~)N,~+(FB)N,~ - 

(1 +r)’ 
i=l TI 
c (MC),,i+(RC),,i+IXUC)I,i 

- 

(1 + r)i 
i=T, 

-G (24) 

where (Pv), = costs attached to the non-improved road, and 

(PV), = costs attached to the road if improved. 

The first summation term in equation (24) represents (PV),, the costs that 

would accrue if the road were not improved. The second summation term 

represents the costs that accrue from the current year &ear 1) to the year 

preceding that of road improvement (year (T, - 1)). These costs are therefore 

equal to the costs attached to the non-improved road from year 1 to year 

(T, - 1). The third summation term represents the costs that would accrue 

if the road were improved at year T,. The sum of the last two terms and C, 

is equal to (PV),. With this equation it is possible to identify the optimal road 

improvement date by assigning different values to T, (T, = 1,2, 3 . . . TI) and 

calculating the corresponding APVs, the highest of which denotes the optimal 

road improvement date. 
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Evaluation criteria 

Unless there are budgetary constraints, a road improvement project should 

be adopted whenever it would reduce the net present value of the stream of 

costs (i.e. whenever APV is positive).l If there are such constraints, the profit- 

ability of the road improvement project must be compared to that of other 

projects under consideration within the public works department, or within 

other agencies of government according to the kind of constraint. In the case 

of road improvement the criteria developed earlier f?J the evaluation ofprojects 

will take the following specific forms : ,’ 

1. Net present value. Road improvement projects must be ranked along 

with other projects according to the present value of the stream of their net 

benefits, APV, obtained from 

dPv = (Pv), - (Pv), 

where present value is defined as in the preceding section on the timing of 

these projects. It should be noted that APV is estimated on the basis of an 

optimal improvement date. 

2. Benefit-cost ratio. It can be shown from the foregoing section on timing 

that the present value of road improvement benefits 2 is equal to 

(PV),= i 
(MC),, i + (RC)N, i + (RUC)N, i+(FB)N, i 

(l+r)’ 
(25) 

i=l 

The present value of road improvement costs is equal to 

T,- 1 

(PV), = 
c 

(MC)N, i+(RC)N, i+(RUC)N, i+(FB)N. i 
(1 +r)’ 

i=l 

+ $” (MC),,i+(RC),,i+(RUC), i 
LA (l+r)’ ’ 
i=T, 

+G (26) 

Therefore the benefit-cost ratio can be expressed as 

wq,-(PVC 
(WC . 

l The APV to be taken mto consideration is one based on the optimal starting date for 
the project. 

2 Road improvement benefits are, in this case, forgone costs. 
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3. Internal rate of return. If projects are to be ranked according to their 

internal rate of return, an unknown, p, is substituted for the discount rate, r, 

in the foregoing formulation of the benefit-cost ratio. The value of p is then 

calculated by solving the equation 

wh = w% 

Range of designs and technologies 

The estimation of the social profitability of a road improvement project, 

as well as the determination of its optimal starting date, should be based on 

the most appropriate (i.e. profitable) combination of design and technology 

for the project. The first step towards identifying that combination is to 

identify, for a given road, all the improvement designs that could be imple- 

mented. The range of potential designs will obviously be limited by a number 

of factors, including the current state of the road, topography and climate, 

and current and future traffic flows. A potential improvement design may 

differ from the original road design in a number of respects, including road 

carriageway and shoulder widths, horizontal and vertical alignments, subgrade 

strength and type of paving. For the present purpose a road improvement 

project does not include a major rerouting of the road: if a major rerouting is 

to take place, the road project should be regarded as relating to the construction 

of an entirely ‘new road. 

Potential construction technologies should next be identified for each 

possible road design in the light in particular of the time at which the improve- 

ment must be carried out. The road improvement costs for each potential 

combination of design and technology sl,vU1 hnllld then be estimated. It is assumed 

that the construction technology used for the road improvement project does 

not affect road users’ costs, road maintenance costs and road rehabilitation 

costs. In other words, all potential construction technologies must satisfy 

required road quality standards. Maintenance costs, road rehabilitation costs, 

and road users’ costs are therefore assumed to be a function of the road 

design only. The most profitable (i.e. least costly) maintenance policy for each 

possible road design must also be identified. This step yields an estimate of 

maintenance costs, road rehabilitation costs and road users’ costs. 

Socially, the most appropriate combination of design and technology is 

one that reduces to a minimum the present value of the sum of road improve- 

ment costs, road maintenance costs, road rehabilitation costs and road users’ 

costs. It should be noted that the identification procedure just outlined rests 

on the assumption that road benefits are not affected by the design adopted, 

and therefore need not be taken into consideration when evaluating different 

versions of road improvement projects. This assumption should, however, be 
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dropped in cases in which it is expected that the road design adopted will have 

a significant effect on road benefits. 

New roads forming part of sectoral projects 

As already stated, new road projects forming part of sectoral investment 

projects (e.g. agricultural projects and mining projects) need not be ranked 

and evaluated along with other road projects, since their adoption results from 

the adoption of the larger projects of which they are part. Similarly, the timing 

of the construction of a road that is part of a sectoral project is closely linked 

to the timing of the sectoral project as a whole. The most appropriate combi- 

nation of design and technology for a project of this type reduces to a minimum 

the present value of the sum of construction costs, maintenance costs, reha- 

bilitation costs and road users’ costs, (Pv),, which is obtained from the follow- 

ing equation : 
T 

(Iv), = c,+ 
c 

(MC)i+(RC)i+(RUC)i 

(1 +r)’ 
(27) 

i=l 

where T = life of the new road project in years, and 

C, = new road construction costs, 

(MC’),, (RC),, (RUC)* and r being defined as above. 

The life, T, of the new road is the same as the life of the new public investment 

project of which it is a part. 

It should be noted that road benefits need not be included in the evaluation 

of different combinations of design and technology since they are the same 

for all. The identification of the most appropriate combination is therefore 

more a matter of reducing cost than an exercise in social cost-benefit analysis. 

The steps involved in the identification of the most appropriate combination 

are the same as those applying to road improvement projects, namely- 

(a) identification of possible designs; 

(b) identification of possible construction technologies for each design; 

(cl estimation of road construction costs for each possible combination of 

design and technology; and 

(d) identification of the most profitable maintenance policy for each design. 

New roads to shorten travelling distances 

When the main aim in building a new road is to shorten travelling distances 

the project has the following effects, which should be taken into account for 

the purposes of evaluation : 
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(a) lower road users’ costs; 

(b) lower maintenance costs of existing roads from which traffic is diverted 

towards the new road; and 

(c) generation of benefits in the areas crossed by the new road. 

If it has been decided to build a road which will shorten the travelling 

distance between two population centres, it can be assumed that part of the 

traffic flowing on existing roads will be diverted to the new road. The present 

value of net benefits to be derived from the new road is equal to 

(NW) = x, - x, - x, - x, + x, 

where X1 = sum of maintenance costs, road rehabilitation costs and road 

users’ costs, which would apply to the existing roads if the new 

road is not built; 

X2 = sum of maintenance costs, road rehabilitation costs, and road 

users’ costs which apply to existing roads if the new road is built; 

X3 = the construction costs of the new road; 

X4 = the sum of maintenance costs, road rehabilitation costs, and 

road users’ costs which apply to the new road; and 

X5 = benefits derived from the new road. 

Costs and benefits are then: 

X1 - X2, the present value of forgone costs (i.e. benefits) resulting from the 

building of the new road, 

X3 $ X4, the present value of the new road costs, and 

X5, the present value of benefits derived from the new road. 

The following further terms occur in the equation for the present value of 

net benefits for a new road : 

(llfc)N, i = maintenance costs of new road at year i, 

(RC)N, i = rehabilitation costs of new road at year i, 

(RUC)N, i = road users’ costs which apply to the new road at year i, 

cN, I = construction costs of new road at year i, 

Bi = benef.ts derived from the new road at year i, 

tMC)E, i = road maintenance costs at year i for existing roads, if the new 

road is not built, 

CRC),, i = road rehabilitation costs at year i for existing roads if the new 

road is not built, 

(RUC)E, i = road users’ cost at year i for existing roads if the new road is not 

built, 
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tMc)i3, i = road maintenance costs at year i for existing roads if the new road 

is built, 

(RC)i, i = road rehabilitation costs at year i for existing roads if the new 

road is built, 

(RuOk, i = road users’ costs at year i for existing roads if the new road 

is built, 

T = life of the new road in years, 

TV = starting year for the construction of the new road, the current 

year being counted as year 1, and 

t = duration of the construction period, in years. 

The net present value of the new road project is then as follows : 

T,+t+T 

(NPV) = 
c 

(MC)E,i+(RC),,i+(RUC)E,i 

(l+r)’ 
i=l 

- 
c 

(MC),, i + (RC),, i -I- (RUC)E, i 

(l+r)’ - 
i=l 

T,+t+T 

- 

c 

(~C)‘,,i+(RC)‘,,i+(RUC~,i 

(1 +r)’ 
i=T,+f+ 1 

Ts+t 

- 

c 
i=T, 

Ts+l+T (MC)N,i+(RC)N,i+(RUC)N,i - 

c (1 +r)’ 
i=T,+t+ 1 

(28) 

The equation can be used to identify T,, the year in which the construction 

of the new road should start, by calculating the T, that will yield the maximum 

value for (NPV). (NPV) should therefore be calculated for consecutive values 

of T,, starting with T, = 0. The calculations may be stopped once the value 

of (NPV) decreases when T, is increased by one year. 
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New road projects may be ranked according to their net present value, as 

defined in equation (28). Alternatively, they may be ranked according to the 

value of their benefit-cost ratios, as follows. The present value of road benefits, 

(PV),, is equal to (Xi - X, + X5). The present value of road costs, (Pv),, 

is equal to (X3 + X4). Therefore the benefit-cost ratio of the new road 

project is equal to 
x,-x,+x,-x,-x, 

x,+x, - 

It may be safely assumed that neither the benefits derived from roads built 

maim;: to shorten travelling distances, nor the effects of such roads on the 

existing road network, are affected by the particular combination of design 

and technology that is adopted. That combination affects only road construction 

costs, road maintenance costs, road rehabilitation costs and road users’ costs. 

The steps required for the identification of the most appropriate combination 

are therefore the same as those applied to new roads that are part of sectoral 

projects, namely- 

(a) identification of all possible road designs; 

(b/ identification of the various construction technologies available for each 

‘possible road design ; 

(c) estimation of the costs of each combination of design and technology: and 

(c/) identification of the most appropriate maintenance policy for each possible 

design, and estimation of the costs (i.e. maintenance costs, road rehabilita- 

tion costs and road users’ costs) that apply to the most appropriate mainte- 

nance policy for each design. 

The costs attached to the most appropriate combination of design and tech- 

nology are used when estimating the project profitability for ranking purposes. 

These costs should also be used for the purpose of establishing the appropriate 

timing of the project. 

Developmental roads 

The main purpose of developmental roads is to increase the density of the 

road network in regions where development is hampered by lack of communi- 

cation facilities. Such roads may therefore be regarded as part of integrated 

regional development plans. It is unusual for a. developmental road to be ranked 

along with other public investment projects before a decision is taken to build 

it, since the decision is usually taken at the time when an over-all regional 

investment plan is worked out. On the other hand, the timing of the construc- 

tion of a developmental road is a function of budgetary constraints and of the 

relative profitability of the other public investment projects that are gart of 

the regional plan, Decisions concerning project timing are not the responsibility 

167 



Labour-intensive road construction 

of the project evaluator in the public works department and should be left 

to the staff in charge of implementing the regional plan. 

However, the road project evaluator and the regional development planner 

do both have an interest in the routing and other aspects of the design of a 

developmental road, which should ideally be chosen so as to achieve the 

maximum difference between the costs and benefits derived from the road. 

Road routing may affect the value of benefits to be derived from the road, and 

certainly affects construction costs, maintenance costs and road users’ costs. 

On the ot,her hand, for a given road route, road design affects only the above- 

mentioned costs, provided that the design adopted does not restrict future 

traffic flows. The road project evaluator and the regional development planner 

should. therefore work closely together in order to identify ranges of possible 

road routings and designs. The road projkct evaluator may then identify the 

most appropriate road routing and combination of design and technology. 

It is not always possible, however, to apply this procedure. As suggested in 

Chapter 1, it is extremely difficult, if not impossible, to obtain an accurate 

estimate of the benefits to be derived from a developmental road. It is even 

more difficult to estimate such benefits for different road routings, and so they 

are often determined on the basis of general expectations concerning their effect 

on social and economic progress in the area. The range of possible road 

routings identified .on the basis of such considerations is generally narrow. 

The project evaluator may then identify different combinat.ions of design 

and technology fop each road routing, and cost each of the combinations 

(i.e. estimate the sum of road construction costs, road maintenance costs, 

road rehabilitation costs, and road users’ costs). The least costly combination 

of design and technology is identified for each road routing. The planner may 

then adopt one of the routings on the basis of cost information provided by 

the road project evaluator, and on the basis of his subjective evaluation of 

benefits attached ‘to each. In short, if the road benefits are not quantifiable, the 

most appropriate combination of design and technology for developmS:ntal 

roads can be identified as follows: 

(a) identification of the range of possible road routings on the basis of l;ocio- 

economic expectations, some of which are not quantifiable; 

(b/ identification of the different possible combinations of design and techno- 

logy for each routing; 

(cl estimation of road construction costs for each combination of design and 

technology; 

(d) identification of the most appropriate road maintenance policy for each 

road design; estimation of costs attached to the most appropriate mainte- 

nance policy ; 
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(e) identification of the most appropriate combination of design and technology 

for each road routing on the basis of information gathered at stages (a) to 

Cd) ; 

(fl evaluation of each possible routing on the basis of information gathered 

under steps (a) and (e), and identification of the most profitable alternative. 

ERE,+ ‘f-EVEN ANALYSIS 

Project evaluators may not always be able to obtain accurate estimates on 

a number of variables included in the evaluation of different combinations of 

design and technology. The main variables for which it may not be possible 

to obtain accurate estimates are unskilled labour productivity, 2, the wages of 

unskilled labour, W, and equipment rental rates, R.l 
In some cases estimation errors in these variables may be considerable and 

can lead to the adoption of an inappropriate combination of design and 

technology. It is therefore important for project evaluators to regard such 

variables as unknowns and to undertake a break-even analysis in order to 

identify the combination that should be adopted. The following example will 

show how to perform such an analysis. Let it be supposed that the exact 

values of 2, W, and R are not known but that project evaluators can provide an 

accurate range of values for each of the above variables, such that- 

& < z < 2, 
Wl < w < w2 

R, < R < R, 

Let it now be supposed that a labour-intensive technology is being compared 

with a capital-intensive one for a given road activity, and that the cost of the 

activity is obtained from the following respective relationships: 

Cc = M + A,. 2. w + EC. R 
CL = A4 + AL. 2. w + EL. R 

where Cc = costs attached to the capital-intensive technology; 

C, = costs attached to the labour-intensive technology; 

A4 = cost of materials; 

E, = equipment inputs, in hours, for the capital-intensive technology; 

EL = equipment inputs, in hours, for the labour-intensive technology; 

A, = part of activity output obtained through the use of manual labour 

when the capital-intensive technology is used (e.g. cubic me&es of 

earth excavated); 

l Estimates of equipment rental rates are very sensitive to the value assigned to equipment 
utilisation rates (see Chapter 5). Estimation errors on R are mainly the result of estimation 
errors in equipment utilisation rates. 
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AL = part of activity output obtained through the use of manual labour 

when the labour-intensive technology is used; 

2 = labour productivity in man-hours per unit of output (e.g. man- 

hours per cubic metre of rock excavated); the greater the value 

of 2, the lower the productivity of labour; 

W = -wage rate 5r unskilled labour; and 

R = equipment rental rate. 

Break-even analysis may now be used in, order to determine minimum and 

maximum values for the variables 2, w, and R that will equate Cc to C,. 

These minimum and maximum values may be obtained in the way described in 

the following sections. 

Unskilled labour productivity 

Equating Cc to C, gives 

M+A,.Z.w+E,.R = M+AL.Z.w+EL.R 

or, 
Z (A,.w-A,.w) = R (EL-EC). 

Then 

Z=R* EL-EC R EL-E, 

A,.w-A,.w = i’A,-A,’ 

The maximum value of Z that equates C, to C, is obtained by achieving 

R 
the maximum value for the ratio - , that is, by using a maximum value for R 

(i.e. R = R,) and a minimum va;le for w (i.e. w = wl): 

Z R2 EL-EC =-. 
max 

WI AC-AL 

Similarly, the minimum value of Z will be equal to 

Z Rl EL--& 
min 

-E - * 
w2 A,-A,’ 

z min and Gnax are, respectively, the maximum and minimum break-even 

unskilled labour productivities (i.e. labour productivity that will equate Cc 

to CL), Gil, applying to the assumed pair of values (RI, 14.~) and Z,, applying 

to the assumed pair of values (I?,, wr). Let us now suppose that it has been 

decided to use a labour-intensive technology whenever 

CL Q c, 
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In this case we must have 

or 

depending on which pair of values, (RI, w2) or (R,, wl), is assumed when 

calculating Z. 

Wages of unskilled labour 

Using the same procedure as in relation to unskilled labour productivity, 

the following relationships can be obtained: 

W 
R2 EL-J% =-. 

max Z, AC-AL 

and R, EL--E, w. =-- 
m’n Z2 A,- AL’ 

A labour-intensive technology should then be used whenever- 

or 

Wl < w’& 

w1 G wmax . 

depending on which pair of vaiues, (RI, Z2) or (R,, Z,), is assumed when 
calculating w. 

Equipment rentai rates 

If Cc and CL are equated, 

Z(A,. w - AL. w) = R(E, - EC). 

R = Zw $-tL. 
L- c 

Then 

I Then 

and R min = zlwl 
AC-AL 

EL--E,’ 
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A labour-ktensive technology sho-uld be adopted whenever it 

shown that 

Rl 2 &or R2 2 R,,,, 

depending on which pair of values, (Z,, wi) or (Z,, wZ), is 

calculating R. 1 

can be shown 

assumed when 

l It should be realised, however, that there is no need to calculate a break-even value for 
all variables that cannot be accurately estimated. Because 2, w and R are all inter-related, 
it is sufiicient to calculate break-even values for a single variable and to make a choice among 
different combinations of design and technology on the basis of these values. 
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EVALUATION OF ALTERNATIVE 
TECHNOLOGIES AT SHADOW PRICES 

Most of the projects dealt with every day in various government agencies 

are still evaluated on the basis of a purely financial analysis and market prices. 

In some cases the project evaluator is not aware of the approach to project 

evaluation ,used in social cost-benefit analysis, and does not realise that public 

projects-and, indeed, private investment projects as well-should be judged 

in terms of their effect on the economy as a whole in the light of national goals 

and social objectives. In other cases the evaluator mistrusts the social cost- 

benefit approach and prefers the usual financial analysis. In any event there is 

little doubt that at present the use of shadow prices for project evaluation is 

an alien and little-used procedure. It is hoped that the present manual will make 

that procedure a little more familiar, and that project evaluators will begin 

to apply it in project evaluation. In fact there are already signs that social cost- 

benefit analysis will ultimately become the foundation of all such operations: 

just as the concept of externalities was little used in the past but is now very 

familiar and often used in this context, the application of social cost-benefit 

analysis should become widespread, particularly in developing countries where 

it is most needed. 

The estimation of shadow prices and of the social rate of discount is a fairly 

complex matter. The arguments on the subject are not yet fully settled, and 
project evaluators may therefore be puzzled by the number of alternative 

formulations found in works dealing with the subject. Furthermore, the data 

needed for the L;timation of shadow prices are often not available. This being 

so, when shadow prices are being estimated a number of assumptions often have 

to be made regarding the value of some of the coefficients included in the 

formulation; a certain amount of guesswork is often necessary, and needless to 

say, the validity of the assumptions is often unproven. Thus estimated shadow 

prices may not be entirely accurate expressions of the true social value of inputs 

and outputs; but they do constitute a better measure of that value than is 
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provided by market prices. They represent, in other words, the best available 

measure of the value of a project’s inputs and outputs. 

