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FOREWORD 

In recent years, developing countries have been increasingly 
preoccupied with the need to create additional employment as 
a means of alleviating poverty. Attention has been paid to the 
feasibility of reducing unnecessary use of equipment in civil 
construction works with a view to making more effective use 
of labour. Although for many years civil construction works 
have been recognised as a means of employment generation, 
the notion that these works could be executed through the use 
of eff,icient labour-intensive methods is of a recent origin. 

In this book, prepared within the framework of the IL0 
World Employment Programme (WEPI, the editors, Drs. 
Edmcnds and Howe, have selected a sample of operational 
programmes using labour-based methods (in India, Afgha- 
nistan, Iran, Mexico and Kenya) to throw light on the 
planning, management and administrative aspects of their 
widespread application. 

Early WEP studies on road construction technology like the 
ones in Iran, Thailand and the Philippines were concerned 
mainly with question of the technical and economic feasibility 
of alternative techniques. Although some of these studies, in 
particular the one on Iran, did discuss the ways in which 
private contractors could be encouraged to use socially 
optimal methods through fiscal incentives and other govern- 
mental regulations, they were less preoccupied with the 
broader questions of organisation, management and large- 
scale implementation of labour-intensive techniques. It was 
first considered essential to overcome well-established preju- 
dices on the parts of engineers and economists alike, against 
these techniques, by presenting hard facts based on field 
experiments. The case studies, especially the one in the 
Philippines, clearly demonstrated that the labour-intensive 
techniques need not be inferior, that certain construction 
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tasks are economically viable whether one uses market or 
social price tags on physical quantities, that it is possible to 
devise technically efficient labour-intensive techniques. 

The next objective of the technology research programme 
in this sector was to examine the constraints and opportunities 
in implementing these alternative techniques on a large-scale 
to alleviate the unemployment problem of the Third World. 
The papers and case studies in this book are in the series of 
these institutional investigations. 

Conventional thinkers have criticised the use of labour- 
intensive techniques in construction on the grounds of their 
loo productivity and slowness. For example, it has been 
argued that very low labour productivity makes these tech- 
niques inefficient. It is further maintained that labour-intensive 
methods tend to delay the completion of construction activi- 
ties. Chief engineers who have fixed budgets and target dates 
for task completion are tempted to bring in bulldozers to do the 
job in time rather than having to rely on large number of 
Iabourers. It is generally forgotten that construction deiays 
often occur not so much due to low labour productivity as to 
lack of adequate project planning, insufficient control ovet 
project schedules and poor designing. In principle, a given 
construction output can be produced by labour-intensive 
techniques with the same gestation lag provided the much 
larger work-force required is available or can be easily mobi- 
lised. Thus, given technical choice, length of construction 
may be considered a planning variable which can be mani- 
pulated by changing the degree of labour concentration. This 
indeed has been vindicated by the experience of the Govern- 
ment of Kenya with its Rural Access Roads Programme on 
which Chapter 3 of this book by Bertil Nilsson is largely based. 
Labour-based methods used under this programme did not 
riecessarily lead to an increase in costs or duration of the pro- 
jects largely because a special effort was made to reappraise 
and adapt conventional equipment-oriented systems and 
procedures (relating to bidding, procurement, training and 
administration) to the requirements of the labour-based 
programme. 

Within the framework of WEP research on construction 
technology institutional studies are examining more and more 
the extent to which labour productivity could be raised 
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through proper planning, better organisation and site manage- 
ment, improved tools and equipment and by incentive 
schemes including local participation of potential beneficiaries 
in road construction activities. Some of these issues are also 
discussed in various chapters of.this book. 

It is encouraging to note that despire the early prejudices of 
engineers and policy makers, accumulated knowledge of the 
viability of labour-based methods has led several developing 
countries, notably Kenya, Botswana and Ethiopia, to launch 
operational programmes experimenting in these methods with 
I LO assistance. 

The WEP activities on civil construction technology are now 
being developed in a broader context of rural development. 
The types of roads to be built and the techniques to be used in 
building them cannot be divorced either from transport 
planning and infrastructure or from the choice of the type of 
vehicles to be used. Experience gained in road construction is 
also being applied to explore alternative techniques in small 
and large-scale irrigation works that can make significant 
contribution to the growth of agricultural output and 
employment. 

Some of the chapters of this book were originally presented 
as papers at a Seminar on the Application of Appropriate 
Technology in Roa3 Construction and Maintenance held in 
Manila in May 1977. This Seminar was organised by the IL0 
and financed jointly by the Swedish International Develop- 
rnent Authority (SIDA) and the Asian Development Bank 

4 (ADB). 
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INTRODUCTION 

This book is concerned with appropriate construction tech- 
nology in the building and maintenance of roads. It is one of a 
series resulting from the’world Employment Programme of 
the ILO. 

Traditionally, !abour-based’ methods have been viewed as a 
way of providing employment and/or income on a large scale; 
or as a means of mitigating the effects of disasters such as 
droughts, famine, earthquakes, etc. Their use has generally 
been conceived, planned and administered by, on the one 
hand, government planners and, on the other, relief organisa- 
tions. Rarely has their use been initiated by those responsible 
for the execution of civil construction (i.e. engineers). 

By drawing upon the detailed studies that have been carried 
out by the IL0 and experience from recently executed labour- 
based programmes, the book shows that the use of more 
l&our-intensive techniques can be technically and economi- 
cally efficient. It also shows that the level of planning and 
organisation required for efficient labour-based programmes 
is no less demanding than that for equipment-based pro- 
grammes. Moreover, as the existing systems in the construc- 
tion sector of many developing countries are oriented towards 
the use of equipment, it often is necessary to pay careful atten- 
tion to the detailed modification of these procedures so that 
labour-based techniques can achieve their full potential. 

The book is in two parts. The first deals with the institutional 
framework within which the application of appropriate tech- 
nology is proposed and with the various aspects of the 
implementation of appropriate technology. Having discussed 
the institutional framework it continues with a discussion of 
the major aspects of labour-based road construction, using as 
a basis the various IL0 studies and programmes in Iran, 
Thailand, Nepal, the Philippines, India and Kenya. The follow- 
ing chapter, the author of which has been closely involved in 
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the work of both the World Bank and the ILO, shows how the 
detailed planning ;nd administration of a labour-intensive pro- 
gramme requires a different, though no less demanding, 
approach than an equipment-orientated programme. In 
particular, it indicates that the use of more labour-intensive 
methods has to be integrated into the procedures and systems 
of public works departments. This often requires that existing 
systems be modified as they are usually biased towards the 
use of equipment. The fourth chapter in this part discusses the 
potential for improving and adapting simple equipment to 
meet the needs of labour-based methods. If labour-based 
methods are to be adopted on a large scale, then the private 
sector will inevitably be involved. The final chapter in Part I 
describes the constraints on the growth of the domestic con- 
struction sector in Asia and shows how the application of 
appropriate technology could provide the means for the more 
rapid development of the sector. 

Part II comprises four chapters describing on-going or 
recently completed labour-based programmes. However, 
because of the diverse conditions under which they have been 
fcjrmulated, there is a consequent variation in emphasis from 
one programme to the next. Thus, the Border Roads 
Organisation, India, was set up along military lines in a country 
which has traditionally used labour-based methods. The 
project in Iran, on the other hand, was much less ambitious 
and in a country with which one would not usually associate 
the use of labour-based methods. The Mexican programme is 
probably the largest of its kind and was initiated with little or no 
external assistance. The programme in Afghanistan is the odd 
one out in that it has been set up as a self-help programme and 
is more in line with the traditional use of labour-based methods 
as discussed above. 

Finally, in the summary, the editors draw together the main 
aspects that arise from the preceding chapters and discuss the 
implications of the use of a more appropriate technology in 
r’oad construction in developing countries. 

Notes and references 

l Because of the inefficiency of traditional methods used by labour, 
the term labour-intensive can no longer be considered adequate. 
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Whilst it was originally used to describe those techniques in which 
labour was used intensively, i.e. efficiently and effectively, there has 
been a tendency to apply the term to those techniques that are 
“labour-extensive”, that is, where labour is used on a large scale but 
inefficiently for employment generation or other reasons, little atten- 
tion being paid to improving productivity. To avoid confusion, the 
general term “labour-based” has been adopted. The terms “labour- 
intensive” and “labour-extensive” could then be used to differen- 
tiate between schemes which are concerned with the efficient use of 
labour and those in which employment creation or other societal 
objectives are paramount, respectively. 
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PART 1 INSTITUTIONS AND 
ISSUES 

OF IMPLEMENTATION 



CHAPTER 1. APPROPRIATE ROAD CONSTRUCTION 
TECHNOLOGY AND THE 
INSTITUTIONAL FRAMEWORK 

by GA. Edmonds and J. D. G. F. Howe 

The suggestion that the technology used in developing 
countries should be appropriate to the physical and financial 
resources seems at first sight so much of a truism that it hardly 
requires further investigation. Unfortunately, however, simple 
concepts often have very complex implications. In its most 
elementary form the suggestion is that in labour-surplus 
economies more labour-intensive methods would appear to be 
appropriate. However this elementary statement conceals a 
much deeper aspect of the concept of appropriate tech- 
nology. Put bluntly, in accepting an economic policy based on 
technology which is appropriate to the available resources one 
is adopting a pattern of social and economic development. 

In an age when social deveiopment has lagged behind the 
development of technology it is, perhaps, not surprising that 
the concept of appropriate technology has been seen as an 
alternative path by which developing countries can attain 
economic independence and stability. It is certainly true that 
the development strategies of the 1950s and 1960s which 
emphasised the rapid growth of GNP did very little to improve 
the living standards of the mass of the population. The 
expected “trickle-down” effect just did not material.ise. In fact 
the real income of the rural population of many developing 
countries remained static or decreased’. According to the IL0 
the number of persons designated as seriously poor and 
destitute increased by 10 per cent or 120 million people 
between 1963 and 19722. Of those considered seriously poor 
nearly 80 per cent live in the rural areas? The near static condi- 
tion of the income of the mass of the population of developing 
countries during the last IO-15 years is in sharp contrast to the 
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rapid growth rate both in apparent per capita income and agri- 
cultural production. The indiscriminate use of modern indus- 
trial technology has been seen as one of the causes of the lack 
of distribution of the benefits of high growth rates4. Neverthe- 
less it would be quite wrong to assume that by providing an 
alternative technological package one is dealing with the 
causes of poverty and unemployment. One must be absolutely 
clear that the concept of appropriate technology will have little 
effect if it is presented and implemented as a neutral package 
which will help to lestore the balance of inequality within a 
given framework. Technology is not neutral nor is the choice 
of technology made in an economic or political framework 
which allows an equitabl e assessmenr of the available 
.resources. The suggestion that “to intermediate levels of 
development there must correspond intermediate levels of 
technology”5 assumes that the development process is 
neutral, free of political and social considerations. 

There is little doubt that much of the technology being used 
in many developing countriesis inappropriate in that it ignores 
the economic facts of life: that there is a shortage of capital 
and a surplus of available manpower. It is simple to show that 
if one applies the same level of investment per head that 
applies in the capital-intensive societies of the developed 
world to the developing countries, the level of employment 
created would be extre,mely small. (4.4 per cent in India, 5.1 
per cent in Nigeria). But the acceptance of the concept of 
appropriate technology should also imply a political commit- 
ment to a strategy of development geared to the benefit of the 
mass of the population. If this commitment is not there then 
apprcpriate technology will be merely a useful gimmick for the 
traditional sectors of the economy. It will be viewed as a 
second-best alternative foisted on developing countries by 
well-meaning liberals from the developed world. 

This book is about road co?struction. The preceding discus- 
sion may therefore seem a little out of place to engineers and 
planners concerned with achieving output targets within 
limited budgets. However the implementation of ap.propriate 
construction technology is not merely concerned with improv- 
ing the productivity and efficiency of labour. It is also con- 
cerned with the institutional barriers to theapplication of a more 
appropriate technology. Whether these be due to education, 
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to administrative standards and procedures set up in the past 
or to inappropriate design standards, they can be considered 
as part of the political structure in the broadest sense. 
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For example, if we look at the road network and administra- 
tion of many developing countries we can see that they were a 
natural development when set in the historical context of the 
colonial period and the need to provide ready access for the 
export of the basic raw materials required by the industnalised 
countries. The focus of the transportation network was to the 
outside world; to ensure that exportable products were trans- 
ported as quickly and efficiently as possible out of the country. 
The economies of many developing countries depended on 
the foreign exchange earned by the expert of cash crops? The 

) need therefore was perceived as being for railways or high 
_ standard paved roads from the interior to the ports. The 

administration of road construction was generally centralised 
in the capita: and either because of colonial tradition or 
because of the need to build up the primary network as fast as 
possible, the procedures adopted tended to be similar if not 
carbon copies of those used in the industrialised countries. 
Thus, the development of the road network was automatically 
locked into a developed country framework with the additional 
factor that it was geared to exportation rather than internal 
development. Little attention was given to the development of 
a transportation network which served the mass of the popula- 
tion who lived in the rural areas. 

As far as technology was concerned, the techniques used 
were those that appeared to be most productive. The initiators 
of road construction programmes were often from the already 
industrialised countries. These countries had already passed 
from the use of labour-intensive methods to reliance on equip- 
ment for a variety of socio-economic reasons and they viewed 
the former as an inefficient means of production. However, in 
the industrialised countries, the historical development of con- 
struction technology reflects the resources of the economy at 
the time they were developed. That is, labour-intensive tech- 
niques were used when the availablility of investible funds was 
low in relation to labour supply whilst equipment-intensive 
techniques developed later when a greater level of investment 
was available in relation to labour supply. The memory of 
labour-intensive techniques is one of lower productivity. This, 

-. 
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however, is principally related to the limited technical know- 
ledge available at the time of the use oi +Clese techniques? 

Thus, equipment-intensive techniques in the developing 
countries were introduced because in the industrialised 
country environment they wfre no longer viable. Little con- 
sideration was given to the fact that the economic conditions 
of most developing countries closely matched those of the 
industrialised countries at the time when labour-intensive 
techniques were considered appropriate. 

Recently there has been a growing recognition that the 
potential for balanced growth in developing countries lies less 
in technological and economic dependence on ,the industri- 
alised countries and more in providing stimulation for the 
development of the rural areas. This concentration on internal 
development has important implications since it implies a 
redistribution oi the benefits of growth to the mass of the 
population. As far as road transportation is concerned this 
means an increasing emphasis on the rural road network. This 
will ensure not only that access is provided for social services, 
but that the potential for agricultural development and rural 
industrialisation can be achieved. It also implies a popular par- 
ticipation in decision-making and development. The emphz4s 
should be on providing inputs into the rural areas which will 
stimulate growth rather than access to ensure the maximum 
level of exportation. If this type of development strategy, 
which emphasises the development of indigenous capacity 
and self-.reliance, is pursued then appropriate technology can 
play a major role. The use of methods which rely on the effi- 
cient and productive use of labour can then be viewed in their 
true perspective as the most effective use of a country’s 
natural resources. 

The systems and procedures developed for road construc- 
tion were, as we have seen, directly related to policies of 
export maximisation and rapid, centralised industrialisation. A 
change to a more balanced strategy of development which is 

t 
also concerned with socio-economic factors will require that 
these institutional factors are reconsidered. Thus, the applica- 
tion of a more appropriate technology in road construction will 
require that the whole system of road planning, design, 
management and construction is reappraised. 
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Road construction consumes a large proportion of govern- 
ment investment? If it were possible therefore to make the 
techniques used in road construction more labour-intensive, 
whilst being still efficient, then this large government expendi- 
ture could be used to promote employment and reduce the 
level of dependence on foreign imports and technology. 

Apart from the obvious benefits, there are however other 
good reasons to consider road construction. There is, after all, 
a historical precedent for the use of labour-intensive methods. 
In 19th century Europe and America, before the advent of the 
internal combustion engine, roads were built by men using 
simple hand tools and animal-drawn equipment. Furthermore, 
in countries like India, roads built using large equipment are 
the exception rather than the rule. Then, again, the tasks 
involved in road construction are relatively simple and can be 
carried out by relatively unskilled labour ?vho require !ittle train- 
ing. Much of the rabour to be used will be from the rural areas 
and the tasks, tools and techniques utilised in the major activ- 
ities such as earthworks are not dissimilar from those used in 
agricultural activities. In addition, the possible pay-off appears 
high. The amount of employment created per unit of invest- 
ment is potentially large. 

In most developing countries there is migration on a large 
scale from the rural to urban areas. Thus, whereas the average 
population growth rateisof theorderof 2.5percent, in thecities 
it ranges from 7 to 10 per cent. Employment-creating activities 
which take place in the rural areas, as much of the road con- 
struction programmes do, could help to limit this migration. 

Construction equipment is a major import in many develop- 
ing countries. Furthermore, import of such equipment implies 
the future importation of spare parts. On the other hand, the 
cost of using the equipment is extremely high, requires skilled 
personnel and relies on fuel which is permanently subject to 
international economic factors. Any reduction in the level of 
equipment imports would reduce the pressure on limited 
foreign exchange resources. 

In most developing countries the construction industry is 
dominated by large expatriate-owned companies. These com- 
panies, whilst fulfilling a vital role, tend to use the equipment- 
intensive methods and practices they are most familiar with. 
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The development of the local construction sector tends to be 
orientated towards the use of equipment-intensive methods. 
An acceptance of the viability of labour-based methods could 
allow local contractors to develop using indigenous methods 
and materials with which they are familiar. 

The underlying rationale for the evaluation of labour-based 
techniques is that of the most efficient use of the available 
resources. Hand in hand with this evaluation would go an 
assessment of the most appropriate materials to be used. 

There is also scope for the increased use of labour-based 
methods in the extremely important activities of road main- 
tenance, particularly for routine activities such as ditch clear- 
ance, culvert maintenance and minor road surface repairs. 

Finally, as we shall see later, them is a good reason to believe 
that the economic criteria generally used in project selection 
are biased against the use of labour-based methods. 

The case for an evaluation, at least, of the feasibility using 
more labour-intensive methods is therefore very strong. It 
would be wrong, however, to assume that there are no objec- 
tions to their use. Indeed some of the arguments against their 
use are quite potent and it is useful at this stage to present 
them. 

First, and perhaps most important from the technical, 
economic and psychological standpoints, is the feeling that 
the use of labour-based methods will automatically produce a 
reduction in standards of construction. There is certainly some 
justification for this objection, particularly in relation to the 
compaction of earthworks and the final surfacing where it is 
true that it is extremely difficult to provide the same standard 
using labourlbased methods. It would be wrong to suggest 
that these methods should be used when they produce inferior 
quality. Indeed, the approach should be that the methods 
used should be the most appropriate. If this means that equip- 
ment must be used, then that should be the solution. There is, 
however, another aspect to this issue. The standard of con- 
struction is specified by the design. Often the design is 
orientated towards the use of equipment and it is therefore not 
surprising that labour-based methods cannot meet the 
requirements. In addition, it can be argued, as we do later in 
this chapter, that the standards of construction may be artifi- 
cially high and there exists an economic trade-off between 
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construction standards and future maintenance costs. 
Second, it is suggested that the productivity of labour- 

based methods is low. This naturally has repercussions in 
terms of the duration of projects. It is pointed out that low 
productivity either means an extension of the project time or 
that the number of labourers on the site has to be very high 
causing managerial and logistic problems. Unimproved, tradi- 
tional labour-intensive methods do have a very low level of 
productivity. On the other hand, there is a large variation in the 
productivity of manual methods. In the activity of excavation 
for instance, the World Bank9 noted a six-fold difference in 
productivities for different parts of the world. Clearly there is a 
potential for improvement of productivity given the right 
environment. There is therefore some validity in this criticism 
and consequently the improvement of productivity is a major 
factor in the development of viable labour-based methods. In 
one respect, however, low productivity may not be 
detrimental. There are certain construction activities which 
are non-critical, that is, the extension of their duration will not 
adversely affect the over-all construction time. On these activi- 
ties it could be feasible to use labour-based methods even if 
they are not as productive as equipment. 

Third, it is generally assumed that, partly because of low 
productivity and partly due to other factors, the cost of using 
these methods is prohibitive. There is, as we discuss later, an 
automatic bias in most project appraisal criteria against labour- 
based methods. Nevertheless some studies that have been 
done to try and make comparisons of labour- and equipment- 
intensive methods give credence to the idea. It is worth 
noting, however, that in general these studies attempted to 
evaluate what could happen if labour-based methods had 
been used on an actual project which had used equipment. 
The comparison is therefore carried out in a framework orien- 
tated towards the use of equipment. To equitably assess the 
most appropriate methods the whole construction process 
must be “opened up” to allow the consideration of alter- 
natives. In the section on design in Chapter 2, for instance, we 
show that it is the total cost of construction that must be con- 
sidered and that the design must be orientated towards the 
most appropriate techniques. In the final analysis, however, it 
is cost that is supremely important. The public works ministry 
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or highways department has a limited budget for which it is 
accountable. It has to be sure that the best use is being made 
of that money. The use of labour-based methods must be 
shown to be not only socially but also economically appro- 
priate. 

Fourth, there is a strong feeling that the use of labour-based 
methods requires a high level of supervision which gives rise to 
high overhead costs not only on site but also in terms of addi- 
tional training programmes. It is certainly true that these 
methods require a different kind of supervision. After all, one 
is considering the management of large bodies of men, not 
fleets of equipment. Whether the supervision is more costly is 
open to question, certainly experience so far does not sub- 
stantiate this claim. 

Finally, there are institutional forces within the construction 
industry which militate against the use of labour-based 
methods. The design methods, specifications, conditions of 
contract and methods of tendering all tend to reflect the 
dominating influence of expatriate consultants and con- 
tractors and their equipment-oriented framework. Even the 
methods of se!ecting contractors a .re often based on the 
amount of equipment they have and not on any ability to 
manage men. There is a natural inertia or resistance to change 
within the industry which could make the introduction of 
labour-intensive methods difficult. 

In summary, there seem to be two categories of problem. 
First, the purely technical problems of low productivity, limita- 
tions of quality and high cost. There are then other problems 
which seem to have more to do with existing systems in the 
construction industry. These systems seem to be ill-suit’ed to 
the introduction of labour-based methods. In the following 
chapters we look more closely into these aspects. 
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CHAPTER 2. ROAD CONSTRUCTION AND 
RESOURCE USE 

by G. A. Edmonds’ 

1. Introduction 
Since the early 1970s the IL0 has conducted a series of studies 
and programmes which have analysed and evaluated the feasi- 
bility of using methods of road construction which rely heavily 
on the use of labour’. 

In this chapter the main conclusions of this work are 
presented and examined in the light of the experience of the 
IL0 and also of other agencies and in&itutions, such as the 
World Bank, who have been concerned with this subject. The 
final section discusses the pojicy ‘measures that could be 
adopted to assist in the implementation of appropriate tech- 
nology in road construction. 

2. Planning and administration 

2. I Choice of technology at the planning stage 
The use of appropriate technological construction methods 

requires that the whole construction process needs to be 
reassessed to ensure that at no stage is the choice of tech- 
nology prejudged, Naturally, the further back one goes in the 
process, the less risk there is. Nevertheless, even at the over- 
all planning stage there is some risk that, by default, the tech- 
nology to be used is assumed. At this level, the consideration 
of alternative techniques would concentrate on such broad 
considerations as (i! what is the resource availability? (ii) are 
alternative techniques going to increase costs and/or dura- 
tion? (iii) is it possible to integrate projects using labour-based 
and equipment-intensive methods? 

In relation to the r-esources available, the supply of labour 
ready and willing to work would of course be of overriding 
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importance in the consideration of using labour-based 
methods. The availability of labour, in sufficient numbers, is a 
prerequisite for any labour-based construction programme. 
Data must be collected, therefore, regarding this availability. 
The assumption that in labour surplus economies it is suffi- 
cient to establish the demand and there will be no difficulty as 
regards the availability of labour is not necessarily true. In this 
connection, it is also worth mentioning that the attitudes of 
the available labour towards work is an important factor which 
needs consideration. Earthwork is a predominant activity in 
most construction works. In certain countries earthwork 
activities rank below agricultural work in the hierarchy of 
employment. Therefore, it is necessary to ascertain the will- 
ingness of the available labour to accept employment on con- 
struction work. 

The seasonal fluctuations in the demand for labour in 
agricultural activities are another aspect of labour supply and 
demand which have a significant effect on the progress of 
construction projects. It is of little value I:)eginning a project 
using manual methods only to find an ina:lequate number of 
site woikefs during the harvesting season. 

In making the assessment of labour that Vvill be available for 
the tionstruction projects, labour requirements tor projects in 
various sectors running concurrently and aiso those required 
for the maintenance of existing infrastructure should be 
assessed carefully. It may be that, even if technically feasible, 
the labour supply situation precludes any chance of using 
labour-based methods. The IL0 study in Pakistan was particu- 
larly concerned with this issue*. 

The integration of labour-intensive and capital-intensive 
methods is possible at the project level. It is of course also 
possible at the programme level. Let us assume that whilst it is 
as inexpensive to build a particular group of secondary roads 
labour-intensively it does,.in fact, take longer. However, the 
secondary roads are of little value unless the main arterial to 
which they connect is constructed. There could be a case 
therefore for using the labour-based methods for the dis- 
tributors and this could be recognised at the over-all planning 
stage. (In this simple example it is assumed that no other 
benefits are lost by extending the completion of the distributor 
roads. 1 
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The choice of technology, therefore, can be assessed within 
a framework of an over-all planning time schedule. A careful 
analysis of this time schedule may preclude the use of a tech- 
nology for reasons of delays in completion. On the other hand 
it might provide the opportunity for using alternative tech- 
nologies because of the interdependency of one project on 
another. 

2.2 Cen tra lised and decen tralised systems 
The detailed planning of projects which depend to a great 

extent on the use of local resources is difficult to accomplish 
from a central administrative organisation. Nevertheless, it is 
also necessary for the planning and programming of projects 
to fit into the over-all framework of a national de+npment 
plan. This can only be achieved effectively by a central 
organisation. In the case of centralised planning, although the 
central organisation may have control over the project 
proposal it is possible that it does not cater sufficiently for local 
needs. In the case of a decentralised system it is likely that the 
local nee$z will be identified; however, it may be difficult to 
integrate these proposals into a national plan. From the point 
of view of the most appropriate allocation of resources it is 
extremely important that, whether the emphasis is on central- 
ised or decentralised planning, the final national road network 
plan is integrated and coherent. This will require that at this 
stage the over-all evaluation is made of the economic costs 
and benefits of making the maximum use of the resources 
available. 

2 3 Programme planning 
The use of labour-based methods may necessitate a large 

number of smaller projects or that large projects need to be 
divided into small units for efficient execution. This is true 
whether the work is to be undertaken by direct labour or by 
local contractors. Often the local contractors in developing 
countries are geared towards the use of indigenous resources 
and therefore tend to be more labour-intensive. The local con- 
tractors’ resources are usually restricted and as a result where 
the projects are not divided into small works it becomes 
impossible for them even to qualify for bidding. In the use of 
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direct labour on the other hand, various factors such as 
recruitment of labour, disbursement of wages, and procure- 
ment of material limit the size of projects that can be executed 
effectively. 

2.4 Programme administration 
The programme in Kenya,3 in particular, has shown the 

importance of having effective administrative procedures for 
the implementation of programmes relying on the use of large 
labour forces. Often existing administrative procedures are 
orientated towards the use of equipment. In a labour- 
orientated programme it is vital that the procedures for pay, 
procurement of supplies, recruitment and reporting should 
encourage the smooth flow of operations. 

Regular payment of workers is vital in achieving a high level 
of morale. Labour-based projects are often dispersed and 
require well-structured but decentralised systems of payment. 
In addition, although it is clear that piece-rate systems greatly 
improve productivity, many administrative procedures do not 
permit the use of any other than a daily-paid system of pay- 
ment for direct labour. 

The procurement of tools and equipment is of major impor- 
tance in a labour-orientated programme. The administrative 
arrangements must provide for the even flow of these supplies 
to the project sites. 

The evidence so far available suggests that it would be 
wrong to attempt to provide wholly new procedures of 
administration. What is required is the adaptation of the exist- 
ing procedures to ensure that labour-based programmes are 
not put at a disadvantage. 

3. Project appraisal 
At some stage in choosing the most appropriate technology 
for a road construction project, it is necessary to make a cost 
comparison, for in the final analysis it is on the basis of cost, in 
its broadest sense, that decisions will be taken. It is extremely 
important therefore that the cost estimates accurately reflect 
the use of resources. 

Of the data required for a reasonable evaluation, two 
problems are of particular importance in developing countries: 
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(i) unreliable statistical data, and (ii) use of inappropriate 
costing formulae, especially when hourly equipment costs are 
being estimated. 

The first factor is fairly common and the obvious remedia! 
measure is the development of a reliable data base. In the case 
of construction costs, reliable data are needed particularly for 
the estimation of hourly costs for various types of equipment. 
The project evaluator should beware of using the manufac- 
turer’s suggested unit costs, since conditions under which 
equipment is operated in developing countries are very much 
different from those in industrialised countries. The manufac- 
turer’s suggested unit costs tend, in general, to be lower than 
those prevalent in most developing countries. The main 
reason for this is that equipment yearly utilisation rates are 
usually much higher in industrialised countries than in 
developing countries. Methodologies for data collection have ’ 
been described in an IL0 manua14. 

The use of inappropriate formulae also seriously affects the 
‘reliability of estimated costs. In particular, many contractors 
and public works departments make use of inadequate 
formulae&for the estimation of equipment depreciation costs. 
Often, these formulae tend to underestimate these costs, and 
therefore favour the adoption of capital-intensive tech- 
nologies5. 

3.1 The use of shedoK:./ pricing 
The evaluation of projects at market prices in developing 

countries often does not reflect the actual cost to society of 
utilising the resources available. 

Road costs and benefits are usually estimated at “market” 
prices and/or institutional prices (i.e. prices fixed by govern- 
ment decree such as minimum wages, fuel prices, etc.). 
Furthermore, whenever costs and benefits are discounted to 
the present, an institutional interest rate is generally used for 
this purpose. Finally, whenever equipment and materials are 
imported, the local cost of these items is usually estimated on 
the basis of the official foreign exchange rate. 

Evaluation of alternative technologies at market or institu- 
tier-61 prices fails to allocate material resources in a way which 
maximises social welfare. In particular, the use of these criteria 
in the evaluation of alternative technologies in developing 

26 



\.“” .<>“<\, I ; 
l’m$, ‘“” ” 

I , 
\ , 

countries may lead to the unwarranted adoption of capital- 
intensive technologies, the wastage of scarce foreign 
exchange, and the increase of unemployment levels. There 
may therefore be a need to use adjusted market prices, often 
referred to as “shadow” or “accounting” prices, in order to 
offset the dlstortions inherent in market and institutional 
prices? 

Shadow prices are a reflection of the opportunity foregone 
of using the resources in question for other purposes. 

It should be stressed that the use of shadow prices in project 
evaluation is not just an economist’s trick used to make labour- 
based technologies more attractive. The use of shadow prices 
does have a real and positive impact on the use of national 
resources. Nevertheless, the decision to adopt shadow prices 
rather than market prices in project evaluation is one to be 
taken by the highest atithorities 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. 

The use of shadow prices in project evaluation is fairly 
straightforward once the adjustment coefficients are known. 
First, projects are evaluated on the basis of market prices, 
yielding estimates for various project inputs (e.g. skilled 
labour, unskilled labour, equipment depreciation costs, equip- 
ment operation costs, materials). Next, total co.% should be 
disaggregated into skilled labour costs, unskilled labour costs, 
foreign exchange costs, local materials costs, etc. Finally, 
each of the above cost items should be multiplied by the 
appropriate adjustment coefficients provided by the planning, 
or other, government agency. The result is that all market 
costs will be translated into shadow costs. If an analysis based 
on shadow prices was applied to all proposed road projects, it 
is iikely that a different hierarchy of priorities would emerge 
than if it had been done at market prices. Nevertheless, the 
total budget restrictions would be the same in either case. 
Shadow prices are therefore being used as a tool to distribute 
more equitably the funds available in relation to the relative 
scarcity of the resources. 

IL0 studies in Iran ‘, ?hailand8 and the Philippines9 clear’\/ 
show that the use of shadow pricing eliminates the inbuilt bias 
in market analysis towards the use of capital-intensive 
methods. 
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4. Design 
It is often said that labour-based methods are incapable of 
complying with accepted standards of design, the general 
implication being that these methods are therefore inferior. 
The standard of design referred to, however, is one that is 
appropriate in developed countries. It would be better if one 
questioned the appropriateness of using these design 
standards in a developing country. 

4.1 The choice of design 
One can approach the question of design and the choice of 

construction techniques in two distinct ways. 
First, and most commonly, it can be assumed that the 

design is fixed and it is merely necessary to choose the most 
effective construction methods. 

Second, the design, either in terms of the pavement or the 
geometric alignment, is variable to allow the consideration of 
alternative construction methods. This may or may not also 
imply that the maintenance and operating costs are fixed. 

Let us consider the first case. The road is designed on the 
basis of certain economic and engineering criteria. In the 
simplest terms it goes from A to B and the route it takes will 
generally be governed by the economic objectives it hopes to 
achieve. The actual engineering standards of design will 
govern the type of pavement, the vertical and horizontal align- 
ment and the structures required to carry the predicted traffic 
load. Let us look a little more closely at what this means in 
terms of the choice of technique. We will leave aside the ques- 
tion of the reliability or validity of traffic projections in develop- 
ing countries, for this is a major issue in itself. The pavement 
design will generally be based on practice originating in the 
developed countries. There will almost inevitably be a bias 
towards equipment-intensive methods. This can happen in 
one of two ways. First, it is, of course, possible to produce the 
required strength and durability by using different materials. 
The laying of certain materials however does not lend itself to 
the use of labour-based methods. It is, for instance, difficult to 
lay bitumous material this way; however, an effective alterna- 
tive such as, for example, stabilised soil can be laid effectively 
using labour. The first point therefore is that care must be taken 
not to specify materials which limit the scope of labour-based 
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methods unless there is no alternative. Secondly, there is a 
natural tendency, reinforced by developed country practice, 
for the pavement thickness to be as small as possible. Put 
another way, the compaction of the sub-grade should be as 
high as possible. Whilst compaction achieves a variety of 
objectives, it is possible to consider that there is some sort of 
trade-off between sub-grade improvement and pavement 
thickness. Effective compaction being one of the operations 
that is difficult to execute using manual methods, a reduction 
in compaction (i.e. equipment) cost may be justified if it is not 
more than offset by the increased material cost of extra 
pavement thickness. In the recent IL0 Manual,‘O an attempt 
has been made to quantify this trade-off. It should be recog- 
nised that in the case of a fixed design, there is no question of 
affecting the recurring maintenance and operating costs. The 
suggestion is merely that the design, being fixed in relation to 
certain standards, should allow the use of materials which may 
be more suited to the dse of labour-based methods. 

The question of the level of design standards leads us 
directiy to the second case when the design is considered as 
variable depending upon the techniques involved. What we 
are really suggesting here is that instead of considering the 
construction costs only, we should evaluate the alternatives in 
terms of total costs. That is, we may be prepared to accept a 
lowering of design standards, reflected in a reduction in con- 
struction costs, if the increased cost of recurrent maintenance 
and vehicle operation did not exceed this reduction. Naturally 
one is thinking of modifying the design standards so as to 
make labour-based methods more attractive. For instance, it is 
often suggested that gradients should not exceed a certain 
value, say 6 per cent. This may require heavy earthworks when 
traversing hilly terrain. A relaxation of the gradient limitation 
may allow the road to take a more direct route, reducing the 
earthworks which will reduce costs and allow labour-based 
techniques to be considered. Naturally it would be necessary 
to assess whether the attendant increase in operating costs 
offsets the reduction in construction costs. Taking another 
example, the standards for minimum horizontal curvature are 
dictated by the design speed. A reduction in design speed 
would allow the road alignment to more easily follow the 
terrain contours, again reducing the level of earthworks and 
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not only reducing cost but also favouring the consideration of 
labour-based techniques. In regard to design speed, it is in fact 
possible to quantify the relationship between design speed 
and construction costs for various types of terrain. Taken to its 
logical conclusion, the argument for choosing designs which 
minimise the total cost of construction, maintenance and 
operating costs could mean the actual change of route. If the 
direct route necessitated heavy earthworks, large structures 
and major rock excavation, it could be possible to use an 
alternative, more circuitous route, which minimises earth- 
works and structures, favouring the use of labour-based con- 
struction methods. This could of course produce a change in 
economic benefits which would have to be considered in the 
analysis. 

The evaluation of total costs would compare the present 
value of the maintenance and operating costs over the life of 
the road with the construction costs for each design alterna- 
tive. The evaluation should also consider the question of 
whether the maintenance methods to be employed will be 
capital-intensive or labour-intensive as there would clearly be 
additional secondary benefits with the use of the latter. 

In a limited wayan IL0 study in Kenya’! attempted this sort 
of analysis by assessing whether the total cost of providing a 
gravel road in the initial stage was less than that of providing 
an earth road with guaranteed periodic maintenance. 

The detailed assessment of the total cost of design alterna- 
tives requires that much more attention is paid to maintenance 
activities. It is of little value justifying a particular design on the 
basis of a certain level of maintenance unless it is actually 
provided. Maintenance activities need to be financed, 
organised and implemented. The consideration of a certain 
level of maintenance in the economic evaluation is not a guar- 
antee that this level will be achieved. Impassable or badly 
maintained roads throughout the world testify to the low 
priority that they are given. 

4.2 Structures 
The design of drainage structures, retaining walls and 

bridges is an integral part of the design of a road. In their 
design it is equally important to consider the most appropriate 
use of the resources available. It has been argued elsewhere’* 

30 



that for simple earth and gravel roads drainage is as important, 
if not more so, than the actual configuration of tllti road. A 
relaxation of gradient standards, for instance, may be possible 
if there is ample provision for the water to get away in the form 
of scour checks, drainage ditches and run-outs. Furthermore 
the provision of the right kind of drainage structures can 
prolong the life of the road whilst making use of indigenous 
materials. 

Retaining walls are often constructed in concrete and as 
cement is generally an expensive import item, it is preferable to 
limit their size. If possible, one can eliminate them by the use of 
such alternatives as dry rubble walling. For revetments and 
abutments, the use of masonry is often a useful substitute for 
concrete. 

A discussion of alternative bridge designs could be the sub- 
ject of a separate paper. The main points to note here are that 
(i) the maximum use should be made of local materials; 
(ii) prefabrication is generally not an economic proposition; 
and (iii) there are often indigenous craftsmen skilled in build- 
ing masonry or timber bridges of sufficient durability and 
strength. The first question to ask, however, with regard to 
bridge structures, is whether a structure is really necessary. 
For example, in many developing countries, a river that a 
bridge crosses is dry for 10 or even 11 months of the year. The 
economic consequences of closing the road for 4 to 6 weeks 
may not justify the expenditure on such a major structure. 
Another alternative is to consider the use of causeways. 

