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Preface

HE FIRST FOUR articles in the issue are devoted to different aspects of the problem of most ef-
fective utilization of scarce capital resources in under-developed countries.

The first article, “Capital Intensity and Costs in Earth-moving Operations”, prepared by the
Industrial Development Branch of the United Nations Department of Economic and Social Aflairs,
follows up a previous study entitled “Capital Intensity in Heavy Engineering Construction”, which
was published in the first issue of this Bulletin. The article is based on material provided by
Governments in response to inquiries conducted by the sccretariat of the Economic Commission
for Europe (ECE) and that of the Economic Commission for Asia and the Far Fast (ECAFE). It
contains an analysis of the relationship bet veen levels of capital intensity and costs in the various
projects rcported by Governments; methods of statistical measurement of the relevant magnitudes in
comparable terms are developed for that purpose.

Following the first article is a note on the meeting of a working party on carth-moving opera-
tions in Asia and the Far East recently held in New Delhi under the sponsorship of the Sccre-
tariat at Headquarters and that of ECAFE, reference to which js made in the article. The working
party dealt with various aspects of the technology of carth-moving using manual labour, mecha-
nizcd equipment and combinations of both in the light of the conditions prevailing in that region.

The third article, “Choice of Industrial Technology: The Case of Wood-working”, by Mr. G. K.
Boon of the Netherlands Economic Institute, approaches another aspect of the same problem by
analysing a simple industrial operation, the manufacture of wooden window frames and furniture. On
the basis of this analysis, the author develops a method of appraisal of alternative production processes
at different levels of mechanization, including the use of multi-purpose versus specialized machines.
In spite of its specialized nature, the study was considered to present an interest of a wider scope
as the proposed method is applicable also in appraising alternative techniques at different levels of
mechanization in other industries.

The fourth article, “Use of Welding in Machine-Building”, by Professor Evgeny P. Unksov,
Director of the Central Scientific Research Institute of Technology and Machine-Building
of Moscow, deals with a purely technological subject but is essentially concerned with the same
basic issue—finding means of reducing capital requirements in industrial operations in newly in-
dustrializing countries. Professor Unksov's contribution is particularly significant in this respect
since the capital-saving methods which are discussed in the article apply to a rather advanced stage
of industrial development, namely, heavy machine-building. The development of a technologically
mature machine-building industry, which is beginning to emerge in the more advanced among newly
industrializing countries, makes heavy claims upon their capital resources because of the complex and
expensive equipment which such industry requires. Such countries lack a sufficiently developed in-
dustrial infrastructure to produce the necessary heavy cquipment by their own means and thus
have to rely to a large extent upon costly imports. To substitute a technology based on welding for
the costly and elaborate steel-shaping operations such as casting and forging, which are being used
at the present time in heavy machine-build ng. represents a major capital-saving device. To quote
from Professor Unksov's article, “the wide use of welding in machine-building has special significance
under conditions prevailing in industrially under-developed countries, since it would enable them,



in a comparatively short time and with relatively small capital investments, to establish new or con-
vert existing machine-building installations according to modern rechnical standards”.

In addition, this issuc contains an introductory study on financing of smallscale industries in
under-developed countries prepared by the Industrial Development Branch, which examines a num-
ber of measures aiming at providing the small industrial enterprises in the less developed countries
with adequate credit on favourable terms.

Another article, prepared by Mr. William R, Pabst, Jr., Chicf Statistician of the United States
Department of the Navy, deals with statistical methods of quality control in industry. It presents
a particular interest for under-developed countries as it relates to methods of quality control which
are fully applicable in small and medium-scale industrial enterprises.

A new international body—the Special Fund—has been recently established by the United
Nations to provide financial assistance to under-developed countries for projects of a pre-investment
nature. The last article in this issue discusses the role of the Special Fund in fostering industrial
development.
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A s g e

Capital Intensity and Costs
in Earth-moving 0perati0ns

Prepared by the Industrial Development Branch

of the United Nations Department of Economic and Social Affairs

ORIGIN AND PURPOSE OF THE STUDY

T WE PRESENT ARTICLE has been prepared as onc of a

scries of studies of capital intensity in heavy engin-
eering construction conducted by the United Nations
Secretariat, under its work programme in the field of
industrialization and preductivity, Parcof this programme
consists of studies on problems which lic between the
over-all assessment and allocation of resources and pro-
gramming of targets, und the designing of industrial
plant and production facilities. Such projects, which take
the form of case studies in selected industries. aim par-
ticularly at developing a methodology for further re-
search,

The choice of capital intensity as a topic in the projects
carried out hy the Secretariat is motivated by the import-
ance, in the development of under-developed areas, of
the problem prevailing in those areas of chronic imbal-
ance between the two fuctors of production—labour and
capital. The theoretical aspects of the prohlem of appro-
priate “factor-mix” in the development process have long
engaged the interest of economists. Most of the recent
research on this problem has, however, been based on
what may be designated as the macro-economic or aggre-
gative approach. As mentioned in previous studies hy the
Secretariat on the problem of capital intensity, it has be-
come increasingly evident that further analytical work
based on an economic and engineering analysis of in-
dividual industries, projects and processes is required.

One of the three studies on capital intensity published
in the first issue of this Bulletin related to heavy engineer-
ing construction,’ an industry selected because of jts par-
ticular economic and technical characteristics, Engincer-
ing construction is an important activity in all under-
developed countries, where it accounts for a substantial
part of total physical investment; in many countries,
economic development is associated in the first instance
with a rise in construction activity. In most under-de-

1 United Nations, “Capital Intensity in Heavy Enginecring Con-
struction”, Bulletin on Industrialization and Productivity, No, |
(sales number: 58.11.B.2).

veloped countries, this industry is undergoing a process
of evolution which poses a number of economic and
technological problems related to the question of capital
intensity. Finally, it presents a high degree of flexibility
in regard to tcchnological alternatives of substitution of
capital and labour, so that the choice of an appropriate
level of mechanization is of practical importance,

In the study mentioned above, the a nalysis of the deter-
minants of costs for mechanized earthwork operations
was largely based on United States data. The findings
derived therefrom were re-appraised in the light of condi-
tions prevailing in under-developed arcas, and a tentative
conclusion was reached that in the Latter arcas the costs
of mechanized earthwork are likely to be significantly
higher than in industrial countrics. The higher costs ap-
peared to be due to such factors as the poor rate of per-
formance of the equipment, both on the job and over jts
lifetime; inadequate maintcnance, resulting in frequenr
breakdowns and costly repair; scarcity of skilled labour
for operation and repairs, and madequate general facili-
ties, including the supply of sparc ports. Lower labour
costs arising from the generally low wage rates prevail-
ing in those countries appeared only partially to offset
higher costs on equipment account.

In the absence of actual cost data, these conclusions
were based on a number of field observations of qualita-
tive nature. Thus, experts assigned under the United Na-
tions Technical Assistance Programme had reported tn
several instances various difficulties which they had ex-
perienced in connexion with construction projects, in
particular as regards maintenance of heavy cquipment,
due to the lack of experience of operating and repair per-
sonnel and the shortage of imported spare parts. In some
cases, lack of familiarity with equipment resulted in op-
crating performance much below the norms achieved in
more industrialized countries. In onc instanec, the capa-
city of equipment was found to exceed the needs of
present or foreseeable future projects, which led to
chronic under-utilization and poor performance. Similar
observations werc brought out in the report of the Con-
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struction Plant and Machinery Committee, appointed by
the Government of India in 1953 to examine certain
aspects of this problem.?