At present there are two main approaches to the formulation of shadow 

prices, namely those of the United Nations Industrial Development Organi- 

sation (UNIDO) l and of the Organisation for Economic Co-operation and 

Development (OECD).2 A great deal has been said about these two approaches, 

and points are still made for an3 against each of them.3 In the present manual 

the UKIDO approach to project evaluation is used, because it is better suited 

to the problem at hand (i.e. choice among alternative versions of road projects) : 

for the particular case of road construction, the UNIDO approach seems more 

flexible and more manageable-in terms, of the data needed in order to estimate 

shadow prices-than the OECD approach. The latter part of this chapter will 

provide a brief account of the evaluation methodology included in the UNIDO 

guidelines, with a view to showing project evaluators how the main cost and 

benefit items of road projects should be adjusted in order to compensate for the 

distortions resulting from the use of market prices. It will be assumed that 

the adjustment coefficients are provided to project evaluators by the national 

planning agency, or in other words that project evaluators need know only how 

to use such coefficients in project evaluation; since the present chapter was 

written on those assumptions, it does not include enough information to enable 

project evaluators themselves to estimate the coefficients that are needed. 

Adjustment coefficients would usually have to be estimated by a team of 

trained economists working closely with public planners. Furthermore, the 

decision to adopt shadow prices rather than market prices in project evaluation 

is one to be taken by the highest authorities in the country, inasmuch as it is 

partly a political decision. The consequence of such a decision is that all public 

investment projects are evaluated on the basis of shadow prices. Indeed, it 

does not make sense to let the evaluators of individual projects make their own 

estimates of the adjustment coefficients needed to arrive at shadow prices: 

this would constitute unnecessary duplication of estimation work and could 

lead to uneven evaluation of public investment projects since different evaluators 

might arrive at different estimates for the same coefficients. 

When a public works department wishes, independently of other govern- 

1 United Nations Industrial Development Organization: Glridelines for project evaluation, 
by Partha Dasgupta, Stephen Marglin and Amartya Sen, Project Formulation and Evaluation 
Series, No. 2 (New York, United Nations, 1972; sales no. E.72.II.B.l l), subsequently cited 
as “UNIDO guidelines”. 

2 I. M. D. Little and J. A. Mirrlees: Project appraisal and planning for developing countries 
(London, Heinemann Educational Books, 1974). 

3 For a good summary of the criticisms, see the February 1972 issue of the Bulletin oJ 
the Oxford University Institute of Economics and Statistics, which contains nine papers on 
the OECD and UNIDO approaches. 
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ment agencies, to use shadow prices in project evaluation, project evaluators in 

the department should refer to the UNIDO guidelines for information on the 

way to estimate the adjustment coefficients that are required; unless they are 

themselves economists with experience in this field, they may need to call on 

specially trained economists for assistance. The present chapter provides general 

formulations of shadow prices based on a number of assumptions which must 

be analysed before adoption. If they are found to be invalid, the shadow price 

formulations given in this manual must be modified, although the over-all 

approach to shadow pricing that is followed in the manual may none the less 

guide the project evaluator in his attempts to develop a more appropriate 

formulation. If the assumptions used in the manual are found to be valid, the 

project evaluator may use the shadow price formulations it provides. 

Ideally, as already indicated, the evaluator should be provided with all 

adjustment coefhcients and value parameters by the national planning agency. 

In some cases, however, the agency may be unable to estimate the coefficients 

because it lacks data, or it may be unsure about the values to be assigned 

to certain parameters. In such cases another approach may be adopted. Under 

this second approach .the project evaluator regards adjustment coefficients and 

value parameters as unknowns. He then undertakes a break-even analysis and 

obtains break-even values (also called “switching” values) for these items.l The 

break-even values of coefficients or parameters are communicated to the public 

planner, and a decision may then be taken on which project alternative to 

adopt on the basis of informed guesses regarding the probable ranges of these 

coefficients or parameters. This procedure is defined in the UNIDO guidelines 

as a “bottom-up” procedure as opposed to the “top-down” procedure whereby 

the flow of information is provided to the project evaluator by the government 

decision makers. The guidelines describe the “bottom-up” procedure as 

follows 2: 

TheCeni ; , ;?ning Organisation (CPO) indicates to formulators and evaluators 
the objecti\ ..i I. tint to the project at hand. The formulators and evaluators indicate 
to the CPO L..t sensitivity of project design to the weights on objectives and the 
social rate of discount, and the CPO presents variants that are optimal in different 
ranges of parameter values to policy makers for explicit choice. Policy makers then 
choose one from among a set of alternatives. The CPO must make policy makers 
aware of the critical role of national parameters by spelling out the implication for 
parameter magnitudes of choosing one variant over another. 

Gradually, as the awareness, interest and understanding of policy makers grow, 
it may be possible to move from the bottom-up methodology to a top-down method- 
ology in which policy makers weight and determine the shadow prices in advance of 
project formulation and evaluation. 

l Break-even values equate the profitability of alternative versions of the same project. 
See p. 169. 

a UNIDO guidelines, op. cit., p. 153. 
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SOCIAL VALUATION OF INPUTS AND OUTPUTS 

Two criteria of project profitability were recommended in Chapter 7-the 

net (discountedj present value and the benefit-cost ratio. Both require the 

estimation of the present values of project costs and benefits, which may be 

obtained from the following two relationships: 
n 

Cl c2 present values of costs = - 
C 

l+r+(l+# 
+...+(I+ 

c 
Ct - . 

(l+r)” 
2=1 

n 
4 B2 present value of benefits = - -+...+-= - 

l+r+(l++ 
4 

(l+r) c 
4 

(l+r) 
t=l 

where r = market rate of interest or discount rate, 

C, = costs at year t, 

Bt = benefits at year t, and 

n = life of the project, in years. 

The two criteria were applied to various types of road project, and it was 

suggested that, as a first approximation, market prices should be used in the 

estimation of project costs and benefits. It was also suggested that in order to 

calculate the present value of the streams of costs either the market rate of 

interest or the rate of interest applying specifically to an individual road project 

should be used. It will now be shown that in most cases these market prices 

and market rates are not appropriate if what the project evaluator wishes to 

estimate is the true social profitability of different versions of road projects. 

Market prices may also need to be adjusted in order to help attain income 

distribution objectives. 

Inappropriateness of market wages and prices 

It was shown in Chapter 7 that the main items to be taken into consideration 

when comparing alternatives of a road project are construction costs, mainte- 

nance costs and road users’ costs, and that benefits rarely need to be included in 

such a comparison. These costs can be conveniently disaggregated as follows: 

(a) unskilled labour costs (local labour); 

(151 skilled labour costs (local labour); 

(c) costs of local materials; . 

(d) land costs; and 

(e) foreign exchange costs (foreign labour and imported equipment and 

materials). 
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In order to estimate the latter five costs, project evaluators may as a first 

approximation use market wage rates, market prices, and the official foreign 

exchange rate. Estimations made on this basis may, however, lead to the 

adoption of inappropriate versions of projects since the prices on which these 

costs are based are in general distorted and fail to reflect the true social value, 

or relative scarcity, of inputs used in the projects; in other words market 

prices cannot be relied upon to allocate material resources among investment 

projects in such a way as to maximise social welfare. Price distortions produce 

a misallocation of scarce resources such as capital and foreign exchange : 

they tend to favour the unwarranted adoption of capital-intensive technologies, 

they are often responsible for the wastage of scarce foreign exchange, and last 

but not least they generate unemployment. 

Public project evaluators may therefore need to use adjusted market prices, 

generally referred to as “shadow” or “accounting” prices. The following two 

examples illustrate the need to use shadow prices instead of market prices in 

public project evaluation. Let it be supposed first that unemployed workers in 

a given country receive daily unemployment benefits amounting to the current 

daily unskilled lahour wage. The government may contemplate using some of 

the unemployed workers on productive investment projects, such as the 

building of rural roads or the planting of trees. To the question how should 

the government value labour when evaluating the above projects, the answer 

is that labour costs should be valued at zero since the government is committed 

to pay unemployment benefits amounting to the current daily wage whether 

unemployed workers are hired on the proposed projects or not. If labour 

costs were valued at the current market wage the government would be double- 

counting costs. While it makes sense in this case, therefore, for public project 

eVah.kdtOrS to use a shadow wage of zero, it also makes sense for a private 

entrepreneur to use the current market wage. A private entrepreneur must 

pay the hired labour out of his pocket since the government will stop paying 

unemployment benefits once the workers find a job. Thus, unless the govern- 

ment decides to reimburse him for such payments, he cannot value labour at a 

shadow wage of zero. 

The second example is one in which the government decides to hire cur- 

rently self-employed workers for a road project. Let it be supposed that these 

workers will be paid the current market wage of US $2 a day. Let it also be 

supposed that each of the above workers, before being hired on the road pro- 

ject, used to pick wild berries which he sold at the end of the day on the market 

place for US S1.5O.l In this case, the public project evaluator will value daily 

l It is assumed, in this example, that the obtention of wild berries calls for no capital 
investment and no labour other than that used to pick them. 
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labour wages at US $1.50, since by hiring the workers for the road project 

society must give up only US $1.50 of output. Yet, the private entrepreneur 

must, again, value labour at the current daily market wage of US $2. As 

shown in these examples, shadow wages of unskilled labour constitute a better 

measure of the true social value of labour than do market wages. 

Distortions between the market and shadow wages of unskilled labour 

occur for various reasons. First, market wages tend to be distorted upward 
by a number of so-called “institutional” factors. For example, statutory 
minimum wage rates raise market wage rates above the levels corresponding 

to labour productivity, so that the prevailing wage is usually higher than the 

opportunity cost of labour. Secondly, the wages of unskilled labour may be 

kept below the opportunity cost of labour by custom or a lack of labour 

mobility. In general, custom or government policy are responsible for the 

discrepancy between market wages and the social value of unskilled labour as 

expressed by the shadow wage. Evidence of such a discrepancy is provided 

by the massive unemployment or underemployment that are characteristic of 

many developing countries. This observation does not imply that labour should 

necessarily be paid a wage equal to its opportunity cost, but that projects 

should be evaluated as if labour were paid at that rate, since for the nation as 

a whole the correct measuring rod is opportunity cost. 

The wages of skilled labour may also be distorted, being either higher or 

lower than they would be in the absence of distortions. Skilled workers may 

not be able to bargain for higher wages with their employers if they are not 

organised in trade unions or if employers enjoy a monopsony power in the 

skilled labour market (i.e. if employers can dictate the wage level as a result 

of being the sole employers in a particular field or area). Conversely, trade 

unions may be strong enough to obtain for their members wages that are 

higher than labour opportunity cost. 

Another very common distortion in developing countries is that of foreign 

exchange rates. In such countries the national balance of payments is almost 

always a problem, and in most of these countries there is a so-called “foreign- 

exchange gap”. When exports grow at a lower rate than imports, governments 

sometimes devalue the national currency, or more frequently take a variety 

of other steps such as the imposition of tariffs and quotas on imports and the 

granting of subsidies and tax exemptions for exports. When such measures 

interfere with free trade, there is a divergence between the official exchange rate 

and the exchange rate that would have obtained under free trade, and the 

official exchange rate does not adequately reflect the gains and losses to the 

economy from obtaining or giving up an additional unit of foreign exchange. 

In general, it can be shown that the local currency is overvalued. Distortions 

of the foreign exchange rate may be found in industrialised countries as well. 
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However, since the economies of these countries tend to be less dependent on 

foreign trade than do those of developing countries, and since the level of 

tariff duties is usually not as high in industrialised countries as in developing 

countries, distortions of the foreign exchange rate are usually much more severe 

in the latter countries than in the former. It is outside the scope of this manual 

to review and discuss the various arguments for or against the maintenance 

of official exchange rates, but it should be noted that such rates tend to en- 

courage the choice of technologies that require a high proportion of imported 

resources and a low proportion of domestic resources : in the case of road con- 

struction, low rates of exchange favour the use of capital-intensive construction 

technologies since they favour the import and use of construction equipment. 

The market prices of local materials may also be distorted for a number of 

reasons. First, the production of such materials requires the use of labour and 

foreign exchange. Distortions in the prices of these two inputs will be reflected 

in the prices of the materials produced: if the proportion of unskilled labour 

costs in total costs is high the market prices of materials may be higher than 

their shadow prices, whereas if it is the proportion of foreign exchange costs 

in total costs that is high the market price of materials may be lower than their 

shadow price. Secondly, there may be a monopoly in the supply of materials 

and the producer may fix market prices at will, usually higher than they would 

be in a free market. Thirdly, the government may subsidise investors by allow- 

ing them to obtain loans at low interest rates; production costs are reduced as 

a result of such a policy, and the prices of materials may thus be lower than 

they would be if interest rates had not been artificially lowered. 

The price of land may also be higher or lower than its true social value 

(i.e. its shadow price), depending on the circumstances in which the government 

acquires land for the purpose of building a new road. The shadow price of 

land should be equal to its opportunity cost expressed as the present value 

of the net benefits that can be obtained from the land in its next best possible 

use (e.g. the production of some crop). However, the rules governing the acquisi- 

tion of land by the government may not be based on the concept of oppor- 

tunity cost: the government may, for example, be obliged to pay a price for 

private land even if it has no other potential use and should therefore on purely 

economic grounds be valued at zero; conversely, the government may put a 

ceiling on the price it will pay for land to be used in public investment projects, 

and thus acquire land below its shadow price. 

It may be concluded that market prices generally need to be adjusted if 

project evaluators intend to estimate the true social profitability of projects. 

In many cases the chief prices to be adjusted are those of labour (skilled and 

unskilled) and of foreign exchange, since the costs of materials and land do 

not usually differ from one version of a project to another. 
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The analysis thus far has not provided an answer to one question which may 

be puzzling the reader, viz. whether instead of adjusting market prices to take 

account of distortions it would not be better to do away with the distortions 

altogether. Indeed, it would undoubtedly be desirable. Doing away with dis- 

tortions, however, means changing the existing institutions. This may need a 

very long time, and in fact it may not be politically or economically feasible 

at all: market imperfections are found even in the most developed countries. 

Unless and until the institutional framework is improved, investment projects 

must be selected on the basis of adjusted or shadow prices. 

Inappropriateness of the market rate of interest 

Because the market rate of interest does not constitute an adequate measure 

of the rate of decline of the value of consumption over time for society as a 

whole, benefits and costs should be discounted on the basis of the “social rate 

of discount”.l One of a government’s main goals is to use national resources 

in a way which will maximise the citizens’ consumption. The_ amount of 

consumer b;oods that are available at any one time is largely a result of past 

investment. Conversely, current investment yields its fruits in the future. Let 

it be supposed that a given current investment yields the following stream of 

net benefits (i.e. gross benefits minus costs) from year 0 to year 7’, where T 

is the life of the investment project: 

B,, 4, Bz, . . . ET 

What then is the over-all consumption derived from the project? At first 

sight, over-all consumption might seem to be as follows: 

B = B, + B, + B, + . . . + B, (29) 

where B is defined as the net aggregate consumption benefit. Equation (29) 

implies that it does not matter to society whether units of consumption are 

made available today or at any other future time: society will be wil.ling to 

give up one dollar’s worth of consumer goods today and invest the dollar 

instead, provided that it gets one dollar’s worth of consumer goods at some 

future time. 

It is obvious, however, that this is not what happens in practice. In general, 

a higher value is put on current consumption than on future consumption. 

This is especially true in developing countries where current consumption is 

low. In those countries current consumption usually consists of essential con- 

l The following formulation of the social rate of discount is based on that provided on 
pages 155 and 156 of the UNIDO guidelines, op. cit. 
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sumption such as that of a subsistence diet and the occupation of rudimentary 

housing. In such countries most individuals will resist cutting down on their 

already low consumption in order to allow future generations to enjoy a higher 

level of consumption, particularly since in extreme cases a reduction of essential 

consumption today may be tantamount to making available more luxury goods 

for future generations. In .these circumstances the net aggregate consumption 

benefit of an investment project is better represented by the following relation- 

ship : 

l3* = V&3,+VJ3,+VpB,+ . . . I/,.B,+ . . . V,.B, (30) 

where B* = discounted or present value of net aggregate con- 

sumption benefits, and 

v,, Vl, v, * * * V, = weights attached to the net benefits accruing in 

consecutive years. 

These weights are called “discount factors” : they indicate the amount by which 

future net benefits must be discounted to make them comparable to current net 

benefits. The weight V, is, by assumption, equal to 1, which gives 

B* =B,+V,.B,+V2.Bz+ .., +v,.B,... +V,.R, (31) 

Since consumption one year hence is valued more than consunption twc years 

hence, and consumption two years hence is valued more than consumption 

three years’ hence, and so on, the following relationship must hold good: 

l>V,>V,>...>VT. 

Let it now be assumed that the weights decline over time at a constant percen- 

tage rate, such that 
K-v,+1 - Constant = i. 

v - t+ 1 

Then 
v, ----I =i, 

V t+ 1 

and 
v, -= l+i 

V r+ 1 

or 
V 1 r+1 -- = -. 

v, l+i 
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By a purely mathematical operation, equation (31) may be rewritten 

That is 

!3* = B,-+ 
4 J32 -++.-+ 4 BT 

l+i (1+i)2 *” (lf+ ‘** +(lfir 

T 

B*= ~ 
c 

4 
(1 + i)’ 

(32) 

(33) 

i=O 

In the above relationship, i is what is known as “the social rate of discount”. 

It is the rate by which consumption, as valued by society, declines over time. 

Equation (33) is very similar to those used in the previous chapter for the 

estimation of the present value of the net benefit of a project. The only differ- 

ence between equation (33) and those used in the previous chapter are differen- 

ces in the meaning and significance of benefits and costs (i.e. the use of shadow 

prices instead of market prices), and differences in the meaning and significance 

of the rate by which benefits and costs are discounted (i.e. the use of a social 

rate of discount instead of a market rate of interest). 

It is a well known fact that there are a number of market rates of interest in 

existence at the same time. Partly to meet the cost of the financial expertise 

required, savers usually earn a much lower interest on the money they lend 

than the interest that is paid by borrowers. Moreover, imperfections abound in 

the capital market, partly as a result of ceilings imposed by governments on the 

interest rates applied by the country’s financial institutions: such ceilings, 

imposed to encourage investments by small borrowers, result in the creation 

of capital “black markets” in which ceilings on interest rates are often exceeded. 

The market rate of interest is therefore defined here as a weighted average of 

the various prevailing market rates of interest. Some may argue that the 

market rate of interest so defined is equal to the social discount rate. Such 

an argument is based on the assumption that individuaks act rationally when 

planning their current and future levels of saving and consumption. A similar 

assumption is made with respect to the way individuals allocate their expendi- 

ture among different kinds of consumer goods. The former assumption is, 

however, less justified than the latter. 

Individuals who allo,*ate part of their budgets among various consumer 

goods learn through trial and error how to maximise their welfare by purchasing 

the right mix of goods. Experience is gained whenever purchases are made, and 

it is not entirely unrealistic to assume that, in time, individuals reach a certain 

level of sophistication (or “rationality”) as consumers. The same reasoning 

cannot, however, be applied to savings behaviour. Savings is a subject on which 

little can be learnt by mere trial and error because the consequences of savings 

decisions emerge only after a long time. snd the human life span is too short to 
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allow people to make much significant application of any knowledge they may 

have acquired by trial and error in this field. It may also be pointed out that in 

m-ost cases the proportion of their income that people will be able to save in 

the course of their lifetime is a matter over which they do not have full control, 

since it will be affected by events such as wars, economic crises, and the like. 

That being so, it is not altogether unreasonable for people to allow their 

savings decisions to be swayed by momentary impulses that lie outside the 

realm of economics. It may therefore be concluded that market rates of interest, 

however they may be estimated, usually differ from the social rate of disc0unt.l 

It should be pointed out at this stage that, on the average, market rates of 

interest are lower than the social rate of discount, and consequently tend to 

be biased towards the use of capital-intensive technologies. 

The redistribution objective 

A government is usually concerned not only with the growth of aggregate 

consumption but also with the redistribution of consumption, especially among 

income groups and regions: in particular, it may wish to increase the con- 

sumption of the poor faster than that of the rich; similarly, it may wish to 

increase consumption in poor regions at a faster rate than in wealthier regions. 

In order to take account of income distribution objectives, project evaluators 

may weigh costs and benefits differently from private entrepreneurs. The 

assignment of weights to various costs and benefits-the value of these weights 

depending on the income groups to which the costs are charged or the benefits 

accrue-causes a further divergence between market and shadow prices since 

these weights are explicitly included in the formulation of the latter prices. 

A government’s income redistribution goals may be fulfilled by assigning 

weights to the consumption of various parts of the nation. For example, 

heavier weights are assigned to the consumption of the poor than to that of the 

rich. Such a weighting procedure tends to introduce a bias in project choice. 