4.3 Appropriate education 
The whole question of design and the choice of the iost 

appropriate construction methods is complicated by an 
education system in both developed and developing countries 
which tends to be orientated towards a type of construction 
industry that does not exist in the developing countries. 

It is of course necessary to have a grasp of sophisticated, 
analytical techniques. They must be used, however, for 
designing roads which. are suited to their environment. 
Designs which consistently require that a large proportion of 
the total construction cost goes in foreign exchange’s when 
there are viable alternative techniques using local resources 
must be considered io be fundamentally inappropriate. 
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5. Road maintenance 
In the section on design we stressed the importance of road 
maintenance. If it is carried out effectively it may be possible to 
limit the construction cost. If done badly it may mean that the 
estimated life of the road is drastically reduced. 

It is, perhaps, because the cost of maintenance is a relatively 
small part of the total cost of road construction that little atten- 
tion is paid to it. Indeed, it is often the case that in times of 
economic depression, road maintenance programmes are the 
first part of public works expenditure to be cut. However, this 
lack of emphasis is misguided and shortsighted. A well 
organised and well administered maintenance programme can 
defer the cost of major reconstruction thus releasing funds for 
other projects. Furthermore, whilst the foreign exchange 
costs of major reconstruction are considerable, of the order of 
30 per cent, that of maintenance is generally less than 10 per 
cent. It is not therefore merely a question of deferment of 
costs but that the expenditure is channelled Into local 
resources . 

Maintenance comprises two elementa. Routine main- 
tenance, which is virtually independent of the amount of 
traffic. This involves clearing vegetation and keeping the 
drainage system clear. There is also the maintenance work 
that is dependent upon the traffic flow and is concerned with 
repairing damage caused by vehicles. Routine maintenance is 
relatively constant for all types of road varying only with the 
road width and the scope of the drainage system. Reparation 
maintenance is dependent upon the level of traffic and would 
increase with the increase of traffic. To provide an adequate 
level of maintenance, therefore, a basic minimum should be 
specified for .feeder roads with little traffic and the level of 
maintenance should then be designated for each road in 
relation to its traffic volume. Unfortunately this rarely 
happens. Too often the maintenance budget is limited and 
only the major roads receive any maintenance at all. 

It was suggested above that a greater investment in main- 
tenance would have major benefits not only in deferring the 
reconstruction of the roads but also by conserving foreign 
exchange. Even in the developed countries, maintenance is a 
relatively labour-intensive operation. The operations are 
simple and can be efficiently carried out by manual methods. 
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Even regrading can be done by animal-drawn scrapers or 
graders. Unfortunately, many rural roads are built to a width 
greater than justified by the projected traffic flow to allow a 
mechanical grader to maintain them. This ignores the fact that 
there are labour-intensive methods available and also assumes 
that there will be a mechanical grader available to maintain the 
road. 

For simple routine maintenance the scheme of having a 
“maintenance man” or group responsible for a section of road 
has been used in many parts of the world. Supervised effec- 
tively, and provided the worker (or group) is given the right 
incentives, this can be very effective. It has the advantage that 
the responsibility for maintenance is easily defined. This 
means not only that there can be effective supervision, but 
that the local people also know who is to blame if the road is 
improperly maintained. Often the worker or group can be 
given a certain minimum kit of tools (wheelbarrow, pick and 
shovel) to execute the work. Whilst there is an intuitive feeling 
that labour-based methods could and should be used in main- 
tenance operations, it is clear that a more rational data base is 
required, so that the options can be quantified. 

6. Project management 
It is only in recent years that management principles have been 
actively applied in the construction industries of the developed 
countries. Apart from the social and public responsibility that a 
manager carries, it has become clear that the use of scientific 
management principles is vital for the effective implementa- 
tion of projects. In principle the process of management 
consists of seven recognised processes which can be grouped 
under two main headings: planning and executive functions. 
in very broad terms the planning functions (forecasting, 
planning and organising), deal with material things whilst the 
executive functions (motivation, controlling and co-ordinat- 
ing) deal with the human aspects of operations. The seventh 
process, communication, ties all the other functions together. 

This introduction, whilst being commonplace to many, 
provides a useful basis for discussing the management appro- 
priate to projects which employ methods which are orientated 
towards labour. One of the principal functions of management 
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is to motivate the members of the organisation. in the industri- 
alised countries this generally refers to projects utilising large 
fleets of equipment. If one replaces the major pieces of equip- 
ment by large bodies of men then it is clear that a certain 
amount of rethinking has to take place in relation to thevarious 
management functions defined above. In the following 
section we will look at what reorientation may be necessary in 
the light of the seven basic management functions. 

6.1 Forecasting 
By clearly defining the objectives of the project in terms of 

progress, duration and quality it is possible to specify in some 
detail the level of resources required at any particular time or 
location. This, of course, is a routine activity on any project. 
However, on a project involving the use of labour-based 
methods the forecasting function is given an additional role to 
play. It is first necessary to predict what will be the demand for 
labour. As in the demand for equipment, this will be based on 
the level of productivity expected. In recent years a sufficiently 
sound body of knowledge has been developed for estim$tes to 
be made for most labour-based construction activities. There 
are, in addition, various methods of making an assessment of 
productivity rates14. Apart from the reliability of data, the 
problems of forecasting labour demand are not severe. Labour 
supply is more complex. We have touched upon this problem 
in relation to programme planning. At the project level, how- 
ever, it is necessary to assess the availability of labour for each 
activity in relation to the seasonal fluctuations of labour supply 
and the demand of other projects in the area. The project 
manager must have a clear idea of the relative levels of labour 
supply and demand so that the detailed plans can allow for any 
shortfall in supply and either defer activities until there is suffi- 
cient labour or use equipment for these activities. In its 
broader sense forecasting in the case of labour-based con- 
struction also means an assessment of the needs of the large 
labour force. The recreational, social, health and welfare 
facilities that must be provided need to be assessed at the 
initial planning stage. The number of supervisory personnel 
required will have repercussions in relation to any existing 
training programmes. 
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6.2 Planning 
One of the major problems of using labour-based methods 

in road construction is that the flow of work has to be relatively 
even and not subject to large or frequent changes. A relatively 
stable labour force is more effective because morale is not 
reduced by constant hiring and firing and because manage- 
ment problems are reduced. Further, delays in projects that 
are equipment-intensive can often be easily dealt with by 
bringing extra machines on to the site. This is, often, simply 
not possible with labour-based methods owing to the number 
of workers that are required to do the same work as a machine. 
It is imperative therefore that (i) the project is planned in such 
a way that the labour demand does not vary enormously and 
(ii) that there is an even flow of resources to the project. As far 
as an even level of output is concerned,.there are of course 
various techniques such as critical path network, PERT, bar or 
Gantt charts or the more recent Time and Location Chart, 
which can be used to arrange the activities in the optimum 
way. Once the basic requirement of a relatively steady labour 
demand is specified, these techniques are then used in the 
normal way. (Naturally allowances would have to be made for 
agricultural peak seasons.) These techniques can also be used 
to ensure the effective integration of labour-intensive and 
equipment-intensive techniques. For instance, it is often 
possible that those activities which are non-critical can be 
executed labour intensively and the planning techniques 
would indicate how this was possible. 

The even flow of resources to a project is perhaps more 
difficult to achieve because the project manager is dependent 
upon external factors. Nevertheless, it will be possible to 
assess what resources are required at any time during the 
duration of the project. Of specific importance is the supply of 
hand tools, and any planning process should provide some 
indication, based on the !ife of each type of tool, of when 
deliveries will be required. 

A planning system relies for. its effectiveness on the reli- 
ability of the data used and the efficiency of the reporting 
systems which allow the system to be updated. A good 
planning system can provide the basis for effective control of 
the project. In the case of labour-based projects, which are 
particularly dependent upon an even flow of output, a system 
which will ensure a steady flow of resources is vital. 
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6.3 Organisa tion 
Having predicted the requirements and planned their use 

the next step, prior to implementation, is to provide an 
organisation structure capable of executing the project. It can 
be argued that if labour-based methods are to be used the 
whole organisation structure used for equipment-intensive 
projects must be changed. Whilst there is some evidence from 
China that this can work, it is certainly not yet proven in 
general. Experience from the I LO studies has been that what is 
required is an adjustment of the structure to take account of 
the fact that the main resource being employed is labour not 
equipment. This means that gang size and distribution 
becomes extremely important. So also is the question of 
whether the gangs are arranged along ‘functional lines or 
whether each gang or group of gangs is given a certain section 
of the road to deal with. EquYy as important as the balance 
and distribution of gangs however is the type and level of 
supervision. How many workers can one gang leader effec- 
tively control? How many gang leaders can one foreman 
direct? Furthermore, there is the problem of ensuring good 
communication both down from the project manager and 
back up from the foreman and supervisors. The organisation 
structure can be extremely important when motivation and co- 
ordination is considered. In the former case the workers must 
feel that they are in touch with the project management and 
the objectives of the project. In the latter case good co-ordina- 
tion is a function of communication which, in turn, is depen- 
dent upon an effective organisation. 

6.4 Motivation 
If a large labour force is to be used it is of paramount impor- 

tance that they are motivated to achieve their potential in 
terms of output. It is fair to say that in most countries financial 
reward is the main motivation for good performance. The IL0 
studies have clearly indicated that workers paid on a piece-rate 
system produce much higher output than under a daily-paid 
systemt5J6J7. The system of pay, however, if it is to be a good 
motivator must not only be fair but must be seen to be fair. In 
the case of task or piece rates the targets set must be scrupu- 
lously defined to ensure that there is no exploitation of the 
worker. 
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Money however is not the only motivator. A sense of 
belonging, good relations with fellow workers and adequate 
social and .welfare facilities are others. A good project 
manager will ensure that al-5 these aspects are well taken care 
of. 

6.5 Con trolling 
In the discussion on planning we noted that a good system 

will ease the problems of control. The physical and financial 
control of projects can be relatively simple as long as the 
original plan is constantly updated by means of data derived 
through an effective communication system. The supervisory 
staff must therefore be trained to provide clear and concise 
information regarding attendance, output and future require- 
ments. An effective communication system must exist which 
allows .this information to be channelled to the project 
management for evaluation, decision and action. Not only wili 
thisznsure that the project is provided with the resources 
required at the right time but also it will pinpoint inefficient 
working or work that is behind schedule. This can be imrne- 
diately investigated. In this way a good control system can 
instil in ,the workers a feeling of participation. 

6.6 Co-ordination 
If labour-based methods are to be used it is likely that the 

number of supervisory staff will increase. The methods may 
also be integrated with the use of equipment. To ensure that 
integration is possible and that the large labour force is work- 
ing as a coherent mass, not as a set of independent units, it will 
be necessary to bring the supervisory staff together at regular 
intervals to discuss the work programme. This would also be 
the time when labour relations problems could be discussed. 

Finally, we can provide no better summary of the problems 
involved than the words of a famous writer on construction 
managemenV8. “Not only is it necessary for a manager to be 
able to orga nise technologies but he must also be capable of 
organising individuals. He must be able to view the manage- 
ment activity as a whole and not from the bias of his own 
particular education and training. Iri the organisation of 
human beings it is necessary for the manager to realise that 
improvements in the workers’ physical and social conditions 
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together with the sharing of a sense of participation in the 
enterprise are the two effective prime movers of effective per- 
formance.” 

7. Tools, equipment and techniques 
Most textbooks on construction management will almost 
certainly have a section on the choice and utilisation of con- 
struction equipment. A typical phrase from a well-known 
book19 reads “correctly chosen and well operated plant will 
enable a construction project to be completed quickly and 
economically”. Given that on a road construction project in 
the developed countries, equipment may account for upwards 
of 50 per cent of the total cost, it is not surprising that so much 
attention is paid to this item. If the resource utilisation is 
changed, however; and it is labour which is the predominant 
cost item then it is clear that much more attention has to be 
paid to their organisation and level of productivity. The 
labourer does not, however, work wi?h his bare hands, he uses 
tools and simple equipment. In projects which are labour- 
intensive, therefore, the choice of the right sort of tool is as 
important as the choice of the right type of machinery in a 
capital-intensive project 2O. Thecost of tools is not normally a 
major item even on labour-based projects, being generally of 
the order of 5-10 per cent of the total. It is their effect on the 
productivity of labour, however, which is of particular impor- 
tance. Few detailed studies have yet been done on the 
difference in productivity for workers with “good” and “bad” 
tools? Nevertheless all the experience reinforces the intuitive 
feeling that a well-designed, well-manfactured tool that is 
appropriate for the task increases the level of productivity. 

7.1 Appropriate tools 
If we are to invest money in the use of labour-based 

methods it will be necessary to spend much more time in con- 
sidering the most appropriate tools for the particular job in 
hand22. A labourer is perfectly tiell aware of the most effective 
method of using traditional tools; what is needed is the most 
effective shape or type of blade so that, in the case of a hoe, for 
instance, it cuts each particular type of soil in the most effec- 
tive manner. 

38 



In the co,\sideration of appropriate tools, the first lesson to 
learn is that we must beware of imposing preconceived 
notions of what is the best tool for a particular job. Many of the 
basic activities of road construction and maintenance, such as 
exca\.!ation, loading and spreading, have counterparts in 
agricultural work. The labourers employed for road construc- 
tion will generally be quite familiar with the most appropriate 
tools. Simple expedients such as reinforcing the blade of the 
tool at critical points to make it more durable for heavy excava- 
tion work seem to be the iype of improvement that can be 
made. On the other hand, construction activities are much 
more demanding than agricultural ones and the tools used 
may have to be correspondingly more robust. 

It is when the activities of workers become interdependent, 
such as in excavating and loading, or where the operations are 
markedly different from agricultural activities such as compac- 
tion, bitumen spreading or hauling with light equipment, that 
there is scope for the implanting of new techniques or the 
modification of existing ones. Consider for instance the ques- 
tion of haulage vehicles. Such methods as wheelbarrows, 
small trucks on rails, headbaskets, and animal-drawn carts are 
all generallysin use in agricultural work. However, workers are 
used to using them individually and their design can often be 
improved in relation to the haulage of soil or aggregates. The 
wheelbarrow, for example, apart from being generally poorly 
manufactured is often aiso badly designed. The weight dis- 
tribution i; wrong, the size and type of wheel is ill-suited to 
construction sites. Furthermore the efficient use of wheei- 
barrows often requires a careful consideration of the balance 
between the loaders’and the haulers. 

Animal-drawn carts are often used in rural areas for the 
transportation of produce. The unloading is carried out by 
hand so as not to spoil the saleable goods. As far as the move- 
ment of soil in construction works is concerned, one of the 
main objectives is to unload the cart as fast as possible. Some 
system of tipping or bottom discharging would therefore have 
obvious benefits. 

For long-haul distances it may be appropriate to use trucks or 
tractors and trailers. The important point to mention here is that 
the integration of labour-intensive and equipment-intensive 
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methods requires special care. It is of little value asking 
labourers to excavate and load in a similar fashion to 
machines. If they are asked to load into trucks or trailers the 
height of loading must be appropriate and furthermore the size 
of the truck must not be so big that it requires such a large 
number of workers to load it that they are in each other’s way. 

The work carried out so far indicates that even for those 
road construction and maintenance operations which are not 
directly comparable to agricultural activities it is possible to 
adapt and modify agricultural equipment to do these opera- 
tions effectively. 

7.2 The scope for intermediate technologies 
In recent years a great deal of attention has been given to the 

idea of developing so-called “intermediate” techniques. 
These would be oriented towards the use of labour whrlst 
reducing the level of physical work by the use of small-scale 
mechanical devices. The idea that these intermediate tech- 
niques provide a missing link between labour-intensive and 
capital-intensive technolcgy has gained some credence. In the 
studies on road construction, at least, this idea has not been 
well substantiated in practice 23. The evidence suggests that 
there is scope for major increases in productivity by the selec- 
tion of appropriate toois and the modification and QAQn+~+i~n “UUf.JL”Ll 
of traditional techniques. It has not been shown that it is 
possible to implant alternative technologies to any noticeable 
degree. This, of course, may purely reflect the fact that for 
most construction and mainter ,ance activities there are 
obvious traditional alternatives which can be made effective. 

7.3 Techniques and work balance 
The specific problems of site organisation and planning 

have been discussed in section 5. It is worth mentioning here, 
however, that the productivity of particular tools and equip- 
ment often depends on the organisation of work. The disposi- 
tion of labourers excavating, loading and hauiing can make an 
enormous difference in the over-all output. Two simple 
examples will illustrate the point. In the operation of excavat- 
ing, loading and hauling material using labourers and tractors 
and trailers, the most expensive element is the tractor. It must 
therefore be working full time for over-all economic efficiency. 
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This can only be done if there is the correct balance between 
the number of labourers, trailers and tractors. 

In the operation of surfacing using tar spray and chippings, 
it is imperative that the rate of spreading of chippings is syn- 
chronised with the rate of tar spraying. Further, the roller that 
is used must also have an output that is in keeping with the rate 
of surface production. If labour-based methods are used for 
spreading and spraying the gang balance must be correct for 
output to be matched. 

7.4 Procurement systems 
The provision of hand tools and light equipment for a project 

using equipment is of relatively minor importance. In a labour- 
based programme it is absolutely vital that the requisite 
number of small tools are provided in the right place at the 
right time, otherwise the work will stop. It will often be neces- 
sary to develop special procurement systems for labour-based 
programmes and to provide detailed specifications to 
manufacturers. Certainly the system of least cost tendency 
without specifications should be avoided. Furthermore, the 
increased attention that has to be paid to well designed and 
well maintained tools will place a much greater emphasis on 
having well qualified personnel to direct the provision and 
procurement of tools. 

7.5 Small-scale industry development 
This aspect is far too broad a topic to deal with comprehen- 

sively here. Nevertheless the implementation of large-scale 
labour-based construction programmes could have important 
repercussions on the development of small-scale industry. 
Certainly if there were a capability in the rural areas tc 
manufacture the tools and light equipment required this could 
be a major area for effective development investment. There 
are of course many problems such as quality control, trans- 
portation costs, co-ordination, centralised tendering systems, 
etc. Nevertheless, small-scale industry development is one of 
the potential secondary benefits of labour-based construction 
programmes. 

In Kenya, the World Bank has already carried out work to 
assess the scope for the local manufacture of the tools and 
equipment required for the Rural Access Roads Programme. 
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The initial findings of this study suggest that the problems 
are more to do with the basic inflexibility of administrative 
systems rather than any inherent lack of capacity in the 
manufacturing sector. 

8. Policies for larger-scale implementation 
In the previous pages the detailed problems of using more 
labour-based methods in road construction have been 
discussed. In the long term the concern is with the most 
appropriate use of resources in the construction of roads in the 
developing countries. The use of appropriate technology is 
not an emergency measure to counteract unemployment. It 
will do this but it is much more basic than that. The use of the 
most appropriate technological methods will automatically 
reduce unemployment because it will be using the available 
resources, including labour, in the most appropriate manner. 
It is, therefore, not merely a question of providing a proper 
framework of design, planning and management. The long- 
term, large-scale implementation of more appropriate tech- 
nological methods in road construction, as in other sectors, 
will require that various policy measures are adopted in keep- 
ing with the shift away from the technologies which are 
patently inappropriate but for various reasons are presently 
preferred. In this section an attempt is made to present various 
measures that could be adopted. Where possible, examples 
are given of attempts that have been made to implement these 
measures . 

8.1 Fiscal policies 
In section 3 the use of social cost benefit analysis was dis- 

cussed. This is a tool which can be used to take account of the 
distortion of market prices in developing countries. We saw 
that this distortion tends to favour capital-intensive methods. 
The use of accounting or shadow prices does not make any 
change to the actual prices, it merely takes account of the 
distortion to give a more rational allocation of resources. In the 
public sector the assessment of the most socially profitable 
techniques can be made on the basis of the shadow price 
coefficients provided by a central planning agency. The 
manager in the public sector then executes projects up to the 
maximum number his market budget will allow based on the 
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accounting prices. In the private sector, however, the use of 
social accounting would be extremely difficult to implement. It 
would definitely require some form of government interven- 
tion to ensure that the contractor perceives that there is no 
!oss in profit if he uses the alternative technologies. In the long 
term, however, the use of these technologies should prove to 
be profitable and a great deal depends upon educating the 
private sector in the use of iabour-based methods. The 
government can, however, take various financial and fiscal 
measures which would assist in the acceptance and 
implementation of appropriate technology in road construc- 
tion. These range from the very simple to the very complex. 
They are discussed below. 
(a) Surcharge - one very simple method fqr allowing for the 
distortion of prices is to accept that it exists, to recognise that 
it favours equipment-intensive methods and to take the 
labour-based alternative .where it is technically competitive as 
long as the market price is not more than a certain percentage 
more expensive than the capital-intensive methods. In the 
Philippines this has been done and labour-based methods are 
accepted if the increase in cost is not more than 10 per cent. In 
a way, this is an implicit social accounting procedure as it 
implies that the distortion in market prices is of the order of 10 
per cent. This may seem crude and would, of course, require 
substantiation. However, given the complexity of the ca!cula- 
tions to provide social prices it may be the most acceptable. 
(b) Tariffs on imported equipment - in an effort to promote 
import substitution and to protE;:t domestic consumer goods 
industries, many developing countries have adopted systems 
which provide high tariffs for consumer goods and low tariff 
rates for capital goods and raw materials. As far as road con- 
struction and maintenance is concerned this has the effect of 
allowing the importation of construction equipment at low 
tariff rates and thus effectively distorting the real cost to the 
economy of using the equipment. There are various ways in 
which this problem can be solved. One is to provide dis- 
criminatory tariffs on equipment which would be used on 
activities that can be carried out labour-intensively. This may, 
of course, be extremely difficult to implement in practice as a 
machine may carry out various functions some of which could 
not be done labour-intensively. An alternative is to make the 

43 



importation of equipment dependent upon the provision of a 
licence which would be provided by the government only after 
it was convinced that the equipment was needed. 
(cl 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 contractors can easily borrow 
money to import construction equipment, and find it profit- 
able to do so since the low ceilings on interest rates result in a 
decrease in the equipment rental rate. In some cases, more- 
over, given high inflation rates, lovv ceilings on interest rates 
imply a negative real interest rate on loans, and imports of 
equipment and the adoption of capital-intensive technologies 
becomes 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. High 
ceilings on interest rates will lead contractors to think twice 
before asking for loans in order to import construction equip- 
ment, and may thus induce them to reconsider their position 
%with respect to efficient labour-based technologies14. 
(d) Taxation of owned capital equipment - a number of 
factors including low ceilings on interest rates, difficulty of 
importing spare parts for construction equipment, lack of 
proper equipment for repair and maintenance facilities - tend 
to make contractors import more pieces of equipment than 
may be strictly necessary in order to be sure that construction 
work will not be slowed as a result of lack of equipment. The 
government may put an end to this sitlJation by imposing a tax 
on owned capital equipment. The cost of keeping construc- 
tion equipment idle will therefore increase, and contractors 
will refrain from importing more equipment than is really 
needed. Furthermore, 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 assess the value of pieces of equipment at various 
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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 government. 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. 
(e 1 Wage policies - the question of the most appropriate 
measures in relation to wages is perhaps the most difficult of 
all. This is partly because the d.ifference between the market 
and shadow wage is often so marked. Other issues such as 
minimum wage legislation and trade union activity also have 
an effect. 

Action in relation to wages is often seen as an effective way 
of favouring labour-based methods. All too often, however, 
the action is counter-productive because it directly interferes 
with market supply and demand. For example, the use of 
wage subsidies has been advocated. In its simplest terms this 
is the payment, by the government, to the contractor of a 
subsidy for each man-day of unskilled labour used on a 
project. Unfortunately, the result of this is that the contractor 
can continue to use capital-intensive methods, the increased 
labour force stands and watches25 and the contractor pockets 
the subsidy. It is not sufficient to make it financially feasible for 
contractors to use methods which require more labour. They 
must also be convinced of the technical and managerial effi- 
ciency of these methods. 

Finally, in regard to fiscal policies a comment from the Iran 
studyz6 is particularly apt. “The argument concerning the 
relative merits of specific tariffs, quantity restrictions and 
wage subsidies does not turn on any simple notion of 
economies in government finance. The issue is basically one 
of ease of administration and relative efficiency of the set of 
measures adopted. Tariffs or quantity restrictions would 
appear to have a certain appeal as they are more easily 
administered than a direct wage subsidy. By themselves, how- 
ever, they will not guarantee the adoption of appropriate tech- 
nology. In the final analysis it will be the practitioners who 
choose the technology and any fiscal measures must go hand 
in hand with the appreciation of the technical feasibility of 
using appropriate technological methods.” 
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8.2 Policies on standards and specifications 
The ILO’s employment strategy mission to Sri Lanka noted 

that “the probiems in the construction industry were aggra- 
vated by the stolid enforcement of regulations, professional 
codes of practice or contractual procedures, the inadequacies 
of which have long been recognised in the very industrialised 
countries from which they were copied; copied moreover in 
the face of unquestionable evidence of their ineffectiveness in 
local conditions.” 7 2 The situation in Sri Lanka is probably no 
different from that in many other developing countries. The 
unsuitability of European standards and specifications is most 
blatantly illustrated by such examples as the application of 
snow-loading criteria for roof construction in tropical Africa. 
Less obvious, but more common, however, is the specifica- 
tion of materials, methods of working and testing procedures 
which would be perfectly appropriate in Europe and North 
America but not in the developing countries. 

There is no suggestion here that the systems and proce- 
dures used in the construction industries of developed 
countries are inefficient. Within their own environment they 
are generally effective. To expect them to work as efficiently in 
an environment where the basic economic situation is totally 
different, where the administrative systems are limited and 
where the information flow to the local construction sector is 
poor is somewhat optimistic. The basic dichotomy in con- 
struction caused by the division of responsibilities for design 
and construction becomes an even greater problem in 
countries where contractors are struggling with the basic 
problems of lack of financial and managerial expertise. 

In regard to specifications and codes of p’ractice therefore, 
governments need do no more than make an invlestigation of 
whether they are orientated towards the environment in which 
they are supposed to operate. 

As regards methods of tendering it is clear that certain 
aspects of the normal tendering procedures are biased 
towards the use of equipment. One can think of the selected 
tender where only those with, among other things, a minimum 
plant holding will be eligible ‘to tender. As far as government is 
concerned what is recommended is a more flexible approach 
to tendering procedures. These procedures were developed in 
the industrialised countries where there is an inherent tradition 
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of contract responsibility and where the design, construction 
methods and procurement of materials are already institution- 
alised. They may apply also to vast development projects: 
however it would be surprising’ if they are wholly appropriate 
to construction industries whose members have relatively 
limited financial and managerial resources. 

8.3 The influence of foreign consultants and contractors 
If one accepts that infrastructure development is vital to 

economic development, it almost goes without saying that 
this implies some form of foreign involvement in the construc- 
tion industry. This may merely be in the form of feasibility 
studies or managerial assistance. More commonly it will * 
involve the use of foreign consultants and contractors. 
Properly arranged, their involvement can be mutually profit- 
able. Unfortunately certain conflicts often present them- 
selves. It has already been noted that procedures and systems 
with which large foreign firms are famiiiar may not be appro- 
priate. Of more direct importance is the fact that, as the ILO’s 
study in Iran showed28, foreign firms will draw their technology 
from an international market in which innovation has con- 
sistently moved in the direction of equipment-intensive 
methods. As the consulting engineer is often involved at the 
feasibility, design and supervision stages, the technology used 
is dictated by his expertise and background and only too rarely 
by a detailed consideration of the most appropriate resource 
allocation. In addition one has a contractual system based on 
the industrial country practice, and a contractor who, if not 
foreign or foreign-owned ‘will have been schooled in the effi- 
cient use of equipment; it is not surprising therefore that the 
technology chosen is extremely capital intensive. 

The use of foreign expertise .in the development of a 
country’s infrastructure is a fact of life and has many beneficial 
effects. Properly handled, foreign firms can be a great asset in 
assisting in the growth of the local construction sector. It 
would be wrong however to view the activities of foreign firms 
in any philosophical way. Principally, their object is to make a 
profit. Whilst governments should support this objective it 
should also ensure that profit is generated in a beneficial way 
for the country. This means that when the government, as a 
client, hires a consultant to carry out a feasibility study for a 
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road project, it makes it quite clear that the study should 
assess the construction technology to be used. It means that 
in its dealing with foreign contractors it should insist that 

, labour is used to the fullest extent compatible with technical 
’ and economic efficiency whilst the importation of equipment 

is kept to a minimum. Governments can also take measures to 
support the growth of local contractors. This can be done not 
only by preferred treatment but also by putting money into 
training courses on financial management, administration and 
the most appropriate construction techniques. In the long 
term each developed country must have a viable domestic 
construction’ industry, whether public or private, for its own 
economic stability. 

9. Summary 
At the end of a fairly detailed coverage of the problems of the 
most appropriate tt: :nnologies in road construction the over- 
all problem of what are the required policy measures for large- 
scale implementation appears particularly broad. In general, 
however, what is required is a flexibility of approach, firm 
direction and support from the highest level and motivation for 
all concerned in the road construction process so that the 
most appropriate methods in terms of resource allocation are 
also the most efficient in the execution of projects. 
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CHAPTER 3. PLANNING AND ADMINISTRATION OF 
LABOUR-BASED ROAD 
CONSTRUCTION PROGRAMMES 

by B. E. Nilsson 

1. Introduction 
The author has worked for several years with two of the 
projects that have contributed to this new way of looking at 
the matter, namely the Capas - Botolan project in the Philip- 
pines’, and the Rural Access Roads Programme in Kenya2. 
While these IWO projects are good examples of the viability of 
labour-based methods they have also shown that it requires 
careful planning and foresight to make such projects success- 
ful. One must not be deceived into believing that the need for 
planning of labour-based work is less than that for equipment- 
based work. However, it is not always fully appreciated that 
the planning and administration of a labour-based project 
need to be approached in a somewhat different way than for 
an equipment-based project. Furthermore as there are yet very 
few engineers and managers with any substantial experience 
of labour-based methods in many countries it can be argued 
that a greater and more conscious effort has to be made when 
planning labour-based work. 

In this chapter some of the most important aspects of the 
planning and administration3 of labour-based work will be dis- 
cussed. Much of the discussion is based on observations, and 
lessons learned from the Kenya Rural Access Roads Pro- 
gramme. It is hoped that this programme will be a model for 
implementation elsewhere. 

2. Programme planning 
Let us assume that the public works department (PWD) of a 
certain country has taken the decision to execute a road con- 
struction programme using a technology appropriate to the 
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countrv’s labour-abundant economy. This does not mean that 
labour-‘based methods will be used indiscriminately but that 
serious and unbiased consideration should be given to how to 
carry out the various road construction activities so that the 
programme is compatible with the conditions and economy of 
that particular country. It also means that already at the design 
stage due consideration should be given to such aspects as 
standards, size of projects and construction time in order to 
avoid conditioning the choice of technology. However, as 
mentioned in the introduction, design will not be covered in 
this chapter and the discussions here thus assume that ques- 
tions about standards and quality have been analysed without 
bias towards any particular technology. 

2.1 Labour availability and costs 
This has been discussed in detail in Chapter 2. Suffice it to 

say in addition that the cost of labour normally has an overrid- 
ing influence on whether labour-based methods are eco- 
nomically justifiable or not. It is however not possible to give 
an exact “break-even” figure above; which labour-based 
methods would be uneconomical because labour and machine 
productivity differ so much from cc;untry to country. More- 
over, factors such as the type of project, its location, the avail- 
ability of staff and (machine) service facilities play an 
important role. The question of whether to use market or 
“shadow” prices should also be noted. Market prices are 
easier to establish but it is generally accepted that shadow 
prices better reflect the “real” effect of using different tech- 
nologies on a (developing) country’s economy because 
rnarket prices are often distorted in one way or another. 

2.2 Selection of methods 
If the conditions are generally favourable for labour-based 

methods one shotild examine to what degree it is feasible to 
use them. For a low-standard feeder road with small require- 
ments on compaction and smoothness of the riding surface 
and not involving long-haul distances, all or nearly all activities 
can be done by labour. For a main road with high requirements 
on compaction and riding surface it would be difficult to 
achieve the required standards without using some kind of 
mechanical equipment 4 Nevertheless, clearing, earthworks 
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and structures (which typically account for considerably more 
than half of the cost of a road project) can be done satis- 
factorily by labour. Thus, even on a main road it is feasible to 
use labour-based methods to a great extent if the economic 
conditions are favourable. 

When deciding upon the optimum mix of labour and 
machines the planning engineer will have to go through the 
main activities and calculate the cost of each activity using 
either market prices or shadow prices. Obviously interdepen- 
dent activities have to be regarded together to avoid mis- 
matching and suboptimisation. Consider for example an 
excavation to fill operation where compaction by a mechanical 
roller is required to fulfil set standards. The excavating, load- 
ing, hauling, unloading and spreading activities may be most 
economically done by manual labour. Compaction however 
has to be done by a roller. Looking at the compaction activity 
alone it is likely that one would conclude that a large roller 
would give a lower cost per unit of output than a small roller. 
But the capacity of a large roller is so much greater than that of 
an ordinary earthwork gang that the roller would be idle most 
of the time thus greatly increasing compaction costs. A small 
roller could do the job equally well if the thickness of the layers 
was reduced and/or the number of passes was increased. 
Another advantage with the small roller would be that it could 
be moved more easily and thus be used at two or more 
adjacent fills. Another example is hauling over long distances. 
The hauling work may be least expensively done by large 
trucks. If, however, it is economical to do the loading by 
labour the long idle time of the truck during loading might 
make the use of trucks uneconomical. In such a case and over 
medium- to long-haul distances one tractor and two or more 
trailers might be economical as only the cheap component, 
the trailer, would be idle during loading. In countries where 
work animals are common these could also be extremely use- 
ful for short- to medium-haul distances. 

The productivity and cost of resources need to be known 
when comparing different methods. ;A great deal of data is 
available on equipment-intensive techniques while compara- 
tively little exists on labour-based techniques. A word of warn- 
ing is however necessary regarding the use of cost and 
productivity data on machines. It is the experience of the 
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author that when calculating hourly costs of machines, little 
consideration is given to low utilisation and idle time caused by 
less than ideal work planning and breakdowns. 

At the same time productivity figures may be taken from 
manufacturers’ handbooks which tend to be optimistic in 
general and reflect conditions in the land of manufacture, 
often an industrialised country. Taken together this can 
contribute to considerable underestimation of unit costs. 

Labour productivity data may not be available to planning 
engineers in many PWDs. It is always advisable to use local 
data but if no systematically organised labour-based work of 
any scale has been done recently in the country, international 
sources can be used. The World Bank and the International 
Labour Organisation, among others, now have data from 
several parts of the world. Such data should however be used 
only for tentative planning and it should be the aim to establish 
local data as soon as possible 4. 

2.3 Time scheble 
Having made the choice of methods, a tentative time 

schedule should be drawn up. In the case of a large road 
project a bill of quantities will have been prepared. In the case 
of a feeder road programme only the approximate length of 
roads to be constructed may be known. In such a case an 
estimate of the quantities involveid must be made. This can be 
done by classifying the different types of terrain encountered 
and estimating quantities per kilometer for each type of 
terrain. Knowing (or estimating) the number of kilometers in 
each type of terrain a tentative bill of quantities for the entire 
programme can be calculated. 

When making the time schedule it must be borne in mind 
that the work may have to stop, or at least be reduced, during 
certain periods due to non-availability of labour or to unsuit- 
able weather. However labour-intensive methods are iess 
sensitive to rain than machine methods. If the rain periods are 
not too intensive in a particular region, labour-intensive work 
may be carried on with minimal interruption. 

2.4 Organization and staff 
The time schedule should show the resources that would be 

needed at any given time. It must be checked carefully to 
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ensure that it is possible to obtain the resources needed. More- 
over, the level of resources required must be suitable from the 
technical point of view. For example, if too many labourers are 
crowded into one section of the road, productivity and 
economy will suffer. If the site is likely to become overcrowded 
the possibility of working simultaneously on more sites should 
be investigated. Where it is not possible to obtain the neces- 
sary resources, especially if there are shortages of supervisory 
staff, the time horizon of the programme would need to be 
lengthened. 

If the road(s) to be built go through populated areas it is 
normally advantageous to employ labour who arrange their 
own transport to and from work. This is usually on foot and 
restricts the area from which labour can be drawn to 5-10 kms 
from the site. As the construction work progresses the 
distance to walk will be too great for the workers and new ones 
will have to be employed. The disadvantage with this system is 
that it takes a little time for the labourers to reach their full 
productivity. Thus, if the average length of employment is 
short, over-all productivity will suffer. The alternatives are to 
provide transport to the workers or to arrange labour camps. 
Both alternatives are costly and bring with them administrative 
and social problems. Therefore, if the turnover of labour can 
be kept to three to six months the slight loss in productivity 
incurred by employing new iabour is generally preferable to 
the provision of transport or camps. 

Naturally the organisation will depend on the size of the 
project and the type of the road(s). One proven organisation 
structure is to have one gang leader for every 20-25 workers 
and one foreman in charge of 3-4 gangs. The gang leader 
should be a worker who has the confidence of his fellows. He 
would leave the project when his gang terminates its employ- 
ment, although the best gang leaders could be kept for train- 
ing to become foremen. The foremen should be permanent or 
semi-permanent employees and kept throughout the project. 
Their technical skill need not be particularly high. In general, 
more consideration should be given to their ability to organise 
and motivate labourers. It is possible to train gangleaders with 
the right personal qualities to become foremen through com- 
paratively short training courses. This is important because on 
large labour-intensive projects a great number of foremen are 



needed. Their performance is crucial to labour productivity 
and thereby also to the economy of the project. 

For every two to four foremen (200-400 workers) a super- 
visor with good experience and knowledge of road construc- 
tion would be needed. A technician with engineering training 
would be suitable for this post. He would be the man to solve 
most of the technical problems on projects consisting of many 
small and scattered sites. 

Finally, there should be a roads engineer who could super- 
vise two to three technicians and be assisted by supporting 
staff for surveying, accounting, supply and stores, work 
studies and other administrative matters. 

The following number of supervisory staff would Jhen be 
needed for a project employing about 1,000 workers: 

1 Engineer 
3 Technicians 
IO-12 Foremen 
40-50 Gang leaders (casual employees) 

It is emphasised that this is an example and that each project 
merits its own analysis of the need for staff. A project with 
many small sites will need more supervisory staff than a 
project with 1,000 workers at one site. 

The demand for supporting staff is a function of the type of 
road and the size of sites. A high-standard main road will need 
a number of surveyors while a low-standard feeder road 
project might not need any surveyors at all. The supply func- 
tion for a small site project will be more complicated than for a 
big site project. Each small site must have its own small store 
and a storeman (possibly a casual employee) which may serve 
only 100 workers, while the store at a big site might serve a 
much larger number of workers. 