A pretiminary draft of the study under discussion was
presented to a group of experts meeting in Geneva in
November 1956 under the auspices of the United Nations
Economic Commission for Europe (ECE) which wus
studying the effect of mechanization on the cost of con-
struction of hydroclectric stations, on the hasis of data
submitted by Governments. Having analysed these data,
the ECE expert group agreed that further data permitting
a comparative analysis were needed in order to study this
problem, and 4 questionnaire was drafted by the ECE
secretariat in co-operation with the Secretariat at Head-
quarters for crculation to Governments in the region.
The questionnaire was designed to elicit detailed cco-
nomic and engincering data for recently completed earth-
moving operations which would permit an analysis of
cost in relation to the degree of mechanization.

Earth-moving includes a number of different opera-
tions whose combination depends upon the nature of the
particular project. For example, construction of a canal
mvolves excavation followed by transporting the removed
carth and dumping it in some waste spot, or the use of
the carth on the site to build up embunkments for the
canal. For this reason, the questionnaire contained a re-
quest to supply, wherever possible, a breakdown of costs
of the work involved, by individual operations. In the
analysis presented in the second part of this article, ad-
vantage has been taken of the fact that in some replies the
various operations were separately reported.

In Asia and the Far East, considerable attention to the
cconomic and engineering problems in carth-moving and
in constructien in general has been given by the Govern-
ment ot India which, in the early nineteen fifties, had
convened two special committees to study these opera-
tions. A number of economic studies have also been pre-
pared by consultants on individual investment projects
of this type, planned or undertaken.? Reterence may also
be made to a study produced by a team of one engincer
and two cconomists, containing, in addition to a review
of the theoretical aspects of the problems, an unalysis of
two techniques of carth-moving, one involving mechan-
ized excavation and transport, the other involving manu.l
excavation and motorized transport.® The discussion of
the practical possibilities of combining labour and capital
concludes with a statement stressing the need for experi-
mentation in the design of techniques and equipment
with a view to meeting the particular requircments of
under-developed countries. These conclusions substanti-
ally agree with those of the United Nations study on
carth-moving cited earlier.

2 Government of India, Ministry of Irrigation and Power, Re-
port of the Construction Plant and Mackinery Committes (New
Delhi, 1954V,

3 One of these, entitled “Some Economic Aspects of the Bhakra
Nangal Project”, by Professor K. N. Raj, is to be published carly
in 1960 (Asia Publishing House, Bombay).

4 “Capital Formation and Choice of Techniques in Under-de-
veloped Fconomies”, by G. R. Deekshit, R. K. Patil and K. R,
Datye, in Indian Economic Journal, July 1956.
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At the Second Regional Confercnce on Water Re-
sources Development, held in Tokyo in 1954 under the
sponsorship of the United Nations Economic Commis-
sion for Asia and the Far East (ECAFE), suggestions
were made by participants for research on the technical
aspects of carth-moving operations in this area. As a
result, the ECAFE secretariat undertook a study of the
particular problem of improving manual techniques of
carth-moving in competition with machines.

The subject was further discussed at the Third Re-
gional Conference on Water Resources Development held
i Manila in 1957, o which papers were presented by
ECAFE and the United Nations Secretariat, The discus-
sion ot these papers led to recommendations that further
research and an increased excbange of information were
required in this ficld. In accordance with these recom-
mendations, the secretariats of ECAFE and of the United
Nations Headquarters organized jointly a Working Party
on Earth-moving Operations to meet in the ECAFE re-
gion. A detailed questionnaire was drawn up and cir-
culated to Governments of the region in this connexion.
The part of the questionnaire relating to costs and degree
of mechanization in carth-moving was designed along
the lines of the questionnaire circulated - earlicr in the
ECE region; it was expected that the replies would make
it possible, in particular, to test the hypotheses on the
cost ot mechanized earthwork operations in industrially
less developed countries which had been made earlier.
The working party was convened in New Delhi, India,
from 7 to 14 September 1959.5 A preliminary draft of the
present study was submitted to it.

The analysis which follows is based mainly on the
replies of certain countries to the questionnaires cir-
culated in the two regions.®

As regards countries members of ECE, detailed and
comparable data were received from Austria, Finland,
France, Poland, Sweden and the Union of Soviet So-
cialist Republics. The replies from the Federal Republic
ot Germany, Turkey and the United States did not con-
tain certain data—for instance, labour inputs or deprecia-
tion charges—required for the analysis undertaken in this
study. The information on earth-moving operations re-
ceived {rom Czechoslovakia was not comparable with
that contained in the other replies.” The United States
data referred to below originated from the United States
Burcau ot Public Roads which had carried out special
cost surveys in this field.

As regards replics from countries of the ECAFE re-
gion, the material on costs of mechanized earth-moving
operations was, in most cases, not sufficiently detailed and
lacked comparability.

Considerable information on technical specifications
and capacity of equipment was supplied by the Govern-
ments of Japan and the Philippines. The replies of Cey-
lon, the Republic of China, Hong Kong and Singapore

3 The final report of the working party is summarized else-
where in this issue of the Bulletin.

% Infuimation on the relevant projects is given in appendix I.

7 Replies from the Governments of Belgium, Hungary, Italy
and Romania were received too late for inclusion in the stuay.



provided either partial cost data or data on total costs
with insufficient hreakdown; data for such imporiant
items as wages or depreciation charges were lacking. In
the case of Hong Kong, data on labour man-hours in-
dicated rather extensive use of labour in combination
with small pieces of equipment, and the unit costs ap-
peared to he competitive with those ohtained hy use of
other techniques in other countries; the incompleteness
of the data, however, precluded further amalysis. The re-
plies from the Repuhlic of China and Thailand provided
data on direct costs, but not on indirect costs, particularly
depreciation, In these instances, carthwork was part of
very large and complex projects, and o full analysis of
unit costs could not be undertaken., The reply from
Burma contained detailed information on an operation
involving a type of equipment different from that uscd
in the projects of other countries. Thus, in the matcrial
originating from the ECAFE region, only that relating
to India could be taken into consideration in the analysis,
For that country, certain important data are tuken from
published and unpublished documentation relating to the
year 1953 prepared by the Rates and Costs Committee
of the Government of India, which was made available
to the Secretariat.

The lack of adequate information in the ECAFE re.
gion may be explained hy several factors, among which
is the fact that mechanized earth-moving has only re-

cently been undertuken on Lirge scale® In countries
where such projects have been carried owt, much of the
work was done by private contractors whose cost e
counts are not gencrally made public. In other comtries,
the work was performed by government depariments,
but because of inadequate accounting practices it is i
ficult 1o ascertain actual expenditures for projects of this
type. On the one hand, over-all budgcts Tor specific pro
jeets often £ail to provide detailed cost data for the VArioNs
operations involved. On the other hand. these operations
arc frequently cirried ou by separate administrative
units, cach of which operates under its own budget: the
latter would cover the expenditires involved in the par
ticipation of the unit, with its own stail. cquipment
materials, in several projects, without speling out the
costs relating o any individual job. Tii these CISCS, 1t iy
impossible to ascertain not only itemized data relaring 1o
such cost clements as wages, depreciation, maintenanee
and repairs, but even total costs for individual projects.

As a by-product of the various investigations, the need
for maintaining proper cost accoumting records was nade
apparent, aned 1 recommendation o thar effeer was e
in the report of the working party.