Projects that yield higher net benefits to the poor than to the rich are favoured 

since the heavy weights attached to consumption by the poor increase the social 

profitability of such projects. These projects therefore have a better chance of 

being selected than if the same weight were assigned to all income groups. For 

example, when it comes to choosing between two construction technologies, 

the more labour-intensive of the two has a better chance of being adopted if a 

heavy enough weight is assigned to the consumption of unskilled labourers. 

There is no way of estimating these weights purely on the basis of factual 

-- 
l The calculation of the social rate of discount is dealt with later in this chapter, where 

the use of that rate in the formulation of shadow prices is also described. 
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information because the values expressed by the weights are subjective: they 

are based on the economic planner’s personal assessment of socio-economic 

conditions and on the social pressures to which he is subjected. It may be noted 

in this context that the objective of redistribution of income may conflict with 

that of economic growth: a more equitable distribution of income usually 

results in higher current aggregate consumption since the poor tend to save less 

of their income than the rich; a more equitable distribution thus tends to favour 

current consumption as against future consumption, and therefore may limit 

the investment needed for economic growth. 

SHADOW PRICES 

Investment 

Prior to the formulation of the shadow prices of specific inputs and outputs 

the shadow price of investment, Pin”, must first be defined and formulated since 

that parameter is generally included in all shadow price formulations. To take 

a simplified example first, let it be s1-n U,+osed that an additional current unit of 

saving gives rise to q additional units of income in each future period for a very 

large number of years, and that all of the additional income in each period is 

consumed. If the present value of the aggregate consumption stream is defined 

as Pin”, then 

P inv _ 
4 4+ 

4 
-- 

l+i+(l+i)l *** +(l+i) 

If Pin” is multiplied by (1 + i), this multiplication gives 

Pinv.(l+i)=q+4+4+ . ..+ 4 
l+i (1+i)2 (1 +i)“-+ 

(34) 

(351 

Then a subtraction of the terms in equation (34) from those in equation (35) 

gives 

-- pinv.i = q (&)“. 

Since n is assumed to be very large, 
(1 Ii) 

is very close to zero. Then 

pin” . i = q 

and 

pin” = ,4 
i 
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where q = aggregate marginal rate of return on investment, and 

i = social rate of discount. 

If a unit of current savings is invested in project A the cost of that unit of 

savings to society is equal to the present value of aggregate consumption forgone 

by not using that unit of savings on a marginal public investment project that 

would have provided a stream of additional income, q, indefinitely. Let it be 

supposed that K units of current savings are used in project A. Then the cost of 

the project, expressed in terms of aggregate consumption forgone, is equal to 

c = K. Pin”. 

Let it also be supposed that project A provides the following stream of net 

benefits from year 1 to year T: 

Bl,B,, BJ . . . B T. 

The present value of the gross aggregate consumption that is generated is then 

equal to 
T 

B - = 
c 

4 
(1 +i)” 

t=1 

Then the present value of the net aggregate consumption derived from the 

project is equal to 
T 

B*=B-C= 
c 

4 ~-K . pinv 
(1 +i)’ 

r=t 

(36) 

It may be noted that equation (36) is based on the assumption that K 

would have been fully used on other projects if project A were not chosen. 

Another, more realistic formulation for Pin” will now be provided. In the 

foregoing simplified example it was assumed that the q units of additiona! 

income were wholly consumed in each consecutive period. Such an assumption 

is not very realistic: a more realistic one is that a fraction s of q is saved and 

reinvested, and a fraction (1 - s) is consumed. In this case 

P - inv = q (1-s)+P’“‘.q.s 

i i 

The first term on the right-hand side of equation (37) gives the present value cf 

aggregate consumption of the fraction of q that is consumed instead of being 

l The steps by which equation (37) is obtained are indicated in the UNIDO guidelines, 
op. cit., pp. 173-175. 
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reinvested. The second term gives the present value of aggregate consumption 

of the fraction of q that is saved and reinvested. From equation (37) one can 

obtain 

P 
in” 4 Cl-” = 

i-q.s ’ 

If s = 0 (i.e. if all q units are consumed), then 

P q in” _ - -. 
i 

The simplified formulation of Pin” in equation (34) may then be regarded as a 

special case of the more general formulation given in equation (37). 

In order to estimate Phv one must be in possession of estimates for q, s and i. 
The aggregate marginal rate of return on investment, q, may be estimated on the 

basis of an analysis of existing market rates of interest, taking into consideration 

official rates as well as non-official rates. Imposed ceilings on market interest 

rates may create complications, and a number of assumptions may need to be 

made regarding the functioning of the capital market; in the absence of insti- 

tutional constraints q might be approximately equated to the weighted average 

of existing market rates of interest. Ideally, q should be estimated on the basis 

of the following formulation : 

q= Y-w.n 

where Y = the increment in value added per unit of net investment (i.e. the 

incremental output-capital ratio), and 

w . n = the incremental wage bill per unit of investment (i.e. incremental 

employment, n, multiplied by the wage, w). 

Y is usually easy to estimate from a country’s national accounts. However, 

in many developing countries there are no statistics from which one can 

estimate w . n. This method of estimating q is therefore not feasible unless some 

realistic assumptions can be made regarding the value of w . n. It is advisable, 

in addition, to analyse current market rates of interest in order to ascertain that 

the value for q estimated on the basis of the method just described is not too 

different from that es’,Lated from current market rates. 

Of the other two values, S, the aggregate marginal propensity to save, may 

be estimated on the basis of data from national income accounts or household 

expenditure surveys; generally, estimates for s are readily available from the 

national planning agency. The social rate of discount, i, is a value parameter 

and is therefore not amenable to estimation on a purely objective basis; the 

project evaluator should obtain values for i from public planners. 
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A numerical example will now be provided with regard to the estimation of 

P in”. Let it be supposed that q is 0.225 and s is 0.22. Then, if i is 0.15, 

pinv = 0.225 (l-0.22) 
a 

0X-(0.225 x 0.22) 

= 1 75 

’ ’ 

If i = 0. 10,then 

pin" ~ os225 (1-o'22) = 348 
O.lO-(0.225 x0.22) * * 

It can be seen from this example that the value of Pin" is very sensitive to the 

value assigned to i by public planners. 

Before the use of the shadow price of investment, Pin", in project evaluation 

is described, it is of interest to explain the link that exists between the value of 

Pin" and the savings behaviour of a country. Let it be supposed that a country 

can afford to raise the level of aggregate investments to the point where the 

present value of aggregate consumption derived from the last unit of savings 

that is invested is equal to 1. In other words, Pin" for the last (i.e. marginal) 

unit of savings is equal to 1. Society is therefore indifferent to the choice between 

consuming the last unit of savings during the current period or investing it and 

enjoying, in the future, higher consumption such that the present value of the 

stream of future consumption is equal to 1. In this case we have 

pinv = 1 = q(l-‘). 
i-q.s 

Therefore if Pin" is equal to 1, q must be equal to i, or in other words the social 

rate of discount must be equal to the aggregate marginal rate of return on 

investment. Such a situation arises in the case in which a country’s aggregate 

saving is said to be optimal. Needless to say, no country has ever reached this 

ideal stage: in general, the richer a country is the closer it is to the ideal stage 

in question; in all cases, however, saving is sub-optimal, which means that Pin" 

is greater than 1, and therefore q is greater than i; this is particularly true of 

poor countries in which the government cannot afford to use fiscal measures to 

increase the level of savings, given the low incomes of the majority of the people. 

The use of the shadow price of investment in project evaluation can be 

summed up as follows : let it be supposed that the cost of a given project is equal 

to K; the question is then how to value K when estimating the present value of 

the net aggregate consumption derived from the project. The formulation of cri- 

teria for project evaluatio;l depends on the type of fiscal and budgetary policies 

adopted by the government. In other words, the present value of K units of 

savings expressed in terms of aggregate consumption costs invested in a project 

will depend on the way which the project is financed. Projects may be financed 
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in three ways. Under the first method public investment projects are ranked, 

and the government then transfers funds from the private sector, through 

taxation, so as to cover the cost of all public investment projects with a rate of 

return higher than the aggregate marginal return on investment in the private 

sector, q. The implementation of a public investment project thus affects 

investment and consumption in the private sector only. Under the second 

method levels of taxation are determined independently of project investment 

needs. The implementation of some public investment projects therefore 

requires that other items of public expenditure-in particular other public 

investment projects- should be given up, because in most developing countries 

public investment needs exceed the sums which the government can obtain 

through taxation of the private sector. The third method of financing is to 

make useof foreign loans and grants. 

The present value of K in terms of aggregate consumption costs can be 

estimated for each of the three methods described above. Under the first method 

a project’s cost, K, is covered at the expense of both private investment and 

private consumption. Where the fraction of private income that is saved is s 

and that which is consumed is (1 - s), the present value of aggregate con- 

sumption costs is equal to 

c = K (I-s)+P’“‘.s.K (3W 

The present value of the net aggregate consumption benefits derived from the 

project is then equal to 

T 

B* = 
c 

Bt ---K(l-s)- P'"'.s.K 
(1 + i)’ 

(39) 

1=1 

Under the second method of financing a more complex formulation of the 

aggregate consumption costs of a project is required. No attempt will be made 

to describe the formulation here; it will only be noted that the shadow price of 

investment used in this case combines the marginal propensity to save, S, and 

the marginal rate of return on investment, q, of both the public sector and the 

private sector into a single formulation (i.e. s8, s’, qg, 4’). No significant differ- 

ence in results is yielded by such a formula by comparison with those yielded 

under the formula for the first method of financing unless P is significantly 

l Equation (38) assumes that all costs are incurred during the first year of the project. 
If costs are spread over a number of years T, then 

r 

c 

c, cc __ 
( 1 + i)’ 

I=1 
where C, = K, (1 -~)+P”.s. K,. 
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different from st or q8 is significantly different from q’. If differences are assumed 

to be small, aggregated consumption costs may be estimated as for the first 

method of financing; on the other hand if differences are assumed to be large 

the estimates of s and q may be so crude and so highly aggregated that it is 

impossible to distinguish between public and private s and q. In view of these 

hard realities it may be assumed that S’ = st and qg = Q’, and projects may 

always be evaluated as if the first method of financing were used. 

If a project is financed by foreign loans and grants, the present value of 

its cost in terms of aggregate consumption should be calculated as shown on 

pp. 206-209. 

For projects financed by the first method (transfers from the private to the 

public sector as required by the individual projects), the following reasoning 

can be applied to the evaluation of alternative construction techniques. A 

comparison of alternative versions of a road project is in the main a comparison 

of the sum of road construction costs, road maintenance costs and road users’ 

costs for one version with the sum of those costs for another version. Benefits 

need rarely be compared since in most cases they are not affected by the choice 

that is made. (If benefits are affected by the choice that is made, some of the 

benefits, in the form of profits or savings, may be reinvested. Then the estimation 

of the present value of benefits in terms of aggregate consumption should be 

estimated in the same way as costs.) A comparison between different versions 

of a road project therefore involves the identification of the version with the 

lowest cost C*, where 

C*=C+RUC+MC (40) 

where C = construction costs, 

RUC = road users’ costs, and 

MC = maintenance costs. 

If construction is spread over a number of years Tl 

7’1 

cc ~ 
c 

G 
(l+i) 

t=1 

where C, = K, (1 - S) + Din” . s . K, and Kt = money outlay at year t. 

As far as road users’ costs are concerned, it may be assumed that if private 

funds were not used to cover vehicle operating costs, they would have been 

used for consumption purposes. Then 
T 

RUC = 
CR Wt 

(1 + 0’ 
= present value of consumption forgone, 

t-1 
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where T = life, in years, of the road project. 

Finally, road maintenance costs, expressed in terms of the present value of 

aggregate consumption, Fre equal to 

T (MC), 
M’C= ~ 

c (1 + i)’ 
t=1 

where 
(MC), = K; (1 - s) + Pin”. s . K; 

and where K; = monetary outlay during year t. 

It is assumed in this case that S and Pin” remain constant over time.l 

Unskilled labour 

The shadow wage of unskilled labour is a measure of the true cost to society 

of hiring an unskilled worker on a public project. Some neo-classical economists 

have suggested that given a fairly competitive labour market, the market wage 

should be equal to the marginal productivity of labour. In such a case the 

market wage is a measure of the opportunity cost of labour to the public sector. 

However, this reasoning is not applicable to developing countries where 

unemployment (whether open or disguised) is fairly widespread, and where 

savings are below their optimal level. In such countries the market wage is not 

an appropriate measure of the cost to society of hiring an unskilled worker 

on a public project. Divergence between the market wage and the shadow wage 

is the result of two factors which are predominant in a surplus labour economy. 

First, the market wage does not reflect the opportunity cost of an unemployed 

or underemployed individual: in other words, the value of the output forgone 

by hiring such an unemployed individual is lower than the market wage. 

Secondly, the monetary cost of labour hired for a public project is financed 

by a transfer of funds, in the form of fiscal revenue, from the private to the 

public sector. Since the marginal propensity to consume of taxpayers as a body 

is lower than that of unskilled workers, this transfer of funds affects the present 

value of over-all aggregate consumption: in other words the loss of aggregate 

consumption by taxpayers generally differs from the gain of aggregate con- 

sumption by unskilled workers. 

The shadow wage of unskilled labour, w*, is the algebraic sum of the cost 

and gains just referred to, which are symbolised as follows. First, the shifting 

- 

l It is extremely difficult to estimate future values of Pin" and s. Therefore, unless there 
are some very good reasons to believe that they will vary in a significant way over the life 
of the project, it may be safer to assume that these two parameters remain constant over time. 
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of a worker from his current occupation to a road project means that his 

current output Op will be sacrificed. The social cost of this forgone output is 

equal to a decrease in aggregate consumption valued at 0,. (It is assumed that 

the market price of the output is approximately equal to its shadow price. 0, is 

therefore the value of forgone output as estimated on the basis of market 

prices.) Secondly, the worker is paid a wage, w, which is financed by a tax 

imposed on the private sector. Let it be supposed that th _ ..d2 aggregate iilZi@iia; 

propensity to save of the private sector is s’. Then if there had been no tax, 

w(1 - s’) would have been consumed and w . S’ would have been invested. 

The imposition of a tax of w causes a decline in the aggregate consumption of 

taxpayers equal to 

w( 1 - Sf) + W(Sf . Pin”) 

where the first term is the value of current consumption that is sacrificed, while 

the second term is equal to the present value of the aggregate consumption that 

would have been generated if w . S’ had been invested. Thirdly, if it is assumed 

that the unskilled worker consumes the totality of his wage (i.e. that his margi- 

nal propensity to save, sw, is equal to zero), w expresses the gain to workers, and 
therefore to society, in terms of aggregate consumption. (It is also assumed 

that the prices of consumer goods are approxi.mate!y ~rrllnl tn their shadow --I--- -- ----- 
prices.) 

The shadow wage rate, w*, 

relationship : 
may then be obtained from the following 

w* = Op+W(l-sS’)+W(sf.Pi”v)-w = O,+s’(P’“‘-1) w (41) 

It may be noted that if saving; are optimal, Pin” is equal to 1 and w* is equal 

to 0,; in other words the shadow wage is equal to the output forgone. It may 
also be noted that if unemployment is very high, 0, may be equal to zero. In 

that case 

w* = w (1 -ss’)+w (s’. Pi”“)-w. 

To put it differently, the shadow wage is equal to the net transfer costs (or 
redistribution costs) only. Finally, if 0, is equal to W, 

w* = w(l-ss’)+w(s’.Pi”“). 

In this case the shadow wage is equal to the loss of aggregate consumption 

by taxpayers, and society neither gains nor loses in terms of output forgone. 

In developing countries with high unemployment, w* will tend to be lower 

than w. If 0, is equal to zero, equation (41) gives 

W* pinv _ 1 _ 
w.s” 
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Let it be supposed that s’ = 0.2. Then for w* to be equal to w, we must have 

Pin” = 6. If Pin” is lower than 6, w* must be lower than w. Furthermore, if s’is 

lower than 0.2, Pin” must be higher than 6 so that w* may be equal to w. In 

most developing countries the marginal propensity to save cannot exceed 0.2, 

and Pin” is generally less than 6. Cases in which w* is equal to or larger than w 

will therefore be very rare. The following two examples illustrate this point: 

Example I 

Sf = 0.2, pin” = 1.5, w = 1, 0, = 0.5 w; 

then w* = 0.5(l) + 0.2(1.5 - l)(l) = 0.5 + 0.1 = 0.6; 

in this example w* = 0.6 w. 

Example 2 

sr = 0.1, Pin” = 3.0, w = 1, 0, = 0.3 w; 

then w* = 0.3(l) + 0.1(3 - l)(l) = 0.3 + 0.2 = 0.5; 

that is , w* = 0 . 5 w . 

The formulation of w* in equation (41) rested on two assumptions: 

!a,l the marginal propensity to save of unskilled workers is equal to zero 

(sw = 0); and 

(b) forgone output is the only direct cost to society resulting from the employ- 

ment of workers on a public project. 

The first or both of these assumptions are dropped in the following more 

general formulations of w *. If there are good reasons to believe that assump- 

tion (a) is not valid, the shadow wage may be reformulated to take account of 

workers’ savings. w* is then obtained from the following relationship: 

w* = 0,(1-s”)+0,s”.P’“‘)+w(1-s’)+w(s’.P’”’)-w(1-s~)-w(s~.P~“‘) 

= op [( 1 - SW) + SW. Pin”] + w [(s’ -SW) (Pin” - l)] (42) 

This equation implies that a fraction sw of 0, would have been invested and a 

fraction (1 - sw) consumed if output Op had been produced. Similarly, it 

implies that a fraction, sw, of the wage w is invested while the remaining 

fraction is consumed. 

While assumption (a), that sw = 0, may be valid under some conditions, 

assumption (b) is rarely tenable. An unemployed or underemployed worker who 

is hired for full-time public employment must give up some leisure time; he 

may dislike working under strangers rather than under members of his family; 

he may need to be separated from his wife and children for long periods of time 



Evaluation at shadow prices 

if the job requires that he live in a workers’ camp: all such factors constitute a 
cost to the workers. In these circumstances a worker may not be willing to 
change his current situation unless he is paid a wage sufficiently large to cover 
not only output forgone (0,) l, but also the “psychological” cost (PC) in 
question. In other words an unemployed or underemployed worker will refuse 
to work on a given public project unless he is paid a wage large enough to 
induce him to accept employment on the project. This minimum wage is the 
marginal supply price of labour, L (L = 0, + PC). The public project wage, w, 
must therefore be at least equal to L if a worker is to be induced to work on 
a given public project. In general, w is larger than L since wages paid in the 
public sector are very much influenced by the high wages paid in the capi- 
talist sector (e.g. modern industry and services). Thus, the value of L usually 
lies somewhere between OP and w. 

If both assumptions underlying the first formulation of w* (equation (41)) 
are dropped, the shadow wage is given by the following relationship: 

w* = L [(1 - SW)+ SW. Pi”“] + w [(s’- SW) (Pi”“- l)] (43) 

The only difference between equations (42) and (43) is that L is substituted for 
0, in the formulation of the shadow wage. It is recommended that this last 
formulation of w* be used since it is based on more realistic assumptions than 
are eithx of the other two formulations. 

The estimation of w* requires that the parameters L (or 0,), P’““, sw and s’ 
be estimated, w being the public project wage. Pin” and S’are national parameters 
whose vaiues apply regardless of the region in which projects are carried out. 
The manner of estimating them has already been described. On the other hand 
L (or 0,) and sw are parameters that apply to the particular pool of unskilled 
labour from which project workers are to be hired. For road projects this labour 
pool generally consists of unemployed or underemployed rural workers, and 
the following discussion of the estimation of sw and L will be focused on such 
workers. 

The values of parameters sw and L may vary from one region of the country 
to another. Furthermore the value of L may vary from season to season: during 
peak agricultural seasons the supply price of labour, L, may be high as a result 
of high demand for unskilled labour, and conversely L may be low during the 
agricultural slack seasons as a result of low demand for labour. (If a worker is 
completely unemployed during a slack season, his supply price L is equal to the 
psychological cost PC described earlier.) Estimates of sw and L by region and 

an UP is t5e output that the worker’s family must give up if the worker is hired for a 
public project. 