2.5 Training 
Unless labour-bzsed projects of some scale have been 

executed before in a country it is likely that the number of staff 
needed is not readily available. In that case training pro- 
grammes must be set up before the start of the programme. If 
a big programme is envisaged the most suitable formula would 
be to start on a comparatively small scale (pilot project) for one 
or two years and during that time gain experience of the type 
of training that is needed and the most appropriate way to 
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carry it out. If the programme will ultimately employ a very 
large labour-force, say in the order of tens of thousands, a 
build-up over several years will be required and training will be 
continuous. 

It is likely that the training need is most crucial at the level of 
site foremen. It is extremely important that they be fully 
competent in the work methods to be used, as they will give 
the daily instructions on site and train the gang leaders and the 
workers. They can be recruited from the level of gang leaders 
provided they have a sound knowledge of basic arithmetic and 
an understanding of simple planning and reporting. Above all, 
they must have an aptitude for man management. 

Training courses might also be needed for the technicians 
and engineers and possibly also for drivers, operators and 
mechanics if some equipment is to be used. 

The emphasis of the training should be on field work. In 
many PWDs there are staff training departments where a 
special branch could be created to carry out the necessary 
training for labour-based projects. The management of a 
project should be ultimately responsible for the training but 
not for the day-to-day running of it. It is recommended that the 
training branch be given a special field unit where they can 
plan the construction work according to the training needs. 

Ideally, instruction and training manuals should be written 
for the programme. Existing handbooks can be useful but do 
not reduce the need for manuals specific to the programme. 
These should deal with administrative routines, work methods 
and organisation, planning and reporting procedures as well 
as productivity, cost and production targets and resource 
allocation. The best way of using existing “universal” manuals 
is to extract and amend certain sections of them to suit specific 
country and programme conditions. 

Feedback from field units to the training branch is very 
important. Some form of periodic review of the training course 
should be carried out between all the involved parties, i.e. the 
programme headquarters, the field personnel and the training 
branch. At these reviews certain questions should be 
examined. These would include the effectiveness of the train- 
ing (whether the trainees know and can apply what they have 
been taught), the relevance of the syllabuses to the field 
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requirements and whether the methods taught correspond to 
actual, practical field procedures. 

Gang leaders and workers and also some of the administra- 
tive staff would not be subject to any forrnalised training. In 
their case on-the-job training will be of great importance. It is 
absolutely essential that all levels of supervisors are made 
aware of this. This sort of informal training is done in the 
course of their daily duties and should take the form of both 
instructions and practical demonstrations. It should be 
followed up by control and repetitions if necessary. 

Labour-based work carries relatively little “status” and it is 
therefore particularly important to promote interest in training 
and in the daily work by offering promotion possibilities. In a 
new and growing prograr me there is fortunately a good 
chance for this. However, promotion should be given on merit 
and not based only on years of service. Persons participating 
in courses should know that if they have performed well they 
will stand a good chance of being promoted. Care must there- 
fore be exercised when selecting people for courses. The 
potential trainee’s performance in his present job is of course 
important. Even more essential however is the assessment of 
how he would perform in his next job which might require 
different personal qualities. 

2.6 Tools and equipment 
The general aspects of tools and equipment have been dis- 

cussed in Chapter 2. However, as far as specific programmes 
are concerned planners should investigate the whole range of 
questions related to tools at least one year before the intended 
start of a programme. The first important issue is to decide 
broadly which work methods are going to be used. Knowing 
that and the parameters such as soil types, it is then possible to 
decide the types of tool to be used and to make a rough 
estimate of the numbers needed. The number needed of each 
type cf tool is dependent on the quantity of each activity, the 
number of workers and the parameters and the quality of the 
tools. Spare tools and handles must also be provided for. 

When types, specifications and numbers of tools have been 
decided a survey of the local market has to be carried out. If the 
desired tools are available on the local market, laboratory 
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tests and also, if possible, field tests, should be carried out. If 
the tools are not available or if they fail the tests it might be 
possible to get local factories to take up new products and/or 
to improve the quality of their existing range of products. If 
this is not possible preparations for importation of tools have 
to be made. 

It is usually economic to repair or recycle tools, for example, 
to weld a new blade to a hoe, a new prong to a fork or reforging 
a pickaxe. For this, a small workshop equipped with an electric 
arc-welding machine, a grinding machine, a forge and a 
couple of anvils and vices, etc., is needed. 

As stated above, the selection of work methods governs the 
requirement for tools and equipment. If for example work 
animals are going to be used there will probably be a need for 
rippers, scrapers and various types of cart. Again agricultural- 
type implements may not be suitable and efforts may be 
needed to develop and manufacture better ones. A lot of 
development work has however been done by various 
organrsations in several countries and by consulting them 
development work will not have to start from scratch. 

2.7 Budget 
At this stage a tentative budget can be made. The assess- 

ment of costs of resources in terms of labour, staff, material, 
tools and equipment, including running costs, camps, offices 
and related overheads is comparatively straightforward once 
input/output relationships are established and methods 
chosen. The cost of training facilities, management and 
planning staff at headquarters and method study personnel is 
more difficult to estimate but shou!d not be forgotten. To a 
large extent the cost of these items depends on whether exist- 
ing facilities and procedures are suitable for a labour-based 
programme or not. It is extremely important to examine this 
aspect in detail before the start of a programme. A thorough 
analysis should be done of how existing routines need to be 
modified by someone familiar with labour-based work. This 
must commence wcil in advance, at least a half to one year 
before the intended start of a programme. The time and 
money spent on this will certainly pay off in terms of reduced 
disruptions and delays. Nevertheless, if labour-based work on 
a big scale is completely new to a PWD, adjustments of 
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administrative routines and the organisational structure may 
have to be done after the start of a project even though con- 
siderable time has been spent on this in advance. The produc- 
tivity of labour and estimates of quantities and material will 
also be subject to correction when experience has been 
gained. It is therefore natural that, unless the PWD has recent 
extensive experience of labour-based programmes, the tenta- 
tive budget may be a best estimate only. 

The tentative budget is of course of utmost importance for 
the financial negotiations for the project. It seems that both 
bilateral and multilateral development agencies look favour- 
ably upon labour-based projects. A sound budget for a well- 
planned programme is a valuable asset in such negotiations. 

3. Administration - policy and procedures 
If a PWD has not earlier employed large numbers of casual 
labour there would be a need to establish a labour and staff 
policy for the project. The changes or amendments to 
administrative procedures may also be so far-reaching that it is 
worth setting up new administrative policies. 

3. I Labour policy 
Most PWDs, being part of a country’s civil service. employ 

their labour, including unskilled labour, on a permanent or 
semi-permanent basis. Consequently existing codes and 
regulations do not fit a situation where casual labour is 
employed on a large scaie. A new set of regulations may have 
to be created. As far as possible this should be done before the 
start of a project and in consultation with the Ministry of 
Labour to avoid disputes regarding the terms of employment. 
a) Wages5 - If there is a regal minimum wage this will often 
betheactual wagepaidtotheworkers. Anexceptionmight have 
to be made if the wage for casual labour in, for example agri- 
culture, is higher than the minimum wage. In a country with 
large unemployment this would probably only happen in certain 
regions or seasons unless the minimum wage regulations are 
very old. If wages lower than the minimum wage are common 
for casual agricultural work the minimum wage has to be used 
for budgeting purposes whilst a shadow wage could be used 
when choosing technology. Care must be taken that road con- 
struction does not disrupt agricultural production in an area. 

59 



This could happen if the wages paid to road workers were 
higher than agricultural wages and the labour supply insuffi- 
cient for both activities during peak agricultural seasons. 

Payment in kind, i.e. when a certain portion of the wages is 
paid not in cash but, for example, as foodstuff, has been tried 
from time to time. If a large portion of the wage is paid in kind it 
seems that the workers look upon their job as a kind of welfare 
programme and motivation is often lacking. Payment in kind is 
also administratively burdensome and the author’s opinion is 
that it should be avoided? 

The pay period should if possible be one month. Shorter pay 
periods require more administrative work and greater loss of 
working time. Local practice may however require shorter pay 
periods. Daily payment is unsuitable for large-scale projects. 
b) Working time7 - Manual road construction work is 
arduous and in a hot climate it is not possible to keep a high 
output over eight hours. To avoid the worst heat, work should 
preferably start early in the morning, break for several hours 
around noon and continue in mid-afternoon. This is not 
always easy to arrange but should be aimed at where feasible. 
If work animals are used they often set their own pace which 
man has to follow whether he likes it or not. 

Rules about remuneration when work cannot be carried 
out, for example, due to inclement weather, should be 
included in the terms of employment. 
cl Social benefits and securitp - The nature of casual 
employment implies that the workers will have to be dismissed 
after the completion of a project, subproject or a certain 
stretch of road. This procedure, however, must be compatible 
with the labour legislation in the country. Some countries have 
labour laws which automatically make employment 
permanent after a certain period of time, However desirable 
from the social point of view, it may in some circumstances 
completely defeat the idea of labour-based work which in 
many cases is tied to the concept of temporary employment. 

Other questions on social security concern sickness and 
accidents. If the labourers are to be paid for days when they 
are sick what kind of control should be implemented? Will the 
PWD be responsible for accident during work and if so to what 
extent? Should social security charges (if applicable) be 
deducted from the wages or covered by the PWD? 
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viable it is fundamental to keep a high labour productivity. To 
achieve this it is important that the workers feel that their job is 
meaningful. If they live near the road to be constructed they 
normally feel well motivated as the road will serve them when 
completed. The workers should also feel that they are not 
unfairly treated and that their terms of employment and work- 
ing conditions are reasonable.. 

Some form of incentive payment scheme can raise produc- 
tivity considerably. The obvious method is piecework, i.e. the 
worker is paid for each unit of output. The harder he works, 
the more money he gets. Another method is taskwork. Task- 
work means that a worker, or more often a gang of workers, 
gets a task to finish in a certain period of time (often one day 
but it can be longer). When the gang has completed the task 
satisfactorily the labourers are free to go home still earning a 
full day’s pay. The incentive is not that they can earn more 
money, as in piecework, but they can get more spare time to 
use as they please, e.g. for work on their farms. Piecework and 
taskwork can increase productivity by 50 per cent or more 
compared with non-incentive timework (i.e. daily paid without 
any set task). 

Piecework usually yields somewhat higher productivity than 
taskwork but is not always more economical because it is more 
burdensome and costly to administer. For small sites where no 
bill of quantities is made and little or no surveyor assistance is 
available taskwork is recommended. For large roads these 
facilities are usually provided and piecework can be introduced 
for many of the main activities. Before either is introduced a 
good knowledge of labour productivity must be obtained 
thr~.~gI l work studies to prevent large changes in the set rates. 
A policy should also be established on action to be taken if the 
workers fail to finish a task during normal working hours and 
whether workers on piecework should be allowed to work 
longer days in order to earn more. 
e) Tools, equipment, workanimals - In this regard respon- 
sibility of the employer and the employees should be laid 
down. Tools and equipment are preferably provided by the 
employer and the worker’s responsibility in case of loss should 
be agreed upon. Work animals on the other hand need care 
and food even after working hours and would be a burden for 

61 

d) Incentives - If labour-based work is to be economically 



the site management to own or keep. It is therefore preferable 
to hire work animals with a driver. In the agreement the 
responsibility of both the caner/driver and the employer 
(particularly in case of illness,.. accidents or death) should be 
spelt out. . 

3.2 Staff policy 
The staff requirements for iabour-based work are different 

from those of capital-intensive work. The latter requires fewer 
supervisors and most of therrl need a good technical educa- 
tion. The execution of labour-based work requires more super- 
visory staff but many of them need comparatively little tech- 
nical education. As capital’-intensive methods in many 
countries are the prevalent wgy of constructing roads, staff 
regulations are naturally geared towards their use with 
emphasis on academic qualifications. For labour-based work, 
supervisors need to have man-management and organisa- 
tional abilities rather than sophisticated technical training. 
This does not mean that their work carries little responsibility. 
On the contrary they often have to work quite independently 
at a fairly low level in the hierarchy. A foreman at a small site 
project is commonly alone on an isolated site and has to do the 
daily planning, reporting, instruction and supervision by him- 
self. The problem is that government regulations often do not 
recognise that persons with little formal education can take on 
this kind of responsibility and therefore their employment and 
promotion will be difficult to accomplish. If a government 
wants to carry out labour-based work it must accept the 
different requirements and make it possible to employ and 
keep the type of personnel needed. 

In this context it can also be pointed out that existing rules 
for housing and field allowances and overtime should be 
examined to see if they are applicable and relevant to a situa- 
tion which may not have been foreseen. 

3.3 Distribution 
The distribution of supplies of tools should not be a problem 

if the project consists of only a few large sites. Each site would 
then have its own store facilities and possibly also the 
authorisation to buy small quantities of tools directly. With 
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many small sites it is quite a different matter. It would be 
uneconomical to store large quantities of every item which 
may be needed at each site. The only solution seems to be very 
careful planning and the establishment of depots in various 
parts of the country, each of them serving a number of sites. 
The importance of a good distribution system is frequently 
overlooked although the lack of tools, spares or material is a 
major bottleneck on many construction sites whether they are 
capital intensive or use labour-based methods. 

3.4 Payment of wages 
It is extremely important that the workers get paid on time. 

Hardly anything lowers the morale of the labour force as much 
as delayed pay. Most PWDs have no experience of paying very 
large numbers of workers in the field and scattered all over the 
country. This must therefore be given careful consideration 
and, if necessary, new routines created. To ensure punctuality 
the system should be decentralised as far as the calculation of 
wages and payment is concerned. Necessary checks and 
auditing would of course be done afterwards at headquarters. 

A syste.m along. the following lines would have a good 
chance of functioning properly. The engineer requests well in 
advance of pay day that the approximate amount of money 
needed (not to be underestimated) be paid to a local bank from 
headquarters. The men who keep the muster rolls, normaliy 
the foremen, send them to the engineer one week before pay 
day covering the period from one week before last pay day to 
one week before this pay day. The individual wages are then 
calculated at the engineer’s office. The engineer should per- 
sonally make the payment on at least one site per month (not 
known which in advance) as 3 precaution against fraud. 
Another check that should be done at irregular intervals during 
the month is tnat the number of workers present at the site 
corresponds with the number on the muster roll that particular 
day. 

The above system requires that the engineer is given 
authority which he may not enjoy according to existing regula- 
tions. It is however difficult to run a programme of widely 
spread small sites without giving a large amount of authority to 
field officers. 
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4. Site management 

4.1 Organising the work 
Before any large number of workers is employed offices, 

store and tools should be furnished. The alignment also needs 
to be established for the first part of the road. On a high- 
standard road this would be done by a surveyor in the conven- 
tional way according to drawings provided. On a low-standard 
road the aiignment might be decided on the spot. The tech- 
nician (referred to in the organisation previously outlined) 
should be able to do that assisted by the foreman but might, in 
complicated cases, take advice from the engineer. When the 
centre line is set out the foreman can set out road width, 
ditches and cut levels together with his gang leaders. 

The recruitment of labour can be done in various ways. The 
easiest way is to ask a local chief, community leader or barrio 
captain to organise it. Another method is to let it be known 
that labour will be employed on a certain day and if the number 
arriving is greater than needed, make the selection by drawing 
of lots. The latter method eliminates, or at least reduces, the 
possibility that somebody draws unfair advantages from the 
recruitment situation. 

As both labourers and gang leaders are casual employees 
they will know little about the work to begin with. It will be up 
to the foreman to instruct them, a task which initially will take 
much of his time. It is therefore desirable to have a staggered 
sta.rt to the work. Each foreman should engage a new gang 
with at least two or three days interval. This also contributes to 
good work sequencing. The first gang would do bush clearing, 
the second gang removal of topsoil, the third gang excavation, 
etc. Depending on quantities involved two or three gangs 
would be needed for one task and maybe only half a gang for 
another. The aim is to get an even progress of the work so that 
each task is sufficiently we!! ahead of the following task with- 
out getting so far in advance that supervision becomes 
difficult. The above applies also to large sites with the excep- 
tion that each foreman would specialise in one task and all his 
gangs would do the same task. At the gang level a specialisa- 
tion is desirable, regardless of size of site, to improve produc- 
tivity. 

It is important, but often neglected, to teach the labourers 
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efficient work methods. Take, as an example, the excavation 
of soil from one side of the road to be used as fill on the other 
side. Often workers move the soil three or four times, about 
one meter at a time, instead of throwing it across the road in 
one throw. For a given amount of soil the latter method is 
quicker and iess fatiguing. Other examples are to place a 
wheelbarrow in the right place and position to ease loading, to 
see that the runway for a wheelbarrow is smooth and hard, to 
circulate activities within a gang in order to distribute the most 
strenuous work. These are a!! small details but taken together 
they will have a major impact on productivity and considerably 
facilitate the work for the labourers. 

The importance of incentive systems has been stressed 
earlier. It is obvious that a decrease in the pay per unit of 
output (for piecework) or an increase in the daily task (for task- 
work) will not be popular among the workers. This implies that 
the pay per unit should be kept on the low side and the daily 
task on the high side to start with if there is uncertainty about 
what rates to set. The idea being that any change would be 
favourable to the workers and therefore not meet with resis- 
tance. But if the pay appears too low or the task too big the 
workers would not fee! motivated and the experiment be use- 
less. This is a delicate situation and the best thing to do when 
uncertain is to work on a timework basis for some time while 
studying productivity. This should preferably be done in a way 
that enables measurement of work periods and rest periods to 
assess whether the pace of work is reasonable or not. 

construction work it must be remembered 
that the hourly or daily productivity is not the same as long- 
term productivity. The former is what can be achieved when 
work progresses more or less uninterrupted while the latter 
indicates what can be expected over longer periods - a 
month or a season. Over such periods disturbances are bound 
to occur and cause idle time whether the work is executed by 
labour or machines. One purpose of planning is to minimise 

A frequent reason for delays is inclement weather. How- 
ever, this follows a yearly pattern and consideration of this 
must be taken in the plans. Breakdowns are another common 
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reason for work stoppages on equipment-intensive work. The 
equivalent of this in labour-based works would be labour 
absenteeism or shortages. Labour supply estimates, particu- 
larly in respect of differences between agricultural off seasons 
and peak seasons, can however minimise problems of this 
nature. 

The relationship between long-term productivity and daily 
productivity thus depends on factors such as the quality of 
planning, the weather and “breakdowns” taken in a wide 
sense to include such things as labour shortages. Daily 
productivity can be assessed relatively quickly through work 
studies. Only experience over a long time, however, can give 
the frequency of work disruptions and hence the long-term 
productivity. Good planning, including consideration of the 
weather and the study of the labour supply, can however bring 
the two concepts close to each other in value. 

The planning techniques which can be used differ depend- 
ing on the type and size of road. For a big main road project the 
same well-known techniques as for capital-intensive jobs can 
be used, for example, bar chart, time and location chart or the 
critical path method. More detailed planning will however be 
necessary, as the standard unit of input, a gang of labour, has 
an output which is only a fraction of that of a big machine. It is 
desirable to have at least two levels of plan. There should be‘at 
one level an over-a!! plan stating in genera! terms the expected 
progress and needed resources over the life of the project. TI je 
other plan, drawn up fortnightly or monthly, would detail 
where and in what numbers each resource (labour, equip- 
ment, material) would be needed and the expected output. 

At a small site the planning has to be simplified. Often there 
is a lack of most or a!! of the needed facilities such as drawings, 
bills of quantities, surveyors and most of a!! a person familiar 
with sophisticated planning techniques. The foreman would 
normally do the short-term planning which probably would 
extend over a few days or possibly up to one week. A simple 
form listing the common activities with the number of workers 
and the chainage for the actual activities would be an adequate 
format for this planning. Volumes of excavation in bulk could 
be estimated by the “slotting tekhniques”. This means that a 
vertical slot, perpendicular to the direction of the road should 
be excavated to the intended level of cut. The slot would be as 
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wide as is convenient to excavate and extend to the intended 
backslope of the road. The height and width of the cut can 
then be measured without using any instrument and the 
volume calculated by the foremen in order to set appropriate 
tasks. This method is we!! suited only for sidecuts and not for 
“full” cuts but these are unusual on low-standard roads. 

Small sites may not need a comprehensive bill of quantities. 
However, an estimate of the quantities of the major activities is 
desirable in order to make a rough plan for the whole road and 
to have something with which to compare input of resources. 
A technician trained and experienced in estimating quantities 
could do this work. He would walk along the road and estimate 
the density of bush, the approximate height of cuts and 
relevant parameters such as soil class, location of culverts and 
bridges; NC. If the same person made the estimate on a!! roads 
it would be sufficiently reliable for simple planning and control 
of efficiency . 

The yearly construction programme for simple rural roads 
has to be based more upon judgement of the terrain types than 
upon actual estimates. 

4.3 Reporting and control 
Planning is aimed at getting the right resource in the right 

numbers at the right place at the right time. To be useful the 
planning has to be updated regularly in relation to tt;ti present 
situation and recent experience. Therefore the progress and 
the use of resources must be controlled. The control process 
will take place at a!! levels of the organisation hierarchy and, to 
enable this, a flow of reports must be established. A good 
reporting system is particularly essential in a programme with 
many small sites as the project management cannot visit each 
site often. As one moves up the hierarchy of reports, they 
must be more and more condensed. The project manager 
would obviously net have time to go through detailed reports 
from a large number of sites but must have them in a form 
which quickly tells him the status of the programme. 

The reporting starts from the foreman level with a daily 
report of input in terms of labour, equipment 
This is fairly simple and should be standardised. 
of output is more complicated and the form 
depending on conditions. If there is a reliable bill . 

and material. 
The reporting 
lat may vary 
of quantities, 
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reporting of chainage or station number is meaningful as it can 
be translated into quantities. If there is no bill of quantities less 
direct methods of measurement have to be employed. If task 
work or piecework has been used quantities for at least the 
major activities must have been estimated and should be 
reported. Where no exact and comprehensive measurement 
of quantities has been done the roads should be grouped into 
classes related to their degree of difficulty of construction. 
This could be based on the rough estimate done by the 
engineer’s assistant mentioned earlier. A division into four or 
five classes would be sufficient to help judge whether the 
number of man-days used and the incurred costs are reason- 
able or not for the actual road. Due consideration must of 
course be given to large structures or other non-typical items. 

The foreman should summarise his daily reports into a 
monthly report. This should go to the next level in the hier- 
archy which earlier has been called the technician. After 
having checked his foreman’s reports they would be 
summarised and the technician’s own costs added. These 
would consist of his own staff costs and overheads and trans- 
portation and various items which the foreman cannot easily 
price, for example, material or the use of equipment. Depend- 
ing on conditions such as the availability of clerical staff the 
calculation of costs and summary of reports could alterna- 
tively be done at the engineer’s office where of course his over- 
heads should also be added. 

The engineer should submit monthly reports to the project 
manager (headquarters). As a minimum these should contain: 

- projects started, on-going and finished; 
- progress in kilometers for different classes of roads; 
- average costs and input of man-days per kilometer for 

different classes of roads; 
- average costs and inputs of man-days per unit of output 

for different activities (where quantities are measured); 
- breakdown of expenditure into labour wages, staff 

wages, equipment costs, tools, materials and camp and 
office costs; 

- costs, type and sizes of structures; 
- staff situation; 
- total number of casual employees and worked man- 

days; 
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- utilisation of vehicles and equipment. 
The control and reporting system should serve as an indica- 

tion to supervisors at a!! levels whether his unit is functioning 
we!! or not. It can also be used as a feed-back system to con- 
tinuously obtain more reliable data for planning at a!! leveis and 
to improve fair piecework and taskwork rates. 

5. Conclusibns 
It is not possible to simplify the planning and administration 
process by saying that there is one solution for capital-inten- 
sive work and another for labour-based work. Procedures and 
regulations are not the same in a!! countries and this has to be 
respected. Moreover, it is not possible or desirable to 
completely change the pattern of work within a PWD when 
introducing labour-based methods. Nevertheless, modifica- 
tions and adjustments will be needed. For a programme to 
have any chance of success will depend on the possibility of 
making these changes or, in other words, the seriousness of 
the government’s commitment. 

The type and the size of the project is of great importance 
for planning and administration. A low-standard road project 
often consists of many sma!! sites where each site, of neces- 
sity, will have limited staff and facilities. This obviously calls 
for other procedures than for the construction of main roads 
because there the technical requirements are higher, the sites 
are normally bigger and more labour and staff are involved at 
each site. 

If the PWD has little or no previous experience of labour- 
based work the planning process must start we!! in advance of 
the construction of roads. The supply of labour must be 
analysed, particu!ar!y in respect of seasonal and regional varia- 
tions. The role of the middle-management staff is crucial and 
some form of training will be necessary. It has to be recognised 
however that forma! education is less important than man- 
management ability for most of the supervisory staff. Both 
staff policy and labour policy must be open to reconsideration. 
Because so many people are involved, standardised and 
formalised routines are indrspensable. 

The problems have to be identified and solved in each 
individual case and country, Engineers and administrators 
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must take the decisions and responsibilities. Nevertheless, 
persons with experience of similar types of projects from other 
countries can be of help in identifying problem areas before 
the problems arise and indicate solutions which have been 
effective elsewhere. 

Notes and referencers 

l Capas - Botolan is a main highway project about 100 kms 
north of Manila. A 6 km section of it was built as a pilot project using 
labour-based methods in 1974. It employed some 800 labourers and 
a large number of work animals. This is described in Deepak Lal, 
Men or Machines: A study of labour-capitalsubstitution in road con- 

‘structicln in the Philippines. I LO, Geneva, 1978. 
2 The Rural Access Roads Programme involves the construction 

of some 14,000 kms of minor roads in rural areas all over Kenya 
using labour-based methods. It started in 1974 and by the end of 
1977 about 2,000 casual workers were employed. It is finally 
expected to employ about 20,000 workers and be completed by 
1983. (See MOW/ILO/NORAD report, op. cit., and ILO, The Rural 
Access Roads Programme, Kenya, forthcoming publication.) 

3 The concept of planning and administration is here used in a 
rather wide sense although some facets of it, notably technical 
design, are excluded. 

4 See World Bank/l LO. Programme Planning and Management 
Handbook. Forthcoming publication. 

5 Various aspects of the payment of wages are covered under the 
Protection of Wages Convention, 1949, adopted by the Interna- 
tional Labour Conference. 

6 Payment in kind is dealt with under the Protection of. Wages 
Convention, 1949, adopted by the International Labour Conference. 
Inter alia, this restricts payment in kind to not more than 50 per cent 
of the total wage. This applies only to those people to whom wages 
are paid or payable. 

7 The recommended working week is 40 hours as laid down in the 
Reduction of Hours of Work (Public Works) Convention, 1936, 
adopted by the International Labour Conference. 

8 Questions related to the safety and health of workers have been 
dealt with in the IL0 “Code of practice on safety and health in build- 
ing and. civil engineering work”, ILO, Geneva, 1972. Questions 
related to accommodation and welfare facilities for workers have 
been dealt with in the Welfare Facilities Recommendation, 1956, 
and in the Workers’ Housing Recommendation adopted by the 
International Labour Conference. 
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CHAPTER 4. EQUIPMENT FOR LABOUR-BASED 
ROAD CONSTRUCTION 

by J. LX G. F. Howe and I. Batwell 

1. introduction 
t 

The efficiency of mechanised road construction methods has 
improved continuously because the manufacturers of plant 
and equipment, the main elements of production, have 
developed new and better machines which reduce construc- 
tion costs and raise productivity. The main elements of 
proauction in labour-based road construction are the hand 
tools and simple items of equipment used. Yet, in those 
countries where labour-based methods are used there has 
been little effort made to improve the design of existing 
implements or to introduce new, simple techniques. This 
contrast was highlighted by ESCAP’ 20 years ago when they 
described earthwork by manual labour as an ancient art in 
which there had been little or no progress in the techniques 
used. On the other hand they noted that mechanised earth- 
work, which is of comparatively recent origin, had made rapid 
strides because plant and equipment had been and are 
constantly being improved. 

The scant attention paid to the implements used in labour- 
based road construction is difficult to explain fully, but two 
possible factors are worth highlighting: 

i1 while the implements are the main elements of produc- 
tion they are a very minor element of the construction 
budget and therefore their significance tends to be over- 
looked ; 

ii) the implements used are generally the traditional tools 
of the society undertaking the work and their familiarity 
means that the possibility of change or’improvement is 
not considered. 

The paucity of effort expended on developing appropriate 
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equipment for lahour-based road construction is in itself a 
compelling reason for believing the potential for improvement 
to be virtually untapped. This contention is supported by the 
recent studies of the IL0 and the IBRD to establish the limit to 
which labour can be substituted for equipment in road con- 
struction. Amongst the significant conclusions to emerge 
from these studies are: 

i) that traditional labour-intensive civi! works are ineffi- 
cient and economically inferior to capital-intensive 
works, except at extremely low wage levels; 

ii) that a major cause of the inefficiency of traditional 
labour-based methods is simply that the tools, equip- 
ment, techniques and organisation are invariably 
primitive; and 

iti) that there exists a range of technically and economically 
feasible methods - varying from the most labour- 
intensive through intermediate techniques to the most 
equipment-intensive - depending upon the circum- 
stances of the site and the application of superior tools, 
high incentives and good management. 

The fact that the primitive nature of the technology has a 
limiting effect on efficiency is crucial because arguably it is the 
starting point in a series of events that at present condemn 
traditional labour-based methods. 

AusterP speaks of: 
The vicious circle of primitive technology leading to low 

productivity leading to low wages leading back to primitive 
technology because we cannot afford to pay higher wages. 
Two other elements could be introduced into the circle. Low 

wages leading to “poor motivation” - which accentuates 
the low productivity due to the primitive technology - and 
low productivity leading to “the economic uncompetitiveness 
of labour with capital equipment”. The wider use of more 
appropriate construction technologies that utilise wherever 
possible the labour resources most developing countries 
possess in abundance will clearly depend upon this circle 
being broken in as many places as possible. Improvements to 
tools and equipment is certainly a sensible starting point. 

There are, however, formidable obstacles to be overcome. 
It is sobering to note that while gains in productivity from 
improved tools and equipment have been demonstrated 
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experimentally, there is little evidence that such improvements 
are being widely applied in practice. There are a number of 
reasons for this: 

i) there is, unfortunately, no professional prestige in 
organising unemployed manpower: the glamour lies in 
the employment of sophisticated equipment. That this 
sentiment is widespread is undeniable, but why and 
what to do about it? Clearly there are many psy- 
chological reasons connected with the status and image 
of the engineer in the eyes of society at large and of his 
professional colleagues. If that is the case, there is 
reason for optimism in the changing .attitudes towards 
more appropriate technologies that can be discerned 
world-wide; 

ii) more specifically, present indifference by the engineer 
towards labour-based methods is perhaps because the 
need for good quality, well-designed took and equip- 
men t, the scope for using intermediate technologies 
and the inherent technical challenges are not 
appreciated; 

iii) there is no commercial pressure group to stimulate the 
development and use of new and better simple imple- 
ments, in contrast to the situation that exists in the case 
of large, mechanised road construction equipment; 

iv) in many developing countries the capability of local 
manufacturers to produce good quality, efficient imple- 

‘ 
ments is limited; 

VI even where the capability exists, local manufacturers 
may be unwilling to take the financial risks involved in 

, producing new or improved implements because there 
is a lack of proof of demand. 

Attention to the design of existing tools is only one part of 
the problem of improving the technology of labour-based road 
construction. In most developing countries road construction 
practice remains highly labour intensive or highly capital inten- 
sive. Little use is made of intermediate techniques which are 
designed to be labour intensive, but incorporate some capital 
outlay on light equipment so as to improve technical or eco- 
nomic efficiency. The most promising future for labour-based 
road construction may well lie in the widespread adoption of 
these intermediate technologies. 
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Table 1: Available construction methods 

Labour-Intensive Methods Intermediate Methods Equipment-Intensive Methods 

Hoe 8 head 
basket or 
shovel into 
flatbed 
truck, unload 
by hoe or 
shovel 

k Wheeled loader 
or tracked 
excavator into 
dump truck 

Notes: ‘The word ‘hoe’ is used in the study to describe the back-acting tool used for digging in soft soil and for loading, variously named 



The purpose of this chapter is to demonstrate the potential 
for intermediate techniques in labour-based road construction 
by focusing on earthwork operations and discussing the pos- 
sibilities for developing some of the simple equipment 
currently used and for introducing new types of equipment. 
While the chapter is specifically concerned with earthworks 
this aspect of road building has been chosen simply as a means 
of illustrating the wider potential for intermediate techniques 
and the conclusions drawn can be applied equally to other 
road construction operations. 

2. Equipment and earthmoving 
The technical and economic feasibility of a range of tech- 
nologies for construction is particularly well illustrated by the 
loading, hauling and unloading cycle for earthworks. Table 1 
gives a summary of the results from recent World Bank studies 
in India and Indonesia? For the purposes of this discussion 
there are two noteworthy aspects, First, the list of methods 
experimented with is not exhaustive and there are notable 
omissions. Second, there is a close correlation between the 
preferred construction method and the length of haul. From 
these observations and a detailed study of the experimental 
work on equipment it is possible to put forward two proposi- 
tions that will form the basis of subsequent discussions. 

First, that there remains considerable scope for improving 
existing methods and further gains in productivity and/or the 
haul range over which they are technically and economically 
feasible could be realised. 

Second, that there already exist - generally outside the 
labour-abundant countries, either as working units in non- 
construction activities or as prototypes - a number of other 
possible innovative means for moving earth that could pro- 
bably extend still further the choice for the engineer of tech- 
nically and economically feasible construction meth+ods. 

In civil construction the current choice of earthmoving 
modes is much more limited than the diverse range of devices 
available for the transport of general goods. This observation 
is important since in civil construction hauling is funda- 
mentally a transport operation, though it has certain specific 
characteristics: 
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i) the equipment is used very intensively in arduous condi- 
tions, and therefore needs to be ruggedly constructed if 
it is to be reliable and have a long life; 

ii) the loading and unloading elements of the earthmoving 
cycle are critical in terms of maximising productivity and 
equipment utilisation. 

Thus, while the principles of many of the devices currently 
used for goods transport can potentially be applied to haulage 
in civil construction, they will need to be adapted to the 
specific characteristics of this activity, if they are to be used 
with success. Discussion will be limited to methods which in 
table 1 are broadly classified as either labour-intensive or inter- 
mediate, lying between the headbasket and the flat-bed truck. 

The headbasket is probably the supreme example of appro- 
priate technology in road construction. It is simple, can be very 
cheap if made from local materials, and for certain tasks is as 
near optimum as any other method, e.g. very short hauls of 
30 m or less, particularly on difficult terrain, and for the 
excavation and spoilage of material from deep culvert 
trenches. It offers little scope for improvement other than to 
find ways of introducing it to the many areas where it is not at 
present used. Two problems have to be combatted. First, lack 
of knowledge about the techniques and materials for making 
baskets, and the organisation and execution of work when 
they are used. Second, prejudice about the carrying of loads 
on the head, which is the case in parts of Africa, the Caribbean 
and Central South America. There are several sources of 
information about the first of these problems4,5, whilst the 
second might best be overcome by a combination of educa- 
tion, demonstration and incentives. 

Although table 1 classifies flat-bed trucks as an intermediate 
method of haulage this must surely be in an opportunistic 
sense only. If the facility is not being employed for the trans- 
port of conventional goods then it might be worthwhile to use 
it for relatively long-distance haulage. However, it can rarely 
be the optimum technological choice since as an expensive 
capital asset it cannot be economic to have it idle whilst it is 
being loaded and unloaded. The latter operation, particularly, 
is inherently slow. There seems to be little justification for try- 
ing to improve flat-bed trucks for earth haulage: better to 
develop more appropriate alternatives. 
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The technical options which follow are considered in order 
of their increasing power output: human, animal and engine. 

3. Hun& 
All labour-based methods of moving material require a some- 
what different approach to the design of roads from that usual 
when equipment-intensive means are used. Thispoint cannot 
be over-emphasised as it is one of the most common mis- 
understandings. Fundamentally labour-based methods 
require that haul distances be minimised wherever possible. 
Fortunately in most developing countries the borrowing and 
tipping of soil adjacent to the road is the normal practice rather 
than the balancing of cuts and fills along the length of the road 
which is usual with capital-intensive construction. The 
minimisation of haul distances is of* course especially 
important for all human powered methods of haulage. 

Wheelbarrows. Potentially the wheelbarrow is probably the 
single most useful item of equipment for labour-based road 
construction. For haul lengths of greater than about 
20 m-30 m the use of wheelbarrows or handcarts increases 
the productivity of labour in earthmoving tasks compared with 
head, back or shoulder loading since the energy of labour is 
used much more efficiently. 

A conventional wheelbarrow has a single wheel of fairly 
small diameter (up to 400 mm) positioned in front of the load 
pan. T’ 2 single-wheeled barrow is superior to a two->wheeled 
handcart, primarily because, on the rough ground which 
prevails on construction sites, a cart is likely to be diverted 
from its direction of travel every time one wheel hits a bump, 
pothole or rock. However, many of the wheelbarrows 
commonly in use are of an extremely inefficient design and are 
poorly manufactured. 

Perhaps the oldest of modern attempts at improved wheel- 
barrow design is to be found in the IL0 Study, Men who Move 
Mountains? It is surprising that the excellent work in this study 
has found little appreciation even among subsequent experi- 
mental investigators, much less so in practice. More recently 
the World Bank has initiated detailed investigative work on the 
use of wheelbarrows for haulage7,*? From these and other 
studies general design principles have been evolved. 

For optimum performance of the wheelbarrow, resistance 
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to motion must be minimised, and this implies efficient bear- 
ings, maintenance of the haul route in good condition, and the 
use of a wheel with low-rolling resistance. (In this context a 
pneumatic tyre is beneficial and performance is improved by 
using a large diameter wheel.) Wheelbarrows must be very 
sturdily constructed to -have a useful working life in the 
arduous conditions of a COiEiiWiiOn site. 

Because of its low power-to-weight ratio, a loaded wheel- 
barrow pushed by a single person cannot normally operate on 
uphill gradients greater than about 6 per cent (World Bank) 
though short, steeper slopes can be negotiated by taking a run 
and using the momentum of the wheel to ascend the incline. 
For longer, steep slopes, assisted haulage can be used either 
by multi-person operation on the gradient, or by employing a 
winch. The latter practice was commonplace in the construc- 
tion of railways and canals in Europe in the last century, 
although as then executed, using horse-powered winches, it 
was considered to be dangerouslO. 