*The Government of New Zeakmd staredd in s reply thar
was currently undertaking one of the L gest carth-nzovimg pro
icets in the region; this, however, is in carly stages of constrinchon
and detaled dina are not yel availible,

ANALYSIS OF COSTS

Measurement of capital intensity

HE ANALYs18 1s divided into two parts. The first relates

to excavation only, an operation which is common
to all earthwork : data are presented for Austria, Finland,
France, Sweden, the Soviet Union and the United States.
The second relates to a combination of excavation, trins-
port and compaction operations for which data are avail-
able for France, India, Poland and the Soviet Union.

As a first step, it is necessary to define a measure of
capital intensity corresponding to the micro-economic
level of analysis adopted in this study.

A meusurement of the rate of mechanization which has
been sometimes suggested in the literature® js the ratio
of the power of equipment to output. In the present case,
this measure would relate the horsepower (or kilowatt)
capacity of the excavating equipment to the volume of
carth moved. This, however, would present a number of
drawbacks. First, this relationship would single out one
of the factors in mechanization—-horsepower capacity—
which, from the point of view of capital input, is not
necessarily the most important one. Secondly, it might
often be misleading; in the case of hauling operations,
for example, more installed horsepower would be re-
quired for haulage by trucks than by locomotive-drawn
dump wagons on tracks for the same volume of output

% Some of the definitions or measures proposed for capital in-
tensity are mentioned in “Capital Intensity in Industry in Under-
developed Countries”, Bulletin on Industrialization and Produc-
tivity, No. 1, footnote 22, page 19,

in ton-kilometres, and it is clear tht there is 1o necessary
relationship between installed power and level of capital
intensity of the two techuiques.

In the following aualysis, it is proposed to uie the ratio
of capital input to labour input as a measure of capital
intensity, both factors being taken here, concepuatly, in
terms of “fow” rather than “stock”. Capital nput is
measured hy the value of cffective physical depreciation
of equipment during the period of actual operatian, as
opposed to accounting depreciation charges which are
caleulated in a conventional and more or less arbitrary
way.'” Labour input is measured in hours of direct labour
used on the job, inctuding operating, maintenance, repair
and aucillary personnel, but excluding supervisory
overhead staff,

This measurc presents on the numerator side a prob
lem of valuation for intermation.l comparability, since
capital input figures in the replies of the different coun-
tries are expressed in local currencies. This difficulty,
which is geueral in problems of this type, 18, in this in-
stance, alleviated by the fact that there exists an inter-
national inarket for capital goods used in earth moving,
so that prices of cquipment reflect the Lirge measure of
competition among, the few producing countries. More-
over, as far as the first part of this study is concernel,

19 For a discussion of this problein, e “Capital Intensity
Heavy Engineering Construction™, op. ait. Sec also the disension
below of the relationship between mainienance and deprecianon
costs.




vor. View of the tal vace canal of the Grundfors hydro-power station
in Sweden

vorroM. Under water excaration work at the tail-race canal of the
Willi hvdroclectric station in northern Firland
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the problem was further simplified by the fact that pric-
tically all of the equipment used in the western European
projects was of United States origin.

The problem of appropriate exchange rates for convert-
ing national currencies into a common monetary unit is
more complex in the case of costs which, in addition to
capital charges, comprise those for wages and materials.
including locally produced supplies. It was necessary to
make a certain number of assumptions concerning’ ex-
change rates, which are believed to provide a sufficient
first approximation for the purposes of this study.!! For
the western European countries, a comparable set of data
was obtained by converting the figures expressed in na-
tional currencies into a common monetary unit—the
United States dollar—at current exchange rates. Some
complications as regards an appropriate conversion ex-
change rate arose in the cases of Poland and the Soviet
Union; these are discussed in detail in appendix II.

Another factor to be taken into account in computing
the measure of capital intensity is the difference in the
rate of performance of equipment in various projects. In
operations where this rate is below normal, the time spent
by the equipment on the job is correspondingly higher
and so, consequently, are the values of capital input as
defined above.™ To adjust for this, a coefficient of correc-
tion is applied to the rate of equipment performance; this
coefhcient, which relates the observed rate to a reliable
norm based on past experience, also takes into account
various physical factors, such as the terrain, and thereby
also provides an adjustment for the lack of homogeneity
of the “product” obtained in different types of earth-
work

Account should finally be taken of the differences in
the time periods in which the projects were carried out.
Governments were requested to supply data for “recent”
projects, and although the information generally relates
to the period 1953-1958, some dispersion of time periods is
indicated in the replies.* No adjustments for price
changes with a view to bringing all costs to a common
base were made. There are indications, however, that,
excepting the case of Poland, only small adjustments
would have been required.

'Y A more deailed discussion of some of the conceptual and
stanistical problems involved in international comparisons of value
data is contained in certain studies published by the Organisation
for European Economic Co-operation; see .4n International Com-
parison of National Products and the Purchasing Power of Cur-
renctes (Paris, 1954) and Comparative Nation:’ Products and
Price Levels (Paris, 1958), both prepared by M. Gilbert and staff.

12 Inefficient operation may, at the same time, involve more
labour, so 1har both numerator and denominator are affecied in
the same direction; however, there is no reason to assume that
they are affected in the same proportion. It is reasonable to as-
sume, particularly in 1he case of under-developed countries, that
inefficiencies in ucilization are considerably greater in the case
of labour than in the case of capital, because of the very low
level of wuges. In the absence of adjustments, this would tend to
give consistenlly lower values 10 the measure of capital intensity.

13 For example, in work involving rocky soil or under-water
dredging.

" The data for France relate 10 a project begun in 1948 and
completed in 1952. The French authorities themselves have re-
valued 1he data at March 1958 prices.




Excavation

Tuble 1 shows capital intensity and unit costs in excavi-
tion work for countries where rele -ant information wus
available.

In the case of Sweden, a very high figure of accounting
depreciation is given in the reply; an analysis of the per-
formance data shows it 1o be two to three times higher
than the physical depreciation as defined above. On the
other hand, the 1ate of performance is relatively low
owing to the nature of the work, which involved an espe-
cially difficult operation of under-water excavation. The
numerator of the ratio and the cost figures were adjusted
accordingly. The French reply, which concerns a projec
mvolving both excavation and transport. ndicates that
the performance of the excavating cquipment was af-
fected by the inadequacy of transport equipment; this,
too, was corrected by adjusting the ratio numerator and
the cost figures. As regards the Finnish project, a break-
down of costs suggests that the accounting charges for
depreciation were below the real rates, No specific data
regarding the performance of equipment are given in
the reply of the Soviet Union; performance has conse-
quently been assumed to be comparable to that achieved
in other projects.’®

The capital intensity in the Austrian project—which is
of small size—is shown in table 1 to be of the sar-c order
of magnitude as that of the other projects; however, 4
higher unit cost is obtained despite the fact that Austrian
wage rates are significantly lower than those in the other
countries. This probably reflects the diseconomies of scale
arising from the small size of the project.!®

The table also contains figures for the United States
which were calculated on the basis of data for excavating
operations in road construction analysed in a previous
study by the Secretariat on capital intensity in engineer-
ing construction. The data concerning capital intensity
and wages do not relate to one specific project, but to a
sample of projects mainly in the medium-size range. The
capital-labour input ratio thus obtained js only slightly
higher than that in the other countries, The unit costs
for excavation in road construction are average contrac-
tor’s bid prices and have a broad nation-wide coverage.'”
They are higher than the costs in European projects.
Large-scale projects in the United States, comparable to
those described in the replies from European countries,
would command somewhat lower costs, but these would
still significantly exceed the average cost level obtaining
in the European projects under discussion, As the esti-

mates of equipmcnt perf()rm;lncc given in the l’CpliCS of Tor. Construction of an airport in West Virginwa, United States:
loading trucks with power shovel