193 



Labour-intensive road construction 

by season may therefore be needed. The estimation of sw may be obtained from 
regional household expenditure surveys. If no such surveys have been carried 
out, a project evaluator may assume that s w is equal to zero or to a fraction of 
s’, the aggregate marginal propensity to save. Estimation of L requires that 
output forgone, OP, and the psychological cost, PC, be known. Needless to say, 
PC is very difficult, if not impossible, to estimate. OP is also extremely difficult 
to estimate since the estimation of OP requires a knowledge of production 
functions in the agricultural sector. In many cases project evaluation cannot 
wait for the completion of the studies that would be needed to obtain estimates 
of PC and 0,. It is therefore suggested that wages paid in rural areas be used as a 
proxy for the supply price of labour, L. It is probable that such wages exceed 
the value of L, but they nevertheless constitute the best available estimates of 
L when data pertaining to 0, and PC are lacking. 

The project evaluator may estimate rural wages (assumed here to be equal 
to L, the supply price of labour) from existing surveys of the labour market 
whenever such surveys classify labour by skill levels and by location. In the 
absence of such surveys, the project evaluator may need to carry out his own 
survey in the project area. For this purpose he may use the help of field engineers 
or local authorities. It may be noted that such a survey should be conducted for 
various seasons of the year if there are good reasons to believe that wages vary 
from one season to another. Surveys of this kind will also be useful for the 
scheduling of construction activities in cases in which it is intended to use 
labour-intensive techniques. Indeed, if he wishes to ensure that construction 
activities will be properly scheduled (e.g. that no construction activities will be 
scheduled to take place during the peak agricultural season where labour may 
be scarce), a project evaluator should conduct such a survey regardless of 
whether market wage rates for the area are known or not. 

Once the project evaluator has obtained all necessary parameters from the 
planning agency or a field survey, the shadow price of unskilled labour may be 
calculated and the unskilled labour costs of a project estimated. If road con- 
struction covers more than a single agricultural season, the estimation procedure 
should take into consideration variations of the rural wage in the project area. 

The formulation of the shadow wage, w*, provided in equation (43) ignores 
income distribution considerations. However, the government may wish to 
attach greater weight to the aggregate consumption of the poor than to that of 
the rich. The benefits and costs of a public investment project must then be 
disaggregated in terms of their contribution to the gains and losses of l::\rious 
income groups, and a weight assigned to each of these gains and losses. That 
procedure will favour the adoption of public investment projects that yield 
relatively greater benefits to members of income groups whose aggregate 
consumption the government wishes to increase. Let it be supposed that the 
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government attaches more weight to the aggregate consumption of unskilled 
workers than to that of persons in the middle to high income groups. What 
form should then be given to the formulation of the shadow wage? 

It was shown that the shadow wage w* may be estimated on the basis of the 
following relationship : 

w* =L(s”.P’“‘)+L(1-s”)+w(s’.P’“‘)+w(l-s’)-w(s”.P’”‘)-w(1-s”) (44) 

The first two terms in equation (44) refer to output forgone, and therefore 
constitute a cost to society; the third and fourth terms refer to the’ cost resulting 
from the transfer of funds from the private sector to the public sector; the fifth 
and sixth refer to the gain; that accrue to the rural workers. All these costs and 
gains are expressed in terms of aggregate consumption. The foregoing formu- 
lation assumes that the gains and losses of any group are treated alike. If a 
neutral weight l is attached to the aggregate consumption of taxpayers, their 
losses are accurately reflected in the foregoing formulation. Those losses are 
equal to 

w(s’ , Pin”) + w(1 - sZ). 

The net gains to unskilled labour are equal to 

W(S~.Pin”)+w(l-sw)- L(s”.P’““)-L(1-SW) = (W-L) [(l -sW)+sVi”“] (45) 

Let it now be supposed that the government wishes to attach a weight u 
(where u > 0) to the net gains of unskilled workers. The shadow wage of 
unskilled workers is then equal to 

w** = w [s’ *pin” -(l-s’)]-(MY-L) [(l-sW)+sW.Pi”“] (l+u) 

or 
w** = w [s’.Pi”“+(l-s’)]-(W-L) [(I-sW)+sYPi”“]- 

--u(w-L) [(l-sw)+sW.Pin”] 

The first two terms in the above equation are equal to w*. Therefore 

w** = w*-u(w-L) [(l-sW)+sW.Pi”“] (46) 

It may be seen from equation (46) that when income redistribution is taken into 
consideration, the shadow wage is further lowered since (w - L) is positive and 

l A neutral weight may be defined as a weight of zero. If a neutral weight is attached to a 
group’s aggregate consumption, the value of the group’s aggregate consumption does not 
change; if a higher weight is placed on a group’s aggregate consumption, the value of its 
nggregate consu,mption increases. 
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the terms between brackets are also positive. The inclusion of income redistri- 
bution considerations in the formulation of the shadow wage therefore tends to 
favcur the adoption of labour-intensive technologies. 

As stated earlier, the weight u is a value parameter and therefore cannot be 
esti,mated on the basis of factual data. The project evaluator should obtain 
values of u from the public planners. Another approach may be used whenever 
a labour-intensive technology is being compared to a capital-intensive one. 
Under this alternative approach, u is regarded as an unknown. The project 
evaluator calculates the value of u that will equate the profitability of the two 
technologies. He may then communicate this value to the public planners. If 
they decide that the value of u is too high, the labour-intensive technology will 
be rejected, If they approve the value of u, the labour-intensive technology will 
be adopted. In other words, the approach consists in a break-even analysis of 
the type described in the previous chapter. 

Skilled labour 

The skilled workers employed on road construction projects m&de fore- 
men, equipment operators, mechanics and surveyors. Skilled workers are 
usually scarce in developing countries, and their wages tend to be high whenever 
the private sector competes with the public sector to employ such workers. 
A formulation of the shadow wage of skilled labour may be obtained by 
modifying the formulation, w*, provided for unskilled labour, as follows : 

w* = L [(SW . Pin”)+ (1 - SW)] + w [s’ . Pi”“+ (1 - s’)] - w [SW. Pi”” + (1 - SH’)] (47) 

If the market for skilled labour is competitive (i.e. if it is free of constraints 
such as government wage ceilings or floors, union monopoly power or the 
monopsony power of large firms, which might distort the market wage), the 
opportunity cost of skilled workers may be equated to their market wage. In 
other words, skilled workers are paid their marginal product, which equals the 
value of their output. In this case 

L=w=w, 

where w, = the market wage of skilled labour. 
The shadow wage of skilled labour is then 

w* = w, [s’ . Pin” + (1 -s’)] s 

since the first and last terms in equation (47) cancel out. The shadow wage of 
skilled labour therefore equals the cost, in terms of aggregate consumption, of 
transferring funds in the amount w, from the private to the public sector. 
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The formulation for w,* provided in equation (48) may not always be valid. 
There are two main circumstances in which w,* may fail to represent the true 
social cost of hiring a skilled worker in a public project. First there is the case 
in which the project requires that labour be specially trained. If training is 
required, training costs must be added to the formulation of the shadow wage. 
Training also increases the skilled worker’s productivity, and these gains in 
productivity must be subtracted from w,*. In other words the net effect of training 
-whether positive or negative-must be included in the formulation of w,*. 
Secondly, various constraints on the free movement of wages in the labour 
market may lead to a divergence between the market wage, w,, and skilled 
worker’s supply price (L). Equation (48) should therefore be supplemented 
by terms equivalent to the first and third terms in equation (47) since those no 
longer cancel out. In either of the two cases just mentioned, the shadow wage, 
w,*, must be reformulated. No attempt will be made in this manual to provide 
other formulations of the shadow wage of skilled labour. Such formulations 
would include parameters that are in practical terms very difficult to estimate. 
Moreover, the formulation provided in equation (48) should apply in most cases. 

The estimation procedure for w,* is similar to that described in the case of 
w*, and does not require further elaboration. 

Foreign exchange rate 

The reasons for the overvaluation of the local currency in a large number of 
developing countries have already been indicated.l In general a local currency is 
overvalued if the number of units of local currency that are officially exchanged 
for a unit of foreign currency .is lower than it would be if there were no govern- 
ment Intro1 of the foreign exchange market and no import duties and quotas. 
Overvaluation of the local currency is usually accompanied by a scarcity of 
foreign exchange due to government control of the foreign exchange market 
(i.e. people are not allowed to use foreign exchange freely). 

Let it be supposed for a moment that the only government action that inter- 
feres with free trade is the imposition of tariffs on imported goods. Pt, the 
clearing price of an imported good i on the domestic market, in local currency, 
is the price consumers are willing to pay for an imported good; that price is 
assumed to be equal to the sum of the c.i.f.2 import price, Pf’ (in foreign 
currency), and the tariff duty, P,‘“. ti, that is3 

l See pages 178-179. 
2 In its usual sense of cost, insurance and freight. The c.i.f. price is therefore the import 

price, including handling from one port to the other. 
8 It is assumed that the number of importers is such that trade in imported goods is not 

monopolised. 
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pf = ppif . pf + p;if . ti . p-f = p;if (I+ Q . p” (4% 

where Pf = official foreign exchange rate (i.e. the number of units of local 
currency that are officially exchanged for a unit of foreign cur- 
rency). 

P,f is thus expressed in terms of the local currency. If a single good i is imported 
into a country, the shadow price of foreign exchange is equal to 

SJ-+ Pf(l+tJ 
I 

(50) 

If, for example, Pf = 10 and ti = 0.2, then 

Sf = lO(1 + 0.2) = 12. 

In this case the shadow price of foreign exchange is 20 per cent higher than its 
official price. It may be concluded that the difference between the official price 
of foreign exchange and its shadow price results from a difference between the 
import price, expressed. in terms of the local currency, and the price consumers 
are willing to pay for the imported goods. It is assumed here that this difference 
is adequately expressed by the tariff imposed on the imported good. 

The procedure just outlined can be applied to any number of goods. Let 
it be supposed that n commodities are imported into a country, and that the 
fraction of foreign exchange allocated to the ith commodity is fi l, so that 

fi+fi +.fi...+f, = 1. 

The shadow price of foreign exchange is then given by the following relation- 
ship : 

s’ = P’ [j-l (l+Q+fz (l+t,)+ . . . +f, (l+t,)] 

.\ 
‘\ Ol- 

\ 

S-” = P’ e fi(l+ti) 
i=l 

(51) 

In other words the shadow price of foreign exchange is equal to a weighted 
average of n shadow prices. If 

~ fi(l J.-ti) = l+tf 
i=l 

then 

S-f = P’ (l+tJ) 

l Since a country deals in more than one currency, foreign currency owned by the country 
may be expressed in terms of a single foreign currency; f represents, in terms of a single 
foreign currency, a fraction of the total amount of foreign currency used for imports. 
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where tf represents the foreign exchange premium. Equation (51) may be 
expanded to include exports whenever export subsidies are paid or exports are 
taxed. Such an expansion of equation (51) is straightforward and needs no 
further elaboration. 

On the other’hand equation (51) should not include imported capital goods, 
for reasons which would take too long to explain in this manua1.l In other 
words, thefi represents the fraction of foreign exchange allocated to an imported 
consumer good only, the sum of these fractions being equal to 1. 

This formulation of the shadow price of foreign exchange is subject to 
criticism. First, a major assumption underlying this formulation, namely that 
imports are not restricted, is rarely valid. Many governments use import 
licensing, or import quotas which in fact limit imports of consumer or capital 
goods. This difficulty can be by-passed by not including restricted commodities 
in equation (51). However, if a very large proportion of imports is subject to 
restrictions, the validity of that equation becomes questionable. Secondly, if 
foreign trade is dominated by a very small number of importers, distortions 
may take place that will partly invalidate the formulation of the shadow price 
of foreign exchange provided by the equation. In addition to these two criti- 
cisms of the shadow price provided by equation (51), other objections, some 
of them quite esoteric, have also been made.2 The project evaluator need not 
be concerned by these criticisms, however, since as stated on page 186 he will be 
provided with the market price adjustment coefficients (in this case, tf) by the 
public planner. It is therefore up to the public planner to decide which formu- 
lation to use for the shadow price of foreign exchange. 

The estimation of the shadow price of foreign exchange on the basis of 
equation (51) is relatively easy to carry out since tariff duties (individual tiS) 

and the composition of imports (reflected in individualhs) are usually readily 
available from national trade statistics. Individual tiS and& should be estimated 
on the basis of trade statistics for the year in which a project is being evaluated, 
or for the preceding year if current statistics are not available. In cases in which 
it is not possible to estimate the shadow price of foreign exchange on the basis 
of a valid formulation of S”, the project evaluator may undertake a break-even 
analysis in which the price of foreign exchange is regarded as an unknown. 
Given alternative construction technologies, the project evaluator should 
determine the price of foreign exchange which would equate the cost (or the 
profitability) of the two; i.e. he should determine the break-even price of 
foreign exchange. If the break-even price falls within the range of probable 

’ But are explained in Chapter 16 of the UNIDO guidelines, op. cit. 
’ See E. Bacha and L. Taylor: “Foreign exchange shadow prices: A critical review of 

currenl theories”, in Quarterly Jourrtal of Economics, May 1971, pp. 197-224. 
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prices of foreign exchange (provided by the national planning agency), either 
technology may be adopted; in that case the break-even price Pb/ must be more 
than the minimum PLh and less than the maximum PLa,. If P~<Pi,, the more 
capital-intensive of the two technologies should be adopted; if Pbf>P&,, the 
more labour-intensive of the two technologies should be adopted. 

Equipment rental rate 

Since the foreign exchange cost is usually the largest element in the shadow 
rental rate of equipment, this is the appropriate place to deal with the oalcu- 
lation of that rate. The market rental rate of equipment may be disaggregated 
into the following five main cost items: 

C/, the foreign exchange cost; 
CJ, the distribution costs (e.g. port handling charges, storage and delivery 

charges) ; 
Cp, profits (i.e. mark-ups over the cost of local distributors); 
C’, import duties and income and other taxes; and 
C’, local costs (e.g. maintenance and repair costs, insurance costs and local 

materials). 

Whenever one of the above cost items does not exist in a country, it may be 
equated to zero. The market rental rate, C,, of a piece of equipment k is equal 
to 

c, = Cf+Cd+CP+C’+C1 (52) 

It should be recalled that C, is equal to 

c _ K, r(l+$ s, r RI? L T 
k 

--. 

H,‘(l+r)- H, (I++l+H,+H,fn.H, 
-“-+F, (53) 

In order to obtain the shadow rental rate of equipment, C,$ one must first 
disaggregate each of the cost items in equation (53) (A& S,, R,, I,, TY and F,) 
into cost components C/, Cd, Cp, C’and C’, as applicable. The cost components 
of Ck, expressed in terms of market prices, are then adjusted in order to obtain 
cost components at shadow prices. Finally, Cl is obtained by discounting the 
relevant cost components at the social rate of discount i, instead of the market 
rate Y. In general, all the cost components except local costs apply to KO, T,, 

and &. S, is a revenue which is subtracted in equation (53); it is adjusted in 
the same way as a local cost if the scrapped piece of equipment is processed and 
sold locally, and it is adjusted in the same way as a foreign exchange cost if 
the scrapped piece of equipment is exported. 1, should be regarded as a local 
cost. R, includes local labour costs as well as the cost of imported parts and 
materials; it therefore includes all the cost components. 
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In order to obtain the true social value of individual cost components, their 
market value must be adjusted. Disregarding for the moment the cost of 
transferring funds from the private to the public sector (i.e. transfer costs), the 
following adjustments are made to individual cost components. Cf must be 
multiplied by (1 + t’) in order to obtain the foreign exchange cost of imported 
equipment, parts anJ materials in terms of the shadow price of foreign 
exchange. Cd may be assumed to represent the true social value of distribution 
costs, and therefore does not need to be adjusted; even if this assumption were 
invalid, distribution costs generally represent such a small percentage of Ck 
that one need not bother adjusting them. Cp does not need to be adjusted: it 
may be regarded as a true social cost since it is a return to entrepreneurial labour 
and equity involved in the distribution process. (If the local distributor is a 
foreigner and repatriates a fraction x of his profits, then Cp (1 - X) is not 
adjusted, but Cp. x must be multiplied by (1 + tf) since it involves the transfer 
of foreign exchange.) C’is not a real cost but a transfer payment to the govern- 
ment. It should therefore not be included in the formulation of Ci, since transfer 
costs are not being taken into consideration for the moment. C’ covers the cost 
of skilled labour, local materials, and local insurance costs. Since transfer costs 
are being neglected for the moment, C’ may be regarded as a true social cost: 
the transfer of skilled labour from the private to the public sector does not 
entail a social cost l; the shadow prices of local materials may be assumed to be 
equal to their market prices; and insurance costs may also be assumed to 
represent a real social cost. 

A formulation can now be provided for Ci. Consideration of the above 
adjustments gives the following equation: 

cs, = + Cr,,(l+t’)+Cd,,+Cp 
e [ 

KJ [ ;+I-+ [(l+l:“Ll 

+c~~(l+rl)+C~~+c~~+c~~ f tie I c; (l+tf)+C$ +c& 

He KJ n.H,, 

+[cg”(l+t’)+C~~+Cg”~ (54) 

where superscripts refer to the type of cost component, and subscripts refer 
to individual cost items included in the formulation of the market rental 
rate, ck (see equation (53)). 

1 As indicated in the passage dealing with the shadow wage of skilled labour (pp. 196-197). 
If foreign labour is involved, the proportion of wages that is repatriated should be regarded 
as a foreign exchange cost and adjusted accordingly. 
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In equation (54)- 

&,, the price of equipment, is subdivided into foreign exchange costs, CL, 
distribution costs, C& and profits, Ck”, (customs duties and taxes are not, 
for the moment, included in the formulation of Ci); 

Se, the salvage value of equipment, is based on the assumption that the 
scrapped piece of equipment is sold locally, generating revenues net of 
taxes in the amount C& ; in this case C& is equal to S, minus taxes, since 
we have a single cost component; 

R,, equipment maintenance and repair costs, is subdivided into four cost 
components: foreign exchange cost to cover the import of equipment parts, 
C&; distribution costs of imported parts, Ci,; distribution profits, Ci,; 
and local cost of labour ftir equipment maintenance and repairs, CAU; 

1, comprises a single cost component, that of local insurance cost, net of 
taxes; thus Cie = 1, minus taxes; 

Ty, the COG of tyres, is subdivided in the same way as K,,; 

F,, fuel costs, are also subdivided in the same way as &. 

Cl could be reformulated whenever the subdivision of cost items into the 
five cost components differs from that assumed in equation (54). 

The formulation of C[ in equation (54) does not take into consideration the 
cost of transferring funds from the private to the public sector in order to 
purchase and operate a given piece of construction equipment. It has already 
been shown that the transfer cost, in terms of aggregate consumption, of one 
unit of income from the private to the public sector is equal to (1 - s’) + 
d. Pin”, where (1 - s’) represents current consumption that is sacrificed, and 
gl. pinv represents the present value of the stream of future consumption that 
would have been generated in the absence of the transfer. If C’i is adjusted in 
order to take this transfer cost into consideration, the shadow rental rate of 
equipment is equal to 

(Ci)’ = c; [(l -+)+s’. Pin”] (55) 

Finally, it may be noted that tariffs and taxes transferred from the private sector 
to the government (i.e. cost component C’) involve a transfer cost since the 
marginal propensity to save of taxpayers is usually higher than that of the 
government. A further adjustment of Cl is nL<ded in order to include this 
transfer cost. If the government’s marginal propensity to save is sB, the transfer 
cost of taxes and tariffs for cost item i is equal to 

(Cf>” - c: [( 1 - s’) + s’ . Pnv - (1 - 9) - 9. Pin”] (56) 

where Ci = the sum of customs duties and taxes levied on cost item i. 
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The transfer cost of all taxes and tariff duties per equipment-hour is equal to 

(C)s = [(l-sS’)+S’.Pin”-(l-sq-s?Pin”] Go - 

[ 
&yyl 

e 

Ci i CkeCie Ck+c -2. 
H, (l+ir-l+H,+H,+n.H, FU . 1 

The shadow equipment rental rate now becomes 

(Cfy = (CfJ’+(Ct)S (57) 

The determination of the shadow rental rate requires that the cost compo- 
nents making up the individual cost items in equation (54) be estimated. The 
manner of estimating components C’& Cia, C{,, and CL” has already been 
described in Chapter 5. It will be recalled that the c.i.f. prices of the various items 
are expressed in terms of the local currency. Chapter 5 also indicated how to 
estimate items (CiJ’, (CLJ’, (Ci,)‘, (CL.)‘, (C:.)‘, (Cd,)’ and ((2:“) where 
the prime means that each item is equal to the corresponding item in equation 
(54) plus all taxes (e.g. (Ci,)’ = C’i, plus taxes). Estimation of the non-primed 
components in equur.-. -*-+ion (54) requires that taxes be subtracted from the primed 
components estimated in Chapter 5. Information on taxes may easily be ob- 
tained from the government department in charge of taxation. The profit com- 
ponent net of taxes (i.e. CiO, Cis, C;, and Ci,) may be assumed to be equal to 
some fraction p of the total component cost; e.g. Ci, = p(C,f, + Cio). The 
fraction p may be assumed to be equal to the average return on private invest- 
ment. The tax on profits for cost item i (e.g. K,), is then equal to 

(cm,), 

where (t,), is the tax on business profits. 