The Chinese Wheelbarrow. The wheelbarrow used in China 
has developed quite independently and differs from the con- 
ventional configuration in three fundamental waysP2: 

i) it uses a large diameter wheel and consequently has a 
very low rolling resistance. Traditional Chinese wheel- 
barrows had solid or spoked wooden wheels approxi- 
mately 1 m in diameter 13; Contemporary versions use a 
pneumatically tyred, tension-spoked steel wheel of 
about 700 mm diameter14; 

ii) the load is positioned so that its weight acts just behind 
the line of the wheel axle. This minimises the portion of 
the load which must be supported by the operator, 
though he has to apply some upward force at the 
handles. This upward ,force facilitates control of the 
barrow when turning or traversing bumpy ground. The 
load is carried above or on either side of the wheel, often 
retained in light woven wicker baskets; 

iii) the operator uses a strap which passes across his 
shoulders and is attached to the handles of the barrow. 
This overcomes the tendency of the barrow to tip side- 
ways due to the placement of the load. To avoid 
possible discomfort the operator may wear a broad 
leather collar on which the strap rests. 
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Because of the location of the load and the low rolling resis- 
tance of the large wheel a greater weight can be carried on the 
Chinese wheelbarrow than is possible on the conventional 
type. These barrows are extensively used in China for earth- 
moving work on construction sates, frequently operating in 
large fleets with additional labour to provide assisted haulage 
on gradients. The evidence of Chinese literature is that the 
operation of these fleets is not haphazard but is carefully 
planned and organised? 

Experience of the device outside China is still very limited. 
The World Bank have carried out tests on conventional and 
Chinese wheelbarrows. The large diameter (626 mm) of the 
motor-cycle wheel used on the Chinese wheelbarrow sig- 
nificantly reduced rolling resistance and increased operator 
comfort by eliminating jolting. Greater loads of up to 180 kg 
could be carried at speeds comparable with other barrows, but 
the use of the shoulder strap was essential. The hill-climbing 
ability of the Chinese wheelbarrow was good at shallow 
gradients, where the effect of the low rolling resistance was 
probably significant, but on steeper slopes it was worse than 
other configurations because of the greater load. Assisted 
hauling was tried as was winching, but it proved difficult to 
balance the barrow on very steep grades. The general con- 
clusion of this initial study was that the advantages of the 
Chinese wheelbarrows became more apparent on the longer, 
flatter haulage runs in excess of about 50 m. 

The available evidence strongly suggests that there is an 
important role for the Chinese wheelbarrow in labour-based 
civil construction. It is worthwhile to examine the technical 
effort still required to optimise its use. 

Further study is needed in the following areas: 
i) determination of optimum wheel size, tyre width and 

tyre type, to minimise rolling resistance on the terrain 
found on construction sites; 

ii) development of designs for strong, light, large diameter 
wheels that can be manufactured in developing 
countries, using local resources where at all possible. 
Suitable wheels are not readily available in many places, 
and while those from motor cycles can be used they are 
expensive and not necessarily the optimum size; 
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iii) optimisation of the design of shoulder straps. For con- 
struction work it may be that the best solution is a 
harness worn by the operator, into which the barrow 
handles fit; 

iv) investigation of the effect of the position of the load on 
the barrow, including its placement above the wheel, on 
either side of it, or some combination of the two, so as 
to determine the optimum weight distribution; 

v) detailed examination of the techniques used in China; of 
particular interest would be the programming of labour 
for hauling, loading and assisting on steep slopes; 

vi) extensive testing in different countries to gain field 
experience. 

Railsystems. Rail systems - manually, animal or machine 
powered - have always been of considerable importance in 
mining and tunnelling. The ILO’s pioneering study, Men who 
move mountairW, was probably the first of recent attempts at 
evaluating the general usefulness of manually operated rail 
systems in civil construction. More recently still the IBRD have 
conducted some studies, also in India17. The IBRD found that 
the ease and frequency of track laying were crucial factors 
affecting the viability of a rail system. Thus, unless they can be 
made light and easily portable, manual rail systems are likely to 
be most viable when large quantities of material have to be 
moved over a fixed route. This is not often the case with road 
works unless the terrain is severe or centralised borrow-pits 
and quarries have to be exploited. Clearly their use is also very 
sensitive to the ruling gradients of the site. The IL0 found that 
the maximum slope that could be managed comfortably by a 
team of 4 pushers was 1 in 40 (2.5 per cent) with a payload of 
1,250 kg. 

Both studies concluded that under the right conditions 
manually operated rail systems were capable of giving worker 
outputs at least 3 times as great as those using traditional 
methods. Notwithstanding this encouraging result, it has to 
be pointed out that in neither case could the quality of the 
experimental work be considered high. The equipment tested 
was largely “as found” with only minor development 
modifications. (The photographic evidence suggests that the 
trucks were designed for locomotive rather than manual 
haulage and thus were probably unnecessarily heavy.) 
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Clearly there is considerable scope for further development 
work on the vehicles and track which the IL0 study both 
acknowledged and provided constructive suggestions for. 
These included’*: 

- determining the optimum capacity of the trucks; 
- lowering the loading edge; 
- improved shape to assist unloading; 
- reduced weight; 
- improved tipping geometry; 
- provision of pushing bars; and 
- improved winching arrangements where necessary. 

It is worth nothing that manually powered rail systems are 
used in East Africa for harvesting sisal. The plantations are 
usually large and presumably the method is viable only 
because both the track and vehicles are light and have been 
designed for maximum portability. 

Pedal power. The bicycle is ubiquitous throughout the 
developing world and in several countries - predominantly 
Asian - the pedal powered system of propulsion has been 
applied to gocds carrying tricycles and, to a more limited 
extent, to stationary applications such as water pumping and 
crop processing. Although the principle of generating human 
power by applying the legs to rotating cranks is a highly effec- 
tive and well-proven method lg, it does not seem to have been 
employed in civil constructionzO. 

Wilson21 has pointed out that in terms of ergonomic effi- 
ciency (energy consumption per unit weight per unit distance) 
transport by cycle is supreme among moving creatures and 
machines. However, the cycles that have been developed for 
goods transport are invariably economically inefficient, Any 
form of gearing is rare so that acceleration from rest when 
loaded or ascending even modest gradients is Very strenuous. 
Few have an efficient brake system and most are unnecessarily 
heavy, but these difficulties are relatively easy to overcome as 
Wilson22 has shown. A recent study in Bangladesh 
emphasi.sed the problems of the conversion of urban clcle 
rickshaws for use in the rural areas? 

However, it is likely that the greatest potential for increasing 
the efficiency of human labour in civil construction by the use 
of pedal power lies in devices rather different from those 
employed in road transport. Such devices would be designed 
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to meet the particular operational requirements of earth- 
moving activities. For example, a pedal-driven vehicle 
specifically designed for earthmoving might well be operated 
by more than one person, as in the radical concept proposed 
by Wilson?? Termed the “pedal rover” it is a four-wheel-drive 
vehicle Gving four large wheels, 1 or 1.1 m in diameter, each 
directly pedalled by one man sitting astride as on the early 
“penny-farthing” bicycles. The front and rear halves of the 
vehicle are hinged together at the centre in such a way as to 
provide steering (by means of cables) and also to allow relative 
twisting of the two halves to accommodate uneven ground 
without strain on the chassis. Since the weight of each rider is 
directly above each wheel and the load compartment is in line 
with the axles the bending load on the structure isminimised 
so a usefully large load, e.g. 400 kg should be possible with a 
modest vehicle weight. 

Another. possible application of pedal power to wheeled 
haulage is in the propulsion of rail carts, an innovation that 
could well enhance the productivity of these systems. 

Finally, the available evidence25 suggests that the useful 
power output of winches would be at least doubled by using a 
pedal drive system in place of hand-cranking. These could be 
applied to various aspects of construction such as hau,ling 
wheelbarrows up inclines. 

4. Animal 
Theexperimental work of IL0 and IBRD shows that, under the 
right circumstances, animals can be a most appropriate source 
of power for haulage in civil construction. Yet, except in a few 
areas, they are rarely used for this work. In such continents as 
Africa, where the domestication of animals for work purposes 
is still I.ncommon this is understandable. However, the 
repudiation of animal-based agriculture as a backward step in 
the “modernisation” of African farming is becoming less 
common and the majority of countries are actively promoting 
its use. Thus, conditions are becoming more favourable for 
the use of animals in construction. In Asia, where animals are 
used extensively as a source of power, both in agriculture and 
in transport, their limited use in civil construction appears to 
result largely from the unsuitability of the indigenous tech- 
nology, i.e. poor pannier and cart design. 
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Animalpanniers. The use of animals equipped with panniers 
for hauling road construction materials is a very specialised 
technology that appears to be uncommon outside of certain 
parts of the Indian subcontinent. It is, however, a form of 
haulage that has peculiar advantages wherever the terrain 
results in uneven or steeply sloped working conditions and 
wheeled transport becomes inoperable. In these circum- 
sta rices the famous surefootedness of the donkey and mule, in 
particular, come into their own. Experience in IndiaQuggests 
that donkeys are capable of carrying 100-200 kg of earth (for 
haul lengths which typically are between 75 and 200 metres) in 
woven-rope panniers, but whether this is the maximum pay- 
load or optimum carrying device is uncertainj7. In other 
countries horses and camels are used as pack animals, but 
little information is avaiiable on typical loads or the optimum 
design of panniers for the carriage of soil. Indeed a recent 
IBRD literature survey28 found very little information which 
was directly relevant to the use of animals ir civil construction 
and nothing to suggest that any substantial research had been 
done in this field. 

Clearly there is considerable scope for improving our under- 
standing of the use of pack animals in construction activities. 
The major area for improvement is pannier design which is 
likely to affect not only the maximum load that can be carried 
but perhaps more important, the speed with which it can be 
loaded and unloaded. 

Animal carts. In the countries where animal carts are 
common there is a growing appreciation that the scope for 
improving their general design is considerable. India, perhaps 
the home of the bullock cart, is actively trying to overcome the 
defects of designs that have hardly changed since. the 
Mohanjadaro civilisation (3000- 2000 BC). Pioneering work in 
identifying these defects has been done by Mr. N.S. 
Ramaswamy, Director of the Indian Institute of Management 
(IIM), Bangalore 29. The major drawbacks of the traditional 
vehicles are poor axle bearings, wobbling wheels, excessive 
tare weight, the absence of a braking device, excessive friction 
between the road and the wheel, and poor weight distribution 
over the cart length. But the worst part of the design is the 
damage and cruelty caused to the animals. A crude harnessing 
device, a wooden bar, rests on the animal’s neck in front of the 
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hump, making the skin calloused and very often cancerous. 
Moreover, in the traditional design, the animal’s neck forms 
one of the resting points of the payload. Almost invariably 
these factors are wasteful of pulling power since they conspire 
to exert a throttling force on the animal in proportion to the 
effort it attempts to exer!: it is hardly surprising that the 
animals appear unwilling to work! 

In conditions encountered on construction sites, a 
pneumatic tyred wheel running on ball bearings is likely to be 
more appropriate than traditional wooden designs, and the 
intensive use of the carts should justify the higher cost 
involved. Pneumatic tyres specifically intended for animal cart 
use are manufactured commercially in India under the name 
ADV (Animal Drawn Vehicle). A simple way of constructing a 
cart with this type of wheel is to use an old truck axle complete 
with hub mountings. However, this is likely to be excessively 
heavy, and a better approach is to develop a fabricated axle. In 
a joint project, the IIM and College of Engineering, Coimbator 
have designed a new cart for rural use which has a lightweight 
integrated chassis and draw-bar fixed on a fabricated axle. 
This is said to cost little more than the traditional design. 

The problems of traditional yoke harnesses can probably 
best be overcome by the use of the three-pad collar harness 
developed in Germany some 40 years ago, and now used 
universally on European bullock carts? This harness rests on 
pads on the neck and shoulders while leaving the front of the 
neck unrestricted so that the animal can breathe freely. In 
addition to eliminating the discomfort of the animal the 
harness transmits its power, which is generated largely by the 
strong shoulder muscles, more effectively. It has been 
estimated that this harness can double the useful output of the 
anima131. 

It is necessary to recognise that materials haulage for civil 
construction poses its own peculiar requirements for cart 
design: low loading height and ease of unloading. Neither 
problem has received much attention, but there are signs that 
this is changing. In the Philippines the IL032modified the tradi- 
tional animal-drawn cart by substituting a removable bamboo 
mat for the fixed floor, thus enabling a crude form of “bottom 
discharge” to be effected. 

There have also been various attempts to produce a cart 
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whose body can be tipped without unyoking the animals for 
the unloading operation, notably at the Agricultural Farm, 
Nagpur, in India3 and at Ahmadu Belle University in Nigeria? 

All single-axle carts must invariably cause much stress to 
the animals, with consequent loss ot pulling power, under the 
rough surface conditions typical of construction sites. There- 
fore, a more beneficial line of development might be with two- 
axled carts. These were the dominant means of haulage 
during the great era of European railway and canal construc- 
tion. In many cases a ljght rail track was laid and the cart 
equipped with flanged railway-type wheels. This is arguably a 
forgotten rather than an inferior technology since the labour 
productivities were typically six times as great as those 
currently achieved in labour-based earthwork operations in 
developing countries. Since the latter are already competitive 
with equipment-based methods in some circumstances, the 
potential benefits of raising labour productivities towards the 
levels achieved in the past are considerable. The available 
evidence suggests that the operation of animal-drawn carts on 
light construction rails is a technology that is worthy of re- 
examination. 

Animal-drawn scrapers. The main application of these 
devices is for the movement over short distances of previously 
loosened earth. 

Although this is not included in the list of methods given in 
table 1, they have been used in the past, particularly for the 
levelling of land for agricultural purposes. More recently the 
IL0 has demonstrated their suitability for road construction 
during studies in the Philippines3? The report on these studies 
makes clear that there is scope for improving the design and 
manufacture of the scrapers which were developed from the 
traditional bamboo (originally Chinese) scraper used in agricul- 
ture. Furthermore it seems likely from the photographic 
evidence of the experiments that the harnessing arrangements 
could also be improved in the same way as for bullock carts. 
The range of soils for which scrapers can be used will be 
proportional to the tractive effort the animal(s) can provide 
and this is very sensitive to the harnessing system. 

5. Engines 
There exists at present a huge gulf in terms of power output 
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between animal-drawn earthmoving devices and conventional 
capital plant such as scrapers, dozers and dump trucks. It is 
therefore, worthwhile to consider the potential, in earth- 
moving for using devices powered by small, low-output 
engines. In general, diesel engines are likely to be more 
suitable for construction work than petrol engines for reasons 
of reliability, longevity, maintenance and running costs. 

Sing/e-axle tractor. The two-wheeled, or as it is more 
commonly known, single-axle tractor, powered by a single 
cyclinder 7.5-9 kw (IO-12 hp) diesel engine has played a vital 
role in the mechanisation of Chinese agriculture and is also a 
major element of the rural transport system when hitched to a 
trailer3F In this mode it provides transport from the commune 
to the town and back again, with a payload of 1,000 kg and a 
maxi’mum speed of 15 km/hr. It would appear from the 
evidence that single-axle tractors are also used for some con- 
struction activities in China, but the extent of this practice is 
not known. 

Singie-axle tractors are now beginning to find a place in 
India, and in the Philippines where some 7,000 machines are 
produced each year to a design developed at the International 
Rice Research Institute (IRRlP7. The IRRI design, which sells 
for about half the price of comparable imports, is illustrative of 
how such a device can be produced economically by small 
industries in developing countries. IRRI have achieved this by 
developing a design which makes extensive use of readily 
a\/ailcah-\le cnr-* “Ullc.iU u IIpunents such as motor-cycle and automotive 
parts, and limits production operations to fabrication and 
simple machining. Single-axle tractors are also used on a wide 
scale in agriculture in Switzerland,* Germany and Austria. 

Single-axle tractors could be used in civil construction for 
hauling and for other operations (e.g. ploughing, ripping, 
grubbing, rotavating, etc.) since they have much of the 
flexibility associated with conventional, but very much more 
expensive, agricultural tractors. Their principal advantages 
would appear to be low-cost and robust simplicity, but 
whether these qualities are cost effective when employed as 
an aid to labour on civil construction remains unproven. 

Smallcargo carriers. A wide range of three-wheeled, motor- 
cycle based vehicles are u;ed in cities in Asia, Southern Europe 
and Central America for goods and passenger transport. In 
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certain places the operation of these vehicles has begun to 
extend from urban to rural areas. Partly as a result of this, and 
also because of the influence of single-axle tractors, a new 
breed of three-wheelers is emerging specifically designed to 
meet the more arduous conditions and somewhat different 
requirements of rural transport. Perhaps the most notable are 
a number of cargo carriers now being manufactured on the 
island of Crete? These differ in details of design, but typically 
use a single-cylinder diesel engine of 6-9 kw (8-12 hp), have a 
payload of about 1,000 kg and maximum speed of 
40-45 km/hr. These vehicles are robust, easy to maintain, and 
can be produced economically by small-scale enterprises. In 
the Philippines the IRRI has developed a motorised cart 
consisting of a single motorised and steered wheel hitched to 
the front of a two-wheeled trailer. This was originally designed 
as a means of transporting a portable rice thresher from place 
to place, but is now in great demand as a general-purpose 
goods carrier? 

With the exception of a water bowser similar vehicles for 
civil construction have not been evolved, yet there would 
seem to be considerable potential for their use. Light, fast and 
maneouvrable yet robust vehicles based on a well-established 
technology should logically be intermediate in application 
between the simplicity of animal power on the one hand and 
the complexity and expense of conventional tractors or capital 
earthmoving plant on the other. There is some evidence that 
this is being recognised. They are especially favoured by 
municipal maintenance organisatidns whose activities 
typically involve restricted loads and journey lengths for which 
their use is economic. Serious attempts to extend the use of 
such vehicles to civil construction and to determine what 
potential, if any, they possess, have yet to be undertaken. 

Tractor-traiiers. Theoretically the tractor-trailer combina- 
tion appears very attrac;it/e for labour-based construction. It is 
usually presumed that in agricultural communities tractors 
should be available for at least part of the year. However, the 
main justification for considering them as complementary to 
labour-based construction is that one tractor can be used with 
several trailers for transporting spoil of fill material. Thus, 
instead of a whole dump-truck unit standing idle whilst it is 
being hand loaded, only the trailer is stationary: the tractor, 
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which is the expensive component of the combination, is fully 
occupied in shuttling trailers back and forth. It also has several 
other useful capabilities such as ground preparation by 
ploughing and ripping; grubbing; rotavating for mix-in-place 
lime, cement or bitumen stabiiisation; compaction with towed 
rollers; and general haulage of water, cement, culverts, labour 
etc. The I B R D has published comprehensive advice on the use 
of tractor-trailer combinations in civil construction together 
with analytical methods for assessing their viability in relation 
to conventional trucks40. However, practical experience of 
their use is very limited. The most ambitious attempt to use 
them in road construction has been in the Kenya Rural Access 
Roads Programme 41 This has given valuable experience on . 
the most appropriate forms of tractor-trailer combination. It 
has also shown that trailers, in particular, need to be very care- 
fully constructed if they are to withstand the rigours of a con- 
struction site and special designs have had to be produced4*. 

A further lesson from the I<enya experience relates to 
tractor size. Initially, 75 hp tractors *were specified, but 
smaller, 45 hp machines have now been substituted. These 
smaller tractors are considerably cheaper, are quite satis- 
factory for the work involved and, since they haul smaller 
trailers with reduced sill height, loading by shovel is easier43. 

6. Discussion 
We have sought to demonstrate that there is considerable 
scope both to linprove, and to introduce innovations into the 
range of equipment currently used for labour-based road con- 
struction. We have done so by considering only the “earth- 
moving” phase, but the arguments and conclusions could be 
applied equally to the other phases of civil construction. The 
purpose of either improvements or innovations would be to 
increase the competitiveness of labour with machinery and 
thereby its employment prospects. However, it would be 
mistaken to think that the technical problems are so simple 
that they can be solved with little effort or skill. Experience has 
shown that it often requires the very best technological skills 
to solve, what look to the untrained eye, to be simple 
problems. The humble wheelbarrow has been used in civil 

. construction for well over ?‘OO years yet the great majority 
continue to be badly engineered and, in a scientific sense, to 
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contain fundamental deficiencies in design. Neither of these 
problems will be overcome without the best technological 
skills. 

To suggest that an alternative technological choice exists or 
that traditional techniques can be upgraded is, of course, 
merely the first step. There are considerable obstacles both to 
their development and application. 

The manufacturers of capital equipment are very organised 
nationally and internationally, and well able to promote their 
products among government agencies and to supply 
adequate maintenance and spare parts facilities. There are no 
comparable pressure groups of manufacturers for equipment 
suitable for labour-based construction and because there are 
few present demands, maintenance and spares are poor or 
non-existent. Indeed, for most of the equipment described in 
this chapter there is rarely any indication of whether local 
manufacturers would be capable of meeting demands if they 
existed. Conversely without such a demand an entrepreneur is 
unlikely to invest in producing, say, an improved animal- 
drawn scraper unless he is reasonably sure that sales will at 
least cover costs, Under these circumstances credit to finance 
such an investment is also equally doubtful. To overcome 
these obstacles will require an initial financial commitment by 
government to develop and test the type of equipment - 
described. If this is successful then the equipment could be 
used on various pilot projects to establish its long-term effi- 
ciency . 

It is important that the development engineers should work 
in cc-operation with potential local manufacturers preferably 
in the small-scale sector to ensure that the equipment is 
sutiable for indigenous production. At the production stage it 
may well be necessary to assist local manufacturers with 
finance, with technical advice and with support in such 
matters as ensuring the supply of specified materials in the 
small quantities which are all their limited capital resources will 
permit. However, perhaps the most important form of assis- 
tance, if small industries are to accept the risk involved in 
embarking on a new manufacturing venture, is to ensure that 
they have a secure market for their products. 

Certain of the technologies which are described in this 
chapter already exist in some countries but have not been 
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applied in others, or have not been used in labour-based road 
construction. If the maximum benefit is to be realised from 
these, and from hardware development programmes in 
different parts of the world, then there is a need to make 
detailed information on new or improved implements widely 
available. 

As has been shown, the potential for improving the tech- 
nology of labour-based road construction is virtually 
untapped, and there is no shortage of soundly based ideas to 
be developed and tested. What is needed now is the will and 
commitment to do so. 
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CHAPTER 5. THE PRIVATE CONSTRUCTION SECTOR 
AND APPROPRIATE TECHNOLOGY 

by A. Q. Austen 

1. Introduction 
The three previous chapters have been concerned with 
problems of implementation. By and large they have viewed 
the issue from the standpoint of the government. In this 
chapter we look at the private sector and the implications for it 
in the use of appropriate technology. For most developing 
countries, the provision of reads, houses, irrigation, water 
supply and sanitation accounts for a major portion of annual 
capital expenditure. Furthermore, industrial development, 
too, has a large construction element. Thus, whatever the 
political, social or economic theories may be which determine 
the allocation of national resources, the translation of develop- 
ment plans into reality relies heavily on the construction 
sector. It is also true to say that, without exception, the 
implementation of government programmes of infrastructure 
development is in the hands of government ministries, depart- 
ments or state enterprises. Inevitably, such programmes 
involve an ever-increasing expenditure on the maintenance of 
the works which they produce. 

Despite the fact that the money for infrastructure develop- 
ment, and indeed for a great deal of industrial development, 
comes from government and that government agencies are 
almost exclusively responsible for implementation, the private 
construction sector plays a major part in the execution of these 
programmes in most of the countries of Asia and the Pacific. It 
is therefore not sufficient to consider the problems and 
implications of appropriate technology as they affect govern- 
ment agencies only, we must also take into account the instru- 
ment by which those agencies execute many of their 
schemes - in other words, the private construction sector. 
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In order to do this, it is necessary to examine the nature of 
the industry which has unique characteristics. Many millions 
of words have been written on this subject, so in this paper 
attention is concentrated on those factors which influence the 
neglect, adoption or rejection of appropriate technology in the 
private sector. This is done by first of all discussing the 
environment within which the industry operates, and then 
considering the latter’s internal structure. Finally, some 
suggestions are made as to how some of the factors which 
inhibit the application of appropriate technology may be 
removed. 

It is of course realised that in a regional context both the 
analysis of problems and suggestions for their solution is 
necessarily generalised, since conditions vary from country to 
country. Nevertheless, there is likely to be sufficient similarity 
in the nature of the problems encountered to engender a 
meaningful discussion, although ultimately each country must 
evolve its own national solutions for its national problems. 

2. The operating environment of the construction 
industry 

The market for the products of the industry is dominated by 
the government. This is probably a universal fact, but because 
of the greater need for infrastructure development in develop- 
ing countries, the dominance amounts to a near monopoly. 
Therefore, government policies, legislation, regulations and 
the attitudes of its civil servants are largely responsible for 
moulcling the industry into its present form. This does not 
imply inevitability, exclude the possibility of change, or 
remove all responsibility from the Shoulders of the private 
sector but, as in nature, the contractor must adapt to his 
environment or perish. 

Another important factor is the existence in many countries 
of a large pool of unemployed and underemployed workers 
who can be hired and fired on a casual basis. Indeed, it has 
been stated’ that, in India at least, this is the major reason for 
the lack of innovation within the industry. 

This operating environment is now discussed under the 
following headings: 

- government policies; 
- conditions of contract; 



- attitudes; 
- functional divisions; 
- employment. 

2.1 Go vemmen t policies 
The construction sector is used by many countries, both 

industrialised and developing, as a crude but effective 
economic regulator. When the chill winds of recession blow it 
is a relatively simple matter to slow down or stop the construc- 
tion of motorways, power stations, water supplies, houses, 
etc., since all of these depend on government financing. That 
many thousands are thereby thrown out of work is unfor- 
tunate, but politically is not too disastrous since the construc- 
tion industry even in a highly industrialised country relies 
heavily on casual labour. Such labour is accustomed to 
cyclical swings, and also tends to be less organised than 
labour in other industries. Furthermore, the impact on the 
ultimate consumer is not immediate, since most construction 
projects are relatively long term, so that by the time the effect 
of the non-provision of a motorway or the reduction in main- 
tenance is felt by the general public the economy may again be 
on the upswing, in which case public protest will be muted. A 
current example of the converse situation is to be seen in 
Japan where, in order to stimulate domestic demanc, the 
Government has embarked on an ambitious public works pro- 
gramme. 

Thus, whether used as a brake or an accelerator, construc- 
tion offers a simple and politically safe way of controlling the 
economy, and its appeal is therefore irresistible, although 
there are many cogent agruments why such a policq/% a short- 
sighted one. 

It is not only at the macro level that government policies 
affect the industry, but also at the micro level. In most Asian 
countries, construction budgets are allocated annually by the 
treasury or budget bureau. This means that even projects 
which have started may find themselves without funds when 
the annual budget is allocated, since short-term financial con- 
siderations rather than longer-term economic objectives or 
engineering logic reign supreme. 

In many countries, construction is not recognised as an 
industry in the same way as are manufacturing or processing 
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or steel making or mining, etc. This means there is no legisla- 
i. tion framed specifically-for construction. However, it does 

have to operate within, for example, a factories act. This can 
produce some very strange results: if the factory act requires 
that the air in the factory be kept free of dust, and a worksite is 
a factory within the meaning of the act, then a 10, 50 or 
WI-mile road construction project is a site, and how do you 
keep rhat free of dust? In practical terms, of course, everybody 
realises that in these circumstances the law is just not applic- 
able, but this means that the law falls into disrepute, and then 
such important matters as the safety, health ant welfare of 
workers in the industry are not adequately provided for. 

For the private contractor, this lack of recognition means 
that not only does he lack the status of other industrialists but 
that he probably has problems in raising capital from lending 
institutions. These problems are particularly acute for the 
smaller contractor and are intensified if he is using a labour- 
based technology, since this means that his fixed assets of 
equipment and plant are lower in relation to his working capital 
than in a machine-based technology. Even if lending institu- 
tion can be persuaded to lend money to this category of con- 
tractor, it will only be against the security of his fixed assets 
and not to meet his weekly or monthly wage bill, so that the 
larger the latter is relative to the former the more difficulties he 
faces, particularly as contract payments will usually be at least 
one month behind work completion. 

2.2 Conditions of con tract and government regulations 
It is the usual practice that contractors working for the 

government are classified according to its own assessment of 
their capacity to carry out projects up to certain maximum 
values. The criteria used for the assessment will include such 
factors as financial standing, technical staff, experience, and 
available plant. The greater the value of the contracts to be 
undertaken, the more need there is assumed to be for larger 
items of mechanical equipment. This could mean that the 
small contractor proposing to use bullock-drawn carts and 
scrapers would not get on the register of approved contractors 
because, for example, there was a requirement that he own at 
least two tipper lorries and a grader, whilst a larger contractor 
prepared to mobilise a large labour force using appropriate 
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technology equipment would also not qualify as a major con- 
tractor because he was required to own heavy earthmoving 
equipment. 

In addition to regulations governing the contractor in his 
tendering for government contracts, the conditions of con- 
tract and specification themselves often militate against the 
use of appropriate technology. These are in general based on 
western practices and may therefore specify the use of plant 
when there may be alternative methods of achieving the same 
result. Performance specifications are stili relatively rare - 
that is to say, a specification stating what the performance of 
the finished product should be without stating how that per- 
formance should be achieved. Thus, a base course might be 
required to have a dry density of 100 per cent, without going 
on to say that it will be given a minimum number of passes of a 
12-ton roller. Of course, the use of this type of specification 
implies technical competence on the part of the contractor, 
and particularly in the case of small contractors this is fre- 
quently lacking. Nevertheless, the specifications presently in 
use do inhibit the use of any new or different technology. 

2.3 Attitudes 
As soon as one begins to discuss attitudes, one is moving 

into a somewhat subjective and sensitive area. Nevertheless, 
since attitudes do have an important bearing on the subject of 
application of appropriate technology, they should be dis- 
cussed openly and frankly. 

The attitude of the professional engineer to the private con- 
tractor will naturally vary from person to person and will be 
coloured by all sorts of com,plex relationships, but certain 
behavioural patterns can be detected. Among these is a feel- 
ing of superiority arising from superior technical knowledge, 
superior education, and something of a master-servant 
relationship. Do not think that this is unique to the Asian 
scene - even today in industrialised countries the term “con- 
tractor” often has a denigratory connotation, but this is far 
less the case than it used to be. 

Coupled with this feeling of superiority is a tinge of envy, 
since the contractor may be making a great deal more money 
than the professional engineer, many of whom are relatively 
poorly paid. Thus, the large Mercedes, the unlimited expense 
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account, the modern house are conspicuous marks of success 
to which the engineer cannot attain. 

Finally, there may be a feeling of guilt and dependence if the 
engineer is engaged in corrupt practices. This is naturally a 
very sensitive area, but it is no use pretending that these things 
do not occur, and none of our societies, whether of the East or 
West, is free of such practices, which have a marked effect on 
the relationships between engineers and contractors. 

Now an industrial psychologist could undoubtedly explain 
these relationships in technical terms and the above may 
appear rather simplistic; what matters, however, is the effect 
on the application of appropriate technology. The principal 
effect is that because contracting is regarded as somewhat 
inferior to engineering, there is reluctance on the part of 
qualified engineers to move over into the private sector. This is 
much more marked in the case of the small contractor, since 
the large contractor can offer status and compensatory 
awards for the engineer who moves over. The net result is that 
the small private contractors are starved of the talent which 
could introduce new ideas and improved technologies. It may 
be argued that there is no reason why the engineer should not 
be able to infuse these ideas into the private sector from his 
existing position, but he is not motivated to do so. The 
engineer accepts no responsibility for the actual execution of 
the work and would regard any effort on his part to introduce 
new ideas as merely contributing to increased profits on the 
part of the contractor without any benefit to himself. 

These attitudes, then, mean that the private contractor is 
nearly always regarded as innately inferior in status to the 
engineer, and this is self-perpetuating since it starves him of 
the managerial and technical expertise which he needs to 
improve his status. It is this talent which could make him more 
innovative and thus more likely to adopt appropriate tech- 
nologies. 

2.4 Func tiona I divisions 
Much has been written about the inefficiencies arising from 

a system whereby the responsibilities for design and-for con- 
struction are usually separate and distinct, so it is not intended 
to rehearse the arguments. What this aoes mean is that there 
is no incentive whatsoever for the contractor to innovate. He is 
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given a design, he is expected to stick strictly to that design. 
and, incidentally, he is still held to be responsible if the struc- 
ture falls down. Furthermore, the contractor is in business, 
naturally enough, to make a profit, and the only way he can be 
sure of doing this is by working within the system and relying 
on conventional methods. His instinctive reaction to the 
suggestion that he try something different will be: “Show me 
it working successfully and profitably somewhere else, then I 
might consider it”. 

Not only does the construction system militate against 
innovation, but it also offers no real incentive for efficiency, 
and this is especially true as regards small contractors. On the 
face of it, a system whereby every prpject is open to competi- 
tive bidding, and where the lowest tender must be accepted, 
should result in a high level of efficiency, but.in practice this is 
not so, for the following reasons: 

a) The contractor has no control over the design and 
specification of the product he manufactures. In this 
respect he differs radically from the man V&IO manufac- 
tures teapots, for example. If the latter can improve his 
design and the efficiency of his manufacture he can 
presumably sell more teapots at a higher profit. The 
incentive therefore exists for him to do some market 
research to find out what his customers want, then to 
design a teapot which vvill not only satisfy market needs 
but which will be economic to produce. The system 
prevents anything similar happening in the construction 
sector, since the contractor can influence neither the 
design nor the market for his product. (Like all analogies 
this one must not be pushed too far, but it serves to 
illustrate the point. 1 

b) The competitive tendering system merely establishes a 
market price, it does not contribute one iota to effi- 
ciency. A contractor can still make an adequate profit 
even though he is operating inefficiently, provided that 
he is operating at about the same level as other contrac- 
tors. For any given project, the material content is fixed 
so that the size of the contractor’s margin depends on 
only two factors: (1) his overhead costs, and (2) his 
labour productivity. Now the overhead costs of the small 
contractor in particular are likely to be very low - he 

99 



probably works from an office in his house and has a 
staff of a foreman and a clerk-cum-storekeeper. There is 
therefore little or no scope for any reduction. This leaves 
labour productivity. All the small contractors working in 
a particular area will be drawing on the same pool of 
labour, and that labour will employ the traditional tools 
and methods, so that productivity will not vary greatly 
whether the labour works for contractor A, B or C. 
Furthermore, the contractor’s profit margin will not be 
affected because all the contractors are adding a per- 
centage to what might be called the lowest common 
denominator of labour output. 

c) Finally, the engineer’s estimate of the final product, be it 
a road or an irrigation system or a building, is almost 
always known before tenders are invited. This estimate 
is necessary for budgeting purposes, and most 
engineers tend to be conservative when preparing it 
since over-expenditure on a project will involve them in 
interminable arguments with their financial controllers. 
It therefore establishes a maximum figure beyond which 
any bid is almost certain to be rejected. On the other 
hand, it certainly does not necessarily represent an 
estimate of a reasonable price, assuming efficient opera- 
tion on the part of the contractor. Experience soon 
teaches a contractor what percen.tage below this figure 
he must bid at to have a reasonable chance of winning. 

Thus, the way in which the total cnstruction system is 
organised, and about which the contractor can do nothing, is 
inefficient, and the spur of real competition is lacking. Safe 
and traditional methods of working are therefore preferred and 
the adoption of appropriate technology is inhibited. 

2.5 Employment 
One of the unique characteristics of construction which has 

an important bearing on the industry’s attitude towards 
L 

innovation is the structure of the labour force. Not only is the 
proportion of unskilled labour very high, but this labcur is 
employed on a casual basis. Most of the reasons for this are 
well known: 

- lack of continuity in work supply to the contractor; 
- the “one-off” nature of the projects; 
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- climatic conditions; 
- the wish on the part of employers to avoid social welfare 

obligations. 
The most important reason, however, is the existence in 

most if not all of the countries in Asia of a large pool of labour 
which is willing, nay anxious, to work on this basis. 

Thus, the employer, whether government or private, can 
easily match his fluctuating workload with a fluctuating work- 
force. Add to this that the workforce is unorganised, illiterate 
and poor, that the contractor car! still make a reasonable profit 
margin despite the low productivity of his workers, and one 
sees why the industry has no incer,+ive to change. As Johri 
and Pandey2 say, ” . ..the industry is capable of quantitative 
expansion but not of qualitative change”. This is especially 
true of the small contractor who often works with a tech- 
nology which has not changed for centuries. 

Given then that the industry has no incentive to adopt an 
improved technology largely because of the existence of a 
large pool of unskilled labour, the dilemma that must be faced 
is: if by some means it were persuaded to adopt an appropriate 
technology, would not the improvement in productivity result 
in the employment of fewer workers? 

Let us look at this a little more closely. 
It is of course true that if productivity can be increased, then 

for a given total output the labour input will decrease. If these 
inputs and outputs are expressed in money terms, this means 
that the difference between the two will also increase. 

There are then three ways in which this differential can be 
used: 

a) improved wages for the workers; 
b) higher profits for the contractor; 
c) lower total cost for the client (usually the government). 
The first of these is obviously of benefit to the worker and 

achieves one of the objectives of the ILO’s World Employment 
Programme - that is better income distribution - whilst the 
third benefits the community as a whole. It has already been 
pointed out that the contractor can make a reasonable profit 
margin despite low productivity, and this is an argument for 
not giving him higher profits; on the other hand, since we want 
to encourage him to increase productivity, some incentive is 
probably necessary. The way in which the benefits arising 
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from improved productivity are distributed is an example of a 
situation where one cannot pontificate on a regional basis; 
each country must decide for itself in the light of its national 
circumstances. What is generally certain is that if the applica- 
tion of appropriate technology results in increased produc- 
tivity the industry has the opportunity to break out of the 
vicious circle of primitive technology leading to low produc- 
tivity leading to low wages leading back to primitive tech- 
noiogy because we cannot afford to pay higher wages. 

This still leaves unsolved, however, the problem of increas- 
ing the total amount of employment available, even though 
the wages and conditions of those who are employed can be 
improved. The clue here lies in the use of word “substitution”. 
Thus the World Bank calls its study “the substitution of labour 
(sic) and equipment in civil construction’? The implication is 
clear, namely that work which would otherwise be done by 
machine can become available for labour, subject of course to 
the various constraints that have been discussed. Thus the 
reduction in tota! employment arising from increased produc- 
tivity can be more than compensated for by increasing the 
market share of labour-intensive projects. Indeed, it is a pre- 
requisite of increasing the share of the market that produc- 
tivity be increased so as to compete with capital-intensive 
technologies. Furthermore, a private sector equipped with 
appropriate tools and techniques will possess the enterprise to 
seize the opportunities thus presented. 

In summary, the existence of a large pool of unskilled labour 
enables the private contractor, especially the small one, to 
expand and contract to suit the market without any need for 
internal change. His margins are unaffected by low produc- 
tivity, there is little genuine competition, so the impetus for 
innovation is negligible. If, however, the right environment 
and motivation can be found for the application of appropriate 
tei;hnology, productivity will increase, wages and conditions 
of workers will improve and the greater share of the market 
now available will result in employment creation. 