18 Where daia on levels of performance are available, these ap-
pear to be roughiy comparable in projects with similar unit costs.
Since costs in the Soviet project are of a comparable order of
magnitude, the assumption made appears to be reasonable,

18 )¢ adjustnient is made for the discrcpancy between the Aus- worToM. View of the intake canad at Ottmarsheim, I'rance. [he
trian and, say, the French wage rates which are representative of navigation locks and the power plant head-vace are vishle i the
the average wage level, the Austrian unit cost would slightly background

exceed 40 cents, which would not be excessive as compared to the
average unit costs for large-scale projects. For a discussion of the
effect of size upon costs, see “Capital Intensity in Heavy Engineer-
ing Construction”, op. cit,, page 42,

17 1bid., pages 40 and 41,




Complerng work on the sweckiy pondage basin of a4 gente Storage
plant vear Klagenfmi, Ausnia

some European countries indicate a level of etficiencs
compurable to that of the operations in the United States,
the difference is attributable to the ligher level of wages
i the Latter country, which, for this type of work, are two
to three times higher than those in Furope,

In appraising the data shown in wble 1 it should be
borne in mind that the variations in factor mputs and
costs which result mainly from dilferences job condi
tions, such as the nuture of the soil and topography, arc
extremely wide in carth moving, As noted above, an
attempt has been made o correct for these elements, but,
because of the madequacy of the availuble information.,
the corrections made are in the nature of approximiations
rather than precise adjustments. Under the Arcumstances,
the range of variation of the values obtained for the
capital-tabour input ratio shown i the tble does not ap-
pear excessive. From the methodological point of view.,
the definition of capital intensity developed in this studs
appears to be sutficiently meaningful and “operational™ o
tustly further quantitative investigation. s 1o unit Costs,
these show only minor varations in tose countrics whe e
Wage s e comparable,

Combiried operation of cxcavation, transport and
compaction

Cost data on a comhined operation of excavation. trans.
portand compacnion are available in the material pro-
vided by Franee, India, Poland and the Sovict Union,
These dataare shown in able 2,

In the case veported by the Soviet Unon, the carth
moving operations were ol a comples natare: the pif {or
the carth dam had 10 be obtamed under water—a task
which was especiathy ditheuht during the winter when the
rver froze, bxcavation was accomplished in two SLIges:
m the sy which was carried owr during the ice-Tree

{2

menths, huge draghnes excavated the fill and deposited it
along the river banks. b the second, the K11 was loaded
hy shovel and dragline onto trucks for hauling 10 the
dam site, where conventional methods were used for com.
paction. The second stage was conducted the year round
by utilizing the “stock™ of 1ill excavated during the carlier
stage. The data provided in the reply made it possible to
analyse caclr stege separatelv; hy excluding the first stage,
aset ol operations comparable 1o that deseribed in the
Polish .nd French replies could be isolated .

The data for Endiaare, as mentioned carlier, based on
muaterial from the records of the Rates and Costs Con-
mittee. The cost dataare “recommended” norms hased on
prices prevailing in 1933, i calcuknting these rates, the
committee reviewed  currem engineering  practices in
ndia and i other arcas, notably the United States, and
mude certain assumptions CONCCrNING compurative cquip-
ment performance in order 1o arrive at g set of norms
agaimst which performance on projects under construc-
tion could he evaluaed., In cstablishing these figures, the
Ranes and Costs Commitiee assumed tha operating per-
lormance would be ahout 63 per cent of the ideal output
estimated by equipment producers, primarily those of the
Uiited States”™ Fhe costs of overhead were not ineluded
m the caleulations of the committee; they have been
estimated, i table 2,at 25 per cent of total unit cost,

The Polish project is of special interest, as the data
concermimg it suggest that it was carried out by techniques
much more labour-intensive than those applied in the
other projects. One phase in the ercction of a reservoir
system described in the Polish reply was the construction
of . catch-hasing, involving excavation of 285,000 cubic
metres of earth and transportation of this amount over
e average distance of one kilometre, These data are di-
rectly comparahle with those contained in the French
reply. Both replies provided estimates of the total cost
ol excaviating one cubic metre of carth and moving it
distance of one kilometre; the French reply also pro-
vided o breakdown of this total and. as was mentioned
above, it was possible 1o derive an estimate of the cost

of . similar operation in the Soviet Union fram the ma-
terial contained in that country’s reply. As for the tech-
Micue of operation, large draglines or shovels were uscd
for excavation, and self propelled dump trucks were used
lor transportation in bath the French and Soviet projects;
thereafter, bulldozers were used for compaction of the
carth In the construction of the catch-basin in the Polish
protect, small draglines and shovels were used for excava.
tion, and transportation was carried out by means of a
specially built narrow-gauge railway system with coal-

The French data are based  on equipment  performance
meunnng 1o abont S per cent of the Sideal™ performance, which
Appears 1o correspond 10 average conditions of operation in the
developed commries. I thie carlier stady of 1his problem, it was
estinated i the level of performance in under-developed coun.
ries wonld be half of that found in the developed countries and
the norms proposed by thie Indian camminee scem to be relativefy
bgh. This appears 10 be contirmed by information in the report
of the commntee, which indicates 1hat, in most projects under
evnnation, performance fell shert of 1he proposed norm (Gov-

conment of Tndia, Ministry of Irrigation and Power, Report of
the Rates and Costs Commitrer (New Delbi, 1956), chapter 16).




powered locomotives and smull dump wagons."” Morc
manual labour was involved in the Polish project than in
the other works considered, at two stages of the opera-
tion: laying and maintaining the tracks: and unloading
the dump wagons and spreading the carth an the site,
prior to compaction by bulldozers,

Itis dithcult 1o assess the real significance of the differ-
ences in costs shown in table 2. In the carlier study of
the Burcau of Economic Affairs on costs of mechanized
carth-moving operations, an analysis was made of he
various Lactor determining these costs in the more indus
trialized countrics, and an dttempt was made to transpose
the findings 10 the conditions prevatling in under-de-
veloped arcas. Thus, it was mentioned that, because of

Y Some gasoline pow cred dump rucks were used moother
phases of the work, bt 1he data do noy Perin direer comparison
of the costs with those of the ather Irimsport methad.

lack of Lamiliarity witl, cquipment and livde experience
with techniques of mechanized operations,
of Libaur could e generally expected ta he
in the

productivies
lower than
dustrial countries, In addition, the ctheieney af
individual industriy] processes - the Litter counteies s
enhanced by the existence of external cammies, such
availability ol skilled Tabour,
tenmanee facilities and adequate supply of spure
which contrihute ) higher praductivies
and better cost conditions. Fir these
i mechanized aperations in under-develped canmtries
might be expected 1o e substantially higher tn i (he
more advanced countriess i s rue theospie ol dower
labour costs resulting {rom gonerally lower w
even if the lower productivity « 1 Labour
count.