Local materials and tools 

It will be assumed in this manual that the market prices of locally produced 
materials and tools adequately measure their value in terms of alternative 
output forgone (i.e. opportunity cost). This assumption is made for the follow- 
ing three reasons. First, the domestic market for materials and tools is probably 
fairly competitive. Secondly, the estimation of the opportunity cost of commo- 
dities produced in the private sector is extremely difficult to carry out; this 
additional estimation work is not justified if adjustments to market prices are 
believed to be of minor importance. Thirdly, in most cases the amount of 
materials used is approximately the same for all combinations of design and 
technology; therefore, even if market prices differ from opportunity costs, 
their use in project evaluation will not create a bias toward any particular 
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combination. However, the same argument cannot be made in relation to tools, 
since the number of tools varies greatly from one technology to another. The 
assumption that the market prices of tools and materials are equal to their 
opportunity costs does not mean that no adjustment is needed. For the govern- 
ment to acquire tools and materials, funds have to be transferred from the 
private sector to the government. The market cost of tools and materials must 
accordingly be adjusted to take account of the transfer cost. The adjustment 
coefficient is the same as the case of the shadow rental rate of equipment, i.e. 

(1 - s’) + s’ . Pin”. 

If the foregoing adjustment coefficient is multiplied by the cost of tools and 
materials estimated at market prices, the aggregate consumption cost of tools 
and materials is obtained. This is the cost that should be used when a project 
is evaluated on the basis of shadow prices. 

It may be noted that if some of the materials or tools are imported, their 
aggregate consumption cost may be estimated in a way similar to that used to 
estimate the shadow rental rate. 

Land 

Since the market price of land is usually distorted, it does not constitute a 
measure of land’s opportunity cost. That cost is in any case difficult to estimate. 
Because the main purpose of this manual is to show how to evaluate different 
combinations of design and technology, and because the cost of land does not 
generally differ from one such combination to another, the use of market prices 
instead of the opportunity cost of land will not create a bias toward any parti- 
cular combination. In this manual the market price of iand will accordingly be 
treated as if it were equal to land opportunity cost. The aggregate consumption 
cost of land (i.e. the market price of land adjusted for transfer costs) is then 
equal to 

P,[(l - s’) + sr . Pin”] 

where P, = the market price of land. 

TREATMENT OF TAXES AND FOREIGN LOANS AND GRANTS 

Taxes 

The formulation of the shadow wages of skilled and unskilled labour and 
that of the shadow prices of materials, tools, and land provided in this chapter 
were based on market wages and prices net of tax, including income tax. How 
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then should taxes be taken into account when the aggregate consumption cost 
of the inputs used in road construction are estimated? Taxes were already 
taken into account earlier in this chapter in the particular case of construction 
equipment. A more general treatment of the problem will now be provided. 
Let it be supposed that a tax t,, which may be an income tax or some other tax, 
is imposed on a private individual or firm. The imposition of such a tax affects 
consumption and investment in the private and the public sectors. Under this 
model the government taxes the private sector in order to raise the revenue 
needed to pay a worker or private firm working for a public project. The aggre- 
gate consumption of the private sector therefore decreases by the amount of 
the tax revenue, R,, multiplied by the unit transfer cost 

R,[(l - s’) + s’ . Pin”]. 

The government pays the worker or private firm the revenue from the tax R,, 

which is taxed at a rate t,. The worker or private firm pays taxes to the govern- 
ment amounting to R, . t,. The government uses the tax revenue R, . t, for 
current government consumption and investments. The aggregate consumption 
of the government increases by 

R, . t, [( 1 - se) + sg . pin”] 

where sg = the government’s marginal propensity to save.l 

Thus, the tax or customs duty included in the cost of any input used in a 
public project is paid, ultimately, not by the individual worker or firm but by 
the private sector as a whole. 

Since sr usually differs from sg, the net effect of the tax is different from zero. 
The net effect ti, is equal to 

t; = R, . t, [(I - s’) + Sf . Pin” - (1 - sg) - sg . Pin”]. 

For example, let it be supposed that the tax rate, t,, is equal to 0.15, that 
s’ = 0.2, pin” = 2, sg = 0.05, and R, = 1,000. Then the net effect of taxing one 
unit of income or profit, expressed in terms of aggregate consumption, is equal 
to 

1,000 x 0.15 [0.8 + (0.2 x 2) - 0.95 - (0.05 x 2)] = 22.5. 

Thus, the net aggregate consumption cost of the tax, ti, is 22.5. The inclusion 
of tt in the formulation of the shadow price of any input is straightforward. Let 
it be supposed that the gross hourly wage (i.e. wage including taxes) is equal to 

’ If the shadow price of government investments, Pg, is known, it should be substituted 
for Pin" in the above equation. 
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ws [1 + (t,),]. (It will be recalled that the prices of the inputs, including wages, 
that were used in the formulation of the various shadow prices were net of 
taxes.) The shadow hourly wage of the skilled worker may now be defined as 
follows : 

(w,*)l = w, [(l-sr)+sr. Pinv]+w,(t,), [(l-sS'j+~r.Pinv-(l-Sg)-~B.pinv] 

where (t,), = rate of the tax imposed on the wage of skilled workers. The first 
term in the above equation is equal to w,* (i.e. the shadow price of the net wage 
of skilled labour). The second term represents the net aggregate consumption 
cost resulting from the transfer of (w,) (t,),. The amount (w,)(t,), is not specific 
to any particular project but is used for current government consumption 
and investment in general. Other shadow prices may be adjusted for taxes in a 
similar fashion. Information on tax rates should be easy to obtain from the 
government department in charge of tax collection. 

Foreign loans and grants 

Foreign loans and grants provided for the building of new roads or the 
improvement of existing ones are usually made on the basis of an analysis of 
road investment needs. Such assistance may take one of the following forms: 

(a) loans or grants tied to particular road projects, the recipient country being 
free to spend the money on those projects in any way it wishes; 

(6) loans or grants tied to particular road projects, with the additional condition 
that the money may be used only to pay for imports of construction equip; 
ment ; 

(c) loans or grants specifically tied to imports of construction equipment 
without being tied to any particular project; or 

(d/ untied loans or grants. 

When projects are evaluated at market prices in the case of a loan of type (a), 
the criterion for choosing among different combinations of design and techno- 
logy is the same as if the project were locally financecl. Equipment rental rates 
should, however, be estimated on the basis of the rate of interest payable on the 
foreign loan. It may be pointed out that this type of loan usually imparts a bias 
towards the use of capital-intensive construction technologies : on foreign loans 
the interest is usually below the local rates. Consequently equipment rental 
rates should aiso be lower when the purchase of equipment is financed through 
foreign loans than when it is financed by local capital. In the case of a type (a) 
grant, it may be socially profitable to use labour-intensive construction techno- 
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logies since social benefits derived from the hiring of otherwise unemployed 
labour may be obtained at no cost to the country where the road is built. 

A country may find it socially profitable to refuse loans of type (b,J if 
construction costs are much higher when capital-intensive technologies are 
used instead of labour-intensive ones. In the case of a type (6) grant, equipment 
depreciation costs should be equated to zero. In that case, capital-intensive 
techniques become particularly advantageous. 

In the case of a loan of type (c) the different possible combinations of design 
and technology should be evaluated in the same way as for loans of type (a). 
If loans are made at low interest rates, capital-intensive technologies become 
particularly profitable at market prices. In the case of a type (c) grant, it will 
be difficult for labour-intensive technologies to compete with capital-intensive 
ones. 

In the case of a loan or grant of type (d), governments in developing 
countries should assign the money to projects for which labour cannot be 
readily substituted for capital (e.g. industrial projects). Road projects would in 
most cases be among the last to benefit from such loans, since like agricultural 
projects they are relatively amenable to the substitution oflabour for equipment. 

When projects are evaluated at shadow prices, the opportunity cost to the 
economy of a loan tied to a specific project- type (a)-is the present value of 
the repayments of principal and interest occasioned by the loan, If it covers the 
whole of the project cost, the loan eliminates all current transfer costs (i.e. 
(1 - s’) + sf . Pin”). However, it does not eliminate current output forgone, 
for example owing to the hiring of an unskilled worker on a public project. 
Moreover the repayment of principal and interest in the future results in a 
decrease of future aggregate consumption. The social cost of the loan is there- 
fore the present value of future aggregate consumption forgone. The over-all 
social profitability of a project depends on how the loan is used (i.e. the way 
in which the amount of the loan is allocated among the various inputs used in 
the project), on the repayment currency (local or foreign), on the length of 
the grace period and the repayment period, and on the rate of interest that is 
charged: if the loan terms are attractike (e.g. low interest rate, long grace 
period, repayment in local currency), the present value of the future losses in 
aggregate consumption may be found to be lower than the value of the loan; 
in other words as far as the debtor country is concerned, part of the loan can 
be regarded as a grant. It can be shown that foreign loans tied to a project 
generally introduce a bias in favour of the use of capital-intensive technologies 
since the shadow rental rate of equipment is lower than if the project were 
financed by a transfer of funds from the private sector. The decrease of the 
shadow rental rate may be easily calculated given the loan terms and the various 
cost components included in the formulation of the shadow rental rate. 
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Within category (a), grants are obviously much more attractive than loans 
since they do not entail any transfer costs. However, they tend to favour the 
adoption of capital-intensive technologies to a greater extent than do tied loans 
of the same type, since with these grants the shadow rental rate of equipment is 
even lower than with tied loans. 

In terms of shadow prices the analysis of type (b) loans (tied to imports of 
equipment for a specific project) differs little from that of type (a) loans: the 
same conclusions apply. Tied loans of type (b) may, however, lose some of their 
attractiveness if equipment must be imported from the creditor country at 
prices higher than they would be if it were imported from other countries. 

Grants tied to the import of equipment clearly favour the use of capital- 
intensive technologies. 

The analysis of loans and grants tied to imports of equipment but not to 
any particular project-type (c)-yields basically the same conclusions as those 
reached in case (6). In general, both loans and grants will favour capital- 
intensive technologies. There is, however, one difference between cases (b) and 
(c). In the latter case, equipment may be used on road projects of a high stan- 
dard that must to a large extent be built capital-intensively; on low-standard 
roads labour-intensive technologies may then be used. In case (b), equipment 
must be used to build specific roads irrespective of whether they are of a low 
or a high standard. Loans and grants tied to imports of equipment in general 
are therefore more beneficial to a developing country than loans and grants 
tied to imports of equipment to be used for specific projects. 

Untied grants and loans of type(d) constitute an addition to public revenue. 
From the -,oint of view of project evaluation, the opportunity cost of the use 
of an untied grant or loan on a given project depends on what the grant or 
loan would have been used for in the absence of the particular project under 
consideration. The opportunity cost of a grant is therefore no longer equal to 
zero. Nor is that of a loan any longer the discounted present value of the 
payments of interest and principal, since those payments would have to be 
made even in the absence of the project. The opport:!nity cost of untied loans 
and grants depends on their best alternative use. The opportunity cost is the 
same for an untied loan or for an untied grant of the same amount: the fact 
that one requires repayment and the other does not is irrelevant when a project 
is being evaluated; in both cases, untied funds will be available whether or not 
a particular project is undertaken, and the only relevant social cost of adopting 
a given project is the output forgone owing to the use of untied funds on one 
project instead of on the next best. 

To discover the effects of untied loans or grants on the choice of technology, 
the opportunity cost of the use of one unit of foreign exchange on any given 
project must first be determined. 
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If tT = the foreign exchange premium (i.e. the adjustment coefficient for the 
official foreign exchange rate), 

sB = the government’s marginal propensity to save, and 
P8 = the shadow price of government investment, 

then the opportunity cost of the use of one unit of foreign exchange is equal to 

(1 + t/) [(l - SQ) + SB. P”] 

(This formulation of the opportunity cost of one unit of foreign exchange is 
based on the assumption that at the margin one unit of government consump- 
tion is as valuable as one unit of private consumption.) If F>O and P>l, 
the value of the above expression exceeds (1 + tf), and thus the opportunity 
cost of one unit of untied loan or grant is greater than (1 + 1’). The higher this 
opportunity cost, the more attractive labour-intensive technologies become. The 
opportunity cost of one unit of foreign exchange obtained through tied loans 
or grants is usually smaller than (1 + t/). Untied loans and grants are accord- 
ingly more favourable to the use of labour-intensive technologies than are tied 
loans and grants. The government of a developing country should therefore 
urge the governments of other countries to offer it untied grants or loans, 
which can be used to help to lower the level of unemployment. 



PART II 

THE INSTITUTIONAL SETTING 



FISCAL AND FINANCIAL POLICY 

When the different combinations of design and technology for a road 
project are evaluated, the most appropriate combination identified by the 
financial analysis may or may not turn out to be the same as the one identified 
by the social cost-benefit analyris. If it is the same the public works department 
or the contractor should adopt the most appropriate combination, irrespective 
of whether the technology it involves is capital-intensive or labour-intensive. 
If the most appropriate combination identified by the social cost-benefit 
analysis is not the least costly in terms of the financial analysis, the public 
works department should none the less adopt that combination, whatever its 
financial (or private) profitability may be, since the goal of the government, 
and therefore of the public works department, is to maximise social welfare 
through a proper choice of projects and production techniques. Financial 
costs do not constitute a proper measure of social costs. 

If a labour-intensive technoiogy involves higher money costs, a private 
contractor in charge of the implementation of a road project may not willingly 
adopt a lab?ur-intensive combination since lower profits will result. In order 
to induce contractors to apply labour-intensive technologies where appro- 
priate, there are a number of measures which a government may take. These 
measures, of a fiscal or financial nature, are designed to compensate for market 
price distortions, i.e. they tend to adjust market prices so as to equate them to 
shadow prices. They inciude the following: 

(a) wage subsidies; 
(bJ discriminatory tariffs on capital equipment; 
(c,J discriminatory foreign exchange allocation; 
(d) currency devaluation; 
(E) adjustment of the market rate of interest; 
(fl easier credit for small contractors; and 
(gj taxation of owned capital equipment. 
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Unfortunately, the exact effect of such measures is not easy to predict. 
Governments must therefore be extremely careful in their choice and applica- 
tion. The difficulty is to identify the kind of measure to be taken and the weight 
to be assigned to each (i.e. selection of the right mix of measures). The choice 
should be based on the ease with which measures may be applied and on the 
degree of accuracy with which the public planners are able to estimate their 
effects. The latter point is very important since the remedial action taken must 
not produce greater distortions and more harmful effects than would exist in 
its absence. Unfortunately, the effects on the economy as a whole of measures 
that are easy to administer and apply are usually difficult to estimate. Con- 
versely, measures whose effects can be estimated with an acceptable degree of 
accuracy are usually those that are the most difficult to apply. For example, 
a system of import quotas is easier to apply and administer than a system of 
import tariffs; the effects of quotas are, however, more difficult to estimate 
than those of tariffs. The public planner should therefore resist the temptation 
of recommending remedial action unless its over-all effects can be estimated 
with sufficient accuracy. Otherwise the action taken may create distortions - 
that will be more harmful than those which they are intended to eliminate. 

Each of seven types of government action will now be described and 
commented on. 

Wage subsidies 

If a wage subsidy is granted for each man-hour of unskilled labour used 
in a road project, the size of the subsidy may be set as the difference between 
the unskilled labour market wage and the shadow wage. Given such a subsidy, 
contractors should find it more profitable to use a labour-intensive technology 
than the capital-intensive ones they are used to. This form of government inter- 
vention is not without disadvantages, however. If the capital-intensive tech- 
nology is cheaper at market prices, it becomes possible for the private contractor 
to claim the subsidy while actually using a capital-intensive technology. In 
order to prevent contractors from pocketing part of the subsidy, they should 
be required to pay unskilled workers a wage equal to the shadow wage while 
the public works department pays directly to the workers the difference between 
the market wage and the shadow wage. 

Not being very familiar with labour-intensive technologies, some contrac- 
tors may refrain from bidding, even with a government subsidy, if they are 
required to use such a technology, because they are afraid of incurring losses 
by underestimating unskilled labour costs. The public works department 
might alleviate this fear by proposing to take charge of all unskilled labour 
costs. The contractor’s bid will thus cover supervision costs and equipment 
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costs only. Such an arrangement does not, however, provide an incentive to 
contractors to use unskilled labour in the most efficient manner. Contractors 
could, for example, cut down supervision costs by hiring too few supervisors. 
The public works department may therefore need to specify a maximum number 
of man-hours of unskilled labour for the project (determined on the basis of 
the lowest available estimate of unskilled labour productivity), and offer to 
pay a bonus to the contractor for each man-hour saved out of this maximum 
number. It will then be profitable for the contractor to use labour in the most 
efE&ent manner in order to obtain the largest possible bonus. He will be 
willing to use additional supervisory personnel as long as the additional super- 
vision cost is lower than the bonus he will receive. 

Discriminatory tariffs on capital equipment 

Many developing countries allow investors to import capital goods free 
of duty, while imposing heavy duties on consumer goods. In particular, local 
and foreign contractors are often allowed to import construction equipment 
free of duty. There are two main reasons for such a policy. First, the government 
may wish to decrease consumption of luxury consumer goods in order to 
induce people to save and increase the level of investible funds. Secondly, 
the government may wish to promote industrialisation in order to increase 
exports, or in order to reduce imports through the development of import- 
substituting industries. High tariffs imposed on imported consumer goods 
also protect newly created industries from outside competition. The rationale 
for this protection is that new industries need time in order to become 
competitive. 

Irrespective of whether these objectives are legitimate and desirable on the 
grounds already stated, it should be noted that if a government is concerned 
about the widespread adoption of unwarranted capital-intensive technologies 
in various sectors of the economy, it should not at the same time encourage 
that practice by imposing tariffs that systematically favour the import of capital 
equipment in general: it would be better to modify the tariff structure in such 
a way as to discourage the import of capital equipment that favours the use of 
unwarranted capital-intensive technologies, while encouraging the import of 
capital equipment for which labour cannot be substituted. In the case of road 
construction a discriminatory tariff system could be instituted whereby no 
duties, or only low duties, are imposed on equipment that is essential to certain 
construction activities, while high tariffs are imposed on construction equipment 
for which manual labour can be substituted in other construction activities. 
The level of these latter duties should be such as to equate the market rental 
rate of a piece of equipment to its shadow rental rate. 
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The application of a system of discriminatory tariffs is, however,’ very 
difficult, for two reasons. First, the same level of duty cannot be levied on all 
pieces of equipment since the ratio of the shadow rental rate to the market 
rental rate is not the same in all cases. It may be recalled that the equipment 
rental rate includes a number of cost items in addition to the c.i.f. price of the 
piece of equipment. The proportion of the rental rate that is accounted for by 
these items is not the same for all pieces of equipment. Since the tariff applies 
only to the c.i.f. price, different rates of duty are needed for different pieces 
of equipment if the market rental rate is to be equated to the shadow rental 
rate. Secondly, the same piece of equipment may be used for a number of road 
projects, and its use may be warranted in some but not in others. The tariff 
would therefore need to discriminate not only among different pieces of equip- 
ment but also among the various uses of the same piece of equipment. Obviously, 
any attempt to meet that requirement directly would create insurmountable 
administrative difficulties. A second-best solution is to discriminate among 
types of equipment but not among the various uses of a particular piece of 
equipment. The drawback of this solution is that construction equipment may, 
from time to time, be used for projects in relation to which it is an unwarranted 
substitute for labour. 

Discriminatory foreign exchange allocation 

Instead of using a discriminatory tariff system, the government may impose 
an import licensing system whereby contractors must have the approval of 
the public works department in order to import construction equipment. 
Just enough equipment will then be imported, and used where needed. When a 
contractor has been selected to work on a given road project, the public works 
department will estimate the number of equipment-hours for various types of 
construction equipment; it will then provide the contractor with an import 
licence for the number of pieces of equipment that are needed. Anot,her ap- 
proach is for the public works department to be the sole importer of construc- 
tion equipment, which is rented to contractors whenever they are selected to 
work on road projects. 