3. Structure of the private construction sector 
This is characterised by two extremes: the large contractor, 
indistinguishabie in most respects from his counterpart in the 
industrialised world, and the very small local contractor short 
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of capital, equipment and know-how. This represents an 
important difference from the situation in the industrialised 
countries where.. in addition to these extremes, there is a 
middle section comprising medium-scale contractors, many 
of whom are old established and competent within the limita- 
tions of their capacity. The existence of a more or less 
complete spectrum means that movement across it is a pos- 
sibility for those that wish to make it, whereas, in Asia, to cross 
the gap would require a leap beyond the c;Ipability of most. 
Thus the small contractor remains trapped 61 a situation from 
which he cannot escape by his own effort;. 

Let us examine a little more closely these two extremes; 
firstly, the large contractor. 

3.1 The large contractor 
In this category are included state-owned corporations, 

such as the National Engineering Corporation of Nepal, or the 
National Buildings Construction Corporation of India, since, 
although these are government owned, they are intended to 
operate in the same way as a private contractor, and they are 
generally similarly structured. Large can only be defined 
quantitatively rn the context of each individual country, since 
what is large in Afghanistan with a population of 19.5 million4 
may be small in Indonesia with a population of 134.7 million, 
but in the sense of this pape*r a large contractor is one capable 
of undertaking major construction projects such as highways, 
major irrigation schemes, housing developments, hotel 
developments, etc., whilst a small contractor is one capable 
only of building rural roads, minor irrigation schemes, small 
housing projects, etc. 

In the early stages of development of most countries in the 
Asian region, there was no local contracting industry capable 
of carrying out major works, many of which depended also on 
large amounts of foreign capital,, so it was perhaps inevitable 
that foreign contractors should be brought in. In course of 
time, local businessmen seized the opportunities afforded by 
an expanding construction sector and set up as contractors, 
modelling themselves, naturally enough, on the examples 
before them and frequently starting as subcontractors. The 
more successful of these entered into joint ventures with the 
foreign companies, and in many cases ultimately took over all 
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the business, although sometimes retaining a name linking 
them with the parent company. Examples of these are Ital-Thai 
in Thailand, and McDonald Layton Costain of Pakistan. 

At this end of the spectrum, therefore, we have large con- 
tractors of three types: 

a) international contractors, usually working on large 
projects financed by IBRD or ADB; 

b1 joint venture contractors working on similar projects, 
but some of which may be locally financed; 

c1 local contractors (including state corporations) working 
on large national government and private contracts. 

All three categories will, however, have similar financial and 
organisational structures, which is hardly surprising since, as 
indicated above, they are all descended from the same stock 
and they are all working within the same kind of contractual 
framework. 

An important feature of the operation of the large local con- 
tractor is the extent to which the work is executed through 
subcontractors, and this has widespread implications, which 
will be examined later. These subcontractors are essentially 
suppliers of skilled labour only, and generally do not supply 
materials or equipment which remain the responsibility of the 
main contractor. This is not to imply that they are only agents 
for the supply of labour - they are more than that, since they 
undertake to carry out certain sections of the work for a fixed 
price or at an agreed rate. Thus the carpentry subcontractor 
will agree to fix the centring for a bridge span at a certain price, 
with the main contractor supplying the necessary timber, 
scaffolding, etc., but with the subcontractor supplying and 
paying all the labour, for which the main contractor accepts no 
responsibility. An important consequence of this is that this 
labour does not appear on the payroll of the main contractor. 
This constitutes an important difference between, large 
national contractors in Asia and those in Europe since, 
although the latter frequently use subcontractors, the use of 
labour-only subcontractors is generally illegai. 

This type of subcontractor constitutes an informal group 
within the formal organisation of the main contractor and will 
be bound together by traditional ties of craftsmanship, tribe, 
caste, religion, and so on. Operating as it does in a competitive 
market, and often with a high demand for its skills, this group, 
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which resembles in some ways the old guilds of Europe, has a 
vested interest in restricting membership and is thus not very 
susceptible to change. 

The implication of the foregoing as far as appropriate tech- 
nology is concerned is that the iarge contractor is unlikely to be 
very interested. He operates in the tradition of his counterpart 
in the industrialised world, where the emphasis is on labour 
saving; the system of labour-only subcontracting removes 
from him most of the problems associated with the manage- 
ment of men rather than machines; the subcontractors them- 
selves have a vested interest in maintaining their exclusive- 
ness. In addition to the consequent reluctance on the part of 
the large contractor to adopt appropriate technology, the 
project design and specification requirements may provide a 
genuine reason why he cannot. 

3.2 The small contractor 
In the almost complete absence of statistics, and having 

regard to the great diversity of countries in the region, it is 
impossible to define quantitatively what is meant by a small 
contractor. It is, however, generally understood to mean one 
who is capable of small-scale works only, such as rural road 
construction and improvement, small-span bridges, culverts, 
and so forth. He may be a carpenter or mason possessed of the 
initiative to set up business on his own, although this is more 
likely to be the case in building than in road construction. 
Alternatively he may be an entrepreneur to whom contracting 
is merely one outlet for the capacity for seizing opportunities, 
taking risks, adapting and working hard, which characterise 
his kind. Whether he be one or the other, entry into or exit 
from the industry is remarkably easy. As the IL0 study of 
labour-based road construction in IrarFsays, ” . . . it is possible 
to build a road with no more than a telephone, so to speak, 
while holding one or more other jobs as well . . . “. This type of 
contractor has no real commitment to the industry, and is not 
therefore particularly interested in the investment in human 
resources which is necessary if long-term improvements are to 
be achieved. 

Not only this, but with limited capital resources it is easier to 
get credit for the hire of machines than for the payment of 
wages, added to which there is the problem of managing 
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people, which is also more difficult than managing machines. 
The situation described above relates specificaily to Iran. In 

many countries in Asia there is no equipment-rental market, so 
that the question of the small contractor hiring machines does 
not arise. Unfortunately, he knows of no alternatives: either he 
uses primitive and unproductive methods or he needs sophis- 
ticated machines. This is precisely where appropriate tech- 
nology fits into the picture by providing the appropriate mix of 
labour and machines to bridge the gap. 

The constraints which trap the small contractor are: 
- lack of capital and the difficulty of obtaining credit for 

payment of wages; 
- lack of manageridl know-how; 
- lack of technical expertise; 
- too great a gap between the large western-style con- 

tractor and himself. 
. 

Above all, as discussed under the heading “Employment”, 
there is the lack of any real impetus for innovation because of 
the existence of a large pool of labour. In short, as with the 
large contractor, but for somewhat different reasons, there 
are major obstacles to the adoption of appropriate technology 
by the small contractor. 

4. Rationale for appropriate technology in the private 
sector 

In section 2 of this chapter there was an examination of the 
environment within which the private sector operates, and the 
general conclusion reached was that government policies, 
contractual conditions, the attitudes of engineers and the 
functional divisions of the industry are not conducive to the 
application of appropriate technology. Similiarly, the section 3 
analysis of the structure of the industry concluded that the 
existence of virtually only two categories of contractor, 
namely “large” and “small”, wasan inhibitng factor, and that, 
for different reasons, neither has any particular interest in 
appropriate technology. 

Given these circumstances, two questions must be asked, 
or perhaps more strictly a main and a subsidiary question. The 
main question is this: 

"Should appropriate technology be-applied in the private 
sector?” 
and the subsidiary question is 
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“Can appropriate technology be applied in the private 
sector?” 
The answer to the first question must be a resounding yes, 

for the following reasons. 
Whilst the capital for infrastructure development comes 

almost entirely from government sources and the manage- 
ment of projects rests largely with government departments, 
the actual execution of works is often in the hands of the 
private sector. There is a school of thought which maintains 
that the private contractor is a source of inefficiency, is guilty 
of exploiting labour and of making large profits, and that 
particularly on small-scale rural projects he should be 
eliminated. Without entering into the social/political contro- 
versies of which this is a reflection, it must be noted that in 
those cases where this has been done there is no evidence of 
improvement in either over-all efficiency or the lot of the 
workers. More compellingly, the fact remains that to attempt a 
wholesale change of the existing system as a necessary 
prelude to the introduction of appropriate technology would 
almost certainly end in failure. What the proponents of appro- 
priate technology are :;aying is that its application offers the 
opportunity for the better use of human resources, and what 
we maintain is that this should be done within the system of 
project execution which is most commonly used throughout 
the region. Hence the positive answer to the first question. 

As to the question of whether appropriate technology can 
be applied in the private sector, the answer here is yes -- 
but e.. . In other words, a positive response, but a qualified 
one. Politics has been described, somewhat cynically, as the 
art of the possible; perhaps engineering should be described 
(but of course not cynically) as the science of the possible, 
since engineers are both realistic and practical. Therefore, 
practicability must be a paramount consideration in discussing 
the steps necessary to introduce appropriate technology into 
the private sector. This leads to the conclusion that attention 
should be concentrated on the small eontractor. The large 
contractor is, in general, much more capable of taking care of 
himself than the small one, and in any event there are likely to 
be more serious technical problems in applying appropriate 
technology to large-scale than to small-scale works. Further- 
more, development needs a healthy. construction industry 
with a complete range of technical capacity. Appropriate 
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technology provides a means of bridging the gap between the 
two extremes which presently characterises the private 
sector. 

5. Action necessary to introduce appropriate 
technology in the private sector 

There is scope for national action in the following fields, not 
only to remove constraints but to positively encourage the 
application of appropriate technology in the private sector. 

5.1 Legislation, regulations and conditions of contract 
Government recognition of the construction industry as 

such would enable the framing of laws and regulations appro- 
priate to the industry. It would, so to speak, give it rcspect- 
ability and thus improve the status of private contractors, 
especially the small ones. Legislation and regulations could be 
framed which would make the contractor credit-worthy and 
thus able to use the tools and equipment of appropriate tech- 
nology. The regulations which govern the registration of con- 
tractors could be amended so as to avoid a bias against labour- 
intensive methods. 

Contractual conditions and specifications should be drawn 
up so as to allow the maximum possible choice of method- 
ology. This is not a plea for the lowering of standards, but 
there are often alternative ways of producing the same end 
result, and specifications should not be so rigid as to permit of 
only one method. 

The possibility should be investigated of writing conditions 
of contract which would offer the contractor an incentive for 
using labour-intensive methods, whilst at the same time main- 
taining productivity? 

These matters would probably need to be dealt with 
nationally by some sort of committee or commission compris- 
ing professional engineers, lawyers, government officials, 
employers’ and employees’ associations. 

5.2 Research 
This is an important field in which, although a certain 

amount has been accomplished, a great deal more needs to be 
done. Both the IL.0 and the World Bank have been prominent 
in this field. 
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Most of the work to date has concentrated on demonstrat- 
ing that, by using appropriate technology, the substitution of 
labour for capital is feasible, but there has been practically no 
investigation of the implications for the private sector. This 
work is now being extended by the IL0 and the World Bank to 
cover the structure and organisation of the construction 
industry. 
a) The structure and organisation of the private sector - At 
national levels there is an urgent need to determine what 
proportion of construction output is carried out by small con- 
tractors, how many of these there are, how many people they 
employ, how they operate, how permanent they are, what 
expertise they possess, and so forth. This kind of work can 
usually be undertaken by national bodies such as universities, 
technical institutes or business colleges. 

One point that needs stressing is that research in this field 
should not be purely academic, but should be aimed at 
producing practical improvement. Thus analysis should only 
be regarded as a first step towards a programme of action. 
b 1 The use of physical resources by the private sector This 
area can be further subdivided into: 

i) methodologies and techniques; 
ii) use of indigenous materials; 
iii) development of tools and equipment. 

i) Methodologies and techniques: As stressed in the previous 
section, research should be directed towards improvement in 
the methods currently used. Most small contractors operate in 
ways which have been traditional for many years. Simple 
changes in organisation and methods can often increase 
productivity. Why does this not happen, and what can be 
done about it? 
ii) Use of indigenous materials: A great deal of research has 
gone on, and is still going on, into the use of the local building 
materials, yet these materials are still not in general use‘ For 
such materials to be more widely adopted, a number of things 
must happen: 

- the properties of the materials must be known and 
manufacturing standards must be drawn up; 

- architects and engineers must specify their use; 
- adequate and economically priced supplies must be 

available; 
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- contractors must know how to use the materials. 
Responsibility for the first two rests largely with the govern- 

ment sector and is therefore outside the scope of this paper. 
The last two are within the private sector, however, and merit 
research into such matters as: 

- the availability of raw materials; 
- the economics of manufacture, including pricing struc- 

tures, import substitution, etc.; 
- the scale of manufacture; 
- application techniques; 
- construction costs. 

The foregoing refer to the use of materials in permanent 
structures, but there is another research area which has been 
almost completely neglected, and that is the use of local 
materials for temporary structures. In practice, very little 
tubular steel scaffolding is used in Asia, most of it being 
bamboo or timber. Steel scaffolding, being a manufactured 
product, possesses predictable properties, yet there ha\ 2 
recently been some spectacular failures, which would indicate 
that we know less about its behaviour PIan we thought? How 
much smaller is our knowledge of the behaviour of bamboo or 
timber scaffolding? Not only is this important from the aspect 
of the safety of the structure and the workers thereon, but 
because the contractor must usually allow for the cost of these 
temporary strcutures in his price for the permanent structure. 
Similar research is needed into the use of local timber for the 
shoring of trench sides. This again is an item the cost of which 
is deemed to be included in the excavetion price. Unfor- 
tunately, whereas a bridge or high building cannot be con- 
structed without scaffolding, trenches can be dug without 
shoring, often with fatal results for the diggers. 
iii) Development of too/s and equipment: The I LO has started 
to compile a Guide to Tools and Equipment for Labour-Based 
Road Construction, and this is a useful first step, but the same 
entrepreneurial drive that has produced intermediate forms of 
transport needs to be harnessed at national level in the interest 
of construction equipment. This will require activity similar to 
that undertaken by the International Rice Research Institute in 
developing appropriate agricultural machinery, coupled with 
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the creation of a market for the products by the encourage- 
ment of appropriate construction technology. 
c) The use of human and animal resources - Reference has 
already been made to the studies carried out in this area by the 
World Bank and the ILO, and a particularly valuable output is 
the joint standard methodology for the measurement of 
productivity*. However, as these studies make clear, the 
variables affecting the output of men or animals are much 
more numerous than those affecting machines. It is therefore 
necessary that there should be continuing national research 
into productivity and the factors which affect it. 

One of the vital factors is that of motivation and incentive, 
and here the research field is virtually untouched. Since this 
paper is concerned with the private sector, the assumption is 
that the motivation of the contractor is a desire to make a 
profit. This is perfectly legitimate, but the reason for advo- 
cating the application of appropriate technology is not 
primarily to allow him to make a large profit! It is to create 
employment, generate income and improve productivity, 
thereby benefiting all three parties, namely the government, 
the worker and the employer. 

There have been many examples of the development of 
tools for increasing productivity which have never found 
acceptance. Why is this? The reasons are twofold: 

i) as has already been pointed out, in an environment 
where productivity is generally low, the contractors can 
still make an adequate profit without bothering to 
improve productivity. 

ii) the worker is naturally unwilling to increase his output if 
this is merely going to mean increased profits for his 
employer . 

Socio-economic research is therefore needed to identify the 
factors governing the introduction of new tools and tech- 
niques into a contracting company, and to devise means of 
sharing the benefits in such a way as to encourage their 
adoption. 

5.3 Information 
The modern world devotes a great deal of effort and 

resources to the provision of more information, further 
information and more accurate information. In some cases, as 
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for instance airline booking systems, this has resulted in 
noticeable improvements. On the other hand, the speed of 
delivery of letters often seems to be completely unaffected by 
technological advances. In general terms, however, our ability 
to process data into information more readily than our pre- 
decessors at least gives us the opportunity to manage our 
resources better. Whether or not we grasp that opportunity is 
another matter. Consideration of the techniques to be used for 
the supply of information is beyond the scope of this paper, 
but here is a situation where the appropriate technology may 
well be the most advanced technology available. If, for 
example, the logistics of supplying scattered rur,;I works 
projects are helped by the provision of radio communication, 
this is a more appropriate technology than that of a run-rer 
with a cleft stick, e\,dn though the projects themselves may 
use very little equipment. 

As far as the private sector is concerned, there are twc 
categories of information required, namely external and 
internal. By the former is meant information which relates to 
the political, social and economic environment within which 
the contractor operates. It is this kind of information which 
creates an awareness of the availability of alternative tech- 
nologies, of the social responsibilities of management, and so 
on. Arising from this awareness there should spring the need 
for the second category of information, which is that relating 
to the internal operation of the contractor’s business. This will 
include cost and productivity analyses, progress reports, and 
so forth. The contractor who is not generally aware of what is 
going on around him is unlikely to have a highly developed 
internal information system. 

The large contractor, because of the size of projects he is 
undertaking and his technical contacts, has access to a great 
deal of information. Of course, much of this will be biased 
towards capital-intensive technologies because of the 
magazines and brochures produced by equipment manufac- 
tures, but he is at least attuned to the concept of receiving new 
ideas, so that literature relating to appropriate technology 
would at least receive some attention. Furthermore, many 
large contractors are organised into federations or associa- 
tions which allow the interchange of ideas both nationally and 
internationally. Therefore, information relating to appropriate 
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technology can be disseminated through existing channels. 
The case of the small contractor is, however, completely 

different. As far as external information is concerned, there 
are a number of serious problems: 

a) that of language. Whereas the large contractor will be 
able to read literature in at least one of the world’s major 
languages, the small contractor may not be able to do 
so; 

b) availability of suitable information. A great deal needs to 
be done in the structure of the private sector, the 
systems whereby it operates, and so on. Our lack of 
factual knowledge regarding small contractors is 
abysmal. Until this situation is corrected, it is difficult to 
know what external information the small contractor 
needs; 

c) lack of managerial and technical know-how. Even if 
suitable external information in his own language were 
made available to the small contractor, he would pro- 
bably not be able to formulate his needs for internal 
information due to these limitations; 

d cost of information. Small contractors simply cannot 
afford publications printed at high cost in the western 
world. 

What can be done to solve these problems? An obvious first 
step is the identification of the information needs of the small 
contractor, followed by consideration of the best means of ful- 
filling those needs. It would appear that the research needed 
for this first step could provide an opportunity for regional or at 
least subregional co-operation, since there are many similari- 
ties between the way small contractors operate in say the sub- 
continent of India or in the ASEAN countries. The carrying out 
of some such research programme would not, however, solve 
the problem of making the information available to the con- 
tractor in his own language and at a reasonable cost. Patently 
the necessary steps for this to happen would have to be taken 
at country level and should preferably involve a national 
institution: it might be a national productivity centre, or a rural 
development academy, or an engineering faculty of a 
university. 

What the foregoing amounts to is that if appropriate tech- 
nology is to be adopted by small contractors they must have 
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ways of knowing about it. Since information channels for this 
purpose are restricted or non-existent, positive steps are 
needed to remedy this. The kind of information needed can 
probably be established on a regional or subregional basis, but 
the channels of communication will need to be set up at the 
country level. 

5 A Training 
As has already been seen, there are many external factors 

which require influencing if appropriate technology is to be 
successfully introduced into the private sector of consturc- 
tion. Changes are also necessary within the industry itself in 
the form of better information and control systems, improved 
managerial and supervisory capability, greater technical 
know-how. Some of these improvements can be wrought by 
the provision of suitable training, but whilst there are few, if 
any, contractors whose performance is not susceptible to 
improvement through training, the need is greatest amongst 
the small contractors. Additionally, it is in this category that 
the greatest potential exists for the productive use of appro- 
priate technology. For these reasons, the discussion that 
f,ollows concentrates on training for small contractors, whose 
genera! needs fall into the three categories: 

a) management and organisation; 
b) finance; 
c) technical. 
For a contractor employed on small-scale works, his training 

needs in the fields of estimating, costing, financial control and 
the running of a small business generally are independent of 
the construction technology employed. However, the applica- 
tion OF appropriate technology does involve some special 
management issues such as: 

- methods of payment, especially where work animals are 
used; 

- incentive schemes; 
- measurement and control of productivity; 
- training of workers in the use pf tools and equipment. 

As regards the need for technical training, it is self-evident 
that the introduction of a teqhnology different from that 
currently used by the contractor involves teaching him how to 
manage it, and his labour how to handle the equipment. 
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When it comes to the mechanisms whereby training is to be 
imparted to the small contractor, it is the author’s view that the 
training needs which arise directly from the application of 
appropriate technology cannot be separated from those aris- 
ing from any other reason. The small contractor needs training 
which will raise his general standard of competence. For him, 
appropriate training will include not only appropriate tech- 
nology but general business management, simple accounting, 
planning, and so forth. There are a number of special problems 
to be overcome if this training is to be effective. 

In the first place, there is very little training in construction 
management available in Asia for small contractors such as 
there is for the large contractor. A start has been made in 
Malaysia, with technical assistance from the ILO, to develop 
within an existing institution, a training programme 
specifically for small-scale contractors, but this is thought to 
be the first attempt in the whole region. Programmes will 
therefore need to be developed from scratch with no past 
experience for guidance. 

Secondly, only a few studies have been carried out on the 
characteristics of these small-scale contractors? what educa- 
tion and technical training have they had? What do they know 
of business management? What permanent staff do they 
employ? How do they pay their casual labourers? And so on. 
Until there is more information, it is difficult to design a 
suitable training programme. 

Thirdly, there is often little permanence amongst these con- 
tractors. Reference has already been made to the use by 
governments of the construction industry as an economic 
regulator, so that when the supply of projects is cut off, many 
contractors go out of business, and conversely new ones may 
emerge when there is economic growth. Additionally, whilst a 
large contractor will not find it difficult to release a member of 
his staff for training, the small contractor may be an 
owner/manager, engineer, storekeeper all rolled into one, and 
therefore cannot afford to neglect his business whilst he 
receives training. A related problem is largely psychological: 
the type of contractor under discussion is obviously an 
entrepreneur and may be suspicious of formal training, 
especially if it is not immediately obvious how he is to benefit 
financially. 
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Finally, any training programme for this target group must 
be in the local language, and since the literature e*‘?n for 
“standard” subjects such as accounting is unlikely to exist in 
that language, the translation problems are formidable. 

In the context of this chapter it is not possible to do more 
than sketch some possible solutions, but a long and difficult 
path must be trodden before success is achieved. It is of prime 
importance to know and understand the target group for train- 
ing, and this can only be achieved through national studies. As 
part of its research under the World Employment Programme 
the IL0 has initiated a study in the Philippines and will be carry- 
ing out similar studies in various other Asian countries. These 
efforts are very useful in providing models for future work, but 
conditions vary so widely from country to country and even 
within countries that specific country studies will be needed 
throughout the region. 

The almost total lack of existing training is a strong argu- 
ment for using existing technical institutions which already 
possess training competence, since this is a necessary founda- 
tion on which to build. Such institutions should have an 
engineering and practical orientation, otherwise they will 
possess little credibility with their trainees. Another argument 
for using local institutions is that they will understand local 
conditions and needs, and will also conduct their training in 
the local language. 

Now, although every country will ultimately have to develop 
its own programmes, for it to do so in isolation without draw- 
ing on expertise and experience from elsewhere will be too 
long and wasteful a process in the light of its pressing develop- 
ment needs. One way of solving this problem would be for 
international assistance to be given to groups of institutions in 
the preparation of training packets and the training of instruc- 
tors This could be done by bringing together instructors from 
a number of institutions within a large country (such as India), 
or from a group of smaller countries (such as the ASEAN) and 
helping them to develop a generalised training packet which 
they would subsequently adapt to local requirements. The IL0 
has made a start in Africa by running a six-week regional train- 
ing course to teach management trainers from 18 countries 
how to deliver a basic repertoire of courses to small-scale 
building and construction contractors. The author has 
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proposed something on similar lines for Asia, but with 
continuing help to the national institutions on a longer-term 
basis, and with provision for interchange of know-how and 
experience between institutions themselves. 

These ideas are by no means exhaustive and there may well 
be other and perhaps better ways of tackling the training 
problems, but the subject is one worthy of an exploration in 
depth which cannot be attempted here. 

6. Summary and conclusions 
The role of the private construction industry in the develop- 
ment of the countries of Asia and the Pacific is a vital one, 
since it is the means by which most governments execute their 
projects. A healthy and efficient industry is therefore in the 
interests of both governments and contractors. It is, however, 
also in the interest of construction workers for whom there can 
be greater employment prospects and improved earnings. 

The private sector is presentlv characterised by an 
imbalance between the relatively small number of large’con- 
tractors, modelled on their counterparts in industrialised 
countries, and the many thousands of small contractors 
trapped in a sequence of primitive technology, low produc- 
tivity, hence low wages leading back full circle to primitive 
technology. It is necessary to break this circle and encourage 
the creation of a middle category of contractor which will 
bridge the gap between large and small. This will enable the 
more enterprising amongst the smal! contractors to move 
upwards. Appropriate technology affords one means whereby 
this natural growth can be achieved. It follows that efforts in 
the field of appropriate technology should concentrate on 
improving the performance of the small contractor. 

In order to do this, it is necessary to consider the environ- 
ment within which the industry operates, as well as the struc- 
ture of the industry itself. Since government has a monopoly 
of the market for the small contractor, it is government policies 
which control the operating environment. The legislation, 
regulations and conditions of contract which relate to the con- 
struction industry must therefore beexamined and amended as 
necessary in order to encourage the upgrading of thesmall con- 
tractor. There is also a need to reduce the intellectual and tech- 
nical gap between government engineers and contractors, so 
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I that there is greater understanding of each other’s problems. 
As regards the industry itself, there is a dearth of statistical 

data, and research is needed to provide a realistic foundation 
on which to build a sound structure. If he is to apply new ideas 
and technologies, the contractor must have access to 
information. This must be simple, avai’lable cheaply and in his 
own language. Finally, the small contractor needs training if 
his standards are to be raised. Since these are generally low, 
the training should not concentrate on appropriate technology 
alone, but should include it in a general syllabus. The more 
aware the contractor becomes of relevant management and 
technical techniques the more likely he is to innovate. Interna- 
tional assistance should be given to suitable national institu- 
tions to enable them to introduce training for small con- 
tractors. 

This paper has spelled out in some detail the formidable, but 
none the less surmountable, obstacles which impede the 
adoption of appropriate technology in the private sector. 
What it is hoped has emerged is that obstacles are an impedi- 
ment not only to the adoption of appropriate technology but to 
the progress which the construction industry must achieve if it 
is to meet the challenge of development. There must therefore 
be a conoerted effort on the part of all concerned, whether in 
the public or private sectors, to tackle the problems. 
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PART II CASE STUDIES 



CHAPTER 6. THE “ROADS AND LABOUR” 
PROGRAMME, MEXICO’ 

by G.A. Edmonds 

In 1971 the Mexican Government launched an extremely 
ambitious programme of rural road construction. The primary 
objective of this programme was to provide communication to 
the mass of the rural population where presently none 
existed’. 

At the time of the inception of the programme it was 
estimated that as many as 12 million people (60 per cent of the 
rural population) living in a total of 16,000 villages had no 
proper transport access? Whilst the major transportation links 
had been constructed there had been little attention paid to 
providing the necessary minor roads without which the rural 
areas were incapable of developing effectively. It was the 
intention therefore to reverse the ratio of the kilometrage of 
major to minor roads during the period of the programme. 
Thus in 197180 per cent of the roads already constructed were 
major trunk roads. By a massive programme of labour-based 
road construction it was hoped to reduce this value to 20 per 
cent. This implied the construction of some 150,000 kms of 
minor roads. 

The major objective of the programme therefore was to 
provide communication to the mass of the population. How- 
ever, it was decided that a policy of labour-based construction 
would be adopted not only to provide employment and 
income but also because this policy was geared to popular and 
grass-roots participation in the construction process. The pro- 
gramme was not conceived therefore as a public works 
scheme to generate employment but as an effective means of 
providing access to markets and amenities to a large propor- 
tion of the rural population. As with the Ministry of Works in 
Kenya, the Secretaria de Obras Publicas, who are responsible 
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for the programme, wished to use labour-based methods to 
the extent that they were commensurate with technical and 
economic efficiency. 

1. Programme organisation and administration 
In the capital town of every state in Mexico there is a.centre of 
the Secretaria de Obras Publicas (Secretary of Public Works). 
Its director is responsible for all public works carried out by the 
federal government in that state. In each centre there is a 
senior resident engineer who is in charge of the construction 
of rural roads3. Working for him is a team of resident engineers 
each located in a different region of the state. Each resident 
engineer has a team of engineers, surveyors, administrative 
personnel and supervisory staff. The exact number of his staff 
depends upon the number of roads being planned or con- 
structed. The supervisory staff consists of supervisors and 
foremen. Supervisors are in charge of 3 to 5 foremen, whilst 
each foreman is in charge of 30 to 60 men. 

The central headquarters of the programme is located in 
Mexico City in the Secretaria de Obras Publicas (SOP). A 
special unit has been set up to supervise the programme 
(Direction General de Caminos Rurales). This unit consists of 
four main departments. These are: 

Department of Works - responsible for monitoring the 
progress and cost of the programme and advising when action 
is necessary. 

Department of Programming - responsible for preparing 
the budget and allocating funds to the SOP centres in the 
various states. 

Technical Department - responsible for supervision of the 
technical aspects of the programme. This includes drawing up 
guidelines on technical specifications, cost estimates for 
labour, materials, equipment, etc. and productivity standards. 
It also collects data from the field in order to update these 
guidelines. 

Department of Research and Special Stud&s - respon- 
sible for carrying out special studies on technical and economic 
aspects of the programme. In addition there is what is termed 
a promotion branch which is responsible for giving advice and 
assistance to the resident engineers in the field as regards the 
promotion within local communities of road-building activities. 
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This is necessary because the programme is dependent upon, 
and derives from, the willingness of local communities to 
become involved in road construction. 

In the first instancje a community will request that a road be 
built or upgraded. One of the resident engineer’s staff then 
visits the community, assesses the situation and collects data 
pertaining to the number of households, agricultural produc- 
tion, social services, etc. If a decision is then taken to meet the 
communi?y’s request the official returns and explains that it is 
their responsibility to build and maintain the road. To this end a 
committee is elected which represents the community in its 
dealings with the resident engineer’s office. A memorandum 
of understanding is drawn up in which the obligations of the 
two parties are clearly spelled out. Thus the committee under- 
takes to provide the necessary manpower; the free use of 
borrow pits and the right of way for the road. The DGCR 
undertakes to provide technical assistance, payment for the 
labourers, construction materials, hand tools, equipment and 
transport. 

Two points are worth mentioning here. First, the system is 
designed to ensure the involvement of the community in the 
construction of the road, which it is hoped will guarantee its 
maintenance. Second, the DGCR has no official relations with 
the labourers except in terms of supervising the construction 
operations. The workers are paid by the committee and all 
labour relations are dealt with by them. The labourers there- 
fore are not in any way employees of the Government. In a pro- 
gramme as large as this one decentralisation of administrative 
responsibility presents major problems of accounting and 
planning. To help to cope with these problems each SOP 
centre has a computer which is used to plan and control the 
financial disbursements of the programme. In turn the 
information from all the SOP centres is fed to the main 
computing centre at SOP headquarters which allows the 
Department of Works and Department of Programming to 
monitor and allocate the financial resources. 

2. Technical aspects 

2.1 Design 
It was assumed that the traffic volume on the roads to be 
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constructed would be less than 50 vehicles/day. The roads 
were therefore designed to a design speed of only 20 - 30 kms 
per hour. This permits the use of radius of curvature as little as 
15 - 20 m and maximum over-all gradient of 12 per cent. 

The roads are designed for one-way traffic flow. The total 
formation width is 4.6 m with a 4.0 m wide, 15 ems deep 
gra\Jel pavement. Every 500 m a 10 m stretch is widened to 
6.0 m to allow vehicles to pass. 

On simple rural roads, drainage is particularly important. 
This has been appreciated in the programme and special atten- 
tion is given to it. The formation is crowned with a cross-fall of 
4 per cent, Side drains of 1 m width and I:3 side slopes are 
constructed. These have a minimum gradient of 0.5 per cent 
and where the gradient exceeds 6 per cent they are protected 
with a layer of hard pitched stone. On sloping ground catch 
drains are placed on the high side of the road to discharge run- 
off water before it reaches the road. Various culvert designs 
have been introduced but the most effective has proved to be 
corruged steel pipe. 

To the extent possible, rivers and streams have been 
traversed by means of masonry fords. Where bridges have 
been necessary they were initially constructed as masonry 
arches. Recently however masonry pillars and reinforced 
concrete superstructure have been introduced. One interest- 
ing aspect has been the use of cobblestone roads where the 
gradient was unavoidably greater than 12 per cent. * 

2.2 Construction 
Prior to construction work commencing the resident 

engineer and his staff prepare a simple bill of quantities which 
specifies the amount of work to be carried out in each of the 
major activities. This is then used to plan the work in terms of 
duration and resource requirements. This is possible because 
the reporting system incorporated into the programme 
provides detailed information on labour and equipment 
productivity under various climatic, topographical and soil 
conditions. 

The resident engineer’s team then sets out the centre line of 
the road. Tasks for each of the major activities are then fixed. 
These tasks generally cover a 3 to 4-day period. Each foreman, 
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who is in charge of 30 to 40 labourers, is briefed regarding the who is in charge of 30 to 40 labourers, is briefed regarding the 
task levels set and any particular points that need attention. In task levels set and any particular points that need attention. In 
turn he assigns his labourers to the various tasks. turn he assigns his labourers to the various tasks. 

Site clearance and top soil removal is almost always carried Site clearance and top soil removal is almost always carried 
out by manual methods except (in the case of site clearance) 
when the vegetation is extremely dense. 

The roads are designed and aligned to minimise cut and fill 
operations and to ensure that, in general, the excavated 
material for side drains and culverts can be used directly to 
form the basic road formation. Thus the material from ditching 
and sloping is used for spreading on the formation. This means 
that these operations can be carried out effectively by labour- 
intensive met hods. 

Where bulk excavation is unavoidable it has been found that 
labour-intensive methods are effective as long as the total 
volume does not exceed 2,500 m3 per kilometre4. Where this 
figure is exceeded equipment is used. This is often operated by 
small contractors who are paid a fixed sum related to the type 
of soil being excavated. 

Gravel for the pavement is obtained from borrow pits. 
Excavation and loading of the gravel is carried out either by 
labour or equipment depending on location, material and load- 
ing conditions. Dump trucks are used for hauling the material. 
Spreading and laying is carried out entirely by hand. 

2.3 Tools 
Each labourer is provided with a shove: and a pick-axe. 

Other hand tools such as crowbars, axes, hammers, etc. are 
distributed according to the type of activities being executed. 
The tools are produced in Mexico and their quality is very 
reasonable. For haul distances of up to 100 m wheelbarrows 
are used. The wheelbarrows used have a capacity of 0.07 to 
0.09 m3 and have massive rubber tyres. 

2.4 Recruitment and remuneration 
The community itself recruits the labour to work on the 

roads. Each labourer is guaranteed a minimum of two week’s 
work. (In fact during the period 1971-75 53 per cent of the 
workers were employed for less than one month, 21 per cent 
for one to three rnonths and 26 per cent for more than three 

127 



months.) In general the community committee attempts to 
ensure that all those who wish to work are given someemploy- 
ment. 

Payment is usually at the level of the minimum rural wage, 
with one paid rest day per week. During the period 1972-75 the 
minimum rural wage rose from 25.38 pesos ($2) in 1972 to 
40.89 pesos ($3.27) in 1975. The present rate of remuneration 
is approximately 70 pesos per day ($3.1). The actual direct cost 
of labour is a factor of 1.167 greater per day owing to payment 
for one rest day per week. 

2.5 General 
Some general indications can be given of the 64,000 kms of 

road already constructed under the programme. Only 14 per 
cent of the roads are in fact new roads, the great majority 
being improvements to the alignment, width, drainage and 
surfacing of existing tracks. The average length of the roads 
constructed is 10 kms and average construction period 9% 
months. 

The topography in which the roads have been constructed 
was classified in three categories, i.e. plain, hilly and moun- 
tainous? Only 7.5 per cent of the roads were constructed in 
mountainous terrain, the rest being equally distributed 
between plain and hilly terrain. 

The type of soil was classified into three types: soft, firm and 
hard. Nearly 60 per cent of the soi!s encountered were firm, 35 
per cent soft and the remainder were hard. The vegetation 
through which the roads were constructed was generally (50 
per cent) medium in density, a further 40 per cent was very 
light, whilst 10 per cent of the roads were constructed through 
jungle or forest. 

2.6 Selection of roads 
With such a large programme of road construction it was 

necessary to develop certain criteria of selection. 
It was decided to’concentrate road-building efforts on those 

communities of 500-2,500 population of which 65 per cent 
had no means of communication. This would provide access 
to the major part of 12 million people mentioned previously. 

An initial, broad, identification was made to decide which 
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states in the country should be given priority. The criteria used 
for this broad selection were: 

a) level of rural income; 
b) number of localities between 300 and 800 inhabitants; 
c) metres, of constructed road per square kilometre of land 

surface; 
d) metres of constructed road per 1,000 inhabitants; 
e) number of vehicles per 1,000 inhabitants. 
Actual project selection within each state was carried out 

based on certain specific criteria which related to maximising 
the “combined utility of the road”. This was measured in 
terms of: 

a) number of localities served by the road; 
b) potential agricultural development; 
c) permanent employment generated by construction of 

the road; 
d) general socio-economic level; 
e) zone of influence of the road. 
The selection was qualified by such factors as budget 

restrictions, availability of labour, duration of construction and 
the technical difficulty of construction. 

3. Achievements 

3.1 General 
During the five-year period 1971 -75, 64,000 kms of road 

have been built at a total cost of 4,596 million pesos ($368 
million). That is an average cost of $5,750 per kilometre. The 
total length of roads built under the programme amounts to 35 
per cent of the length of the current road network in Mexico. In 
all, 6,174 communities with a total population of some 6 
million have been provided with access. At its peak in 1973 the 
programme was providing temporary employment of 105,000 
jobs per month. A rough calculation based on the time 
(relatively short) that workers spent on road construction 
suggests that over 1.5 million people were provided with 
temporary employment during the five-year period up to 1975. 

3.2 Output 
The actual construction output has varied considerably over 
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Year Output (kms) 

1971 3 500 
1972 11 000 
1973 28 500 
1974 10 500 
1975 10 500 

Total 64 000 

A weighted average of the programmes indicates that 1,700 
man-days per kilometre were used. 

Detailed figures of labour productivity for various activities 
are shown in table 1 and a breakdown of the average quantity 
of work per kilometre is given in table 2. 

Table 1. 1 abour productivity 

Operation Sc$l type output 
(m3/man-day) 

Cut to fill Soft 4.5 
Firm 3.0 
Hard 1.2 

Simple excavations Soit 5.0 
Firm 3.0 
Hard 1.2 

Spreading Ail 15.0 

Table 2. Average quantity of material per kilometre constructed 

Operation 
Average quantity per kilometre 

improved track New road 

Clearing 0.3 hectares 1 hectare 
Excavation 1 670 m3 2800m3 
Fill 1 313 m3 1 415 m3 
Gravel 710 m3 815 m3 

3.3 costs 

During the period 1972 -74, for which a detailed analysis 
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has been carried out, the average direct costs for improvement 
of an existing track was 65,600 pesos per kilometre ($5,250) 
and for a new road 106,885 pesos per kilometre ($8,550). 