adequate repar and main
parts,
and pertormanee
TCASUNS, 1N Costy

Jdee rates,
18 tiken o ae

The relevance of these canstderations will e exitmined

Table 1
(:.\]’IT.-\I. INTENSITY AND UNIT cosTy 1N EXCAVATION WaORK
CAPITAL LABOUR CAPITAL- EOST PER
INPUT* INPUT LABOUR LUBIC METRE
1S dollars t man-honrs INPUT OF WAGES
per thonsand  per thousand RATIO EXCAVATION ('8 (fultars
COUNTRY cubic metres)  cubie metres) () CUN dolla s rer hour YEAR
M ) 3 ) ) (6)
Austria 8K 111 0.5 0.34 1140 1455
Finland 51 57 0o 0.27 Lot 1957
France"
A o) 51 2 022 0.71 1958
B 54 06 UX] 0.22 071 1958
Sweden® 58 50 1.2 0.28 1.03 1954.1957
Unian of Saviel
Socialist Repulilics 50 48 1.0 0.24 104 1956
United States of
America 94 80 1.2 047 J 1933

Nowrce: See text.
* Caleculated

as the physical depreciation charge of cqupmient per man-hour of direct Libonr: vatonal o
rencies converted at official oxchange vaes s indicated in rephics, _
" The French reply contains data on two txcavation operations invadving different picas of cqmpinent:  thes
are analysed under A and B,
¢ Labour inputs partially  estimated e reply  daes ot andicate direet labour other than operating and
maintenance.
Table 2
(:APITAL INTENSITY AND UNIT COSTS FOR A COMBINED OPERATION OF EXCAVATION, TRANSPORT AND
COMPACTION
CAPPITAL Luot;n CAPITAL.
INPUT INPU :
0 OST PER
(US dollurs { mian-hours LABOUR cos )
per thousand  per thousand INPUT CUBIC METRE- WAGES
cubte metre-  cubic metre- RATIO KILOMETRE (IS dollurs
COUNTRY kilometres) kilometres) (1) :_,(2) (US dollars) per hour) YEAR
(M () (3 4) (5) (6)
France 167 148 1.1 0.67 071 1958
India . 190 600 03 0.60 0.13 1953
Poland*® 48 957 0.05 0.62 021 1952-1954
Union of Soviet
Socialist Republics® 180 158 1.2 0.67 1.04 1956

Somrce: See text.
®* For details on exchange rate used

in calculation, see appendix 1.

b Capital and labour inputs based on distribution of costs for enlire project.
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in the lignt of the data in table 3 which, for purposes
of illustration, compares cost figures for projects in France
and Poland. For the sake of simplification, only two cost
clements are considered: depreciation and direct labour
charges. Part A of the table shows the actual costs for the
two countries; in part B, the labour cost figures are re-
calculated under the assumption of reversed wage rates
(capital costs and labour productivity are assumed w he
unchanged). The table shows that. with the French level
of wages, the less mechanized technique used in Poland
would lead 10 a very high unit cost of 117 United States
cents as compared to an actual cost of 25 ceats. On the
other hand, a combination of the more mechanized tech.
niques used in the French project with Polish wage rates
would lead to lower costs, namely, 20 cents instead of 32
ceuts; the difference between the latter two figures is
proportionately much smaller than that obtaining in the
first instance. As labour productivity and equipment per-
formance may be expected to be higher in Poland than
in most undei -developed countries, a less favourable com-
parative cost situation is likely to obtinn in these countrics
in regard to mechanized operations,

As w0 India, it should be kept in mind that unitc costs
given for that country are based not on actual perform-
auce but on performance norms. For the combincd opera-
tion described above, the Indian unit cost is equivalent
to about 45 cents as compared, for example, to 67 cen's
for a similar operation in France. If adjustment is made
for the fact that the Indian data do not include overhead
and interest payments—which amounted to abowt 25 per
cent of tatal cost in France-—the adjusted unit cost would
not differ much from that obtaining in France. The close
ness of the cost figures for India and Frunce mav be
largely explained by the fact that higher depreciation, re
pair and other costs obtaining in the former country arc

wrow, Constructton camp for workers of the Bratsk hvidro powe
project on the Angara River in Siberia

ot Narrow gauge locomotire and dumping cars used in balding
a resers otr svstem on the Vistula River, 100 km. aborve Krakow. Polund

AR ey, Construction of the Konar dam, Domodar Valley, Indiw

Q v ppr "“‘ "‘.

offset by lower wage costs. If, as m the case of Poland,
average French wage rates are applied to the Indian cost
calcultions, assunung the same capital and Libour inputs
per unit of output, the Indian unit cost would rise 1o well
above one dollar.

Finally, it should be noted that, cven on the assumption
of comparable operating ¢fhiciency of both equipment and
labour, unit costs i1 highly mechanized operations in less
developed countries would, in many cases, be low in ap-
peararce only. The cost data in table 3 are made up of
wage and capital cbarges, the latter being depreciation
charges on cquipment; to simplify the calculations, in
terest charges have not been included. Omission of in-
terest charges does not materially weaken the comparative
value of the cost data among imdustrial countries, where
essentially similar conditions prevail regarding endow-
ment i capital resources as reflected in the rite of interest.
However, when cost comparisons are made with under-
developed countries, account should be taken of the
higber cost of capital in these countries die to its scarei.y:
it i adjustment is made for this factor, the comparative
cost selection would appear less favourable *

Au examimation of the data 10 table 2 relanng o capial
inteasity shows that, measured by the capital labour inp n
ratio, the degree of capital intensity of the Polish project
1s considerably lower than thut of cither the French or the
Soviet works.®" It can be seen in table 2 that the ratio s

20 Such an adipstment should be ade even for under de-
veloped cauntries where the market rove of copital s relatively
low hecause of sucli specal arcumstances as government credit
pohicies ar possibilines of borrawing under special  conditions
from internanonal institntions, so that there 15 a discrepancy be-
tween the “morket” and the “real” rate of interest. (See in this
connexion 1he discussion of the problem of the so-called “account-
g or “shadow™ prices of factors inan arlicle by Professor Jan
Tmbergen, "Chowe of Technology in Indastnal Planning”, Bul-
letin on Industrialization and Producticity, No. 1.

“UThe comparison of the Polish and Soviet data with those
of the western Furopean countries pases a problem of conversion
of data expressed in national currencies which was tauched upon
corlier. The methads of conversion used in these two cases are
discussed in appendix 1,




0.05 for the Polish project against 1.1 and 1.2 for the
French and Soviet ones In the Polish case, the high
input of manual labour was associated with a mechanized
transport operation: labour was not used for transport
proper as i conventional techniques of carth-moving of
high labour intensity, but for building « rail track—a
much more productive means than manual transport.
(The use ot small, narrow-gauge wagons also involved
considerable use of labour for unloading and spreading
the earth prior to compaction.) This roundabout labour-
intensive technique of using unskilled labour to produce
capital equipment of high productivity may be of interest
to under-developed countries. Furthermore, rail transport
cquipment is rugged, relatively inexpensive and in many
ways easier to maintain and operate than motor transport;
and it may also be easily produced in the countries thera-
selves, particularly in those which are in the more ad-
vanced stages of industrial development.?® In all these
respects, the method used in the Polish project meets
many of the difhculties which were pointed out in the
discussion of mechanized operations in under-developed
areas in the carlier study on this subject,

The Indian data present a certain number of special

22 Corroboration of the fact that the measure of capital intensity
may vary widely with alternative techniques may be found in a
recent Indian study on carth-moving. This study compared two
techniques preseniing only moderate differences in unit costs:
the first involved completely mechanized excavation and trans-
port; the second, manual excavation and motorized transport, The
capital stock per umit of excavation required by the mechanized
technique was about twice that required by the labour-intensive
one; at the same time, 1he latter required an input of labour per
unit of excavation fifteen times higher than the former., Thus,
if one compares capital-labour ratios, as measured in these items,
the ratio for the first technmique 1s thirty times that of the second
—an order of magnitude similar to that obtained above, See
“Capital Forpation and Choice of Techniques in Under-de-
veloped Fconomies”, op. cit.