Currency devaluation 

Instead of relying on discriminatory tariffs or on control of imports of 
construction equipment, the government may from time to time devalue the 
domestic currency in order to bring it up to par with its true international 
value. (Some governments make frequent use of so-called “mini-devaluation” 
in order to avoid the destabilising effects of a major devaluation.) One effect of 
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currency devaluation is to increase the market rental rate of equipment, and 
thereby favour the adoption of labour-intensive technologies. A drawback of 
currency devaluation is that it is not selective in its effects, and will affect, in 
various ways, all imports and exports. Nevertheless, this type of government 
intervention is generally more desirable than the creation of a system of tariffs 
or quotas, which tends to result in a serious misallocation of national resources. 
This does not mean that all tariffs should be done away with; some should 
remain in order to protect genuine “infant” industries (i.e. industries that will 
be able to compete effectively on world markets once they have passed the 
learning stage). However, the scope and rate of duty should be substantially 
decreased. 

Adjustment of the market rate of interest 

Many governments impose low ceilings on interest rates in order to prevent 
private banks from exploiting their monopoly power. However, if the capital 
market does not function properly low ceilings may have negative effects. 
Small investors in the unorganised sector are often unable to borrow money 
since the banking institution prefers to deal with the modern organised sector, 
where risks of default seem to be lower. Under these conditions, large contrac- 
tors can easily borrow money to import construction equipment, and find it 
profitable to do so since the low ceiling on interest rates results in a decrease 
of the equipment rental rate. In some cases, moreover, given high inflation 
rates, low ceilings on interest rates imply a negative real interest rate on loans, 
and imports of equipment and the adoption of capital-intensive technologies 
become even more attractive. The proper government policy if there are low 
ceilings on interest rates is to remove the ceilings completely or to set them at 
much higher levels. One effect of such action would be to decrease the number 
of low-yielding investments without discouraging investments with a high to 
average yield. High ceilings on interest rates will also lead contractors to think 
twice before asking for loans in order to import construction equipment, and 
may thus induce them to reconsider their position with respect to labour- 
intensive technologies. 

Easier credit for small contractors 

Small contractors usually do not own much construction equipment, and 
are more familiar with labour-intensive technologies than are large contractors. 
Yet small contractors face a number of difficulties in their attempts to obtain 
a contract on public projects. Apart from the fact that the usual bidding and 
contract procedures are biased against small contractors with low assets, 
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small contractors are often unable to obtain loans to finance labour costs on 
large public projects. Loans are necessary for small contractors, who have 
little cash at their disposal and may consequently find it difficult to wait long 
before receiving payment for their work. Since financial institutions usually 
refuse to make loans for other purposes than the acquisition of capital equip- 
ment, small contractors may be unable to compete with large contractors when 
it comes to bidding for large road projects. Thus, adoption of capital-intensive 
technologies is further favoured by the defacto elimination of small contractors 
from large road projects. The government may remedy this situation by asking 
private and public financial institutions to make loans more readily available 
to small contractors. 

Taxation of owned capital equipment 

A number of factors-including low ceilings on interest rates, difficulty ot 
importing spare parts for construction equipment, lack of proper equipmenf 
repair and maintenance facilities-tends to make contractors import more 
pieces of equipment thaa may be strictly necessary, in order to be sure that 
construction work will not be slowed down as a result of lack of equipment. 
(In general, contractors find it less costly to keep some construction equipment 
idle than to incur construction delays.) The government may put an end to 
this situation by imposing a tax on owned capital equipment. The cost of 
keeping construction equipment idle will therefore increase, and contractors 
will refrain from importing more equipment than is really needed. Further- 
more, the imposition of such a tax will increase equipment rental rates. A tax 
on capital equipment, is, however, difficult to administer. The government 
must annually as Js the value of pieces of equipment at various degrees of 
depreciation. Needless to say, such an assessment is difficult to make and 
may lead to a large amount of litigation between contractors and the govern- 
ment. This type of government intervention is therefore not very practical and 
should not be attempted unless other types of action are not politically or 
economically feasible. 



ORGANISATION AND MANAGEMENT 

The use of labour-intensive methods naturally implies the organisation and 
management of large labour forces; even if these methods are used exclusively 
on feeder and secondary roads the labour force involved is quite substantial. 
In developed countries one accepts the application of sophisticated manage- 
ment techniques to the use of numerous items of equipment on construction 
sites. If one accepts labour-intensive methods as a viable alternative, then there 
is every reason to apply the same kind of sophisticated planning to the use of 
a large labour force. 

In view of the problems involved in the management of large labour forces 
it is a little surprising that so little has been written on the subject. This may be 
because the problems are so overwhelming, seem so daunting, or because where 
large labour forces have been used in recent years, it was not done in the con- 
viction that this method could compete efficiently with capital-intensive 
methods, but simply because it was an alternative that increased employment. 
Nevertheless, if these methods are to achieve their true potential the level of 
management must be as sophisticated as on a capital-intensive project. 

In this chapter an attempt is made to isolate and examine the main factors 
involved in the management of large labour forces. Although no rigid rules can 
be laid down in the matter, it is possible to indicate the important factors, how 
they are inter-related and how the problems can be tackled together. It is 
important that the factors discussed in this chapter should be ctinsidered at the 

’ planning stage, because according to their particular combination in each cap,e 
each different project will require a different type of management. 

LABOUR DEMAND AND SUPPLY 

The choice of labour-intensive methods presupposes a supply of workers 
ready, willing and able to work on a project; therefore a prerequisite for any 
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l&our-intensive project is a full and detailed knowledge of the characteristiss 
of the labour force in the areas through which the road will go. The sort of 
labour survey that must be carried out for this purpose does not have to be very 
detailed: what is required is knowledge of the number of workers who are 
currently unemployed or underemployed; of how this level of surplus labour 
varies during the year, i.e. in relation to the peaks and troughs of agricultural 
activity; and of the skills and physical fitness of the workers available. Once 
some idea has been gained of the potential level of labour supply for the dura- 
tion of the road project a proper attempt can be made at planning the work. 
It may be that the labour supply rules out any chance of using labour-intensive 
methods; that fact should be known at the planning stage. 

The level of labour supply throughout the project area should also give 
some idea of the wage level that is required to entice workers onto the project. 
This matter is dealt with more thoroughly in Chapter 5. It is necessary to 
estimate how far workers will be prepared to travel to work at the wage rate 
that will be paid on the project; this will govern the size of the sections in which 
the road will be built. The Kenyan Ministry of Works has suggested, for in- 
stance, that 3 km is the farthest that rural workers will walk to work. This means 
either that a road project must pass close to settlements or that there will have 
to be collecting points for workers, in reasonable proximity to the settlements. 

Let it be assumed, then, that the characteristics of labour supply are reason- 
ably well known. It is now necessary to turn to the demand. First, a reasonable 
estimate should-be made of the productivity of the various construction opera- 
tions, and the quantity of work involved in those operations should then be 
estimated also. On that basis it is possible to calculate the total man-days of 
labour required. it Zs then possible to discover how much labour will be needed 
at any one time in relation to the sequence, location and timing of the various 
operations. Unless things are pianned otherwise, however, this demand for 
labour may fluctuate greatly. It is much better if the demand can be kept 
fairly stable, for various reasons. First, a fluctuating demand for labour can 
produce serious adverse social consequences for the workers and possibly 
disastrous effects on themselves and their families. In addition, if workers are 
being constantly hired and fired a feeling of insecurity arises in the workforce; 
not only does this make the workers less productive, it will probably also make 
them hostile to the project. Thirdly, the labour force needs facilities; if the level 
of employment keeps fluctuating, so does the level of the facilities, and this 
produces inefficiency and high overheads. And last but not least stable labour 
demand makes things easier from an administrative point of view. 

An attempt can be made to smooth out the peaks and troughs in the demand 
curve by the use of critical path planning and resource scheduling, and by 
the use of time and location charts. 
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Table 18. Illustration of labour requirements for a road construction project 

Operation Total man-days Suggested team size 

Opening a quarry 144 12 

Site clearance 84 12 

Excavating and loading 3 450 150 
Hauling and dumping l . . 
Spreading, shaping, watering, compacting 450 30 

z By means of dump trucks. 

Critical path planning 

Most engineers and planners will be familiar with critical path planning.1 
To indicate its use in the scheduling of labour demand and supply a simple 
example based on a real situation in Central Africa will be used. 

The major operations in a labour-intensive road construction scheme, to- 
gether with the man-days of labour required to carry them out over a 10 km 
section, are as shown in table 18. 

The construction of 100 km of road will be considered. 
From the network produced in the normal way it is possible to draw a 

demand curve for labour, as shown in figure 48. Most of the labour is employed 
on excavating and loading. 

The operations in the last line have been treated as a group in order to 
arrive at a more stable demand curve for them. This procedure is perfectly 
feasible in relation to the critical path network. The demand curve is useful in 
itself because- 

(a) it shows exactly what is the level of resource use at any particular time; 

(b) it helps in the organisation and administration of the labour force since it is 
possible to plan the facilities in relation to the number of workers on the 
job; and 

(c) it gives the level of financial expenditure per week on labour or, for projects 
under which wages are paid partly in the form of food rations, it shows how 
much money and food must be available for remuneration purposes. 

The next step is to assess the supply of labour and superimpose the supply 
curve on the demand curve. In figure 48 the trough in the supply curve repre- 
sents the agricu!tural peak season, when some of the workers will return 

1 For a detailed description of critical path planning see R. L. Peurifoy: Construction 
planning, equipment and methods (New York, McGraw-Hill, 1970). 
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Figure 48. Labour suppiy and demand curves for a road construction project 
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to their farms. It can be seen that this causes a shortfall in supply. In this case 
various options are available: 

(a) machines could be brought in to do some of the work; 

(b) the gang size on various operations can be reduced (in which case their 
duration will be increased); 

(c) certain activities, preferably non-critical ones, could be transferred to later 
dates when there wollld be a surplus of supply over demand. 

The use of option (a) would depend to a great extent on the availability of 
machines; clearly, it would generally be uneconomic to bring in machines 
from some distance purely for this short period. The choice between options (b) 
and (c) depends on various factors. The main consideration will be whether it 
is feasible to allow the project duration to increase. Other points to consider 
would be whether it is possible to reduce the gang size and still work effi- 
ciently, and how the timing of the project could be better adjusted to the 
trough in labour supply. 
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Figure 49. Effects of changes in duration on the cost of a project 
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Critical path planning can, of course, be used in the normal way to assess 
the cost of delays or of shortening the duration of the project as a whole. 
Normally thip involves making some assessment of the fixed overhead costs 
and assessing the direct cost of the project for a variety of durations. If the 
critical path is shortened there will be an increased cost relating to one or all 
of the following: 

(a) the supply of materials; 

(b) the number of labourers; and 

(c) payment of overtime or special incentives. 

The effect of delays or reducing the project duration can then be assessed 
graphically as shown in figure 49. 

This is particularly useful in analysing whether labour-intensive methods 
can be used: these methods may increase the duration of a project; if this is so 
the effect on project cost can be seen. 

In the case shown in the graph the minimum direct cost (US$35,000) is at a 
duration of 83 working days. However, when the indirect costs are added, the 
minimum total cost (US$40,000) occurs when the duration is 75 days. Thus the 
extra cost of paying special incentives, including overtime payments, is offset 
by the reduction in overhead costs. The graph also shows a direct cost impli- 
cation of increasing the project duration : in this case an increase ii, duration of 
7 days produces an over-all cost increase of US$3,000. Thus not only is there a 
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loss of direct benefit because the duration is extended but the direct cost is also 
increased. 

From the foregoing discussion it is clear that critical path planning can 
play a valuable part in the efficient scheduling and organising of labour I:i.ili- 
sation. Not only does it help to match supply and demand; it also reveals the 
im;>lications of unforeseen delays. The network can, of course, be up-dated 
when necessary, and can thus provide a permanent check on the organisation 
and productivity of the labour force. 

Critical path planning can also be used to assess activities in which labour- 
intensive techniques could be used. In many cases it will be a question of look- 
ing for the correct labour-equipment mix. Throughout this guide it has been 
stressed that the methods used must be economically viable. Some activities can 
be carried out best by equipment, others by labour. If labour-intensive tech- 
niques are found to increase the duration of projects it may not be economically 
feasible to use them; overhead costs and the loss of benefit may preclude them. 
Nevertheless it is still possible to use such techniques for operations that are 
non-critical, i.e. those that have “float” in the jargon of critical path planning. 
It does not matter if those operations take longer, provided that they do not 
use up all the float time. Thus the operations that are non-critical in the light of 
the critical path network could readily be earmarked for the use of labour- 
intensive techniques. 

Time and location charts 

A recent innovation in the p!anning of civil construction has been the use 
of time and location charts.l This technique is used to simplify the planning 
process and present it in a way that is easily understood by non-technical staff 
in the field. On a large project, network diagrams can be very complex indeed. 
Because the new technique illustrates the main elements of a critical path 
network without resorting to such diagrams, it has already been received 
with enthusiasm by road works contractors and engineers in the United King- 
dom. It should be said that the method is really applicable to rural roads only, 
because in urban areas the location and provision of public utilities such as 
gas, water, sewerage and electricity are external factors difficult to accommodate 
in the technique. However, this limitation is not a great restriction when labour- 
intensive road construction is concerned since most of the projects to which 
such methods are applicable are in rural areas. The technique is illustrated in 
figure 50, which refers to the project already described above. The diagram is 

1 The authors are indebted to Mr. M. I. Hussain of the International Labour Office for 
his detailed comments, criticism and information on this topic. 
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a graphical representation of the major constituents of the project. The p!an 
of the road is drawn at the top of the diagram. In this case only a 5 km stretch 
is shown, but in practice the whole length of the road would be represented. 
The chainage points are marked, as are all the structures such as bridges, 
culverts and retaining walls. Naturally other major features that have an 
influsnce on the project, such as areas of unsuitable material and populated 
areas, csn also be shown on the plan. It is useful, however, to make the plan as 
simple as possible. The longitudinal section of the road is then drawn under 
the plan. This shows immediately the areas of cut and fill, generally the most 
important part of any project. The volume of cut and fill can be marked on 
this longitudinal sector or alternatively, if a more detailed description is required, 
a mass-haul or block diagram can be drawn underneath the longitudinal section. 

The working part of the diagram consists of a graphical representation of 
the project. The horizontal axis represents the length of the project and is a 
direct projection of the longitudinal plan. The vertical axis is on a time scale 
and can be in days, weeks or months depending on how much detail is required. 
Further, the seasons when construction activity is limited can also be shown. 
Each operation is then drawn on the diagram as a series of lines and each 
point on the line represents a point in time and location. In figure 50, for instance, 
site clearance is envisaged as a continuous process commencing at week 1 at 
chainage 0 and finishing at the end of week 5 at chainage 5,000 (metres). The 
cut and fill operations can now be drawn in. It should be noted that the time 
and location diagram is not merely a repres:p:ation of the time taken for each 
activity but also of its location, and the drawing of the diagram incorporates 
the planning of the project: thus the fill operation between Ch600 and Ch1,200 
cannot effectively be executed until the drainage culvert at Ch900 is completed; 
owing to scarcity of resources the cut operation between Ch2,OOO and Ch3,lOO 
cannot commence until week 8; the fill operations between Ch1,500 and Ch2,OOO 
and between Ch3,lOO and Ch4,OOO can be carried out only in conjunction with 
the construction of adjacent retaining walls; the gravelling operation can be 
a continuous operation between Cl1600 and Ch5,OOO but, because of the bridge 
construction, the gravelling between ChO and Ch600 has to be delayed. 

The important elements of the road construction project have now been 
portrayed graphically. It is now possible to tell at a glance the most important 
facets of the project: the precise time and location of each operation is por- 
trayed; for any section of the road it is possible to see which operation will 
take place and at what point in time. The over-all duration of the project is 
also shown in the diagram. 

The important features of the earth-moving operations can be immediately 
ascertained. For example, take the cut and fill operations between ChO and 
Ch1,500. Let us assume that a labour-intensive method is envisaged for ex- 
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cavating and hauling and that the maximum efficient haul distance for this 
method is 300 metres. This means that less than half of the cut from ChO to 
Ch600 can be effectively transported to the fill area (Ch600Xh1,200). This 
will not satisfy the requirement for the fill area (3:OcIO cu. m). However, this 
shortfall can be made up from excavated material from the cut area Ch1,200- 
1,500. The remainder from this area could be taken to the next fill area, 
Chl,500Xh2,000. 

The cut area between Ch2,OOO and Ch3,lOO provides another example. 
The soil in one section of this cut (Ch2,400 to 2,700) is unsuitable for fill 
material, and must therefore be carted to tip. The remainder could be used for 
the adjacent fill areas. However, the hauling distance will be too great for 
efficient transport of all the material to the fill areas. In this case the amount of 
inefficient hauling will be small, and it may be better to use the labour-intensive 
method rather than change the means of hauling, or to bring in material from 
a borrow pit, although in that case one is available at Ch3,400 (and can also be 
marked on the longitudinal section). It should be clear that the diagram can 
be used to show exactly where the excavated material will be transported to, 
by what means and’whether the chosen means of haulage will be efficient: 
if most of the excavated material had to be transported more than 300 metres 
it would obviously be wrong to think in terms of a means of hauling for which 
the efficient maximum lead was only 300 metres. The diagram can therefore 
be used as a guide to the choice of techniques. By assessing the capability 
of each possible means of hauling and comparing it with the time and location 
diagram it is possible to tell at a glance whether the method is practicable for 
a particular operation. 

The foregoing discussion merely points out the possibilities of the use of 
this method. Engineers will automatically see the relevance of a planning 
diagram which can be easily read and which can show pictorially the problem 
involved in the execution of the project. 

The diagram also shows the relationship in time and location of one opera- 
tion with another: thus the dependence of one operation on another is shown 
in the same way as in a critical path network. Figure 50 in fact shows only 
one starting point of the project, i.e. at chainage 0. However, it would of 
course be possible to start in many places along the length of the project at 
the same time as long as resources were available. Thus the site clearance 
operation, which is shown as starting at chainage 0 in week 1 and concluding 
at chainage 5,000 in week 5, could start in week 1 at several points along the 
length of the project. For ease of identification each type of operation should 
be drawn in different colours or patterns. 

Complex operations such as the construction of a bridge are shown as a 
single line on the diagrams. However, a separate critical path diagram can be 
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drawn for each such operation so that the separate, individual operations 
invoived can be reiated to each other. In the basic diagram this wouid be un- 
necessary since what is important in that context is the relationship of the bridge 
construction to the project as a whole. 

The diagram can be used to calculate the total resources required on the 
project day by day or week by week. This is shown at the left hand side of the 
diagram. This resource scheduling process can be as detailed or as simple as 
is required. In this case, for the sake of simplicity, only a few different kinds of 
resources have been allowed for (four kinds of labour and four kinds of equip- 
ment). Taking week 5 as an example, reading across the row to calculate the 
number of unskilled labourers required, we find that the bridge construction 
requires 50 labourers and the fill operation at Ch600-Ch1,200 requires 70, as 
does the same operation between Ch1,500 and Ch2,OOO. The adjacent retaining 
wall requires 40, the culvert at Ch 3,500 requires 20 and the site clearance 
operation a further 12. This gives a total of 262 unskilled workers; similar 
calculations can be made for skilled workers (perhaps disaggregated into say, 
carpenters, masons and steel-fixers and supervisors) and the whole range of 
equipment and small tools. The project planner therefore has an immediate 
display of the resources required on a weekly basis. On labour-intensive pro- 
jects the labour demand curve can be directly plotted and included as shown 
in figure 50, and on this can be superimposed the expected labour supply curve. 

The time and location study technique is a very useful instrument of planning 
and execution. On lai..nur-intensive projects it provides a firm basis for the 
scheduling and planning of the work of large labour forces and therefore has 
a direct management application. The technique has already been successfully 
used on large rural motorway projects. It has been particularly well received 
by site managers and supervisors, who can understand it easily without formal 
training. Because it is simple and efficient, the technique seems ideally suited to 
the planning of road construction projects in developing countries. 

SUPERVISION 

One cannot overemphasise the importance of good management in relation 
to labour-intensive projects. In equipment-intensive projects a manager creates 
the right conditions for the maximum utilisation of his plant. In labour- 
intensive projects a manager must create an environment conducive to high 
labour productivity. With regard to the management of large labour forces the 
main point to recognise is that the manager has to be not only a technician 
and an administrator but also somewhat of a behavioural scientist: he needs 
to have an understanding of such factors as tribal differences, the family and 
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village hierarchy, the attitude to work and the psychological invoJvement of 
the workers in the project. A t the very least he must ensure that the rates of 
pay are sufficient to act as incentives; and the composition of the gangs must 
ensure that each member is working with his fellows and not against them. 