For the bulk of the roads, which were improved tracks, the 
breakdown of costs was as follows: 

Wages 60% 
Materials 12% 
Tools 4.5% 
Services” 20% 
Site supervision 3.5% 
The cost and breakdown does not include the cost of central 

administration and headquarters which, in the case of the 
Mexican programme, is likely to have been quite considerable. 

During this period (1972-74) the average minimum daily 
wage was 41 pesos. An analysis of the costs in 1975 shows’ 
that the direct costs per kilometre for an improved track had 
risen to 93,500 pesos ($7,500). 

Over-all it is estimated that of the direct cost 50 per cent is 
spent on earthworks, 3 per cent on drainage and 3 per cent on 
the gravellislg operation. 

A comparison was made of the costs of constructing an 
improved track by equipment-intensive methods under 
prevailing Mexican conditions*. This sugges,ted that, even at 
market prices, there was little difference between labour and 
equipment even though the duration of construction for the 
equipment-intensive techniques was considerably less. It i:, 
worth noting that the on-site overheads for the equipment- 
intensive method (a total of 23.5 per cent of the total direct 
cost in the case of labour-based methods) was 33 per cent of 
the total direct cost. 

3.4 Employment 
The actual level of direct employment created is difficult to 

quantify as at least half of the workers were employed for less 
than a month. From the available figures9 it is possible to 
suggest (i) that over 1.5 million people were provided with 
employment as a direct result of the road construction pro- 
gramme; (ii) during the period 1972-74 over 4 million man- 
months of employment were created. 

Employment created using labour-based methods was five 
times that which could have been expected using equipment 
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and, as we have seen above, for the same investment cost. 
Van Ginnekenlo has estimated that of the 5 million paid eco- 

nomically active persons in agriculture as many as 4 million are 
employed for less than 150 days a year. This should be seen in 
relation to the structure of agricultural employment which is 
basically of four types. The day-labourer having little or no 
land who hires himself out for work through the year; the co- 
operative farmer whose demand for employment depends 
upon the distribution of crop land; the small farmer (having 
less than five hectares) whose subsistence farming is often 
augmented by working as a day-labourer; large farmers. 
Employment in the programme was drawn from the first three. 
We can see therefore that even if a labourer works for only one 
month on the road he is, at the most conservative estimate, 
increasing his annual employment by 20 per cent, and con- 
sequently his earnings. 

A sample survey which formed part of the work of the 
DGCR showed that three-quarters of the labourers working on 
the road had access to land; however, the average size of plot 
was only 2.9 hectares. This is extremely small when it is appre- 
ciated that the average family size was 6.3 and of the total 
family, an average of 3.6were available for work. In over 90 per 
cent of the families all or part of the family labour force was 
available for work (i.e. unemployed or underemployed). 

The average annual income of the families studied was 
approximately 7,000 pesos l1 which amounts to an annual 
income per economically active person of 2,000 pesos. One 
rnonth’s employment on the programme therefore amounted 
to an increase of 50 per cent in individual income or 15 per cent 
of family income.’ 

A micro survey carried out by DGCR suggested that it was 
the day-labourers who benefited most from the programme 
whilst those who had land (not surprisingly) and the totally 
unemployed (surprisingly) benefited much less. 

4. Socio-economic impact 
Up to 1975 the programme had provided access to over 6,000 
communities. A sample survey of these communities showed 
that: 

a1 for 70 per cent of them the only previous means of com- 
munication was on foot or by horse; 
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three hours; 
c) 37 per cent lacked all types of services, 70 per cent had 

no potable water, 60 per cent no electricity, 60 per cent 
no school of any description, 90 per cent no medical 
service. 

The survey also showed that over 90 per cent of the wages 
earned by workers on the programme’was spent on consump- 
tion items. 

The direct socio-economic impact of the construction of the 
roads was therefore an increase, in most cases a substantial 
increase, in family income. Unfortunately, because of the 
existing lack of facilities and the economic system this income 
was generally not spent in the communities but in towns to the 
merchants who supply basic commodities. The addition of 
funds to the community did not produce’an increase in the 
local production of consumer goods. It is fair to add that this 
would only come about if complementary rural development 
activities took place at the same time as the road construction. 
Furthermore, the DGCR found that the improved communica- 
tion provided by the roads tended to reinforce the existing 
economic structure. The richer members of the communities 
took advantage of the access provided whilst the poorer 
members, because of their lack of income, derived very little 
benefit from the access. Thus a richer family would now have 
access to fertiliser which they could afford and thus increase 
the quality and quantity of crops produced. The income 
derived by the poorest, though relatively substantial, was only 
used to increase consumption, partially because the previous 
consumption was so low and partly because of the class struc- 
ture which did not allow them to break out of their subsistence 
economy. Thus the additional income provided the means 
whereby the basic needs of clothing, food and shelter could be 
obtained but were not sufficient to provide a basis for a con- 
tinuing improvement in the people’s economic condition. In 
this regard the survey found that the least impact occurred 
when the class structure was particularly rigid and land owner- 
ship vested in the hands of a few. 

5. Summary 
The programme is probably the largest of its kind presently in 
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operation. It has indicated clearly that even in economies 
where the agricultural wage rate is as high as $2.5, labour- 
based methods can be effective. However, it also shows that 
these methods require very detailed planning, organisation 
and management. 

The detailed studies carried out by the DGCR have also 

shown that for a programme of rural road construction to be 
truly effective in the long term it must be accompanied by 
complementary rural development activities. If not then 
improvements to the standard of living of the mass of the 
population are uniikely to be achieved. 

Notes and references 

l This chapter is based on the various publications of the 
Secretaria de Obras Publicas, Mexico, related to this programme, in 
particular Secretaria de Obras Publicas, Caminos y de Mano de 
Obra, Mexico 1977. 

2 Defined as having no year-round access to a truckable road. 
3 It is interesting to compare this system with the RARP in Kenya 

where; the RkR engineers are not part of the Provincial Engineers 
Organisation but report directly to the Central Headquarters. 

4 A simi!sr conclusion has been reached from the Kenyan RARP. 
5 The Lzsification was designated if more than 60 per cent of 

the road was in one type of terr. tin. 
6 This is principally transportation costs. 
J SOP, op. cit. 
8 ibid. 
s SOP, op. cit. 
lo W. Van Ginneken, Socio-economic groups in Mexico: a study 

of income distribution and employment, forthcoming IL 0 
publication . , 

l1 This implies a per capita income of 1,100 pesos which should be 
compared with the national per capita income at the time of the 
survey of 11,000 pesos. 



CHAPTER 7. THE SELF-HELP APPROACH: 
AFGHANISTAN 

by G. G/ah 

1. Introduction 
This chapter describes a major programme of iabour-ba: 
construction in Afghanistan. Unlike the programmes 
Kenya, Philippines, India and Mexico referred to elsewhc 
this programme is based on the principle of self-help, that 
the workers donate their services free or for the provisior 
food. Nevertheless the objective is not primarily the gent 
tion of employment but the development of rural infrastr 
ture. 

In Afghanistb:; c ‘here are two major agencies engaged in 
construction and maintenance of roads. These are: 
a) the Ministry of Public Works; 
b) the Rural Development Department. 
The former is responsible for primary and secondary roads 2 
,lhe latter for tertiary roads. In this context primary roads 
defined as those connccfii-is the provincial capitals with 
centre (Kabul) and with the major international border crc 
ing points and points of entry. Secondary roads are definec 
those connecting the district capitals with the provin 
capitals either directly or via the primary road system. Terti 
roads are defined as those connecting villages and ot 
centres of production or marketing with the primary i 
secondary road systems. 

The construction of the primary road system is \r 
advanced and of the 27 provincial capitals, 17 are served 
asphalt or concrete, two-lane, all-weather roads, 4 are serl 
by good quality all-weather gravel roads and the other 6 
lower-grade earth or gravel roads which may be impassabll 
the wet season because of high water levels. 
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The secondary road system is much less developed and ail- 
weather secondary roads are the I z.xct~pt.ion. The bulk of them 
are low-grade earth tracks with few bndges or other drainage 
structures. A number of district capitals are not connected by 
road. 

The tertiary road system conssts in the main of earth tracks 
which are freqcrsnGy impassable during the wet season. 

The Vlinistry of PubSc Wcrks Is concentrating on complet- 
ing the primary road system and the more important second- 
ary roads. It uses relatively equipmen:.-.intensive methods with 
the bulk of the labour being provided by the “Labour Corps”, a 
unit of the Afghan army. 

The Rural Development Department (RDD) uses entirely 
labour-based methods. The policy of the department obliges it 
to use voluntary unskilled labour sometime? supported by 
food assistance from the Wor!d Food Proqrsrnrne MIFP). 

2. The Rural Development Departcrnn; iRDDb 
More than 85 per cent of the population c,,+ Afghanistan lives ii] 
the rural areas and the basic economy L’!’ rhe country depends 
on their productivity. 

The Rural Development Department provides direct as&- 
tance to village people to carry out schemes for which they 
themselves felt the need and to which they were prepared to 
give their labour and other resourzs. The basic policy of the 
RDD is therefore to help villagers to help themselves. This 
does not mean that it adepts a passive role. On the contrary, it 
adopts an active leadersnip role in stimulating ideas in the 
villages, discussing and identifying their needs and helping 
them to plan for themselves. The planning process, socio- 
economic survey and technical survey is carried out in close 
consultation with the villagers themselves. For example, the 
location of a road or the siting of a bridge is discussed with the 
village and if there are technical reasons for a particular loca- 
tion these technical reasons are explained to the villagers and 
their general tigreement is obtained. No decision is imposed on 
a village and if agreement cannot be reached the project is not 
usually undertaken. The RDD provides assistance to a village 
on the understanding that the village itself will contribute its 
own resources to the project in terms of voluntary labour, local 
materials and sometimes a cash contribution. In this way the 
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execution of the project is very much a joint effort and when it 
is com~4eted the villagers consider it as their project. 

2.1 Organisa tion s true ture 
The RDD is headed by a President with two Vice- 

Presidents, one in CI large of the technicai stde of the depart- 
ment and the other in charge of administration. Under the 
technical Vice-President are four general directorates. These 
are: 

a) Director-General, Planning and Programming: in charge 
of over-all planning, programming, budgeting and 
monitoring 2 al! departmental activities both technical 
and non-technical. 

b1 Director-General, Technical Planning: rn charge of all 
technical planning from the project initiation st,age to the 
production of final drawings and estimates. 

c) Director-General, Social Services and Agriculture: in 
charge of non-engineering programmes in agriculture, 
non-formal education, health, co-operatives, rural 
industries, etc. 

d) Director-General, Construction: in charge of construc- 
tion of roads, buildings, irrigation structures and canals, 
domestic water supplies, individual bridges, foot 
bridges, culverts, etc. 

The RDD headquarters sends teams into the field to carry 
out socio-economic surveys, technical surveys and construc- 
tion. 

The initiation of projects takes the form of a request from 
the village to the provincial office of.the RDD. The procedure is 
as follows: 

a) a request is made from the village to the RDD provincial 
office; 

b1 the village is visited by a technician from the RDD 
provincial office who identifies the necessary local 
contribution of iabour and materials; 

c) the request is forwarded to RDD headquarters by the 
RDD provincial office with the imormation gathered in 
(b1 and the recommendations of the RDD provincial 
Director and the Governor; 

d) a socio-economic survey team from RDD headquarters 
visits the village and appraises the project; 
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e) if the project is considered viable a technical survey team 
from RDD headquarters surveys the site; 

f) the project is designed in RDD headquarters and, 
subject to final technical and financial appraisal, is 
approved; 

g) a mobile construction team from RDD headquarters is 
assigned to provide coinstruction supervision ano 
management, transport, eqipment, non-local materials 
and certain categories of skilled labour not available 
locally. 

The construction team would be supplemented by 
voluntary unskilled labour provided by the village or villages 
and paid skilled labour either from the village or the nearby 
locality. The construction t6am lives on the site either in 
accommodation provided by the village dr in tents. The con- 
struction team has administrative supper: from, and is 
supplied through, the provincial RDD office which is also 
responsible for seeing that the construction team gets the 
labour which has been promised by the village. If necessary 
the RDD Provincial Director wi!l call on the assistance of the 
Provincial Governor to ensure this. 

The construction equipment and transport available to 
these teams is extremely limited. This equipment is maintained 
by a small central workshop in Kabul which has inadequate 
resources to provide any field services except to nearby 
provinces. The RDD is procuring a considerable quantity of 
basic construction equipment. This is being financed from 
both Afghan, bilateral and multilateral sources, the total 
expected to be procured in the next two or three years 
amounting to about $3 million. This equipment is of two basic 
types: 

a) To equip road and irrigation construction teams to 
enable better quality to be achieved and more economic 
design criteria adopted. These teams will operate on a 
labour-based basis, equipment and transport being 
provided only for those operations which are difficult or 
impossible by hand methods, e.g. rock drills, dump 
trucks, concrete vibrators and mixers, pumps, back 
hoes for deep excavation, etc. 
Three road teams and two irrigation teams are planned 
to operate in the more backward and thinly populated 
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provinces whose development requires particular atten- 
tion. 

b) Rasic equipment for general use throughout the 27 
provinces of Afghanistan. This equipment consists in 
the main of concrete mixers and vibrators and pumps. 

A central workshop and mobile field teams are being set up 
to service this equipment. 

The RDD has 27 field offices at provincial level. These 
offices provide liaison services between the provincial govern- 
ment, the villages and RDD headquarters. They generate new 
projects and are in constant direct touc.h with the villagers 
analysing their needs and suggesting solutions to their 
problems. These provincial offices also organise all local 
resource inputs to construction programmes and other RDD 
activities. They are responsible for the administrative and 
supply back-up to the construction teams. 

In the longer term it is intended to decentralise the technical 
operation of the department to the provincial offices. At the 
present time however there is insufficient technical staff to be 
able to do this, the department having only 34 engineers to 
cover administration, management and technical functions. 

Construction supervisors are recruited to HDD as 12th grade 
school leavers. They undergo a four months’ course in con- 
struction methods at the RDD training institute at Gulzar near 
Kabul. This course is very basic and practical in nature. A con- 
struction handbook in Farsi has bee:: prepared and forms the 
basis of the course. The course includes instruction on reading 
simple drawings, setting out, simple measurements of areas 
and volumes, the techniques of mixing and placing concrete, 
building in random rubble masonry and brickwork, the con- 
struction of simple formwork and falsework, etc. It also 
includes basic instruction in keeping simple site records and 
organising labour. On completion of their course they are 
assigned to a construction team to gain practical field 
experience. Refresher courses are held from time to time. 

3. Cmstruction mmurces 
In any labour-based programme the major resource utilised is 
labour and, when voluntary or semi-voluntary labour is used, 
the weii spring of this resource is motivation. The identifica- 
tion of this motivation and the means of sustaining it therefore 
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becomes a major consideration in the planning process. Three 
types of unskilled labour, entirely confined to males, are in 
regular employment on RDD schemes: 

a) voluntary labour; 
b) voluntary labour supplemented by food rations; 
c) labour supplemented by food rations plus a small cash 

payment. (The value of the fciad ration plus the cash is 
always less than the ruling rate for paid labour.) 

The motivatron of the pp.zly voluntary labour is the desire 
for access to the national transport system. The villagers of 
Afghanistan are acutely aware of the economic benefits aris- 
ing from cheaper transport. In most cases the farmers are 
owner occupiers who have a farm surplus to export from their 
area. They are fully aware of the price differentials between the 
farm gate, the district market, the provincial market and lhe 
national market and the effect of transport costs and middle- 
men’s margins on these price differentials. The motivation 1s 
therefore mainly economic although there is a growing aware- 
ness of the social benefits which can accrue. For example it is 
most difficult for a village to attract and keep a good school 
teacher if it is not connected by a road. 

In the case of roads which serve a number of villages the 
incentive to provide purely voluntary labour varies with the 
I:Jcation of the actual worksite relative to the location of the 
village. For example, in the case of a bridge those villagers 
living on the near side of the river have little or no incentive to 
construct the bridge as the benefits will go to villages located 
on the far side of the river. Where a village is located close to 
and on the near side of the bridge the villagers are a very con- 
venent potential source of labour; however, if no benefits 
accrue to them they will not provide voluntary labour. The 
villagers living on the far side of the river who stand to benefit 
from the bridge may live a considerable distance away and it 
may not be feasible for them to travel to the worksite each day. 
In such cases it has been found necessary to provide an addi- 
tional incentive to the villagers on the near side ofthe river to 
provide labour for the construction. This incentive usually 
takes the form of food rations provided by WFP. In some 
cases, where this incentive does not produce the necessary 
labour, a cash incentive is paid In addition to the food. This 
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cash incentive usually amounts to 20 per cent of the going 
wage rate. 

Similar considerations apply to the construction of 
individual lengths of road which form parts of a complete road. 
Thus, on a particular length, all three types of labour, volun- 
tary, WFP supported and WFP plus cash supported, may be 
working in the same gang at the same time; the proportion of 
each type depending on the benefits which that particular 
length of road will provide to each individual group. 

Indigenous materials such as random rubble masonry, 
stone, gravel and sand aggregates for concrete, timber poles 
for concrete falsework are normally provided by the villagers 
themselves either in the form of voluntary labour for winning 
stone and aggregates or as a contribution from the village of a 
portion of their timber resources. As in the case of the volun- 
tary labour similar incentive considerations apply. 

Imported materials such as reinforcing steel and nationally 
indigenous materials such as cement and sawn timber are 
provided by the RDD. When planning the road the designs 
adopted deliberately minimise the requirement for materials 
which are no: available locally. Thus for retaining walls dry 
random rubble would be used in preference to random rubble 
in cement mortar even when the value of the labour and 
materials in the former would exceed the latter. The grealer 
the proportion of the resource inputs provided by the viftage 
itself the greater the sense that the road is their road. 

The construction methods are entirely labour based. The 
only equipment which might be provided consists of: 

a) pumps for dewatering structural foundations; 
b) dump trucks where materials have to be moved beyond 

the ranne of hand carry or donkey transport; 
c) consrete mixers - only in the case of large reinforced 

concrete structures (only two mixers are available for 
more than 90 projects): 

d 1 concrete poker-type vibrators (the R DD’s total holding is 
3 units). 

It might be considered that the use of voluntary labour as a 
Lonstruction resource would divert labour from agricultural 
production activities. In fact there is a considerable reservoir of 
unemployed and underemployed labour available in the 
villages on a seasonal basis. 
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4. Design criteria 
The design criteria must always be considered as being 
flexible. They must also be compatible with the resources 
available and the construction techniques to be used. The 
design criteria discussed below are orientated to a situation of 
voluntary or semi-voluntary labour-bssed construction using 
the minimum of manufactured materials. 

The use of unskilled village labour which works only on one 
pr, ,,: :t does not allow the building up of elementary construc- 
tion skills in the labour force. The construction techniques 
involved must therefore be confined to very basic unskilled 
operations plus the use of any indigenous skill available in the 
local environment such as dry-stone masonry, construction of 
earth and stone coffer dams, etc. Designs have been 
deliberately developed which can tolerate such limitations in 
the resources available. This has led to the extensive use of 
random rubble masonry (both dry and in cement mortar), crib 
construction and gabion construction. 

There is a further constraint to be considered when design- 
ing roads which are constructed by voluntary labour. The 
villagers will cnty do such work as they consider necessary to 
achieve the objective, i.e. a means of access to their village. 
Pus, if they consider that a 3.5 m or 4 m wide formation 
width is adequate it is most difficult to get them to construct 
the 6 m wide formation which might be dictated by considera- 
tions of traffic use and safety. Similarly if they do not consider 
a culvert to be necessary they will not construct it. In this type 
of work therefore design criteria must always be considered as 
guideline targets rather than an immutable minimum. 

The design criteria adopted for tertiary roads in Afghanistan 
are based on the following assumptions: 

a) that the Average Daily Traffic (ADT) does not exceed 
100 vehicles per day (vpd); 

b) that the traffic mix will be in the proportions of 17 per 
cent cars and jeeps, 33 per cent light trucks and buses 
(1% tonne gayload or 20 seats) and 50 per cent medium 
trucks and buses (6 tonne payload or 40 seats); 

c) that traffic delays up to 24 hours are acceptable. 
The rural tertiary road design standards in use are given in 

Annex 1 at the end of this chapter. 
Various types of structure are now in use. ‘Most of these 
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make maximum use of local materials. In the case of bridges, 
for instance, timber trusses up to 30 metre spans have been 
designed. In the case of culverts, the usual type used up to the 
present time has random rubble masonry walls with reinfc-ted 
concrete slab decks. Pipe culverts are seldom used because of 
the constraints of casting the pipes on the sites with the lack of 
control over concrete quality. Transport problems preclude 
the use of pipes manufactured at central locations. 

Retaining walis and bank protection are generally of random 
rubble dry-stone masonry. The village people have developed 
skills in US use as it is used for boundary walling, housing and 
land terrace wailings. Such walling is often “stitched” with 
brushwood or timber poles. 

Caseways or “saddle” bridges have often been adopted 
because in Afghanistan’s semi-arid cirmate there are a large 
number of stream and river crossings which are dry (or have 
very small flows) for the greater part of the year. Such 
drainage channels are called washes. At certain times, often 
for very short periods, such washes run with considerable 
flows. They are often very wide (up to 1 km) and to bridge 
them with a dry crossing for tertiary road traffic volumes 
would be uneconomic. In some cases the flow pattern is such 
that for nine months of the year the flow will be nil or minimal 
followed by three months of significant flow intersper-ed with 
periods of high flow of very short duration. The solution 
adopted for this situation is to construct a causeway which has 
a LIOSS section designed to discharge the three months sig- 
rlificant flow at a fordable depth (usually taken as 35 ems) 
allowing the road to be interrupted during the short periods of 
high flow. Such causeways may be of unvented masonry or 
pervious gabion construction. In cases,where there is a sig- 
nificant dry-weather flow, slab culvert vents are provided. 

The roads constructed by RDD are not normally paved, con- 
sisting of earth or improved earth surfaces. In the rare cases 
where gravel surfacing is provided it is usualiy spread in a 
number of thin layers, each layer being compacted by traffic. 
No compaction equipment is owned or used by RDD. Com- 
paction of embankments and behind abutments of bridgesand 
culvertsisachieved bytheuseofwooden-pole rammers. Action 
is being taken to acquire a lin ted number of vibrating rollers 
and impact rammers to improve compaction in such cases. 
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, 5. Stage design for roads 
The concept of stage construction of roads is well-known. It 

i consists of the construction of the various elements of a road, 
earthwork, sub-base, base and surfacing in stages. Each stage 
.is constructed at the point in time when traffic volumes dictate 
that particular stage. Thus, in tCle .first instance, when low- 
traffic volumes are forecast, +!!e road is constructed with 
narrower formation widths and IOVVG: pavement strengths 
than are predicted for the final stage. 

In such cases it has usually been assumed that the road 
must be constructed on the same horizontal alignment in the 
first stage as will be required in the final stage. The vertical 
centre line may be adjusted in stages to accommodate the pro- 
gressively higher sight distance standards demanded by 
increasing traffic volume. The same may apply to the widening 
of cuts or removal of obstacles to increase horizontal sight dis- 
tances. The horizontal alignment ot‘ the centre line, apart from 
minor adjustments such as the insertion of transition curves 
and adjustments to curve radii within the earthwork width, is 
however usually fixed by consideratici 1s of the final traffic 
volume to be accommodated. 

This general method of stage construction is a valid and 
economic concept in flat or rolling country as the effect of 
higher horizontal alignment standards involves a com- 
paratively small increment in earthwork costs. For example, 
the cost differential of joining tangents by large radius curves 
instead of small radius curves is usually a small percentage of 
the total earthwork cost. In mountainous country however, 
where a road is running up a steep-sided valley (a very 
prevalent case) the cost differentials may be very high. If a 
large number of small radius curves art; acceptable the road 
centre line can follow the contour wit3 a minimum of earth- 
work. A higher standard of curvature and sight distance will 
involve cutting through spurs and filling through re-entrants. 
This not only involves higher volumes of earthwork but also 
the longitudinal movement of earth from cut to fill as opposed 
to the lower, standard c&e of lateral movement of earth short 
distances from cut to downhill waste. In addition, the filling of 
re-entrants on steep-side slopes-often means considerable 
expenditure on retaining walls and pre-fill benching. 
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In such cases the principle of stage design can often achieve 
significant savings on initial construction costs. There is no 
doubt that such an approach will result in a higher total con- 
struction investment by the time the final stage is reached. 
However, if the traffic growth rate is expected to be small and 
the initial traffic volume islow (less than 50 vpd) the effect of 
postponing the capital expenditure required by the later stages 
can, by the effect of discounting the costs, result in lower net 
present costs. This effect, in cases where benefits are low, can 
have a decisive effect on the economic equation and convert a’ 
non-viable to a viable investment. 

The question of ruling and maximum gradients, which are 
often critical design parameters in mountainous regions, 
requires special attention if stage design is to be adopted. The 
gradient criteria should be aoplied to the finalimprovedalign- 
menr and the profile of the initial alignment adjusted to control 
points where the initial alignment crosses the final alignment. 
Thus the distance along the centre lines between two coin- 
cidental points on the two alignments might be 1,000 metres 
on the initial alignment and 500 metres on the final alignment. 
If the final design grade were to be 5 per cent, i.e. a rise of 25 
metres over the 500 metres section then the gradient on the 
initial design section would have to be restricted to 2.5 per cent 
so that when the final design is achieved the final design 
gradient criteria can be met. 

A second point requiring carefulplanning is the question of 
culverts and drainage structures. In the initial stage permanent 
culverts should only be located in positions where the initial 
and final alignments coincide or nearly coincide. In other cases 
either road dips (pitched to prevent erosion) can be provided, 
or dry-stone random rubble abutment walls supporting 
precast concrete slabs should be used. At the final stage these 
can be transferred to the final location culverts. 

Bridges should be considered as control or obligatory points 
and constructed on the final alignment. In easers where this 
proves very difficult to achieve, prefabricated bridges such as 
Bailey can be used. Alternatively where traffic growth indi- 
cates that the final alignment will not be required within the life 
span of a temporary bridge (say 15-20 ye&s) then a timber 
structure can be provided. In cases where initial traffic 
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volumes are low (say less than 25 vpd) interruption of traffic 
for: limited periods (say 24-48 hours) can usually be accepted 
and pitched fords can be constructed on the initial alignment. 

The decision to adopt stage design must be preceded by a 
carefully considered judgement of the traffic growth pattern 
(an analysis based on statistical method is seldom possible). 
An element of risk is of course always involved but the possible 
savings offered by the method are such that they allow much 
needed access to be provided to villages and small towns 
which would otherwise remain in isolation with all that 
involves in terms of the lack of economic and social develop- 
ment. 

This approach can also offer a solution to the dilemma of 
being unable to construct a road tr he final alignment require- 
ments because its constructior i would require mechanical 
equipment (heavy rock cuts, etc. 1 which is not available in the 
country. The stage design approach enables a road to be built, 
as the side hill cut operation can always be achieved by hand 
labour using handtools. Thus, road access can be provided in 
many cases where the conventional design approach would 
involve costs which rule out viability. In such cases the villages 
and towns involved are condemned to indefinite stagnation in 
an isolated environment. 

6. Organisation and management of labour 
There are four distinct elements in the process of converting 
human physical energy into infrastructure. These are: 

a) the generation and maintenance of the energy output 
itself; 

bi the acquisition and application of skill; 
c) the identification and provision of optimum tools and 

equipment to provide the means of converting the 
energy and the skill into physical infrastructure; 

d) the organisation and methods used in the construction 
process to co-ordinate the three elements (a), (b) and 
(cl. 

In the normal case the maintenance of output is a function 
of incentives. The incentive may be financial reward or it may 
be by the negative incentive of a closely supervised environ- 
ment which insists on a certain minimum output as a require- 
ment of employment. Financial incentives may be on an 
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individual or on a group/gang basis. Such incentives include 
piecework where payment is in direct proportion to production 
and task plus bonus. systems where a minimum task is linked to 
a day’s work and additional payment is made for each unit of 
production achieved in addition to the minimum task. In some 
cases a mixture of the financial incentive and supervision 
incentive systems operates when labour contractors are 
employed’, the contractor being paid on a production basis 
and his labour being paid on a supervised fixed-wage basis. 
But such systems are not considered desirable as they lead to 
the exploitation of labour by labour contractors. 

In the case of purely voluntary labour the incentive, while it 
has an individual element, is essentially a group incentive and 
not directly linked to financial reward. As the labour is 
voluntary the relationship between the supervisor and the 
labour is quite different than that between a normal employer 
and employee. In the case of voluntary labour it is absolutely 
essential that the supervisory personnel adopt an attitude of 
offering their services to the village to assist them in achieving 
their objective. In the case of structures the fact that RDD 
provides cement and reinforcement provides some hold over 
the village but in the case of roads the provision of such 
materials is often minimal and control over the construction 
must be achieved by the co-operative attitude and leadership 
qualities of the RDD personnel. 

The case where voluntary labour is supported by WFP aid 
lies between the purely voluntary case and the normal case. 
However the Afghan farmer is a fiercely independent individu- 
alist and the methods of man management adopted must tend 
towards the voluntary-labour case rather than the employed- 
labour case. 

There are certain construction or quasi-construction skills 
which are inherent in Afghan village life. Thesevarysomewhat 
in differing areas of the country in sympathy with the locally 
available construction materials. One skill which is very wide- 
spread is the management of flowing water. Irrigation is the 
life-blood of the Afghan farmer and he Is highly skilled in 
drainage works, the construction of coffer and diversion 
dams. In areas where stone is available, masonry skills both in 
dry-stone walling and mud-mortar walling are indigenous. 
Labour which works on construction projects on a continuous 
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basis although nominally unskilled, has in fact significant skills 
both in excavation work and in support of skilled artisans. 
Such labour also has an awareness of the construction site 
environment with its attendant hazards. The acquisition of 
these skills is usually by a process of absorption through work- 
ing with experienced construction labour. In the case of con- 
struction labour which is voluntarily supplied by a village for an 
isolated project the construction operation is a new experience 
and there is no core of experienced labour to em.ulate. This 
labour has to be trained in organisation methods and safety 
precautions completely from scratch by the RDD supervisory 
personnel. This process has to be repeated for every job 
because in every new project the labour, being indigenous to 
the village concerned, starts with no construction experience. 

Before the construction team arrives on the site a construc- 
tion plan has been prepared at RDD headquarters which 
shows in bar-chart forrn the starting date and time prb- 
grammed for each operation and also the resource inputs 
required. Earthwork on roads is often carried on at several 
locations at the same time These locations are selected on the 
basis of convenrent distances from individual villages. Having 
identified the sections of road and the quantity of labour to be 
provided by the village or villages assigned to that section, the 
technician meets the Malik (headman) of the village and dis- 
cusses the construction of the section in detail. The work is set 
out and the shape of the excavation is shown to the villagers. 
Work then proceeds supervised by the construction super- 
visors who indicate lines and levels and advise on manage- 
ment at the site to achieve the optimum productivity. This 
advice covers such points as the best division of labour 
between excavators, carriers, placers in fill or throwers to 
spoil. As has been stated previously the productivity of purely 
voluntary labour is a direct function of their own motivation 
and site management is largely confined to showing the labour 
how they can achieve greater productivity with the same 
effort. 

In the case of labour supported by WFP food rations, 
reward (in terms of food rations) can be correlated with 
productivity. Production norms have been established for 
excavation tasks. These norms have been based on six soil 
categories linked to the process of excavation (table I). 
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Table 1: Man-hours of iabour-required per cubic metre 

Soil type’ 

1 2 3 4 5 6 

Excavate into barrows or 1.0 1.6 2.0 3.0 6.0 10.0 

baskets 
Excavate into trucks 

Trench excavation 1.5 
metres 

Hauling in barrows over 20 
metres 

Hauling by baskets over 20 
metres 

Spreading and compacting in 
15-cm layers 

1.6 2.2 2.8 3.6 6.6 10.8 

2.0 3.6 4.0 5.0 10.0 14.0 

1.0 1.1 1.2 1.3 1.4 1.4 

1.8 1.9 1.9 2.1 2.5 2.5 

1.3 1.0 n.a. 1.0 n.a. n.a. 

’ Soil type 1 - Loose sand or soil 

2- firm sand or soil 

3 - clay or heavy adhesive soil 

4 - compact soil or gravel 

5- soft rock 

6- hard rock 

These norms are translated into metre-runs of completed 
road for the various configurations in the section being con- 
structed. These configurations normally fall into four general 
categories: 

A. Flat ground, no ;mbankments. Side drains excavated 
and filled to centre to form camber. 5.50 m wide 
between drains. 

B. Embankment 1 m high, 6 m wide. 

C. Side hill cut on side slopes up to 30’. 

D. Side hill cut on side slopes over 30”. 

The quantity of excavation, carry, and filling in each metre- 
run is calculated for the average section and the number of 
man-hours work involved. This is translated into rations of 
food on the basis of eight hours work. The number of rations 
allowed per metre-run for each length of each configuration in 
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the section is then agreed with the labour force. The section is 
then divided into “lengths” with an approximately equal 
number of rations payable for each length. Each length is 
marked ?nd allocated to a group of labour (a gang). Payment 
of rations is made on production achieved. In cases where the 
food ration is supplemented by a cash payment the cash pay- 
ment is made on an individual man-day basis rather than on a 
productivity basis. This is done to comply with government 
accounting regulations. 

Skilled labour employed on the construction of bridges, 
culverts, retaining walls and drainage outfalls is paid on a man- 
day basis. WFP-supported unskilled labour is paid food rations 
at the rate of one ration per man-day worked. 

7. Methods, tools and equipment 
The greatest bulk of the work performed is in excavation 
which is carried out entirely by hand (including rock drilling). 
The tools used are: 

a) long-handled, round-mouthed shovels; 
b) picks with sharp and chisel points; 
c) crowbars with moil points for soft rock and boulder 

excavation and with chisel points for rock drilling; 
d) two-man carrying litters. 
These tools are the traditional tools of the farming 

community of Afghanistan. 
The bulk of excavation in road works is in side hill cut or in 

the excavation of parallel drains on level ground using the 
material excavated from the drains to form a central camber. 
Movement of material from the excavation to spoil rarely 
exceeds 10 m and is usually of the order of 5 to 6 m. In the case 
of side hill cut excavated material is moved laterally to waste 
down the hillside. This is achieved by double handling the 
material, the excavator throwing to the excavated bench and a 
second man throwing it to waste by shovel. The number of 
excavators served by one double handler depends on the soil 
category involved and the length of throw. In the case of soil 
category 4 (see section 6, seventh paragraph) which forms a 
large proportion of the excavated material, one double handler 
can serve two or three excavators. If the distance to be moved 
is more than 6 m (two throws, triple handled) carrying litters 
may be employed. Attempts have been made to introduce 
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wheelbarrows as these have about half the labour input of a 
two-man litter. These efforts have had mixed success but 
where sufficient barrows can be obtained of suitable quality 
the indications are that they will be accepted in most cases. 
The use of baskets, headpans, etc., is not accepted by the 
Afghan farmer who is not accustomed to carrying any load on 
the head. Where carries exceed about 30 m, donkeys with 
twin penniers are used if they are available and can be spared 
from other transport demands. In cases where there are other 
competitive transport demands at the time of construction 
(e.g. taking the surplus crops to the bazaar), donkey transport 
has to be hired, at other times it is provided free by the village. 
In cases where long carries (in excess of 1 km) are involved the 
RDD provides dump trucks. These cases are usually confined 
to hauling construction materials such as masonry stone and 
concrete aggregates rather than excavated material to fill or 
spoil. 

Rock drilling is done with crowbars which are “jumped” in 
the hole (not driven by hammer). A group of three men are 
usually employed. Two men “jump” the bar and the third 
washes and clears drillings from the hole, a length of hooked 
wire being used for this purpose. The bars are usually 1 M m 
long and 40-50 mm in diameter. Productivity achieved ’ 
depends on the rock type but rarely exceeds 1 m per shift. It is 
therefore a slow and laborious process which often holds up 
other work. The RDD is procuring self-contained mechanical 
drills to speed up the process. Due to access difficulties the 
use of air-compressors and jack-hammers will be confined to 
sites where truck access is possible. 

The greatest problems are encountered when excavating in 
pits or trenches for foundations, particularly to bridge piersand 
abutments where dewatering is necessary. The normal method 
is to construct a coffer dam or diversion .dam of mud and 
stones reinforced with brushwood. The excavation is carried 
out in open pits without timbering which means that, allowing 
for tolerable side slopes, the area of the excavation is large. In 
gravel and boulder beds where percolation rates are high the 
volume of water entering the excavation is very high and when 
heads of more than about 2 m are involvd the inflow becomes 
unmanageable. 10 cm and 15 cm suction centrifugal pumps 
are used but in practice it has been found that foundation 
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depths beyond about 2 m are extremely difficult to achieve in 
the dry. This is being tackled in a number of ways: 

a) by modifying designs by adopting shallow self-scour 
protecting structures (gabion and cribs); 

b) by modifying designs by adopting open caissons to 
reduce foundation areas and reduce inflows; 

c). to acquire excavation equipment (back hoes); 
d to introduce timbering techniques. 
It is difficult to introduce new tools and techniques to the 

extremely conservative Afghan farmer. This is particularly the 
case where voluntary labour is involved. The farmer will do it 
his way or not at all. It requires great persistence and the clear 
demonstration that a method is easier if there is to be any 
chance of getting it adopted. Construction supervisors and 
field engineers and technicians continuously try to improve 
-techniques but the process is slow. A second problem when 
the labour force continuously changes from village to village is 
that by the time one village is convinced that a new technique 
is worth while a new batch of villagers from another village 
takes c ver the construction process. 

8. Special considerations involved in the use of 
voluntary village labour 

The primary objective of the Rural Development Department is 
to raise the standard of living of the rural people of 
Afghanistan by providing such supplementary inputs to the 
efforts of th e people themselves as wili help them to greater 
efficiency, productivity and social well-being. In the context of 
road building, it is not RDD’s primary objective to construct 
the roads themselves but to use the road-building process as a 
vehicle for enhancing the self-reliance of the villages con- 
cerned and to increase their capacity to manage their own 
resources for the benefit of the community. ’ 

This policy of giving primary importance to voluntary village 
participation poses a number of problems which are not 
generally encountered when planning comes from the top 
downwards and construction is by paid labour. 