33 A number of Governments, particularly Japan and Ceylon,
have indicated in their replies that narrow-gange rail track systems
of transport of earth arc currenty in use in some of their pro-
jects. The characteristics of these systems are not given in detail,
but it scems that the experience has been a favourable one,

Table 3
L.am R OAND CAPITAL INIT CONTS' FOR A CONBINLD
OPERATION AT DIFFERENT LEVELS OF MECHANIZATION
AND WAGE RATES
(United States cents per cubic metre hilonenre)

MORLE LESS
MECHANIZED  MECHANIZED
ITEM TECIHINIQUES TECIINIQUES

Fianve Poland
Al letaal costs

Labour 15 (]

Capital (depreciation) 1" 5
Tora. 3 5

Using Pohshi Using French

. wage rales Wage rates

B. Costs with wage rates reversed

Labour 3 12
Capital  (depreciation) 7 5
Torm 20 "7

Source. See text,
® For a disonsaon of the mothod of

computation of the data,
see appendix ML

Table 4
INDIAT DISTRIBITION OF COSTS FOR COMBINED OPERATION. -

EXCAVATION, TRANSPORT AND COMPACTION
(Per cubic metre-kilometre at 1953 prices and exchange rates)

DOLLAR
ITEM RI'PEES EQUIVALENT
Depreciation 0.89 0.19
Lubricants, fuel, ctc. 047 0.10
Repair and spare parts 0.38 0.08
Labour:
Operating 0.10 0.02
Repair 0.31 0.06
Tora 215 0.45

Source: Information supplied hy the Rates and Costs Commitice
of the Ministry of Irrigation and Power, Government of India,
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features. Labour input in man-hours shown in table 2
has been estimated by dividing wage costs by an assumed
hourly wage rate (sce table 4). For reasons discussed
below, the labour costs have been separated into two com-
poneuts-—operation and repair. An average wage rate of
0.5 rupee per hour has been taken for operating per-
sonnel; Tor repair workers, a rate of 075 rupee has been
used * On these bases, the Libour inpu—for hoth opera-
ton and repair —has been estimated at 600 man-hours per
thousand  cubic metre-kilometres, The numerator—an
unachusted depreciation charge shown i tahle 2—is 190
dollars, a hgure onby shghtly higher than that of 167
dollars 1 the French case. The unadjusted capital-fabour
inpmt vatio s thus 0.3, or roughly 30 per cent of the modal
cocthaient found for the countries ol the ECE region, of
which the French case is representative,

The hignre of 0.3 for the capitak-labour mput ratio in
India calls Tor some comments, in view of the fact that,
on the basis of the deprecration data contained in the
Tndan report, the carth-moving operation involves ap-
proxinately the same levebof mechanization as that in the
French caser indeed, as mentioned above, the value of
the capital input per 1nit of output is of the same order
al magnmitude as i France, The tow value of the ratio
results From a much greater labour input and. as can he
scen 1 table 4, the latter arises primanly on account of
repanr and maintenance ™ Labour nput on repair ac-
cannt s about three tnres as high as that of operating
Labour, o situation almast exactly the reverse of tha
ohtaining in France and in most developed countries,
The sizable repaiv expenditure results, to a large extent,
lrom the practice of producing on the site various spare
parts which i industrial countries, are readily available,
and ol engaging in extensive repair of parts which, in the

S Acconding 1o he data ot the Indian comminee, skilled op
cratmg and repanr labonr was paid at the rate of 6 rupees per
cight honr dav, while inskilled workers employed for varions
jobs om the site were paid from | to 25 rupees,

= The mpnt in operating Labonr alone amounits 1o 2000 -
hours per thonsand enbic metre kilometrves in the Indian project
as compured g total=-operation and repair—of 144 man-hours
m the French one. The high value of the component for operat-
g Labour in Indi reflects a lower rate of performance of equip-
ment and also he tact that, presumably because of very low
wige bevels, there s atendeney in India to use much more un-
skilledt Eabonr than in the more developed countries,

latter countries, would narmally be discarded and re.
placed. Certain aspects of this tendency deserve closer
attention at this point.

Since most of the cquipment and spare parts are im-
ported, domestic production of the latter obviously repre-
sents a means of saving foreign exchange, an important
consideration in India and most other under-developed
countries. Even in countries which do not have foreign
exchange difheulties, it may still be more advantageous
to fabricate some parts on the site rather than undergo
the expense of maintiining inventories of the numerous
spare parts which are essential for operating construction
cuipment. In the advanced countries where use of such
equipment s widespread, the overhead costs borne by
spare parts dealers in carrving adequate inventories are
justihied by a Targe and continuing volume of operations;;
in under-developed countries, such overhead would be
charged to individual projects and would lead to ligher
unit costs.

As repair is essentially a labour-intensive activity, re-
conditioning of parts as well as of large picces of equip-
ment may he more cconomical than buying new parts or
new machinerv.® In other words, increasing  labour-
intensive repair work 1s tantamount to saving capital by
reducing the rate of consumption of physical capital and
lengthening the life of existing cquipment** In the case
of India, the authorities have specified a life span for
caleulating depreciation somewhat longer than that used
in developed countries;®™ to compensate for this, higher
repair expenditures are anticipated.

8 While repair work i India is, as noted earlier, highly paid
compaed to unskilled operation, Indian repair wage rates are
still considerably ower than their counterpart in developed coun-
1res.

T he depreciation charge per unit in India should thus be
velatively Tow: as noted above, it is, in fact, higher than that in
France. The difference may be due to the inclusion in the Indian
cosls of heavy expenses for transport of cquipment and also to
a lower rate of performance.

= United Natians, “Problems of Size of Plant in Industry in
Underdeveloped Countries”, Budletin on Industridlization and
Productiesty, Na, 2 (sakes number: S9.1LB.1), pages 21 to 23
The significance of conserving capital through increased main-
1eminee and repair was stressed in the carbier studics of the Secre-
tartal. The question s now being studied in more detail by the
Induarial Pevelopraent Branch and the results of this investiga.
tion will he published in o subsequent issue of the Bulletin,

CONCLUDING REMARKS

rynE obj etk oF this study was to correlate the degree

of mechamzation and costs in earth-moving opera-
tions on the basis of data from the field. This {ollows up
a previous study in the same area, which was based
primarily on United States experience™ The purpose of
these studies is to develop a micro-economic approach to
problems where aggregative analysis is inapplicable, such
as choice of techniques in individual industrial operations.

0 Capital Intensity in Heavy Engineering Construction®, op.
it

1o

A new measurcment of the degree of mechanization
or relative factor input was introduced for the purpose of
the analysis, namely, the capital-labour input ratio. Both
inputs are based on the concept of flow; in particular,
capital input is measured by physical depreciation of
equipment per unit of output. In measuring both capital-
l.nhnur input ratio and unmit costs, account was taken of
tactor performance, which, for physical capital, is repre-
scuted hy the rate of utilization of equipment—both be-
tween jobs and on the site—and, for labour, hy its pro-
ductivity. In the cuse of costs, account had to be taken



of the lack of homogeneity of the labour factor, tha s,
of the differences in skill required by operations involy-
ing different levels of mechanization. Moreover, certain
statistical prohlems of valuation of data for international
comparahility had to he solved.