The cost of administration and supervision may be much greater in public 
works and construction than in labour-intensive manufacturing. In particular, 
organisation and administration become more important (and hence expensive) 
when a large number of small labour-intensive projects call for th.e mobilisation 
and use of large numbers of workers. Although a shift from large to small 
projects may render the use oflabour-intensive methods much more economical 
in terms of construction costs in the narrow sense, there are offsetting disad- 
vantages : if a project is divided into a number of smaller projects, this increases 
the administrative workload, especially if the organisation of the group of 
projects remains highly centralised. Paradoxically enough, the limited decen- 
tralisation of authority in such cases may ultimately increase the workload for 
the central management, especially if decentralisation is combined with local 
participation in decision making. :+ is, however, not proven that labour- 
intensive programmes which rquire ‘nat work be taken to the workers must 
necessarily raise administrative and. supervisory costs. The subdivision of a 
given amount of work into smaller amounts not spread over distant worksites 
may effect over-all economies in organisation, management and supervision. 
On the other hand a vast increase in the number of small-scale projects would 
make greater demands on planning, organisation and co-ordination. 

Study of Chinese experience in labour mobilisation on construction schemes 
shows that successful organisational innovations considerably reduced the 
need for scarce supervisory skills. For example on the People’s Victory Canal 
lrrigation Project (in the Yellow River Basin in Honan Province), the con- 
struction of structures was divided into large-scale, medium-scale and small- 
scale works, the last being undertaken mostly by peasant workers supervised 
by team leaders. It has been reported that “wherever possible standard sectors 
were set up 164 to 328 feet (50 to 100 metres) apart to serve as models for the 
peasant workers. This enabled the number of team leaders to be reduced.” l 

Unfortunately, there is a distinct lack of training in this sort of management 
in developing countries, and it will be necessary to launch special courses for 
this purpose.2 It would be best if the running of such courses were regarded as 
being an integral part of the duties of the public works department so that the 

1 Kanwar Sain and K. L. Rao: Report on the recent river valley projects in Chiua (Govern- 
ment of India, 1955), p. 53. 

z The Kenyan Government has recently initiated a training scheme for middle manage- 
ment personnel in connection with labour-intensive road construction. 
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courses might be directly related to the product of the projects on which the 
trainees will subsequently work. 

LOGISTICS 

In any labour-intensive project it will be necessary to provide extensive 
site facilities for the labour force. It has often been suggested that the overheads 
in these projects will be greater than in an equivalent capital-intensive one. 
In cost terms, however, the facilities in question should be seen as a part of 
remuneration, as an extra incentive to work: if the workers are given good 
working and living conditions they will respond more easily to management. 

When discussing the logistics of large labour forces a distinction should 
be drawn between the “core” labour force, i.e. the workers who are employed 
throughout the duration of the project, and the casual labour. The core 
workers will move along with the progress of the work; they will in fact live 
on the job, whereas the casual workers will be taken on locally as and when 
demand requires. Although casual labourers should also have basic canteen 
and other welfare facilities, and should receive equal treatment as far as wages 
are concerned, there is no necessity for camps to be provided for these local 
recruits. However, it is desirable that they should be transported to and from 
their villages. This ensures that the workers will actually report for work on 
the site and that when they arrive they shall not be tired from wa!king te 
work. If a large proportion of the workforce is casual, this fact limits the length 
of the section on which work can be undertaken. The total length of road 
to be built would have to be broken down into sections that could be easily 
supplied with labour. 

It may be impossible to build the road purely by locally recruited labour, 
and it may in fact be better to use a basic core of workers, because they will 
constitute a section of the labour force for which training time will have to be 
allowed only once during the life of the project, whereas a learning period has 
to be allowed for every time a new band of local workers is taken on. 

The core workers will have to be housed, fed and provided. with ether 
facilities in a communal camp. Its size and sophistication will depend upon the 
length of time for which it is occupied and the size of the project. However, 
there are certain basic prerequisites. A clean and adequate water supply must 
be provided for drinking, cooking and washing. The provision of water for 
the workforce must be planned for and costed. This may be a very difficult 
task in some areas, and may require the provision of water bowsers to bring 
the water to the site, or the drilling of wells. 

The provision of food is particularly important. The effect of a good diet 
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on the productivity of workers can be taken for granted, although it has not 
been possible to establish any exact correlation between the productivity 
and nutrition of a group of workers in developing countries. As far as large 
labour camps are concerned it should be possible to ensure that all the workers 
are adequately fed. This could be done by means of a site canteen, whether 
run by the site management or by a private firm brought in for the purpose. 
However, if the workers are recruited locally from among the unemployed 
and underemployed, in areas where food is scarce, two problems arise. First, 
to work effectively they will probably need more food than they consumed 
previously. Secondly, if there is already a shortage of food and they earn 
money with which they buy food, a rise in food prices may result. Conversely, 
experience has shown that care must be taken to provide only food that is 
not readily available in the locality; otherwise it may depress the price and the 
production of locally grown food. Nor must the labour employed be moved 
away from other productive work such as farming. If the workers on the 
project are brought in from outside the area a problem may also arise in that 
they may be able to purchase the little food that is available, thus giving rise 
to a shortage of food for the local people and ill-feeling on their part. In any 
event in any area where a big construction project is undertaken, the local 
price of food may be affected by the increased demand on the part of the 
workers and by any additional supplies brought in by the management. This 
possibility must be foreseen, and preventive action taken if possible. 

Difficulties of the kind just described may also arise if food is provided 
in part payment of wages. Payment in food can ensure that the workers have 
a correct diet, and it can also attract workers who would not be interested 
in a purely money wage. However, it would not be proper to make food the 
only remuneration, except for self-help projects under which workers build 
short stretches of link or feeder roads in their free or underutilised time, to 
meet the specific, direct needs of the local community to which they belong by 
facilitating access and the marketing of produce. No such justification exists 
for works of general public interest, such as important components of the 
national road network, including main highways.” 

Yet other problems may arise: for instance, a British military assistance 
team supervising the construction of rural roads in Ethiopia found that the 
further the roads progressed from the main roads the more difficult it became 
to maintain food stocks and ensure a regular supply. Because food is a precious 
commodity in many developing countries great care has to be taken to ensure 
that the food is in fact all distributed to the workers and not channelled else- 
where. This involves some strict supervision and may lead to delays. 

1 The Protection of Wages Convention, 1949, deals with this matter of payment in kind. 
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There are no ready-made answers to the problem of feeding the labour 
force. However, in planning the work it is important to recognise that the 
availability of food is an important consideration: the secondary effects of 
using a large workforce must not be underestimated, and the construction of 
the road must be viewed in terms of the over-all economic development of 
the area. 

Medical facilities must also be provided of a level that will depend among 
other things on the size of the labour force. In large camps it is also important 
to provide leisure facilities serving the requirements of recreation, entertain- 
ment, adult education and religious observance. Because such facilities engender 
a community spirit and aid discipline, they can often be justified on economic 
grounds alone. 

Certain other problems arise in relation to the use of large labour camps. 
These relate more to the effect on the local population and environment than 
to the workers themselves. Whenever a large, predominantly male group of 
workers are brought together for hard, physical work it is inevitable that 
there will be discipline problems. Unless very strict precautions are taken a 
great deal of ill-feeling may arise among the indigenous population. This will 
be particularly true if the imported workers are of different ethnic origins to 
the local population. 

It should be clear from the foregoing that on major projects involving the 
use of large labour forces the setting up of a work camp may be one of the 
major costs. This may not be such a serious problem in the case of dam construc- 
tion, for example, in which the work camp is fixed for the duration of the 
project. However, in the case of road projects which may be 100 miles long it 
may not be feasible to have one fixed camp. In that case the cost of setting 
up work camps will be magnified, and it is therefore not recommended that 
labour-intensive methods should be used, initially at least, for such major 
projects. If long lengths of road are to be built by these methods, however, 
it will be necessary for the planners to seriously consider alternatives to the 
setting up of large camps. Three such possibilities are to set up a larger number 
of smaller camps; to break the road length into short stretches and use only 
the locally available labour; or to plan the work so that the workers responsible 
for the different operations will be housed at different locations. This last 
system implies, for example, that one section of the route will be cleared of 
vegetation while the major earthworks are being carried out on another. It 
requires very careful planning, and the practical problems involved in carrying 
out the different major construction operations in isolation instead of in their 
normal immediate sequence would be considerable. The latter two methods and 
the more usual method are shown in figure 51. The two non-traditional pro- 
cedures give rise to problems of co-ordination between the sections, but this 
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Figure 51. Location of operations half-way through the construction of any given 
long stretch of road under different construction procedures 
(Direction of progress left to right+) 

Typical traditional procedure 
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Sectionalised construction procedure 
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Procedure involving complete physical separation of operations 

Completed Surfacing Base course Earthworks Site clearance Unworked 

may be preferable to the difficulty, human, physical and financial, of constitu- 
ting a single large workforce housed in one camp. 

RECRUITMENT 

In some cases the public works department or its equivalent will have a 
hard core of permanently employed unskilled labour. However, where labour- 
intensive projects are concerned it will be unlikely that sufficient labour is 
available from this source, and it will therefore be necessary to recruit locally. 
Armed with his evaluation of the labour demand the project co-ordinator 
should have a clear idea of how many labourers he requires from each location, 
when he will require them and for how long. 

In developing countries direct recruitment of workers on an individual 
basis may be a complex matter. On the assumption that the prospective 
employees are literate, which is not necessarily the case, notices can be posted 
to publicise the employment available. It will probably be necessary to hold 
meetings in each population centre to inform the people of the forthcoming 
project and to ascertain how many labourers would be available. Recruitment 
may also be carried out through authorised or licensed recruiting agents 
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Figure 52. Information bulletin for workers employed on a labour-intensive project 

PASIG PROTERERQ RIVER CONTROL PILOT PROJECT 

Why ” pilot project “7 
To prove the work can be done as well by hand labour and bull carts at it can by bulldozer. 

WP y do we have to prove this? 
If you prove this the Government may do most of its levee construction by hand labour. 

How will this benefit me? 
If the work is done by hand labour all the money is paid to you in wages. 
If it is done by bulldozer you will not receive any of it. 

How much work is involved? 
The pilot proiect will last two or three months. The new levees to be built on the Pasig 

river could last for three years. If the pilot project succeeds there may be three more years of 
work. 

If the pilot project fails there will be no more work. 

What decides the success of the pilot project? 
The pilot project will suceed if- 

(1) it costs no more than doing it by bulldozer; 
(2) the compaction of the earth in the !evee is good; 
(3) there are no labour troubles. 

How can we help to ensure success? 
1. Make sure your carts are fully loaded-this will keep the cost down. 
2. Obey the traffic signals-we have to direct traffic so that the carabaol hooves 

and bullcart wheels compact the earth. 
3. Help the engineer as much as possible. If you have some good ideas as to how 

the work can be improved, let him know. 

l Water buffalo used as a draught animal. 

operating under the supervision of the competent authorities. In that case, 
however, it is essential, and very difficult, to ensure that the remuneration of 
the recruiting agents is limited to any authorised fee and that they do not 
take a percentage of the wages paid in addition.’ 

It is very important that the persons doing the recruiting should explain 
exactly why the labour is being recruited. This should produce a feeling of 
participation. In the Philippines the IL0 project staff issued a bulletin to each 
work group which explained why the particular work was being undertaken 
and how it would benefit the community. (The bulletin is reproduced in 
figure 52.) This helped in the subsequent recruiting of personnel, since the 
local farmers could see the advantages of being employed on a project that 
could be of lasting benefit to them. 

1 Details of the safeguards to be taken if it is proposed to use intermediaries for recruit- 
ment will be found in the Recruiting of Indigenous Workers Convention, 1936, and the 
Fee-Charging Employment Agencies Convention, 1949. 



METHOD OF PAYMENT 

The method of payment of workers has important repercussions on producti- 
vity. Workers may be paid daily, task or piece rates. Productivity is generally 
increased when workers are paid on a task-work or piece-rate basis. However, 
financial or legal restraints may severely limit the choice of the method of 
payment; in particular there may be a fixed daily wage payable on government 
projects, so that it will be impossible to implement any form of incentive scheme. 
Elsewhere the law may set maximum and minimum limits to the wages that can 
be paid. 

The task-work system is one in which a given task is set to be done in a 
certain time: the workers are paid according to that fixed time. The estimation 
of the task time is important, for if it is overestimated the operation becomes 
inefficient, while if it is *underestimated the workers will feel exploited and 
unrest may result. The task time should therefore be based on a thorough-going 
investigation of the average time taken for each relevant operation. 

The piece-rate system provides an even greater financial incentive. Pay- 
ment is made according to the amount of work completed. Again the norms 
that are used to calculate the payment for each unit of output must be 
reasonable. 

In either task-work or piece-rate systems the established norms should be 
well publicised on the site. This will ensure that all workers know exactly how 
they are to be paid and Will not have any cause for complaint about the wages 
they receive. 

The method of payment used will depend on the type of project and even on 
the type of operation being carried out. Thus, even when most of the workers 
are paid by the day, piece rates may be paid for certain operations of critical 
importance to ensure that they keep on schedule. In terms of pure wage costs 
it may be that piece or task work is more expensive than work paid for by 
the day. However, the appropriateness of the method of payment must be 
judged by the cost per unit or by output per unit of time. For example, a group 
of daily-paid workers may take ten days to construct 1 km of earth road at a 
wage cost of USf2,OOO. If a piece-rate system is introduced the wage cost may 
increase to US$2,500, but the length of road may be completed in six days. 
However, the overheads involved in large labour force participation can be 
appreciable. In this case let us assume that the overheads are US$150 a day. 
Since the daily-paid workers take four days longer to build 1 km of road, the 
overheads for that distance amount to US$600 more. Thus although at first 
sight it would appear more expensive to use a piece-rate system, when over- 
heads are taken into account it is in fact cheaper: 

The choice of method of payment therefore depends on a variety of factors. 
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From a technical point of view the method chosen for each major operation 
will be that which, on the whole, ensures maximum productivity and minimum 
cost. 

MOTIVATION 

It is clear that a whole series of factors affect the willingness of workers to 
work. Financial incentives, a feeling of belonging to the project, good relations 
with fellow workers, adequate welfare facilities are but a few. A good manager 
of men will understand all this and more. In particular he must recognise the 
need to communicate with people; he should appreciate the problems of using 
groups of workers with different ethnic and social backgrounds; and he must 
realise the need to be frank and honest in his dealings with his workers. 

The crucial factors bearing on willingness to work are the financial incentive 
and confidence in the management. The financial incentive has already been 
discussed: on the basis of a detailed assessment of productivity norms it should 
be possible to provide workers with the correct financial reward for their 
work. The question of confidence in the management is more difficult: mana- 
gers must instil the feeling that they have a complete grasp of the problems 
involved in the construction of the project, and must be able to express their 
understanding in terms comprehensible to ordinary workers. 

CONTINUITY OF WORK 

One of the main benefits of labour-intensive methods is that they give 
employment to a large number of otherwise unemployed or underemployed 
workers. Road construction is a field in which these benefits are most easily 
achieved. Thus, the IL0 team in the Philippines showed that the construction 
of a gravel road by labour-intensive methods provided 12,000 man-days of 
employment per kilometre, whereas its construction by a capital-intensive 
method provided only 1,600.’ 

One of the aims of road construction by labour-intensive methods should 
be to provide permanent employment for the unemployed while also giving 
opportunities of seasonal employment to the underemployed. 

Once an individual road is built, the workers employed on it will normally 
be laid off, and the improvement in the employment situation will therefore 
have been only temporary. This drawback can be avoided if the use of labour- 

l Deepak La1 : Men or machines, op. cit. 
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Figure 53. Labour supply and demand graph for a hypothetical series of local road projects 

Thousands of workers 
, 

%- 

7- 

6- 

5- 

4- 

3 I- 
,--v 

SUPPlY 
r-- 1 -- 1 
I 1 : -- I 

t 

1 I 

2 -- J L-- I 

; 
I 
I I . 

l- i 1 I 
L ----------- 

--d 

I 976 
I 

1977 
I 

1978 
I 

1979 
I 

1980 
I 

1 

intensive methods is incorporated into a long-term plan. Once it has been de- 
cided that these methods are effective for certain types of road, project plan- 
ning should then be geared towards providing continuity of employment for the 
workforce. The authorities must draw up a detailed plan of road construction 
projects for a period of five years, for example. Projects on which it is consi- 
dered that labour-intensive methods could be used can then be singled out and 
the labour demand calculated for each one as described earlier in this chapter. 
The use of resources can be scheduled in relation to these projects as a group. 
Allowance would have to be made for the fact that each particular project 
could draw on a local labour supply. Demand and supply could then be 
equated. 

The following is a simple example of how this could be done. Let it be as- 
sumed that ten roads are to be built, by labour-intensive methods, between 1976 
and 1981. These roads are located in the six areas of a region. For the sake of 
simplicity let it be assumed that each contract takes 18 months and that the 
starting dates and labour required are as given in table 19. It is assumed 
that the peak period is always the second half of the year and that during the 
first and last six months of the contract the labour requirements amount to 
only half of the peak demand. The labour demand curve would then be as in 
figure 53. Let it now be assumed that a survey has shown that the potential 
casual labour supply is as follows : 
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Area SUPPlY 

A 500 

B 750 

C 3,000 

D 2,000 

E 500 

F 250 

If the supply curve is then placed over the demand curve as in figure 53 it is 
clear that there is a serious shortfall in supply. 

Table 19. Labour demand and starting dates for a hypothetical series of road projects 

Area Road Starting 
date 

Number of workers required 
at peak of project 

A 1 1976 1000 

2 1977 3 000 

3 1977 4 000 

B 4 1979 2 000 

5 1980 6 000 

c 6 1978 5 000 

D 7 

E 8 

F 9 
10 

1976 2 000 

1976 3 000 

1979 4 000 
1980 2 000 

If permanent employment is given to 3,000 workers this will obviously 
raise the supply curve by 3,000 units (on the assumption that the permanent 
employment of 3,000 men does not, affect the supply of casual labourers.) 
The situation is now much improved. However, there are still some problems. 
During the latter half of 1977 there will be a shortfall on pro.jects A2 and A3. 
It is possible that the casual workers from areas D and E couid be induced 
to work on projects in area A. There is again a shortfall in supply from mid-1979 
onwards, and this may mean either that extra labour has to be taken on, on a 
permanent basis, or that projects B5 and FlO will have to be spread over a 
longer period and thus require less labour. 

236 



CONDITIONS OF TENDER 
AND CONTRACT TERMS 

This chapter is concerned with the fact that the choice of technique is 
conditioned by the contractual system: the conditions of tender and the pro- 
visions of the contracts often provide such a strong built-in bias against labour- 
intensive techniques that no amount of information about their advantages will 
induce people to us3 them. 

RESTRICTED BIDDING AND PRELIMINARY SELECTION 
OF CONTRACTORS 

Bidding procedures may vary from country to country and for large and 
small contracts. Tenders may be issued in an open market, with an invitation to 
any contractor to offer bids. At the other extreme a contract may be negotiated 
with a particular contractor: under that system of the “negotiated contract”, 
the client deals directly with a contractor of his choice. That system is often 
used when a contractor has a known expertise in a particular speciality. The 
negotiated contract can be used to ensure that a project is carried out using 
particular techniques: the client can specify not only what he wants to have 
built but also how. Under that system, of course, the client must be convinced 
that the methods specified are efficient. 

The system of selected tender is intermediate between open tender and indi- 
vidually negotiated contracts. Tender documents are drawn up and presented 
to a list of private contractors who are considered to be capable of under- 
taking the prcject. In many developing countries not a?1 contractors are quali- 
fied to bid for construction projects. For instance in the Philippines a committee 
of the Public Works Department screens contractors on the basis of what is 
called a “pre-qualification test”. T he main purpose of this screening is to ensure 
that the short-listed contractors have an adequate stock of equipment, or ade- 
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quate funds to be able to rent whatever equipment they may need. Since only 
contractors who have or will have a sizeable stock of equipment are allowed to 
bid, the system encourages the use of capital-intensive methods. The require- 
ment concerning availability of stocks of equipment may also give preference 
to big foreign contractors over the local medium-sized and small contracting 
firms: a big contractor is not only likely to have more and bigger equipment but 
also machine operators, mechanics and supervisors and his own spare parts and 
supply organisation, in addition to an easy access to finance, equipment and 
repairs abroad. To eradicate some of the biases involved in the selection of 
contractors for a selected tender list the minimum plant holding proviso could 
be waived for contractors who are known to be efficient in the use of more 
labour-intensive techniques. This suggestion implies a more thorough exami- 
nation of the qualifications of contractors who apply to be placed on the 
selected list. The criterion will not be whether the contractor has enough equip- 
ment to carry out the project, but whether he is efficient in the use of his re- 
sources, be they equipment or labour. 