The tertiary road construction programme emerges from 
the aggregation of village requests to construct roads and their 
agreement to provide the labour to do so. The shape of the 
programme and the relative economic priorities of the projects 

152 



comprising the programme are not therefore based on rational 
over-all regional requirements. When the RDD receives a 
request from a village to build a road a socio-economic survey 
is carried out which examines the transport need and makes a 
rough comparison between benefits (both quantifi&Jk and 
non-quantifiable) and costs. The voluntary labour and local 
materials contribution is not counted in these costs as they are 
not transferable to other alternative projects. If this survey 
demonstrates viability the project is normally approved. When 
considering viability in this context the position of the road vis- 
a-vis the restof the road system of the region is considered and 
a project would be approved provided it contributed to the 
totality of the transport system. However it might not, as an 
individual road, make a higher contribution than any other 
alternative. In this sense therefore it would offend against the 
principles of rational planning that investments should be pro- 
gressively made in those projects giving the highest return. 
The attitude adopted by the RDD is therefore dictated by their 
basic policy of bottom-up initiative and not by the strict 
rationale of economic planning criteria. 

Typical costs of tertiary roads in Afghanistan range from 
$1,500 per km for roads with few structures and no major 
bridges, to $12,000 per km for roads in isolated mountainous 
areas involving paid labour and considerable structural work in 
retaining walls, culverts and bridges. These costs demonstrate 
the simple design criteria adopted. 

Design criteria which are based on gdod technical practice 
and considerations of functional efficiency and safety are not 
always self-evident requirements to a village which is required 
to make major contributions to a scheme. For example, a road 
is now under construction to link the Parsa valley to the main 
road in the province of Parwan bordering Central Afghanistan. 
This road is entirely in side hill cut through difficult boulder- 
strewn soil, rock talus slopes and, in some lengths, solid rock. 
Excavation conditions are difficult and laborious. The design 
criteria call for a cut bench width of 6 m, 5.50 m for the forma- 
tion and 0.50 m for the hillside drain. The villagers have exca- 
vated a bench 3.5-4.0 m in width and light buses are negotiat- 
ing the road and providing a transport service. The villagers are 
most reluctant to provide any further labour to widen this 
bench to the design width and it may prove impossible to 
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achieve the design criteria. The village has achieved its objec- 
tive, a transport connection which is operating. As far as they 
are concerned this is enough. On this same road there is a diffi- 
cult climbing section involving a double hair-pin bend. Dry- 
stone walling has been built to provide the bare minimum geo- 
metry which will enable a light truck to negotiate the bend by 
reversing on the hair-pin bends. This is a dangerous procedure 
and from a highway engineering point of view the design is 
unacceptable. A new design has been prepared which will 
require new retaining walls to be constructed. The first reac- 
tions of the villagers to providing labour to construct these 
walls was unfavourable but it is hoped that they will be 
persuaded to construct the new design before a major 
accident occurs. 

Labour management has to be based on persuasipn and 
mutilal respect between the RDD team and the village It 
cannot be based on the usual criteria of labour discipline and 
financial incentive. The incentives and motivation behind the 
village’s voluntary contribution are discussed in section 3 
(paragraphs I-4). This requires an entirely different style of 
management based on leadership and sympathy rather than 
“commercial” methods. Arising from this is the fact that the 
construction processes involved have to be discussed in much 
greater detail to convince the villagers that the method 
advocated is to their advantage. 

The present policy of initiation, planning ~~2 execution of 
tertiary road projects from the bottom up and with the close 
involvement of the village at all stages will be continued. As 
virtually the whole of village contributions consist of unskilled 
labour the use of this restitircti is obligatory which in turn 
means that labour-based methods must continue to be used. 
This policy is not confined to road construction but extends to 
all infrastructure works carried out by the Rural Development 
Department. 

Notes and references 

l Editor’s note: the use of labour contractors is not encouraged by 
the IL0 as it often leads to abuse. Their use is covered by the Con- 
vention concerning the protection of wages, Convention No. 95, 
adopted by the International Labour Conference in September 1952. 
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Annex I - Tertiary road design standard& 
a) formation width: 

i) in cut 5.50 m excluding, drains; 
ii) in fill 6.00 m; 
iii) in rock 3.50 m excluding drains; 

b) carriageway width 3.50 m; 
c! passing places: 

i) generally 6.50 m wide, 35 m long at intervals of 500 m 
or the sight distance whichever is the less; 

ii) in rock cuts 5.50 m wide 25 m long at intervals of 
150 m; 

d) gradients: 
i) over-all gradients: earth surfaced 3 per cent, gravel sur- 

faced 4 per cent; 
ii) maximum gradients: earth surfaced 10 per cent, gravel 

surfaced 12 per cent. 
Gradients through sharp bends, particularly hairpin bends, 
should not exceed 5 per cent between the tangent points of 
the bend plus 15 m at each end; 

e) curvature: the maximum radii compatible with the terrain 
should be adopted with the following minima: 

i) minimum inside radius of carriageway - 9 m; 
ii) minimum outside radius of carriageway - 13.5 m; 

f 1 surfacing: 
i) generally gravel surfacing will only be provided when 

traffic exceeds 100 pcu per day (cars 1 pcu, light trucks 1 
l/2 pcu, medium trucks 3 pcu); 

ii) gravel surfacing will also be provided in particular cases 
where soil moisture or drainage conditions make it 
necessary; 

iii) in cases where the natural earth is of a plastic nature, 
cohesionless material such as sand or fine gravel is 
mixed with the top of the formation to stabilise the sur- 
face; 

iv) in other cases the natural formation will be used. 
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CHAPTER 8. THE BORDER ROADS ORGANISATION 
IN INDIA: 
LABOUR-INTENSIVE CONSTRUCTION 
ON A LARGE SCALE 

by Major General J: S. Soin 
Director, Border Roads Organisa tion 

1. Introduction 
The Border Roads Organisation (BRO) was created in 1960 to 
undertake road construction programmes in North and North- 
East India in areas where little or no road existed. The urgency 
for socio-economic development of these backward areas and 
the impediments to zzhieving this owing to the lack of road 
communications resulted in a crash programme of priority 
roads being roughly assesed in 1960 and efforts made to 
mobilise resources. The programme of road construction 
envisaged in the formative stages of the organisation was the 
completion of about 3,000 kms of roads (new construction 
and improvement) over a three-year period. 

It was expected that when the objectives oFthe crash pro- 
gramme were realised, it would be possible for other develop- 
ment agencies to carry out maintenance and improvements 
and to expand the road communication complexes with many 
more arterial routes and feeder roads in the years ahead. How- 
ever, the need for faster and dependable road communica- 
tions systems increased and the BRO was entrusted with the 
construction of more roads on the basis of their performance 
and expertise. 

2. Terrain and climate 
and specification 

- effect on technology, design 

The BRO had to undertake work in areasof difficult terrain and I 
extreme climatic conditions. The terrain is mostly mountain- 
ous, with many escarpments where the strata is geologically 
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very young, and unstable. The roads have been constructed 
from the foothills going up to 5,000 metres altitude. 

There are regions which are generally arid and experience 
heavy snowfalls during ,winter months, and where very low 
temperatures obtain, in certain places as low as -4OOC with 
high velocity winds as well. In other regions, forest growth is 
dense and rainfall is as high as 500 ems per year with frequent 
high-intensity rainfall during short periods, often associated 
with cloudbursts. Severe weather conditions pertain for 
almost five to six months of the year. 

These climatic conditions obviously have an adverse effect 
on the efficiency of workmen and on the performance of ’ 
machines and materials. Terrain and climatic conditions have, 
thedeefore, a special significance and have long-term effects on 
the organisational set-up, the design and specifications for the 
roads, the type of technology and the mode of working. 

Initially, the bad terrain and extreme climatic conditions 
were governing factors in the adoption of machine-intensive 
work on roads. Availability of labour was also found to be poor 
as the working Conditions were not conducive to attract 
people to venture into such areas. However, with the opening 
up of the areas and development taking place these areas 
became more habitable ar’id working conditions improved so 
that it was possible to n&ke a beneficial transition towards 
more labour-intensive rnethods. 

3. Design standards 
The width of roads constructed wasthat considered adequate 
to allow free one-way traffic or restricted two-way traffic. 
While adopting these specifications, it has also been kept. in 
view that .it will be possible to upgrade the roads if such a 
necessity arises due to traffic growth. A ruling gradient of 1 in 
20for hill roads was fixed keeping in view the effect of altitude 
and snowfall on vehicles. 

To make the best use of local materials and those produced 
during the course of earthwork such as rrees, stones and so 
on, it was decided at the start to provide temporary log 
culverts, retaining and drainage structures with stone 
masonry (wherever possible with dry stone), to use stone as 
soling to form tfe sub-base of the pavements, to limit paved 
roads to 3.75 metres and adopt a simple type of wearing 
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course, like surface dressing, for the pavement. Even in the 
construction- of bridges for spanning small streams and major 
rivers, prefabricated equipment components were accepted, 
to be replaced with permanent bridges later on. 

‘4. Selection of technology 
The road construction programmes entrusted to the BRO 
were very large and were required in a relatively short period. 

It became clear that the appropriate technology for road 
construction would be a combination of equipment-intensive 
and labour-based methods. This principle has been quite 
successfully adopted by the BRO not only in respect of road 
construction but for maintenance as well. 

4.1 Balancing of machines and labour: new construction 
For reasons outlined previously, it was initially planned to 

make the BRO basically machine based. However there was a 
considerable gap between the availability and requirements of 
machines necessary to realise the stated targets. In order to 
make up these shortfalls by manual efforts, it was necessary to 
evaluated the relative effects of using manpower as against 
machines and to examine the extent to which the labour- 
based methods could be used in realising the targets without 
in any way increasing the fixed and predetermined overhead 
costs. Accordingly, the BRO carried out a study of the labour 
required to replace machines for the major items of works in 
road building, namely earthwork in road formation, protective 
vr*?rks and pavement constructionThe results of the study are 
scrmmarised below: 
a 1 Number of men required to replace equipment 

i) Crawler tractor : 200 men 
(150-180 hp) 

ii) Compressor : 170 men 
iii) Stone crusher : A00 men 

(5-6 tons/hour) 
b 1 The number of men required for 700 kms of road leng th per 

year even if earth work and surfacing is done by equipment 
i) Earthwork : 3,000 men per day (jungle clear- 

ance, dressing of hill slopes, assist- 
ing machines, levelling road forma- 
tion and so on) 
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ii) Protective and 
drainage works : 1,300 men (all works) per day 

Iii! Pamnent : 1,900 men (stone collection, feeding 
of crushers, spreading of various 
courses, watering, assisting road 
rollers, berm dressing and so on) 

Total : 6,200 men per day 
c) The required labour force to execute 100 kms of road con- 

struction by various percentages of machines and labour 
(assuming that protective works have to be done only by 
labour) is depicted in Figure 1 overleaf. 

30 

I 
1-I 

Machmry % 100 60 60 LO 20 0 
Labou; % 0 20 44 60 60 100 

FIG 1 MACHINERY AGAINST LABOUR L 

d) It will be seen from Figure 1 that the labour requirement 
steadily increases with the reduction in the proportion of 
machines. According to the graph the annual requirement 
of labour for executing 400 kms of road works per year is of 
the order of 25,000 men if equipment-intensive methods 
are used. 
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The use of a large labour force for road works poses recruit- 

ment problems which imply increases in the number of super- 
visory and administraGve staff. Resorting to man-intensive 
earthwork has its own drawbacks and the deployment of men 
over virgin stretches of land becomes difficult. Further, wide 
variations in the requirements for labour will create prpblems 
at both the recruitment and discharge stages. The most 
important factor that has a bearing on costs is the requirement 
to acctilerate road formation works. If this is not done the 
provision of the surfacing and protective works is delayed and 
causes an escalation of direct and indirect costs. 

Neverthe’less the move to a more labour-based method of 
working was such that during the peak years of work, i.e. 
1965-68, around 25,000 regular departmental labour supple- 
mented by about 65,000 casual labour were employed. 

5. Organisation 
The work of the BRO was a pioneering effort to open up inac- 
cessible areas. To manage the technical and administrative 
problems that are encountered while working in d,ifficult 
terrain and climatic conditions, a self-contained organisation 
was considered essential. This would have its own comple- 
ment of men, machinery and stores, and with the capability of 
carrying out planning execution, management and inspection. 

It was decided therefore that the organisation should be set 
up on a “task force” pattern charged with the specific respon- 
sibility of road development. The organisation devised for the 
task force was such that it was capable of tackling all the jobs 
that arise during the course of construction as well as carrying 
out the administrative and logistics functions. The evolution of 
the organisation from 1960 and the modifications carried out 
over the years as the result of experience are described below. 

The task force, headed by a superintending engineer, was 
charged with the responsibility of technical and financial 
control over the constructional activities. The task force was 
given three types of unit to enable it to discharge its functions: 

a) construction units; 
b) logistic units; 
c) administrative units. 
Construction units are allotted to task forces for the follow- 

ing purposes: 
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a) construction company in charge of a sector of road; 
earth-moving plant company holding a complement of 
tractors for earthwork. This provides the plant needs of 
the construction company; 
construction equipment company for holding equipment 
like compressors, rock drills, stone crushers, concrete 
mixers, and so on, to be used by the construction 
company; 

d) pioneer company to provide department (regular) iabour 
force. 

To assist the construction companies in their tasks, the 
following supporting units were ,provided: 

a) field workshop to provide repair and maintenance 
facilities for vehicles, plant and equipment; 

b) transport company/transport platoons to supply vehicles 
for construction and ac!ministrative purposes. 

To provide administrative services, the following units were 
constituted: 

a) supply platoons to provide rations and primary and 
secondary oils; 

b) workshop and park company to hold and supply stores; 
c) medical units; 
d)l postal sections. 
All the units indicated above were placed under the task 

force which controlled the ground organisation and whose 
functions were technical, financial and administrative. The 
task force normally had two or three construction companies 
and one each of the supporting and administrative units and 
two pioneer companies. Each of the task forces were capable 
of being employed at any time on about 100 kms of new roads 
in different stages of development. 

J 

A task force with the organisational structure described was 
found to be effective in the formative stages. However, in due 
course of time, with the progressive improvement of commu- 
nications and the necessity to adopt superior specifications 
including provision of large-scale protective work and all- 
weather pavement, it was found necessary to reorganise some 
of the units on a functional basis. 

Therefore, a review of the functioning of the units of the 
BRO was carried out. 

161 



m’<f.~pj$p.~ “C#” .~‘:,I”~ “‘>~ / ry,*:*,‘$ ,<“,>@~ II _.’ ‘_ ., 

The.review resulted in the following types of unit under the 
task force: 

a) road construction company; 
b) road maintenance platoon; 
c) surfacing platoon; 
d) permanent works platoon; 
e) formation cutting platoon; 
f I transport platoon. 
The expected output of the functional platoons is as 

follOwS: 
.a) formation cutting platoon: 20 kms of road per year; 
b) permanent works platoon: 306,000 dollars per year; 
c) surfacing platoon: 20 kms of pavement per year; 
d) road maintenance platoon: 100 kms road maintenance; 

25 kms of renewal of wearing course and 80,000 dollars 
of protective works. 

Each task force may have two to four road construction 
companies. Each road construction company may have either 
two formation cutting platoons or three surfacing/permanent 
works platoons or five road maintenance platoons with a 
budget of 1 million dollars per year. As such, a task force has 
the potential to undertake works worth 3 million dollars per 
year. 

Such an organisation has been found to function effec- 
tively. The controlling headquarters for this organisation is 
that of the chief engineers of projects who each have two to 
four task forces under them. The project chief engineer has 
over-all responsibility for the task forces under him and his 
jurisdiction is defined from work and geographical considera- 
tions. The chief engineer is responsible to ensure the arrange- 
ment of all resources as well as their management and per- 
sonnel administration. 

The projects come under the over-all control of the Director- 
General, Border Roads who is responsible for co-ordinating 
the functions of the organisation, laying down technical 
standards, procurement of vehicles, plant and equipment as 
well as the allocation of resources and funds to projects. 

For the construction of 100 kms of new road in one year the 
rough requirement for the major categories of personnel and 
machinery is tabulated below: 
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Category Requirement 

Manpower 
1 Officers (engineers) 100 
2 Supervisors 

(a) senior 200 
(b) junior 250 

3 Tradesmen: (masons, concretors and so on) 750 
4 Operators and mechanics loo0 
5 Regular labour 3000 
6 Casual labour (skilled and unskilled) go00 

Machinery 
1 Light vehicles 100 
2 Load carriers (3 to 7 tons) 350 
3 Crawler tractors (150-180 hp) 45 
4 Compressors (2 drills) 45 
5 Road rollers 25 
6 Stone crushers up to 10 t/hour 20 
7 Bitumen heaters 15 
8 Hot-mix plant (20-30 t/hour) 3 
9 Concrete mixers (up to 0.3m3) 6 

6. Employment of labour 

6.1 Departmental freqularl labour 
Both skilled and unskilled labour is employed on road works. 
The BRO has a certain complement of these in its own 

establishment who are regular government employees paid 
according to fixed scales of pay. Certain special concessions 
like rations, clothing and so on are also provided. There are 
some 3,000 skilled and 20,000 unskilled workers in this 
category. They are moved from place to place as necessary. 
Their cost to the BRO is abcut twice that of casual labour. 

6.2 Casual labour 
In many instances the BRO has supplemented departmental 

(regular) labour with a large complement of civil labour 
recruited locally or from outside and introduced into the area. 
Civil labour is employed on monthly rates of pay but they are 
not regular government employees, and do not have any 
permanent hold on their job. Their services are liable for 
termination at any time and are governed by normal labour 
laws. 

Imported labour is recruited from outside the immediate 
project area when there is scarcity of local labour. They are 
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recruited for a minimum period of six months and are paid 
train/bus fares to the project site from the place of recruitment 
and some pocket expenses. The facilities provided to the 
casual labour both local and imported are as follow: 

a) issue of ration on payment; 
b) limited medical services; 
c) weekly paid holidays; 
d) improvised living accommodation; 
e) death/injury compensation. 
The wages fixed for civil labour are not less than those for 

similar categories employed in other government agencies in 
the area, and also take into account the difficult working 
conditions where they are deployed. The range of rates 
prevalent are: 

a) unskilled: 20-25 dollars per month; 
b) skilled: 25-30 dollars per month. 
The availability of labour is seasonal as labour is mainly 

drawn from rural areas and they go in search of employment 
during the non-agriculture season. By and large, the BRO has 
been able to get an assured supply of labour because gangs or 
groups of labour have been working for years with particular 
units. Thus, they have moved with the units wherever new 
works are taken up: moreover labour has taken up permanent 
residence in many of the areas where road communications 
have been developed and are employed as maintenance 
gangs. 

The average strength of skilled and unskilled casual labour 
employed by the BRO over the last few years is 3,000 skilled 
and 60,000 unskilled. 

7. Contracts 
The bulk of the work of the BRO is done departmentally. How- 
ever, with the opening up of the areas, the availability of con- 
struction contractors, as well as contractors for transport, has 
increased considerably. In view of this, it was considered 
desirable to entrust some works on contract, at least in the 
areas where development has taken place. Accordingly, 
certain works like supply and tran$portation of stone, aggre- 
gates, sand and so on, and to a limited extent construction of 
small items of work like culverts and retaining walls, are being 
awarded to contractors to augment departmental resources 
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especially vehicles. In addition, the construction of major 
bridges is being entrusted to specialist firms. 

8. Logisti,cs 
One of the major problems of the BRO when operating in 
remote and difficult areas is logistics. It involves not only 
procurement and provisioning of an assortment of vehicles, 
plant and equipment and other stores but also transportation 
to work sites situated as much as 500-600 kms away from rail- 
heads. 

Enormous efforts are required to position all types of stores 
and vehicles, plant and equipment at work sites at proper 
times and in predetermined quantities. These should be avail- 
able in a state of fitness for utilisation. Unless the logistics 
problems are tackled, the constrcution work will not proceed 
as programmed. 

One of the responsibilities of the Director-General, Border 
Roads and Project Chief Engineer is to look into the aspects of 
logistics and inventory management. Base workshops cater 
for repairs of vehicles, plant and equipment and provide a 
spares back-up. Stock and inventory control functions for 
constructional stores are attended to by stores depots under 
the project chief engineers. 

9. Conclusions 
Developing countries embarking on road construction pro- 
grammes have to choose between labour-based and capital- 
intensive methods keeping in view the problems obtaining in 
their countries. It is possible to undertake large-scale con- 
struction programmes by organising the construction force 
modelled on the lines of the BRO. 

The BRO has moved steadily over the years from a reliance 
on equipment-intensive methods to the use of effective 
labour-based methods. 

It should be borne in mind however that the BRO is run 
along military lines. Whilst this produces relative efficiency it is 
not necessarily representative of labour-based work through- 
out India. It does indicate however that even when large 
numbers of unskilled labour are employed it is possible to 
organise and manage labour-based methods effectively. 
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CHAPTER 9. SOCIAL AND ENVIRONMENTAL 
FACTORS: 
LESSONS FROM IRAN 

by R. S. McCutcheon 

1. Introduction1 
Several innovatory rural development programmes have 
recently been initiated in Iran. One of these - the Selseleh 
Integrated Development Project (SIDP12 is based in the 
Alashtar Valley of the Lorestan Province, about 450 kms south 
of Tehran. The town of Alashtar has a population of 6,000 
inhabitants and is the commercial and administrative centre of 
a fertile and well-watered plain, which has over 200 villages 
whose total population is about 40,000. The people of the plain 
are members of the Lur Tribe, partly settled and partly 
nomadic. The income of the region derives almost entirely 
from nomadic pastoralism and agriculture, the main cash 
crops being wheat, soy beans and sugarbeet. 

The SIDP was based upon notions of self-reliance and par- 
ticipation. Particular stress was laid upon the need for both 
collective and individual development to be endogenous (i.e. 
to grow from within the local society itself) and not be based 
upon alien models. Trainees were to be selected from among 
the local population. At the end of their training programme it 
was intended that they should return to their villages and act 
as “agents of change!‘. The trainees would help the people 
decide upon their own developmental priorities. Concurrent 
with the training programmes it was intended that the project 
should initiate the provision of a developmental infrastructure 
(public baths, schools, roads, etc.) in accordance with the 
principles of endogenous development. 

The headquarters of the project is in Teheran which is 
mainly responsible for budgetary matters and liaison with 
other ministries. The total budget for March 1975 to March 
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1976 was of the order of 10 million tomans ($1.4 million)3. Field 
programmes were devised and administered in Alashtar itself. 

The large budget of the project allowed the purchase of sig- 
nificant amounts of equipment. Before the start of the project 
the town of Alashtar boasted perhaps four jeeps and three 
trucks. After-one year the project had imported a garage of 
ow 20’ randrovers, jeeps and vans, as well as four 13-ton 
trucks, ten tractors and trailers and various equipment, and 
the staff attendant to the equipment. 
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2. Road construction and the SIDP 
Road-building was also carried out under the auspices of the 
project. At the time of the author’s arrival the road-building 
work showed the results of the theoretical framework of the 
project combined with the loose decision-making process and 
ample funds. Firstly, it was claimed that, in accordance with 
the theory of endogenous development, low-cost minor roads 
should be built by voluntary labour and that experience in 
Alashtar proved that they could be built by these means. 
Secondly, it was claimed that voluntary labour could also form 
the basis for constructing an all-weather road across the 
mountain between Espege and Sarob Narh (see figure 11, thus 
forming a major route between Alashtar and the City of 
Borujerd. Thirdly, work had actually started upon this route 
across the mountain but in contrast to the theory construction 
was neither based on voluntary labour nor was it low cost. A 
bulldozer had been hired and was working under the guidance 
of one of the professional staff, an agricultural engineer. 
About 21 km of track had been created. In one valley three 
routes had been carved out of the wheatfields: two had 
quickly become waterlogged, a third at the side of the valley 
was just passable. Higher up the pass one stretch of 3 km had 
an average gradient of 16 per cent (I :6.2), but in some places 
gradients were 30 per cent (1:3.3). There was much discussion 
amongst colleagues responsible for various other project pro- 
grammes as to where the bulldozer should be working. The 
author recommended to the Field Director that the bulldozer 
should be immediately sent off site until a coherent pro- 
gramme be developed. This was for the following reasons : 

a) the visible product of the bulldozer’s activity was neither 
low cost nor usable; 
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b) there was no plan of operation nor was equipment avail- 
able to carry out the necessary back-up operations, 
particularly drainage and surfacing; equally, delays were 
anticipated in equipment supply and difficulties with 
regard to maintenance; 

c) there was no map of the mountain route nor had any 
reconnaissance survey been carried out to establish 
preliminary routes or levels; 

d) the spring rains were torrential; and the terrain soft sand- 
stone: besides being idle during the rain, any work 
carried out by the bulldozer resulted, with each storm, in 
a morass. The work being carried out would have to be 
redone in the dry season. At the same time the higher 
reaches of track had become extremely dangefous to 
traverse; 

e) as all the work being done by the D6 could be carried out 
manually, the money being spent on it could be used for 
hiring labour. 

There were other reasons for a postponement of the road- 
building programme. While endogenous self-help is a noble 
id,ea and a case may be made for certain types of road building 
based on these principles, there were apparent constraints to 
the immediate implementation of such a programme. Firstly, in 
the face of visible evidence of the amount of money at the pro- 
ject’s disposal (both in relation to the size of the staff and the 
vehicles imported), the local people were somewhat bemused 
at the need for ongoing voluntary !abour on their part. 
Secondly, this attitude was exacerbated by evidence of the 
ready availability of equipment for construction. Equally, 
throughout the region it was frequently voiced that nowadays 
roads were built using machines (in particular bulldozers) and 
not men. Thirdly, neither the people nor project colleagueswere 
unanimous as to the routes and types of road required. In sum, 
insufficient time and energy had been devoted to the careful 
pre-planning necessary to ensure the success of a self-help 
road-building project. However, there were two reasons why 
the bulldozer could not be returned. Firstly, a deposit of 50,000 
tomans ($7,150) had been made for the D6. So far the bull- 
dozer had not carried out 50,000 tomans of work. It was feared 
that should the bulldozer be returned the project would not be 
able to claim the balance from the equipment contractor. 
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Secondly, the bulldozer provided visible evidence that the 
project was active. 

This, then, was the background to the initiation and 
implementation of labour-based road-building programme. 

3. Social, erykonmental and technical factors 
We now turn to ? consideration of the various ways in which 
the standard W’the road required by the project, a social 
decision, was affected by technical considerations and the 
environmental conditions of Alashtar. The method by which 
the road was to be built, voluntary participation, was affected 
firstly by the nature of the product required to fulfil the 
expected standard, and secondly by cultural factors. We will 
also show how interpretations of the theory of endogenous 
development rnade by professional colleagues and a certain 
bias in favo;lr of machines militated against the adoption of a 
paid labour-based programme. At the same time the existing 
state of data on the relative merits of labour-and capital-inten- 
sive construction did not provide incontrovertible evidence of 
the technical efficiency of labour. Thus, in the face of opposi- 
tion to any form of work using paid labour, it was not possible 
to present a clear-cut case for the adoption of a paid labour- 
based programme founded on its technical efficiency. Finally, 
we suggest the social factors which led to the eventual adop- 
tion of a paid labour-based programme. 

3.1 The standard of the road 
It has been mentioned above that the project was intent 

upon building low-cost minor roads. 
Several environmental and technical factors suggested that 

the standard of road required for all-weather traffic was some- 
what higher than that so far achieved through voluntary 
participation or the use of the D6. These factors included the 
following: the severe climatic conditions; the susceptibility of 
the terrain to these climatic conditions; the frequency of the 
cross-drainage necessitated by the existing irrigation system; 
the volume of tractor traffic and the destructive effect of 
tractors upon the existing tracks; the results of the traffic 
survey which showed that the new road would carry over 100 
vehicles per day. 

After consideration of the standard required - an all- 
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weather road - it was concluded that the road should be built 
as close to secondary standards as the lack of planing allowed. 
On the basis of this assessment and the poor quality of the 
work that had been carried out previously, it was contended 
that just running a bulldozer through would neither provide an 
all-weather route for commercial traffic nor, in the long run, 
would it be low cost4. 

3.2 The method of construction 
a) Voluntaryparticipation - We have seen above that one of 
the major objectives of the project was to foster self-reliance 
through the means of voluntary participation. It was therefore 
expected that low-cost roads should also be built using volun- 
tary participation. It was agreed that improved maintenance 
would result: villagers would be acquainted with the tech- 
niques of construction and proud of their work, therefore they 
would be able and willing to perform maintenance operations. 

It became clear that the theory conflicted with reality. 
Firstly, whatever the level of socio-economic conditions pre- 
vailing in the region, the scale of voluntary participation 
expected of the people seemed to be high. Initially it had 
appeared reasonable that one might expect sporadic co- 
operation from the villagers in relation to certain vi!lage or 
personal amenities. But from the outset it seemed unreason- 
able to expect anything to be built by voluntary labour that was 
either time-consuming or that did not directly affect a parti- 
cular village. 

Secondly, the lack of response by the people to the calls for 
voluntary participation was not aided by the lack of 
enthusiasm amongst many of the project trainees themselves. 
This was in part the result of the fact that two of the three 
trainee groups were derived essentially from the better- 
educated and wealthy in the Alashtar region. Anthropological 
work5 has shown that, amongst the better-educated and 
wealthy of Alashtar, manual labour is considered to be undig- 
nified: the project trainees were averse to implementing that 
part of the theory which emphasised the role of manual labour. 

. 

Further, remarks of the people concerning the project 
indicated that at a very basic level a lack of appreciation existed 
amongst them as to its purpose. The activities of the profes- 
sional staff were interpreted as “All those engineers just eat 
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and sleep and drive up and down in landrovers”. And in rela- 
tion to moral exhortations to participate voluntarilv: “Those 
engineers get paid for not doing any work so why should I 
work and not get paid?” or “The project is part of the Govern- 
ment and the Government has lots of money so why should I 
work for nothing?“. In addition, the project’s concentration 
upon the need for voluntary work was interpreted as an 
attempt by the Government to foist third-class goods upon an 
unsuspecting public. 

More fundamentally, the lack of voluntary participation 
reflected socio-economic characteristics. The low level of 
rural income in Lorestar, is partly the result of seasonal 
unemployment. The climate of North and South-Western Iran 
(including Lorestan) is such that there is a slack period of six 
I-, lonths in agriculture and at least four months in construction. 
The active periods for two of the major sources f,or earning 
income overlap. In Alashtar the intensive cycle of wheat, 
beans and sugarbeet means that during the best building 
weather agricultural activity is in progress. During the good 
weather, if other work is not available locally, those not 
employed in agriculture go to the cities, mostly to Teheran 
construction sites. However, the building season in Teheran is 
similar to that the Lorestan. During the long off-season unless 
workers migrate south there is very little work available and 
thus seasonal unemployment is high. While it is not possible to 
find data for Lorestan which clearly support such a commonly 
expressed criterion of visible underemployment/seasonal 
unemployment, a recent report concluded that, out of the 3.8 
million agricultural workers in Iran, about 1 million “may thus 
be potentialiy unemployed, while those reported as seas&ally 
unemployed are mainly landless labourers probably working 
much less than 100 days a year”? 

Further to the short span of time available to accrue income, 
anthropological work in Lorestan7, supported by other work in 
Irat?, suggested that the vast majority of peasants were in 
debt to village headmen, local princes (Khans), or usurers. 
Thus, within the constraints of a low average income, the 
short span of time available for productive work, debt and 
social mores, there was little room for altruism during the best 
building weather. 
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There were therefore various socio-economic constraints 
upon the acceptance of the need for voluntary participation. 

The theory of low-cost construction based upon voluntary 
participation conflicted with reality in the actual mode of 
operation. This was because expensive machinery had been 
hired without any coherent programme of operation. It was 
also proposed that further equipment be either bought or hired 
(graders, bulldozers, rollers, trucks). Voluntary labour was to 
complement equipment. However, the existing mode o,f 
operation and the equipment contemplated suggested that 
either construction would prove expensive or it would require 
inordinate amounts of voluntary labour, 

The prevailing socio-economic conditions and the apparent 
need for employment creation were such that it was necessary 
to question whether most of the budget shouid be spent on 
buying ;r hiring of equipment or whether the funds might form 
the basis for an employment-creation programme. The titln of 
the project suggested that it should include employment crea- 
tion. 

Socio-economic conditions indicated not only that exten- 
sive voluntary participation would not be possible but that 
there was a need for additional sources of income-generating 
employment in the region. The scale of funds at the project’s 
disposal indicated that it possessed the resources to fulfil such 
a need. Consideration was therefore given to the role that 
might be played by a road-building programme based on paid 
labour. 
b) Technical efficiency of labour - A feasibility study, using 
the available literature was carried out. The results are 
summarised in tables 1-4. They show that for bulk excavation 
bylabour,estimatesvaryfromO.l2 ms/hrto2.28 m3/hr (1,900 
per cent variation) and for a 07 bulldozer from 64 m%:’ to 
410 m3/hr (640 per cent variation). 

Several utilisation rates were considered in calculating the 
cost of substitution of labour for equipment. For a utilisation 
rate of 2,560 hours per year, at a bulldozer cost of 32,60Ot/ 
month ($4,650), the possible spectrum for substitution varies 
from 29.1 men costing 14,50Ot/month ($2,080) to 7,120 men 
costing 3,560,00Ot/month N509,OOO). 

Taking the figures at face value it was not possible to reach 
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any conclusion in favour of labour at market prices. Equally, 
whereas the literature produced by the IL0 is cautiously 
optimistic about the technical efficiency of labour substitu- 
tiong, the I B R D consider that modifications have to be made to’ 
existing techniques in order to make the substitution of labour 
for machines competitivelo. However, certain factors sug- 
gested that the higher ranges of equipment productivity and 
utilisation rates would not apply in Alashtar. The project 
lacked maintenance facilities capable of ensuring high utilisa- 
tion of equipment. Further, without continual supervision it 
was not possible to authenticate the amount of work carried 
out by the bulldozer. Moreover, in a situation where optimum 
planning did not prevail, it would be impossible to keep the 
dozer continually active. However, in the case of a hired 
machine such inactivity would have to be paid for by the 
project. Thus for various reasons it was considered that the 
utilisation rates would be lower than optimum. 

Such reasoning led to the following interpretation of the 
data: for a utilisation rate of 1,500 hrs/yr, at a low- to middle- 
range labour productivity of 0.82 m3/hr, and the lower order of 
bulldozer productivities, the following might apply: 48.8 men 
costing 24,40Ot/month ($3,490), 91.5 men at 45,70Ot/month 
($6,530) or 109.5 men at 54,70Ot/month ($7,815) would be 
equivalent to a D7 bulldozer costing between 30,000 and 
33,00Ot/month ($4,280 to $4,720). 

The proposal that an experimental paid labour-based pro- 
gramme should be initiated was based upon the following 
factors: 

i) the role which could be played by a paid labour-based 
programme in regional employment creation; 

ii) the flexibility of labour as opposed to machinery in par- 
ticular the bulldozer; 

iii) the heavy capital costs of equipment and the equally 
heavy, though somewhat milder, costs of maintenance; 

iv) Muller’s contention that the use of labour-based 
methods had also resulted in improved maintenance 
because of a greater feeling of involvementll; 

VI a case could be made for the technical efficiency of 
labour when compared with capital-intensive work. 

cl Voluntary labour v. paid labour v. equipment - The 
proposal met with severe opposition. Firstly, it was widely held 
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that the payment of labour conflicted with the basic premises 
of the project. Secondly, it was held that the productivity of 
men could not possibly compete with that of machines . . . in 
particular the bulldozer l*. The caveats presented as to long- 
term maintenance costs of equipment and average efficiency 
were received sceptically. 

Repeated experiences in connection with the bulldozer led 
to the conclusion that both local people and the project staff 
were almost in awe of the machine. Time and time again the 
villagers approached the project for the use of the bulldozer for 
activities which were totally beyond its ability. It appeared that 
one reason for the mainf.est belief in the all-powerfulness of 
the bulldozer lay in its representation of modernity. To have 
work done by a bulldozer was the modern way of doing things. 

Secondly, whereas the virtues of voluntary labour were 
declaimed, it was equally maintained that labour could not 
possibly compete with machines in respect of productivity. 
Paid labour was not only in contradiction to theory but more 
expensive and retrogressive as well. Voluntary labour in the 
context of a large equipment component was not. 

The proposal that a labour-based programme be undertaken 
was therefore’rejected out of hand on two basic grounds: paid 
labour was not in accordance with the theory of endogenous 
development and men could not compete with machines. 
d) Voluntary v. paid labour - The project pressed ahead 
with road building by voluntary participation. Two factors 
resulted in the eventual adoption of an experimental pro- 
gramme using paid labour. The most important being the fact 
that, despite repeated attempts to recruit volunteers, no 
volunteers presented themselves. In addition, the employ- 
ment that could be created for the money involved was 
pointed out, viz: 

i) A full programme of capital-intensive work would utilise 
about 11 ,OOOt/day ($1,575). Implementing a pro- 
gramme where only 56 per cent of the cost was spent on 
labour would release 6,16Ot/day ($832) for their 
employment. At ,the current rate of 20t/day ($2.861 this 
would be sufficient to hire 308 people; 

ii) the money presently spent upon the bulldozer alone 
could provide employment for i ,920/20 = 91 men per 
day. 
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The authorities were impressed by the sheer numbers of 
people who could be employed for thesame amount of money 
as that being expended for the hiring of equipment. In the face 
of the continued lack of volunteers and the real need for visible 
product, they were sympathetic to the other arguments which 
had been put forward to support the initiation of an experi- 
mental programme of paid labour-based road construction. 
The combination of these factors caused the authorities to 
advocate the initiation of such a programme. 

4. Summary of work programme and comment 

4.1 The work programme 
The programme consisted of the use of a combination of 

labour-based and, equipment -intensive methods in the con- 
struction of some 15 kms of road over a g-month period. 

Detailed evaluations were made of the work completed (see 
table 51, the equipment and labour employed, the total costs 
and the various productivities for the following activities: 
embankment, gravelling, bridges and irrigation canal cross- 
ings It must be pointed out that the size of staff did not permit 
accurate observation of quantities. The calculations were 
based on the daily reports compiled by the timekeeper and the 
head foreman, modified by observations made by the author. 