The staustical analysis indicated that, in the casc of
projects reported hy industrial countries, the magnitude
of both the capital-lahour input ratio and the total unit
cost which, under comparahle factor costs and levels of
mechanization is a measure of performance, varied
within a reasonably narrow range; the significance of this
has been discussed in the article.

The study suggests that the method may be of interest
for appraising industrial projects 10 under-developed
countries. Among the various factors to be considered
in such appraisals are unit costs and—assuming that the
industrial process involved is sufficiently flexihle tech-
nologically to allow for factor suhstitution—a capital-
labour input ratio which would make allowance for the
general scarcity of capital in under-developed areas. The
study provides an uppraisal method based on quantitative

measurements of the two magnitudes, The finding tha
these magnitudes are stable for the inchvidual projects
reported by the industrial countries —until now, such
stability has been considered characteristic of aggregaive
measurements in the beld of industry, such s capital
output ratios—provides uscful standards of comparison or
“bench-marks™ for such appraisals: the results obtained
may he indicative of similar conditions in other industrial
operations.

The significance of the capital-labour input ratio as an
effective measurement of the factor-mix in investment
projects was particularly evidenced in the Polish case,
where 4 mechanized transport operation achieved by
means of labour-intensive investment —the posing of
narrow-gauge tracks—was statistically reflected in g very
low value of the ratio. The proposed measurements thas
take into account the fact that capital is not a homo
geneous factor. The attention of technical institutions and
similar bodies is drawn to the useiuluess of additional
research into the possibilities of factor substinttion in
similar types of investment,

Construction of an airport in West Virginic: ecarth-moving operations




Apperdix 1
SUMMARY INFORMATION ON THE PROJECTS

P s aveEnmx contains briet deseriptions of the main

features of the projeats, the costs of which have been
analysed above, This material is presented so that the
reader may obtain 1 bever understainding of the opera-
tions involved and ol the influence of job conditions on
the amalvsis of costs.

Austria

The project ender review s the construction of a short
run-off cmal, 800 metres i length, ten kilometres west
of Kkigenfurt. The wotal of carth excavated amounted w
ERO00 cubic metres; this spoil was deposited along the
banks of the canal. The work was done in 1the month of
November 1955, using a single shifi.

Equipment on the site induded three power shovels,
cach with bucket capaciey of 0.6 cubic merre. Bulldozers
were sed to hielp prepare the site and o accomplish
simple fevelling for betier operation of the excavanors, The
Austran Government's reply indicates no speaial topo-
graphical problems or ditlicultics in the nature of the soil;
this is described as stony sand with a stight admixture of
clay.

Among the factors contributing to the high overhead
costs noted in the rext was the need for special equipment
to move the construction machinery from the equipment
|-tk w0 the work site. Also, it was necessary o provide
housing for the labour force; in view of the small num-
bers involved, it proved more cconomical to rent special
caravan trucks for accommodation than to construct
temporary huts. Special trucks for use as repair shops for
the equipment were also rented.

Finland

The project involved 1 decpening of the il race canal
at the foot of the Pilli hydroelectric station in northern
Finland. The purpose was to raise the head® and thus
increase the power potential, The canal is 2.8 kilometres
in length and the depth of the excavation was approxi-
mately 2 metres. The total of earth excavated amounted
to 655,300 cubic metres. The work was completed in the
period February through August 1957, in o three-shift
operation. The excavated masses were dumped on the
sides of the canal.

Equipment on the site included a walking dragline
with bucket capacity of 6 cuhic metres. A hulldozer was
used to level wemporary roads and o prepare the site so
as to facilitate operation of the dragline; the bulldozer
was also used o level the excavated masses on the banks
of the canal.

Excavation was accomplished under water, a type of
operation for which the dragline is particularly well
adapted. The reply indicates no unusual topogr :phic
problems, except that a small portion of the earth had to

* The tail-race is the channel conducting the water away from
the dam: the head is 1he difference n elevation or drop of 1he
water which provides the foree to mrn the power 1urbines.
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be moved twice because of the lack of dumping space at
certain sections of the canal. The soil is described as easy
to dig—sand mixed with clay.

Lxpenditures for housing some of the labour force
and for transport of other stafl from nearby communites
are included 1 overhead charges, but, 1in view of the
small size of the st needed for the work, these are
minimal, It was necessary to construct a small repair
shop, the costs of which are included in overhead.

France

The reply relates to the constrction of a portion of the
Grand Absatan Canal, the nume given to the develop-
ment of the Rhine between Basel and Strasbourg, for the
dual purpose of hydroclectric power production and
navigation, This particular section, at Oumarsheim, con-
sisted inanintake canal FE830 metres in length, divided
at its end into two branches, one containing locks for
navigation, the other being the head-race far the power
plant. The two branches converge below the plant. Over
19 million cubic metres of earth were moved for the
entire project, which was carried out aver the period 1948
o 1952,

The cost data relate to the construction of the intake
canal, which required the shifting of about 13 million
cubic metres of carth. In view of the nature of the soil
and the requirements for embankments, earthwork was
cdivided into three parts. The first (1.8 million cubic
metres) involved simple stripping of the soil and dump-
ing near the site; scrapers and small excavators were used
for this work. The sccond (4.3 million cubic metres)
involved excavation and transport of the earth for use
as embankment; this was accomplished with large power
shovels and dump trucks. The last part (6.8 million cubic
metres) involved excavation of soil and dumping in the
immediate area; this was dane with draglines.

The analysis of costs covers the second and third parts
of the work. The combined operation of excavation,
transport and compuction, camprising the second part,
was undertaken with electric power shovels of 3 cubic-
metre bucket capacity, dump trucks of 10 cubic-metre
capacity and bulldozers for compaction. The third part
wus undertaken using large draglines with bucket capa-
city of 7.6 cubic metres; bulldozers were used to assist
in the preparation of the work-site to facilitate dragline
operations. .

There is no indication of any major difficulties arising
from topographical features of the work-site or from the
nature of the soil. Camps were erected for the large
labour force involved in the entire project; this included
considerable concrete work, installation of a power plant
and provision of navigation locks. The camps were also
used to house the workers engaged in subsequent pro-
iects in the aren, which helped to reduce the costs charged
to individual works. Elaborate repair shop facilities were
provided, the costs of which are included in overhead.




India

As indicated in the article, the analysis is based on cost
estimates prepared in 1953 by the Rates and Costs Com-
mittee of the Government of India. These are primarily
performance norms used to evaluate the actual cost data
recorded hy projects undertaken in India at the time of
the review by the committee. The data relate to cxcavi-
tion by a two and one-half cubic-yard excavator, transport
by dump trucks and compaction by bulldozers.

Poland

The Polish project consisted of building a reservoir sys-
tem on the Vistula River, 100 kilometres above Krakow.
Total earthwork involved moving approximately 1.5
million cuhic metres. The main works were an earth
dam and a catch-basin; the earthwork for the latter, the
costs of which are analysed above, amounted to 285,000
cubic metres. Excavation work on the project began in
1952 und was completed in 1954,

The equipment used on the entire project included
eight excavators with bucket capacities ranging from 0.5
to one cubic metre, seven hulldozers and roller attach-
ments for compaction, dump trucks and narrow-gauge
railway locomotives and wagons. While both trucks and
railway stock were used to transport carth in construct-
ing the dam, only the railway was used for earthwork
operations eonnected with digging the catch-basin.

Accommodation was provided on the site for about
one-third of the labour force. The costs incurred in this
connexion, and those of transporting workers from
nearby communities, are included in overhead.