The size of contracts may also favour the big foreign over the small local 
contractor, and it is desirable that, wherever possible, projects should be divided 
into large numbers of small lots to facilitate tendering by small and medium- 
sized local firms. However, there may not always be scope for splitting up 
large contracts into small ones: the nature of construction work may require 
large contractors. Secondly, while the small contractor cannot take on large 
contracts, a big contractor may subcontract to small contractors by splitting 
the total amount of work into diKerent parts. In such a situation, the effect 
on employment might not be adverse unless equipment-intensive methods 
were used extensively even on smaller-sized works. 

CONTRACT TERMS 

Standard design specifications 

Consulting engineers, be they local or foreign, introduce biases at an early 
stage of a project. It is they who undertake the pre-feasibility and feasibility 
studies. Once such studies are completed and a certain direction is recommended 
in them, there is often very little chance of varying technology at the design 
or construction stage. In many countries genuinely local firms of consulting 
engineers are few. On the other hand many nominally local engineering firms 
in developing countries are branches of large foreign or multinational firms 
whose knowledge and experience is confined to highly equipment-intensive 
methods. Thus a bias in favour of a high degree of mechanisation will be caused 
by the fact that these firms import standardised design and construction speci- 
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fications from the advanced countries. In many cases these standard specifica- 
tions are not appropriate to the needs and local situations in the countries to 
which they are transplanted. Unless they are modified to suit local conditions, 
they remain “over-specified”, and thus necessitate corresponding equipment- 
intensive methods. Governments can be much stricter in their selection, briefing 
and supervision of consultants. They should look very closely at their experience 
and expertise, and should ensure that the brief given to them clearly indicates 
the need to investigate the employment and foreign exchange aspects of any 
proposals that are produced. Within government agencies it would be possible 
to set up a small unit which would study the specifications and standards set 
by -9nsultants to ensure that there is no unnecessary bias towards equipment- 
in .‘,i ,ive methods. The international organisations also can be much more 
rigorous in their letting out of contracts to consultants for projects in developing 
countries. 

Technology clauses 

In most cases the contract documents in developing c,nntries do not include 
any specifications about the equipment-labour mix to be used for any particular 
task. III some countries, however, as in the Philippines, guidelines issued by the 
public works department for provincial and district authorities do mention 
the need to study the feasibility of using labour-intensive methods, even though 
the use of such methods is not specifically provided for in the contracts.1 
In the Philippines such guidelines have been useful in encouraging consulting 
engineers and contractors to consider the possibility of using efficient labour- 
intensive methods. 

A detailed evaluation of alternative labour-intensive methods needs to be 
made first by consulting engineers at the design stage.2 Subsequently, speci- 
fication of the alternative techniques needs to be introduced in contract docu- 
ments. However, mention of alternative methods in contracts alone is not 
enough: it is important also to ensure proper implenlentakion, and supervision 
of the use of labour-intensive methods in practice. Both governments and 
consulting engineers have a role to play in that respect. The former could make 
sure that terms of reference for feasibility studies and engineering design 
promote the investigation of possibilities of substitution of labour for equipment 
in road construction.3 

1 See Deepak Lal: Me11 or mrchitles, op. cit. 
a See Chapter 2. 
8 Also see G. W. Irvin: Roads a?fd redistribution, op. cit., Ch. 6. 
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Minimum employment clauses 

A specific provision about the minimum amount of employment to be 
created by the implementation of a road project can also be included in the 
contract. Such a provision amounts to making the contract a “labour contract” 
under which a labour contractor provides a specified number of workers at 
some specified time and place. This implies that the management of labour will 
be subcontracted locally. This method has been tried out by the Kenyan 
Ministry of Works quite successful1y.l However, it is important to ensure that 
the conclusion of a minimum employment contract does not really amount to 
the mere provision of unemployment relief or to an ynproductive uiilisation of 
Iabour. When contract specifications and documents simply specify what should 
be done but not how, there is a danger that contractors will overstaff by hiring 
extra labour without necessarily making use of it. The most objectionable 
aspect of this approach is that an opinion might develop that employment on 
a road involves no work at alL2 

To avoid underutilisation of labour, it may in some circumstances be better 
to specify in contracts that either (a) particular labour-intensive methods shall 
be used, or (b) a minimum amount of employment shall be created. If the 
labour-intensive methods gve explained in detail, the contractors will make use 
of them provided that they are given the appropriate incentives to do so. In 
such a situation, a minimum employment clause might not be necessary. By 
making use of labour-intensive methods, contractors will @SC) J&O employ 
more labour than they would in the absence of knowledge of such methods. 

Time limits 

Most contracts provide that the construction work must be completed 
within a certain time. Because of such dt-Cidlines, both the pubiic authorities and 
the contractors thcmsclvcs are inclined to prcl’er capital-intensive methods, on 
the ;Issuml%ion that it will take mucl~ longer to complete a given task with the 
allcrnative labour-intensive nicthods, not necessarily owing to any technical 
inferiority of these methods themselves but owing to the organisational and 
planning dificulties that are considered in the previous chapter: for example, 
when work has to be completed by a time specified in the contracts, the possi- 
bility of a bunching of operations caused by initial delays in either starting 
work (‘r completing part of it may tend to favour mechanisation. However, 
even it‘ gestation lags with labour-intensive methods are longer, the social cost 

’ See ILO: I3nploymerrt, ittcouws nmI eqmlity, op. cit., Chapter 1 I and Technical Paper 
No. 8. 

1 JWS Miillcr: Choice of tecftrrology in Nn~errleltc~lo~)eci countries, op. cit., pp. 86-87. 
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of delay in completion of construction work may be compensated by the social 
benefits that may result from greater employment or benefits in terms of 
reduction of social costs of construction through the use of labour-intensive 
methods. Where it is clear, therefore, that labour-intensive techniques, though 
they may extend the duration of the work, are socially the most efficient, 
consideration should be given to wai.ving the contract duration limit and any 
attendant penalties. In cases in which labour-intensive techniques can be 
applied., the contractor himself can be requested to specify the contract period 
in his tender. The onus will then rest on the client to decide whether the increased 
duration is offset by the more efficient use of the available resources. 
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ATTITUDES OF ENGINEERS 

It has been said that “. . . the basic trouble with engineers is that they are 
professionally driven by what Schumpeter once called ‘the half-artistic joy in 
technically perfecting the productive apparatus’. Give an engineer a machine 
and his instinct is to improve it; give him a plant and his instinct is to automate 
it. From his point of view it is perfectly understandable, even laudable. The 
engineer’s interest is in technical efficiency . . . and from this point of view, 
machines are often more reliable than men.“’ Many aspects of the engineer’s 
education and environment tend to reinforce such an attitude. Most engineers, 
whether from developed countries or from the developing ones, are educated 
and trained according to curricula relevant to the problems of developed 
countries. This often implies a very high degree of specialisation and a tendency 
to ignore possibilities of trying alternative approaches to problems. As Jens 
Miiller 2 puts it, polytechnical training institutes are being replaced by mono- 
technical institutes, with the result that “a one-solution-to-one-problem atti- 
tude” has developed among technologists and engineers. 

Until recently, little attempt has been made to introduce the subject of 
appropriate alternative technologies into the curriculum of institutions for the 
training of civil engineers. It is all very well for civil engineers from the develop- 
ing countries to be trained in the intricacies of sophisticated highway design, 
project planning and evaluation, but to give them such training without con- 
sidering the environment in which they will be working in their own countries is 
irresponsible. It is often the case that an engineer’s training precludes a choice 
of technology related to his own environment; and it is therefore necessary to 
instil into educationalists in both the developed and the developmg countries 
the need to adapt their courses to the needs of the participants. 

1 James Pickett, D. J. C. Forsyth and N. S. McBain : “The choice of technology : Economic 
efficiency and employment in developing countries”, in World Development, Mar. 1974, p. 51. 

a Jens Miiller: Choice of technology in underdeveloped countries, op. cit. 
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Even when engineers have received a grounding that would enable them 
to envisage the use of alternative techniques, their approach is often biased by 
considerations of professional prestige. Because the socio-economic environ- 
ment from which the “best-practice” techniques are borrowed is one in which 
labour is scarce, such techniques are capital-intensive and labour-saving. In 
developing countries, on the other hand, it is capital and not labour that needs 
to be saved. The desirability of technical efficiency can in any event be exagger- 
ated in the context of road construction in developing countries. For one 
thing, earlier chapters in this manual have shown that labour-intensive methods 
of road construction can also be technically efficient. Wherever they are not, 
requirements of technical efficiency need to be weighed against those of social 
and economic efficiency. High standards of design and quality, which may have 
to be met by the exports of developing countries in order to compete in inter- 
national markets, may not be necessary for roads, since they are not tradeable 
goods. 

The inclination of engineers to use capital-intensive methods also results 
from a preconceived notion that operational problems involved in managing 
large masses of labour are avoided if capital-intensive methods are used. While 
this may well be true, the problems of labour management are not insurmount- 
abie, as has been shown in Chapter 10. Nor should one ignore the very serious 
problems involved in using heavy equipment in developing countries. Shortages 
of spare parts, late deliveries, cannibalisation of equipment and lack of skilled 
manpower are by no means exceptional. Moreover, the cost of breakdowns 
and non-utilisation is often left out of account when assessing the desirability 
of using such equipment, as was shown in Chapter 5. 

Changing the attitudes of civil engineers is partly a matter of creating the 
right professional environment, i.e. altering the system of incentives and rewards, 
both material and non-material, and partly a matter of changes in the contents 
and methods of training. 

The current system of rewards and recognition for engineers is such that they 
are not likely to either develop or promote technologies and designs that are 
not up to the mash “moderq” western standards. One means of encouraging 
engineers to devise and implement designs and technologies more suited to local 
requircrnents is to establish a structure of financial incentives that would 
specially favour such innovations. However, financial incentives alone are not 
LI.ely to be enough, and the prestige of engineers who promote the use of 
appropriate technologies needs to be fostered more directly by such means 
as special annual awards for innovative labour-intensive designs and seminars 
for the display and demonstration of such innovations, with the participation 
cf the highest-ranking political leaders in these events to show their commit- 
ment to and support for the innovations in question. 
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Since unduly specialised training has at times prevented engineers and 
technologists from considering different solutions to a given problem, it is 
worth encouraging the development of training institutions where different 
approaches are taught, However, such institutional changes alone will not be 
enough. Even in institutes without the desirable variety of courses, curricula 
could be changed to include discussions of the concepts of “intermediate” or 
“appropriate” technologies, with some illustrations and exercises to show how 
such a concept is translated into action. At Fresent most engineers and techno- 
logists are not easily exposed to such issues in the normal course of their training. 
There is a virtual absence of appropriate training material for work on appro- 
priate technologies, and it is therefore necessary that material suitable for 
training in schools, technical colleges, institutes of technology and universities 
be developed and used as part of the curricula. 

Special seminars and training courses could also be organised. In these 
courses, instead of the standard training material, specially designed material 
for demonstration of technological alternatives could be used in order to 
enhance their acceptability. Demonstration projects could also be set up on 
which political leaders could demonstrate such “intermediate” techniques as the 
use of wheelbarrows and steel scrapers. thus giving them social sanction. 

In certain developing countries there are State-owned construction com- 
panies: Ghana, Kenya and Tanzania, for example, all have publicly financed, 
government-managed companies that compete with private contractors. As 
long as these are efficiently run they can be used as a vehicle for promoting 
viable alternative technolo,ries. The demonstration effect would enhance the 
prestige of these methods and the reputation of the engineers involved. 
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EST ‘IMATION OF THE IDLE TIME COEFFICIENT 

APPENDIX 

It was shown on p. 101 that the over-all capacity, OK, per man-hour or equip- 
ment-hour must be adjusted for a number of remunerated idle times, including- 

(u) travelling time to and from the worksite, 
(6) sick leave, 
(c) public holidays and annual holidays with pay, 
(d) work stoppages due to bad weather, and 
(e) officially agreed rest periods. 

The foregoing list of renumerated idle times may be expanded or shortened depending 
on the laws, regulations or practices that determine the conditions under which 
labour is employed. It should, however, be noted that idle times included in the 
formulation of the idle time coefficient should not include idle times that are already 
taken into consideration in the formulation of the over-all time (0 VT) as defined in 
Chapter 3. In particular, it should not include idle times such as those resulting from 
equipment breakdown and normal waiting between consecutive operations. 

The remaining part of this appendix will show how x may be estimated. The 
symbol x expresses the ratio of the sum of idle periods per unit of time to the number 
of remunerated hours in the same unit of time, that is 

i li 
i=l 

XZ-------- (58) 

T 

where i refers to the type of idle time period (e.g. rest period, travelling time); 

ti = duration, in hours or fractions of an hour, of idle time of type i during 
the adopted unit of time; 

T = total number of remunerated work hours that make up the adopted 
unit of time (e.g. 8 hours per day, 40 hours per week); and 

n = number of types of idle time. 

Since many of the idle periods occur every day, it is suggested that the working day 
be adopted as the unit of time. Idle periods that do not occur daily must then be 
divided by the number of working days over which they occur. Thus, if some idle 
periods occur weekly, these periods must be divided by $6 or whatever other number 
of working days make up the working week. 
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SUBDIVISION OF IDLE TIME 

Idle time can be subdivided as follows in order to estimate ti in equation (58). 

Travelling time to or from the worksite 

The estimation of travel time is required only if workers are paid for the time during 
which they are being transported to or from the worksite. The way to carry out such 
an estimation is described in Chapter 5. It may be noted that the travelling time is 
project-specific. 

Rest periods 

The term “rest periods” here covers periods of idle time of at least five minutes. The 
duration and number of rest periods may be governed by regulations or by custom. 
In cases in which they are governed by regulations, one need merely refer to the 
regulations in order to obtain a fairly accurate estimate of this element of idle time. 
If the frequency and extent of rest periods are governed by customs applying to the 
whole region they will also be easy to ascertain simply by interviewing a field engineer 
or a foreman. On the other hand if they are governed by customs applying in smaller 
areas, project evaluators may need to undertake field studies in order to obtain the 
information required. 

Bad weather 

Stoppages due to bad weather that affect labour costs are necessarily work stop- 
pages during which the workers are remunerated. Remunerated idle time due to bad 
weather is a function of- 
(a) regulations governing the remuneration of labour in the event of bdd weather; and 
(b) the weather at the project site at the time when the road is being built. 

Project evaluators may obtain data from the local weather bureau, if any, in 
order to estimate the probable number and duration of work stoppages due to bad 
weather. Given these data and the regulations governing remuneration, it will be 
possible to estimate the duration of remunerated idle time due to bad weather. 
For example, if a road is being built in a tropical country at a time of the year where 
it rains daily in the afternoon for about one hour during which construction work 
must stop, and if workers are paid for that hour, then ti = 1. The following is another, 
slightly more complicated example. A road is being built during the winter season 
in a country where, on the average, it rains for about 10 hours a week. The workers 
are employed for 8 hours a day 6 days a week. On the assumption that the 10 rainy 
hours are spread over the week without following any specific sequence, the fraction 
of idle time per working hour may be computed by relatively simple probability 
calculations: the total number of hours per week is 24 x 7 = 168 hours; the total 
number of working hours per week is 6 x 8 = 48 hours; the probability that it will 
rain during working hours is thus equal to 48 + 168, and the expected value of rainy 
hours during the working hours of the week is equal to 

( 1 z8 10 = 2.857 hours = 172 minutes. 

The two foregoing examples are fairly simple; real cases may require more sophis- 
ticated calculations. In general, however, such calculations are warranted only in 
cases in which the climatological data are reliable; if this condition is not met, rough 
estimates of idle time due to bad weathei will have to be used. 
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Appendix 

Holidays 

Given tentative starting and completion dates, it will be possible to sum up the 
number of paid holidays that occur during the construction period. Holidays with 
pay falling on the usual weekly days of rest should not be included in the summation. 
Given a construction period of D days, and a number d of holidays, the fraction of 

idle time due to paid holidays is equal to -! 
D’ 

Sickness or injury 

As long as sick or injured workers continue to receive a daily wage, their sick 
leave should be regarded as idle time since it affects labour costs. The main difficulty 
is to estimate the total number of days of absence due to sickness or injury in any 
given period. Project evaluators may obtain averages from interviews with contractors 
and foremen or from field studies. If it is found that an average of I labourers out of a 
total labour force of L miss work every working day by reason of sickness or injury, 

the fraction of idle time due to sick leave is equal to;. If information on sick leave 

is not available and if there is no time for field studies, project evaluators may use 
averages derived from over-all national studies or from studies of particular sectors 
of the economy. 

FORMULATION OF THE IDLE TIME COEFFICIENT 

A mathematical formulation of the idle time coefficient, X, may now be provided 
for cases in which labourers receive a wage during any of the idle time periods enu- 
merated above. For any kinds of idle time that are unremunerated or do not occur 
for a given project the appropriate terms in the equations that follow would be equal 
to zero. 

The sum of individual idle times, t, may be defined as follows: 

d.T 1.T 
f = t,+t,+f,+~+L (59) 

where I, = round trip travel time in hours, 
tr = daily idle time due to rest periods, in hours, 
t,,, = expected daily work stoppage due to bad weather, in hours, 
D = total number of work days in order to complete the project, 
d = total number of holidays occurring during the construction period that 

do not fall on the weekly day or days of rest, 
1 = average number of labourers who are sick out of a total number of 

labourers L, and 
T = number of paid work hours per day. 

The idle time coefficient x is then equal to 

x=-t 
T 

(W 

The foregoing formulation may, however, need to be modified if idle periods 
overlap: a rainy period may occur during a rest period or during the travel time to 
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the workplace; similarly, a rest period will necessarily overlap with a sick leave 
period. To allow for overlaps probability calculations may be made as described 
below. 

If there is no overlap of idle periods, the sum of these periods, not including 
holidays and sick leave, is equal to 

t, + t,+ t, = t’ (61) 

One may consider first the case of bad weather, defined here as weather conditions 
necessitating that work be stopped for at least 5 minutes. The probabrlity that bad 
weather will occur at any time during the idle time t’ is equal to 

f-t -2 = 
T ‘* 

The expected value of the time overlap between t, and t’ is then equal to 

P.L. 

Thus once account is taken of the possible overlap between idle time due to bad 
weather, t,, and idle times t t and tr, the adjusted sum of these idle periods is equal to 

A = t’--p.tw. (62) 

The value of x may now be reformulated as follows: 

I, 
.x = I_ 

T 
(63) 

d.T 1.T 
where I” = A+T+~. 

Equation (63) is not strictly correct, in the sense that it does not take into consideration 
an additional possible adjustment, namely that sick leave and holidays could overlap 
with the sum of idle times A (overlap between sick leave and holidays need not be 
included because sick leave records cover work days only). 

In most circumstances such an adjustment would not be substantial enough to 
have a significant efYect on the value of s, and equation (63) would therefore generally 
provide a sufficiently accurate basis for estimating the idle time coefficient. 

The following numerical example illustrates the use of equations (60) ant1 (63). 
Let it be assumed that 1 million cubic metres of earth are to be excavated and that 

T = 8, r, = 0.5, tr = 0.5, rr = 0.3. 

In the interests of simplicity, let it also be assumed that there are no holidays or sick 
leave; then x and the estimated excavation cost C will have the values indicated in 
table 20, according to the assumptions made or in other words the equation used. 
It will be seen that adjustment for idle time periods increases excavation costs by 
between 15.6 and 16.3 per cent. Adjustment for overlaps does not substantially 
affect excavation costs, since these decrease by less than 1 per cent. 

Other formulations of the idle time coefficient could be worked out in order to 
take into consideration additional or different idle periods, as well as various possible 
overlaps among them. It is up to the project evaluator to identifjl relevant remunerated 
work stoppages and integrate them into a single coefficient. 
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Table 20. Effect of different formulae on the adjustment of labour costs to allow for 
idle time 

Assumptions Idle time Excavation cost 
coefficient 
(xl 

((3 
(Eoow 

No idle time 0 300 

Equation (60) 0.163 349 

Equation (63) 0.156 347 