4.2 Comment on work completed 
First we vvill deal with aspects of the work which are to some 

extent quantifiable. 
a) It was calculated that the productivity of labour for work 

which was considered in the feasibility study to be 
“excavate and load”, varied from 3.44 to 3.8 mVman- 
day. The work was carried out under task work condi- 
tions which amounted to a working day of six hours. 
This is in the low range of labour productivities as 
derived from various sources and presented in table 4 (at 
this end of this chapter-P. 

b) The productivity of the D155A-1 (320 hp) bulldozer was 
found to vary as follows: 
bulk excavation: (haul < 20 m) : 105 m3/ 
haul 50 m) : 42 mVhr; 
excavate and shape embankment: (haul 
41.7-67 mVhr. 

hr; iI 
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These results vary from 3.6 to 9.7 per cent of the 
maximum manufacturer’s productivities quoted in IBRD 
Technical Memorandum No. 714. The productivity of the 
D6 (140 hp) forexcavatingand shaping theembankment 
(haul 2 20 m) was 27.5 mVhr or 5.5 per cent of the 
maximum quoted in Technical Memorandum No. 7? 
Two points may be ventured in respect of the extramely 
low productivities obtained by the bulldozers. Firstly, 
the area adjacent to the route which was encroached 
upon during construction was five to ten times greater in 
the case of the bulldozer than in the case of labour. 
Secondly, the system of work employed by the dozer in 
making the embankment entailed a greater bulk move- 
ment of earth than that used by labour-based methods. 
The road was created by a series of movements entailing 
first the dumping of earth in large moynds followed by 
the shaping of these mounds into place. 

cl It was possible to compare unit costs of labour and bull- 
dozer for embankment construction. For labour this 
varied from 7 to 7.35t/m3 11 to 1 .05Sm3), whilst that for 
the bulldozer amounted to 3.83t/m16. At the rates 
charged for the bulldozer it can be seen that the labour- 
based work was distinctly inefficient: 83 to 92 per cent 
more expensive17. 
It must be stressed that the rate charged through the 
Governor General’s office for a 320 HP bulldozer 
(D155A-1) was 14Ot/hr ($20). The author has not been 
able to ascertain the market price of the same piece of 
equipment but the following comparisons may be made: 
from a rental contractor a “special price for the project” 
of a 270 hp (D8) had been 192t/hr ($27.5/hr), the normal 
rate from the same contractor being 220t/hr (531.5/hr). 
By comparison with this rate it may be seen that the rate 
through the Governor General’s office was generous, to 
say the least. 
On the basis of rental contractors’ rates for a D7 and a 
D8, the rate for a Dl55A-1 (320 hp) would be of the order 
of 265t/hr (37.90/hr). Using such a rate we find that the 
cost productivity of the bulldozer amounts to 6.83t/m3 
($0.98/m?, i.e. 2.5 to 7.5 per cent cheaper than labour. 
Excluding the roller common to both we find the cost 
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productivity of the bulldozer amounts to 6.34t/m3, i.e. 
equipment becomes 3.1 to 3.6 per cent more expensive 
than labour. These estimates do nut include transport 
costs (equivalent to two days’ work). Thus, at Trevailing 
market prices for the same piece of equipment, labour- 
intensive work becomes far more competitive than at the 
rates through the Governor General’s office. 

d) In the spreading operation, productivity amounted to 
2.95 m3/man-day. However, it is felt that this produc- 
tivity was severely inhibited by the frequent passage of 

.trucks which disrupted the work. 
e1 The costs of gravel haulage amounted to 23 per cent of 

the cost (excluding river re-route and bridges). 
Due to the loaders being supplied as part of the package 
from the Governor General’s office, it was not possible 
to substitute labour for the loading process. Loading and 
haulage amounted to 28.4 per cent of the cost: at market 
prices this would amount to 32.5 per cent. 

f) The method of constructing irrigation canal crossings 
based upon second-hand barrels was found to be satis- 
factory. The cost of one of these amounted to $147 as 
opposed to $345 using 45 cm diameter reinforced 
concrete pipes. 

g) Self-driven vibrating rollers were bought in place of the 
tractor-drawn rollers specified. Not only were these 
vibrating rollers extremely sensitive - the smaller one 
was almost permanently out of action - but they could 
only travel on a level roadway which considerably 
restricted manoeuvreability. 

h1 Excluding the cost of re-routing the river and building 
the bridges, but including an estimate for completion of 
gravalling, the over-all cost per kilometre amounted to 
105,500 tomans ($15,000). Using market rates for the 
hire of the bulldozer, trucks and loaders, the over-all cost 
per kilometre would have .been 122,750 tomans 
($17,525). These figures are well below contractors’ 
estimates for similar standard roads in neighbouring 
areas, these being of the order of 200,000 to 230,000 
tomans per kilometre ($28,600 to $32,800). 

i) Tables 6 and 7 summarise the employment creation in 
man-days per kilometre for the different tasks and for 
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different combinations of the tasks. For the section of 
the road in which the embankment, spreading and water 
crossings were constructed by essentially labour- based 
means, the employment creation amounted to approxi- 
mately 2,800 man-days per kilometre. For the section in 
which only spreading and water crossings were carried 
out by labour-based methods and the rest constructed 
by capital-intensive methods, the employment creation 
amounted to approximately 840 man-days per kilometre. 
It was possible to compare the costs per kilometre of 
construction of the whole road by the different methods, 
and the relative proportions of labour and equipment. 
Excluding overhead costs (salaried officials) a break- 
down is given in table 5and the results are summarised in 
tabie 8. The actual cost of the section in which embank- 
ment construction, water crossings and spreading were 
carried out by essentially labour-based means was 
101,880 tomans per kilometre ($14,550). The actual cost 
of the section in which only spreading and water cross- 
ings were carried out by labour-based means and the 
rest was constructed by capital-intensive methods was 
81,930 tomans per kilometre ($11,700). 
We see that the actual cost of construction using a 
higher proportion of capital to labour was 19.5 per cent 
cheaper than that using nearly equal proportions of 
labour and capital. However, at market rates for equip- 
ment we find that the cost of the section which was con- 
structed using a higher ratio of labour to capital would 
have amounted to 112,575 tomans per kilometre 
($16,090), while the section constructed with a higher 
proportion of capit ai would have cost 113,175 tomans 
($16,170). In this case, the section completed using a 
higher proportion of labour would have been 0.5 per cent 
cheaper. 

Experience in the Alashtar programme also contributes to 
the less quantifiable aspects of the on-going debate as to the 
relative merits and demerits of labour-based and capital-inten- 
sive methods. 

a) During the height of the agricultural season there was no 
difficulty in recruiting 100 men for the small labour-inten- 
sive programme. Later, when the workforce was 
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expanded, agricultural activity was still in progress. No 
difficulty was experienced in hiring 288 men. 
By contrast, during the best building weather, there 
were often delays in the delivery of machinery. There- 
fore, in Alashtar, greater difficulty was experienced in 
locating machinery than men. 

b) Some idea of the utilisation rates of equipment and the 
maintenance required has been given above. Mention 
should also be made of the repercussive effect that 
breakdowns had upon the work. 

c) In Alashtar, when the programme or the weather 
changed, men could be laid off and recruited when 
necessary. By comparison, if one wished to lay off 
equipment for a short period, then one had to pay for the 
period laid off. If one wished to lay off equipment for a 
long period, then one could not be sure of being able t’o 
obtain it again on demand. 

d) It has been suggested’* that the ease of labour mobilisa- 
tion and the lower overheads might be offset by the 
costs and organisational problems of running a large 
labour camp. In Alashtar this was not the case as the 
men were recruited from villages alongside the route. By 
contrast, it was found necessary to run a small road 
camp for the equipment operators and many difficulties 
were experienced in keeping them satisfied with the 
standard of food and accommodation. 

It would seem therefore that for a small isolated programme 
without a rigorous work schedule (and, limited workshop 
facilities), the hiring of machines is potentially more expensive 
than the hiring of men. 

4.3 Labour organization 
The substitution of men for machines in Alashtar was 

facilitated by the fact that until abour 12 years ago, roads in 
Lorestan were built using labour as a major component. Many 
of the men were therefore familiar with the work. 

Perhaps more important is that, in Alashtar, one of the 
forms of labour organisation is based upon gangleaders. 
Gangleaders find the work, supply the labour, and themselves 
supervise the working of the gang. As such, the reintroduction 
of labour-based work is not dependent upon extensive training 
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in labour organisation or the chance discovery of experienced 
foremen. 

With a small staff it was necessary to promote workers who 
were willing and capable. It was found that unless care was 
taken to ensure that the delegation of authority was under- 
stood by all concerned (over 300 people), those to whom 
authority was delegated were unable to act. Conversely, once 
authority had been acknowledged, rnany of the new men were 
able to function very well. 

Finally, while costs of labour mobilisation and overheads 
were very low, recruiting labour from villages along the route 
did result in Q n certain amount of friction as to who was entitled 
to work on a particular stretch of road. 

5. Conclusions 

5.1 Conclusions related to technical aspects 
a) At the hiring rates available through the Governor 

General’s office (almost half the market price), it was not 
possibie to achieve a technically efficient substitution of 
manual labour for machines. At market prices, however, 
estimates showed equipment-intensive methods to vary 
between 3.6 per cent more expensive and 7.5 per cent 
cheaper than labour-based methods. 

b) Productivities for earthmoving equipment were found to 
be as low as 5 to IO per cent of that of the maximum 
manufacturer’s data quoted in the World Bank Tech- 
nical Memoranda No. 71g. 

c) The variety of labour productivities presented in the 
literature was so varied that probably a month of work on 
site is necessary before an adequate estimate may be 
obtainecl for planning purposes. 

d) In a small isolated community development project 
machine-intensive work is potentially more expensive 
than labour. 

5.2 Conclusions related to social aspects of the work 
a) Under the particular conditions obtaining in Alashtar, it 

was found difficult to introduce labour-based methods 
for the following reasons: 
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i) the professional staff were committed to the concept of 
voluntary work; 

ii) the professional staff found it extremely difficult to 
accept that labour could be as technically efficient as 
machines; 

iii) foremen tended to view labour-based work as giving 
them less status than equipment-intensive work; 

in> villagers and townspeople echoed professional staff 
opinion as to the manifold advantages of the bulldozer 
over labour. The villagers could see that the project had 
financial resources for equipment and consequer:t.ly 
saw no necessity for voluntary labour-based methods of 
construction. The bias was removed once labour 
changed from voluntary to paid. 
Under these conditions, it is considered that it is no more 
difficult to organise a labour-based work programme 
than any other civil engineering programme. If anything, 
the equipment side of the project provided more 
problems for the engineer. 

b) Labour-based construction has often been seen to be 
particularly relevant to capital-scarce and labour- 
abundant economies. It might -be argued that the 
material context of a capital-rich and rapidly modernis- 
ing economy like Iran obviates the need for labour-based 
work. However, in Alashtar, the response to labour 
recruitment was such as to indicate that at the regional 
level an abundance of labour still exists. Within such a 
context the expansion of labour-based construction 
would be valid. 

c) Seasonal variation of labour has often been seen as a 
restriction upon labour-based construction. Experience 
in Alashtar suggests that a quite substantial body of men 
could be hired for the whole building season. They could 
be employed in smaller teams to carry out particular 
parts of work scattered along the route - such as 
bridge construction, irrigation canal crossings and the 
more complicated pieces of embankment work. 

d) Experience in Alashtar certainly substantiates the state- 
ments in the IBRD Phase I report that labour-based work 
should be “socially acceptable to the people of the 
country”20. 
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Equally, that for labour-based work to be successful it 
should be “actively supported . . . at the highest possible 
level”21. 
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number of people employed to the detriment of labour cost produc- 

tivities: for 120 men equipment was only 25.9 per cent of total costs, 

for 70 men it rose to 35.5 per cent. 
l7 Irvin, op. cit., p. 34. Here 67.5rials = $1, i.e. 6.75t = $1. 

la IBRD (19711, op. cit., p. 91. 

lg IBRD 

*O IBRD 

2’ IBRD, 
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Table I: Productivity estimates from various sources for a IWO HP 

bulldozer 

Source m3/hr. for haul up to 20 m 

Muller (70)’ 

Lal (74)* 

Lal (7413 

Geddes (6714 

Lal (7415 

35% manufacturer’s maximum for 076 

45% manufacturer’s maximum for 07’ 

Lal (7418 

Peurifoy (701g 

Manufacturer’s maxima as quoted by Lal (74)” 

Komatsu D80A-12 

Caterpillar 07 

25% manufacturer’s maximum for 07” 

Manufacturer’s maxima as quoted by IBRD Tech. 

Memo No. 7’* 

Komatsu DBO4.12 

Caterpillar 

27.5 

64.0 

91 .o 

95.0 

120.0 

143.5 

184.0 

190.0 

225.0 

235.0 

410.0 

205.0 

603.0 

820.0 

’ Muller (19701, productivity derived from data on p. 236; unfortunately Muller 

dogs not clarify whether he used a D4 or a D7. 

* Lal (19741, lower range estimate for 07 on p. 57. 

3 Lal (19741, average estimate for 07 on p. 57. 

4 Geddes (19671, productivities given on p. 161 for a 35 hp D4, a 55 hp D6, an 80 

hp 07, and a 113 hp 08; productivity in table derived by extrapolation to 180 hp. 

5 Lal (19741, upper range estimate for D7 on p. 57. Irvin (75). p. 141, gives an 

estimate for a D8 which adjusted using Lal’s graph on p. 57gives the same productivi- 

ties. 

6 Lal (19741, pp. 153 and 155, Lral recommends that productivities are of the order 

of 35 per cent of Caterpillar maxima. 

’ Lal (19741, p. 22, “a figure ot-10-50 per cent of the published productivity rates 

would provide a realistic degradation factor for operating equipment in a less 

developed country”. The IBRD report only refers to Caterpillar equipment bulldozers. 

The productivity given is derived from 45 per cent of the data in Lal (741, p. 155. 

8 Lal(1974). p. 41, gives “ex ante estimate” for D7 and 100 m haul; above figures 

derived by adjusting the 20 m using Lal (741, p. 57. 

g Peurifoy (19701, p. 164. The data in Peurifoy are for tracked bulldozers varying 

from 32 hp to 132 hp; productivity in table derived by extrapolation to 180 hp. 

lo Lal (19741, p. 155. 

” IBRD (19751, Tech. Memo No. 7, p. 21. IBRD recommend that outputs are 25 

per cent of Caterpillar maxima. It should be noted that the maximum in TM No. 7 are 

double those quoted by Lal (741, p. 155. 

l2 ibid., pp. 42 and 43. 
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Table 2: Estimates of monthly productivities for various utilisation 
rates 

Hrs./yr. 1 ooo’3 1 50014 2 ooo’5 2500 

Hrs./mth. 83.4 125 166.5 208 

Source m3/hr. 

Muller’ 27.5 
Lal i7412 64.0 
Lal i7413 91 .o 
Geddes i67j4 95.0 
Lal (74F 120.0 
35% iLalF 143.5 
45% iLal1’ 184.0 
Lal (7418 190.0 
Peurifoyg 225.0 
Manuf. ex Lal’O 
Komatsu 235.0 
D7 410.0 
25% manuf.” iIBRD) 205.0 
Komatsu iIBRD)‘* 603.0 
D7 (IBAD) 820.0 
Rates t/hr. (Irvin) 

2 270 
5340 

7940 
i0 000 
11 950 
15 300 

18 750 28 100 

19 600 
34200 
17 100 
50 400 
68300 

340 

3 430 
8000 

4580 
10 670 

11 900 
15006 
17950 
22 900 

15 850 
20 ooo 
23 900 
30 600 

37 500 

29 300 
51 200 
25 600 
75 500 

102 500 
240 

39 100 
68300 
34 100 

100500 
136 500 

190.5 

’ -‘* As for table 1. 
l3 Lower range utilisation reported by IBRD (74). 
l4 Border roads IBRD (75). 
l5 Upper range a Iso 
l6 Irvin (75). 

IBRD (751, also Peurifoy (70). 
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5 720 
13 350 

19 750 
25 000 
29 800 
38200 

46800 

48800 
85 200 
42 700 

125 800 
171 ooo 

160.6 

Table 3: Bulk excavation 

Source5 m3/hr. m3/day m3/mth. Soil type Method of 
payment 

IBRD (74)’ 
Lal i73+ 
Muller i7013 

0.12 
0.216 

0.96 
1.73 z2 

Ord. 

Lal i74.14 
0.337 2.7 67:5 
0.443 6 Lal (741 0 635 Daily 

Muller (70)” 

Lal i7414 

0:55 5 4.4 110 Daily 

0.785 6 Task 
Lal (74) 0.82 

Ii 
Daily, 

Lal (74) 0.945 piec - 55 
Task 

Lal 174) 0.99 Piece 
Lal (74) 1.235 Lal (74) K 11.5 228 43 Daily 

Task 
Lal (74) 
!BRD (74)” 1:66 

4 Piece 

Lal (7414 
13.25 331.5 Ord. 

Lal (74) z3 
Task 

18.25 
Allal and Edmonds7 1125 

455 i Piece 
118 2 

0.57 
Daily 
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1 (741, 22, lower IBRD p. range. 
2 Lai (731, provisional draft of Men ormachines, p. 44, estimate for excavation of 

structure. 
3 366. Muller (701, p. 
4 139. Lal (74). pp. 138and 
5 from data Muller (701, p. 366, derived on p. 366. 
6 IBRD (741, p. 22, upper range. 
7 (751, 123, table Allal and Edmonds p. 5.2, European Standard. 

Table 4. Labour productivity estimates from various sources 

2. Excavate and load 

m3/hr. m3/day 

Lal (74)’ .3 
Lal (73j2 ,375 3.0 
Lal (74)’ .39 
Geddes (6713 .42 3.36 

Lal (74)’ .433 
Lal (74) .475 
Geddes (6714 .477 3.81 

Lal (74)’ .55 
Lal (74) .57 
Lal (7415 0 ,625 5.0 
Geddes (6716 .63 5.04 
Lal (74)’ ,664 

(74) .68 
Geddes f6717 .764 6.11 
Lal (74)’ .8 
Lal (73j8 .85 6.8 

Lal (7318 1.0 8.0 
Allal and Edmondsg 1.1 

m3/mth. Soil type Method 

5 Daily 

4 Daily 
84 Gravei and 

compact 
soil 
3 Daily 
5 Task 

95 Gravel and 
compact 
soil 
5 Piece 
4 Task 

125 
126 Sandy clay 

3 Task 
4 Piece 

153 
3 Piece 
Common 
soil 
soft sort 
3 Piece 

’ Lal (741, derived from data on pp. 138- 141. Productivity ratios for excavation 
piece : task : daily : : 1.85 : 1.77 : 1 .OO. Productivity ratios for loading to 1 m 
piece : task : daily : : 1.85 : 1.42: 1.06. 

2 Lal (731, provisional draft of Lal (741, p. 60. 
3 Geddes (67). p. 148 to vehicles., 
4 ibid. to barrows. 
5 Lal (74), p. 41 ex ante estimate. 
’ Geddes (67). p. 148 to vehicles. 
7 ibid to barrows. 

8 Lal (731, p. 60. 
’ Allal and Edmonds (751, table 5.4, p. 124. 
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Table 5: Costs per kilometre of various methods of construction 

1. Labour-intensive embankment and spreading, and capital-intensive excava- 
tion; load and haul 
Actual costs per km 

- 

Labour Equipment Materials Total 

Embankment 34200 11 850 
Excavation 2680 
Load and haul 29 400 
Spreading 10 160 1 130 
Canal crossings 3580 3760 5 120 

Totals 47 940 48 820 5 120 101 8bJ 
% 47.0 48.0 5.0 loo 

2. Capital-intensive embankment, excavation, load and haul, and labour-inten- 
sive spreading 
Actual costs per km 

Embankment 26 100 
Excavation 2680 
Load and haul 29 400 
Spreading 10 160 1 130 
Canal crossings 3580 3 760 5 120 

Totals 13;40 63 070 5 120 81 930 
s/O 16.8 77.0 6.2 100 

3. Labour-in tensive embankment and spreading, and capital-intensive exca va- 
tion, load and haul 
Costs per km at market rates 

Embankment 34200 11 850 
Excavation 5 075 
Load and haul 37 700 
Spreading 10 160 1 130 
Canal crossings 3580 3760 5 120 

Totals 47 940 59 515 5 120 112 575 
% 42.5 52.9 4.6 100 

4. Capital-intensive embankment, excavation, load and haul, and labour-inten- 
sive spreading 
Costs per km at market rates 

Labour Equipment Materials Total 

Embankment 46650 
Excavation 5 075 
Load and haul 37 700 
Spreading 10 160 1 130 
Canal crossings 3580 3760 5 120 

Totals 13740 94315 5 120 113 175 
% 12.1 83.4 4.5 100 
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Table 6: Empio yment creation per task 

Task , Labour 

Length 
m 

Vol Skilled Unskilled 
m3 No Mandays Cost No Mandays Cost 

Embankment 
1. Total 
Labour 
Intensive 

2. Total 
Capital 
Intensive 

3. Mixed 

Gravelling 
1. Excavation 

2300 1 
(26200) (17459) (1) 
6120 40650 

1520 4070 
1200 11350 
2720 15420 

3246 21200 1 

60 2100 112 6700 117509 
(60) (2310) (70.5) M640) (81200) 
120 11346 

27 945 136.5 3680 64300 

18240 
2. Haulage 

(a) (11 Base 

(ii) Fill 
(b) Base 

4CKXl al 
5500 a) 12.5 13509 

25 
2240 

1250 a) 25 2500 

Spreading 
(i) 5500m a) 12.5 XXXXI 1 
(ii) 52EOm a) 25 

Water Crossings 
1. Canal Crossings 7”s” 

Length 
10.5m 1 

2. Canal Crossings 8 9 1 
3. Bridges (a) 1 13 1 

(b) 1 11.5 1 

‘including gif: ?Y <,s ‘?r 

al 2100 89 5347 94500 

156 5450 9 1404 25356 
16 560 8 144 
60 2100 484 E 
59 2065 46e 8186 

Tractors 4 
Rollers (4) 

06 1 
D155A-1 2 

I390 1 

D155A-1 2 
Rxl 1 

Tractors 3 

D155A-1 2 

Trucks 5 
Loaders 2 

Trucks 2 
Loaders 1 

Gift 

240 
(264) 

15 
34 
17 

31 
27 
81 

29 

275 
1 ‘IO 

42 
21 

Equrpment Materials 
Employment 

Creation 
(Skilled and Unskilled) 

Skilled 
No Mandays cost 

(Cost at 
Approx. 
Market 
Rates) 

Total Mandays Mandays 
Mandays Per Per 

KM M3 

27160’ 
8640’ 

25444’ 

176wl 
41250 

(18(Xx) 11970 
(72CXIO) 

51 

bl!33all 

$Z) 
0.279 
(0.283) 

1955 0.294 

42.5 

O.CO45 

1190 0.1815 

3.05 

K358050) 
42UIO 
lo500 
1CQOO 

385 40.5 0.0245 
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Equipment Materials Employment 
Creation 

(Skilled and Unskilled) 

Type Skilled 
No Mandays 

(Cost at 
Approx. 
Market 
Rates) 

Total Mandays Mandays 
Mandays Per Pei 

KM M3 

Bowsers 1 19 
Iwo 1 24 7680 5450 573 0.341 

24960 24725 1720 181 
10815 23920 
11550 46502 
10360 38645 

Table 7: Comparison of employment creation per kilometre 

1. 

2. 

1 abour -m tensive embankment and spreading and capital-intensive excavation, 
load and haul 

Embankment 
Excavation 
Load and haul 
Spreading 
Canal crossings 

Manda ys per km 
2000 

3.1 
40.5 

573 
181 

- 

2 797.6 

Capital-intensive embankment, excavation, load and .haul, and labour-in ten- 
sive spreading 

Embankment 
Excavation 
Load and haul 
Spreading 
Canal crossings 

Manda ys per km 
42.5 

3.1 
40.5 

573 
181 

840.1 

Table 8. Comparison of various methods of construction costs and 
proportion per km 

1. Labour-intensive embankment and spreadin,q. and capital-intensive excava- 
tion, load and haul 
Actual costs per km 

Labour Equipment Materials Total 

cost 47 940 48 820 5 120 101 880 
96 47.0 48.0 5.0 100 
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2. Capital-intensive embankment, excavation, load and haul, and labour-inten- 
sive spreading 
Actual costs per km 

Labour Equipment Materials Total 

cost 13 740 63 070 5 120 81 930 
% 16.8 77.0 6.2 100 

3. Labour-intensive embankment and spreading, and capital-intensive excavation 
load and haul 
Cost per km at market rates 

Labour Equipment Materials Total 

cost 47 940 59 515 5 120 112 575 
% 42.5 52.9 4.6 100 

4. Ca,yital-intensive embankment, excavation, load and haul, and labour-inten- 
sive spreading 

-- 

cost 
% 

Labour 

13 740 
12.1 

Equipment Materials , 

94 315 5 120 
83.4 4.5 

Total 

113 175 
100 

ypd>ym I, y> _ I, , ,, ,,. .I 

-, 
id. 
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EDITORS’ SUMMARY 

Whilst the studies and programmes executed, by the IL0 and 
the World Bank in particular, have shown that labour-based 
methods are technically and economically viable, there is a 
natural reluctance, particularly on the part of engineers, to 
adopt their use. Robert McCutcheon’s description of the 
project in Iran illustrates this point very well. The project staff 
clearly felt that labour-intensive methods were useful for self- 
help programmes which would encourage popular participa- 
tion but not as effectivD v after-natives to equipment. It is also fair 
to point out, in mitigation of this attitude, that previous 
experience with the use of labour-intensive methods particu- 
larly on major relief programmes, tended to support their basic 
assumption that these methods were neither technically nor 
economically effective. Whilst programmes such as that 
described by Glaister in Afghanistan are extremely useful in 
mobilising human resources and endeavour in the rural areas, 
their very nature is such that they are unlikely to be eco- 
nomically justifiable. 

The reluctance of engineers to accept that labour-based 
methods are a viable technological alternative is most effec- 
tively overcome by demonstration. Recent work on appro- 
priate construction technology has had many aspects, how- 
ever, perhaps the most important single element has been the 
physical proof that labour-based methods can be used for a 
wide range of construction activities without any reduction in 
standard or increase in cost (whether measured in economic 
or financial terms). Furthermore, this conclusion has been 
reached not only from studies carried out in experimental 
conditions but also in fully operational construction projects. 
Nevertheless, the suggestion that we should think of tnese 
methods as feasible alternatives to the use of equipment rather 
than useful methods of providing employment and income 
does present other major problems. In the first place, it means 
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that their application has to be integrated into the institutional 
framework of the construction sector. It requires that the 
procedures and systems, developed principally for the use of 
equipment-intensive methods, have to be modified to 
incorporate the use of labour-based methods. This is well illus- 
trated in Bertil Nilsson’s paper, in particular in relation to train- 
ing, procurement and administration. 

Above all what emerges, in particular from the descriptions 
of the operational labour-based programmes, is the need for 
commitment. This is true whatever level is concerned. It is 
particu!arly vital that the government should be seen to be 
supporting the implementation of labour-based programmes: 
this not only confers respectability but should ensure that 
problems which will inevitably arise in their implementation 
receive sympathetic consideration. This could be reflected in 
the acceptance of tendering by specifications for hand tools, 
as in Kenya, or more broadly, in the endorsement of a pro- 
gramme by a senior poiitician, as in Iran. 

At the other’end of the scale there needs to be commitment 
at the grass-roots level. Unless the people themselves are 
convinced that the benefits of road construction will come to 
them, there is little likelihood of them being motivated to work 
effectively. The level of this popular participation can, of 
course, vary and leads logically to a socio-political discussion 
which is outside the scope of this book. However, there are 
clearly advantages and disadvantages whatever level is 
chosen. In Afghanistan, George Glaister found that where 
resources are extremely scarce there is great advantage in 
mobilising those of the rural population by giving them the 
responsibility for the selection and planning of work. How- 
ever, ,there are serious disadvantages too, in that the people 
will only construct that which they feel is necessary and not 
that which might be necessary for safety and the type of 
traffic. In Mexico, on the other hand, whilst the people 
proposed and selected the roads, a contract was then made 
between the local community and the Direction General de 
Caminos Rurales (DGCR) which ensured that the requisite 
number of labourers was available to construct a road whose 
standards were laid down by the DGCR. The basic difference, 
of course, between the Mexican and Afghanistan pro- 
grammes is that in the former the labourers are paid whilst in 

ip22<<@” ‘-r J-47 ‘” I ;,y‘ $7 , -, I _ j 
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the latter they are not. This point is strongly made by 
McCutcheon. When the programme was based on self-help 
the villagers were unwilling to work for they could see that 
money was available to pay for machinery. When this money 
was utilised to pay labourers there was no difficulty in obtain- 
ing an adequate work force. 

The move from equipment-intensive to labour-based 
methods therefore has ramifications outside the merely tech- 
nical, Popular participation and commitment become 
important even in the decision-making process. 

In his discussion of the private sector, Angus Austen also 
raises the question of commitment. If there is a real desire on 
the part of the government to develop the domestic construc- 
tion sector then this implies a recognition of the biases in the 
procedures and systems against such development. He 
suggests that appropriate construction technology would be 
one means of allowing the small contractor to grow. The 
World Bank have also,suggested that for certain countries to 
eliminate bias against the use of labour-based methods a 
“neutralisation” procedure could be adopted in the con- 
tractual process. This, of course, is a useful starting point but 
if labour-based methods are to achieve their full potential then 
the procedures and systems will have to be modified through- 
out so that a rational choice can be made by all involved in the 
construction process. 

Even if the commitment exists, there still remains the 
detailed problems of modifying or reassessing all aspects of 
the construction process in relation to the application of 
labour-based methods. The main aspects of this are covered in 
Chapter 2. Nevertheless, they are reinforced by the evidence 
from the various programmes described. In relation to 
planning and administraltion it is interesting to compare the 
programmes in India, Kenya, Afghanistan and Mexico. The 
Border Roads Organisation is run on military lines and as such 
the hierarchy of responsibility is very clearly defined. It is also 
heavily centralised as the level of supervisory and administra- 
tive personnel indicates. At the other extreme, in the 
Afghanistan programme, the responsibility is devolved to the 
workers and the Rural Development Department officials act 
only as advisers not supervisors. The question of how far 
responsibility should be devolved depends on many factors 
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not least the nature of the programme. The Kenya Rural 
Access Roads Programme IRARP) covers the whole country 
and with such a dispersal of sites it is natural that the engineers 
in the field should have a large measure of responsibility. The 
same applies to the Mexican programme, however there is one 
basic difference. The RARP field structure is totally separated 
from that of the provincial engineer, who is the region& 
representative and executing agency ofthe Ministry of Work;j. 
Conversely, the Mexican programme is run through the field 
offices of the DGCR. The reasons for setting up specialised 
field units for the RARP are mainly to do with the shortage of 
qualified staff in the Ministry of Works provincial engineers 
offices and, perhaps more significantly, the fact that the 
RARP is, in large part, financed by external funds. The 
Mexican programme on the other hand is almost entirely 
financed by government funds. Whilst the Kenya RARP is 
proving to be a model for application elsewhere it would be 
more appropriate if such programmes were implemented 
within the structure of the public works ministry to ensure the 
involvement of its personnel. This would also be in line with 
the general philosophy that the use of labour-based methods 
should not be separated into a distinct programme, as if it were 
something of an oddity, but integrated into the framework of 
the operational ministries. This comes over clearly in Nilsson’s 
paper. He strongly recommends that one should not set up 
separate systems of training, management administration and 
procurement for labour-based programmes, but modify and 
adapt the existing systems to allow their effective use. Glaister 
points out the Rural Development Department constructs 
tertiary roads on a self-help basis using labour-based methods 
whilst the Ministry of Public Works constructs primary and 
secondary roads using equipment. This division is not 
conducive to an acceptance within the Ministry of the use of 
labour-based methods. In fact it tends to reinforce the natural 
bias against their use on any projects except those con- 
structed under relief programmes. 

In the planning of a labour-based programe one of the major 
problems is in assessing the level of productivity that can be 
achieved. McCutcheon notes how difficult this was, not only 
because of lack of data, but because of the wide variations in 
that which does exist. What is clear is that the productivity 
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achieved on traditional labour-based schemes is grossly 
inferior to that on a well-organised, well-planned labour-based 
programme. Furthermore, motivation has a great deal to do 
with the level of productivity achieved. If the workers feel that 
the road they are constructing will be of direct benefit to them 
they are likely to achieve a reasonable level of productivity. 
This was clearly recognised in the Mexican programme. More- 
over, whilst financial incentives do increase productivity this 
has to be viewed in relation to the present income and level of 
employment of the workers. In India and Kenya where the 
level of underemployment is high, the introduction of task rate 
working was sufficient to increase productivity. It is interest- 
ing to note that even in the self-help project on Afghanistan 
task work was introduced to increase productivity. . 

Incentives and community spirit can increase productivity. 
However, innovations also have a role to play. Whilst the 
World Bank’s view’ is that the prospects of using “inte= 
mediate technologies” to improve productivity has been much 
overrated it is fair to point out that this conclusion is based on 
limited experience. Certainly the type of innovations made in 
the Philippines* can greatly increase the competitiveness of 
labour-based methods. Howe and Barwell’s paper shows that 
there is a wide range of light equipment which could be 
developed effectively and that, to date, the amount of effort 
directed towards this aspect has been minimal when com- 
pared with the resources poured into the development of 
heavy construction equipment. 

Little work has so far been done on the measurement of 
benefits that accruethrough the use of labour-based methods 
in road construct’inn. In general the benefits are assumed: 
increased employment, increased rural income, development 
of small-scale manufacturers, better access to markets and 
social services. Whi!st this could be the subject of a book in 
itself, certain aspects are worth examining here. 

Employment is the most obvious, direct benefit. The great 
majority of the workers hired on the various programmes dis- 
cussed were hired on a casual basis. This was for various 
reasons: ease of administration, seasonal fluctuation of 
supply, the dispersed nature and limited length of the projects. 
“Casual” has, however, various interpretations. In the Border 
Roads Organisation the “casual labour” may have worked 
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with the BRO for years. In the Mexican Programme the 
average duration of employment was less than a month, whilst 
in Kenya 4-6 months is about average. Naturally, the shorter 
the duration the less is the benefit not only as regards income 
but also in terms of skill acquisition and physiological changes. 

Even limited employment has substantial impact. The 
average increase of family income for workers on the Mexican q 
programme was 15 per cent. Nevertheless, the ultimate object 
in the application of appropriate construction technology is a 
general increase in productive employment. It is perhaps a 
little unfair to criticise the programmes so far initiated for not 
providing more stable employment. They are isolated pro- 
grammes, as yet, hopefully paving the way for a more general 
application. The criticism becomes somewhat cyclical. Appro- 
priate construction technology must be adopted on a large 
scale in order to have an impact on employment. For this to 
happen demonstration projects must be set up which, by 
themselves, have little impact on employment. 

The question of skill acquisition is perhaps more pertinent. 
In the long term, is one looking for underemployed workers to 
provide the basis of the workforce, or is one looking for the 
development of a construction labour force? Presumably the 
latter. However, this will take more time, even assuming that 
labour-based methods are implemented on a large scale both 
in the public and private sectors. What can be done now how- 
ever is to ensure that there is a basis for the development of 
this labour force. This can be assisted by selectinglfrom within 
the labour force those with management potential, for super- 
visor jobs. If appropriate construction technology achieves 
growing acceptance there will then be at least a cadre of 
people capable of implementing the work on the site. That 
some of those trained may choose to set up in business as 
private contractors should be viewed as a benefit not a loss. 
Angus Austen has shown that these people would have the 
means by which they could break out of the series of con- 
straints that limit the development of the domestic construc- 
tion sector. 

The increase in income, particularly in the rural areas, should 
mean that more money is available for investment with a likely 
increase in agricultural production and rural industrial activi- 
ties. However, thereareconstraints here, Firsttheconstruction 
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of the rural road will not produce development, only the means 
by which it can take place. The complementary activities of 
extension services, social and welfare facilities must also take 
place. In this regard the construction of rural roads must be 
integrated into an over-all rural development framework for 
the expected benefits to take place. Second, as the Mexican 
programme has shown, the workers are generally the poorest 
of the population. The increase in income therefore allows 
them to rise up to or above the subsistence level, but not to the 
state where they can accumulate savings or use the money for 
increasing their agricultural yield. The people who benefited 
most from the Mexican programme were the rural elite, a 
minority no doubt, who could use the extra income for 
purchasing more land, better fertilisers or for planting a 
second crop. Nevertheless, the fact that 70 per cent of the 
investment in the Rural Access Roads Programme remains in 
the rural areas does indicate that this type of programme 
provides an effective means for initiating rural development. 

One natural by-product of the use of labour-based methods 
is the need for a large number of good quality hand tools and 
light equipment. This presents an opportunity for the small- 
scale manufacturer to meet this demand and develop his 
business. 

The essays in this book indicate the depth of knowledge 
already accumulated on the use of labour-based methods. 
They also show what still needs to be done. 

Angus Austen’s critical analysis of the problems facing the 
construction industry of developing countries shows clearly 
that we know very little about the sector of the economy 
within which one is proposing a modification of resource use. 
As he points out, in many countries the sector is not even 
recognised as a separate entity. Much more work needs to be 
done in defining the needs and basic statistics of the industry, 
so that effective programmes can be initiated for its develop- 
ment3. 

At the other end of the scale, it is clear that the work on tools 
and equipment has merely scratched the surface. Not only 
must the existing knowledge be catalogued (as in the forth- 
coming I LO Guide to Tools and Equipment ‘for Lahour-Based 
Road Construction) but also money must be invested in the 
development of tools and equipment. 
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We have talked a great deal about the need for commit- 
ment; however we have also recognised that “to see is to 
believe”. Programmes like the Kenyan RARP provide a live 
demonstration of the viabilit\,l of labour-based techniques. It 
will however be necessary tu Initiate more of these demonstra- 
tion projects if engineers and policy makers are to be 
convinced. 

Often information on new ideas tends to circulate among 
those who are already convinced of their rationality. The 
dissemination of information on the new ideas should really 
have two levels. First, what might be called propaganda 
material to policy makers to make them aware of the basic 
arguments. Second, detailed informaticn to those who wish 
to attempt to implement the idea. McCutcheon makes a plea 
for a more concerted effort to provide specific information in a 
form which is immediately usable. 

There has been recently a recognition of the need for con- 
struction management training. As Austen points out, how- 
ever, it is vital that this type of training includes in it the 
presentation of the wide range of technologies available and 
the problems associated with the implementation of labour- 
based as well as equipment-based technologies. 

Finally, transportation is a system of road and vehicle. To 
date the work on appropriate technology has concentrated on 
the road and its construction assuming that the vehicles that 

travel on them are the most appropriate. There is certainly a 
strong case to be made for the use of simpler vehicles, partic- 
ularly in the rural areas, which are more in keeping with the 
needs and resources of the rural population4. 

There is now sufficient evidence both in the form of data 
ano live projects, to show that labour-based methods are tech- 
nically and economically viable. Many engineers are now 
taking the matter seriously. There are in-built prejudices which 
it will take time to change. However, the facts are there for 
those who care to see them. For policy makers and politicians 
the decision is less of a technical nature than one based upon 
broad socio-economic considerations. The use of labour- 
based methods would seem, however, to meet all the criteria 
upon which development pianning is based. They serve the 
mass of the population, their implementation can involve 
popular participation in the decision-making process, they are 
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an instrument of self-reliance, they can enhance the potential 
for rural development and they can, by providing income, 
serve to improve the standard of living of the mass of the 
population. Why, one might ask, is their use not being imple- 
mented on a larger scale? The answer to that question is her- 
haps more political than rational. The means are available, 
what is now required is the will to use them. 
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