Other features of the project are given in the analysis
above and in appendix I1.

Sweden

The reply gives details on the costs of earth-moving op-
erations in the construction of a tail-race canal at
the Grundfors hydro-power station. Total excavation
amounted to 25 million cubic metres. The whole length
of the canal—355 kilometres—was dug particularly decp
in order to add to the head at the dam and thus increase
the power potential. Earthwork began in the middle of
1954 and was completed in the summer of 1957; opera-
tions were conducted on a three-shift basis.

The major portion of the work was done with a large
walking dragline having a bucket capacity of 6 cubic
metres; the analysis refers to the costs involved in the
operation of this piece of equipment. In addition, as is
normal in such cases, a bulldozer was used for simple
ciearing and levelling operations in order to facilitate the
operation of the dragline. It was also necessary to use a
smaller dragline for a small portion of the work, but the
cost of operating this piece of equipment has not been
taken into account. The excavated masses were deposited
along the sides of the canal to provide embankments.

Digging is described as particularly difficult on account

of the nature of the soil; the dragline also operated under
dificult conditions, which contributed to ieducing the
performance rate. These factors have been taken into ac
count in the adjustments to the analysed figures, Some
sections of the carth had to be blasted prior to excavation
and pumps were used to drain other areas in this con-
nexion, These costs have been excluded in order to obtain
a set of operations comparable with those deseribed in
the other replies.

Overhead costs inctude a proportionate share of the ex
penditure on the construction camp for the kibour fore
employed on the entire project. They dso include the ex
penses incnrred i erecting and operating a repair shop
for the dragline and for fabricating certain pans.

Union of Soviet Socialist Republics

The reply gives details on some of the carthwork costs
in the construction of an carth dam and other installa-
tions for the Irkusk power station. The dam s 2600
metres long and contains 3.3 million cubic metres of
fll; total earthwork for the entire protect, including
excavation for the power plant and the cotfer dam, was
6.7 million cubic metres. Earthwork began in 1950 und
was completed at the end of 1956: the cost data given in
the reply relate to operations during the vear 1956, The
installation is very large, the capacity of the hydro-station
being 660,000 kilowatts.

The fill for the earth dam was tuken from nearby bor-
row areas and was also obtained from the excavation for
the channels and the power plant in the immediate
vicinity of the dam site. The cost analysis given in the
reply refers to operations at the borrow areas only,

Among the pieces of equipment nsed for the project
were eighteen draglines and excavators with bucket capa-
city ranging from 14 to 10 cubic metres. Transport of
earth was accomplished using ninety-five dump trucks,
forty-five of these with a capacity of 14.3 cubic metres
and Afty with a capacity of 4.7 cubic metres. Tractors and
bulldozers of various sizes were nsed for simple levelling
operations on the site and for compaction of the fill.

The main features of the earthwork have heen noted in
the text. Because the ground was frozen during winter
months, excavation at the borrow arcas was undertaken
in two stages; during the ice-free months, the larger
draglines were used to excavate carth and to dump the
mass 1n a “reserve stock”. The operations connected with
moving this stock to the dam for hll were conducted
throughout the year. The cost analysis in the text refers to
the second stage only.

United States

The data are hased on sumple surveys conducted by the
United States Bureau of Public Rouds, the results of
which were made available to the Secretariat. The costs
refer to simple earth excavation hy small shovels or
graders in road construction,
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Appendix I1
COMPUTATION PROCEDURES

T1$ APPENDIX PRESENTS in some detail the calculation

procedures followed “n estimating the unit costs and
capital-labour input ratios for the French and Polish
projects. Similar procedures were followed in respect of
the data concerning the other projects discussed in the
article. The appendix also contains a section on the con-
version rates for cost and investment data cxpressed in
Soviet and Polish currencies.

COMPUTATION OF UNIT COSTS AND CAPITAL-LABOUR
INPUT RATIOS
FRANCE

Unit costs

Detailed data are given in the reply of the French Gov-
ernment on unit costs for the following operations: ex-
cavation hy electric shovel per cuhic metre of earth;
transport by truck per cuhic metre-kilometre; dumping
of carth per cubic metre, including cost of maintenance
of roads and work on spoil tip, constitution of emhank-
ments, and rough grading of the slopes. Tahle 1 pre-
sented two sets of data on excavation. The second set
was taken up again in tahle 2, as part of the combined
operation; the following discussion relates to this sec-
ond set. The work was accomplished in 1948, hut costs
were recalculated in the reply at March 1958 prices; the
conversion rate used was 420 francs to the dollar, the rate
of exchange prevailing at that date. The data are sum-
marized in tahle I.

All the data on the components of excavation unit cost
were reduced by 20 per cent to adjust for the fact that
joh performance of the excavators was adversely affected
by shortages of transport equipment.

As regards the depreciation item, both in excavation
and the comhined operation, two clements had to be
taken into account in the adjustment. The cost of the
cquipment used in the French project includes additional
charges in the form of customs duties and domestic taxes
on machinery amounting to 30 to 35 per cent of their
c.i.f. value; these charges are irrelevant for the purpose of
this study. On the other hand, the rates of depreciation
as given in the cost accounts appear to overstate the

economic life of the equipment; thus, for excavation, the
rate of depreciation used in the accounts corresponds to
life expectancy of about thirteen years, whereas normal
expectancy is ten years. As the two elements involve
adjustments in opposite directions which roughly cancel
each other, the depreciation figures were used as given in
the accounts, without adjustment,

Capital-labour input ratio

The capital{abour input ratio is obtained hy dividing
depreciation hy man-hour of direct labour. Depreciation
has been discussed above. The man-hours of direct labour
are shown separately in the reply and cover those of
operating, repair and maintenance, and other site person-
nel. Excavation of a thousand cuhic metres requires sixty-
six man-hours; the combined operation requires 148 man-
hours per thousand cuhic metre-kilometres,

The ratio for excavation is 22,700 : 66=344 francs, that
is, 0.82 dollar, and for the comhined operation—70,000:
148==473 francs, or 1.1 dollar per man-hour.

POLAND
Unit costs

The data for total unit cost were used as given in the
reply without adjustment (table 1V).

Depreciation of equipment in the operation under dis-
cussion—construction of a catch-basin—was calculated
taking into account the following information. All equip-
ment used on the project was rented from a central
depot; the reply gives the fec charged for rental of the
equipment used in the construction of the catch-basin
without further breakdown. However, a breakdown of
the total rental fee paid for equipment used on the entire
project is availahle, including depreciation and wages for
repair personnel. The percentage breakdown concerning
the entire project has been applied to estimate the de-
preciation costs relating to construction of the catch-hasin.
The figures are shown in table II.

This yields a figure for depreciation of equipment used
in constructing the catch-basin of 1,150 zlotys per thou-
sand cuhic metrekilometres.

Table 1
France: COMPONENTs OF UNIT cosT
(Thousands of francs)

UNADJUSTED

ADJUSTED

Excavation only
(per thousand

Combined operation
(per thousand cubic

Excavation only

Combined operation
(per thousand

(per thousand cubic

. ITEM cubic metres) metre-kilometres) cubic metres) metre-kilometres)
Wages .. .. . 297 238 63.2
Depreciation ... 284 75.7 2.7 70.0
Other® ... 58.4 157.9 46.7 146.2
ToraL 116.5 3027 932 2794

Source: Economic Commission for Europe.

% Including overhead, cost of materials and repair and interest charges.

20




Table 1
PoLAND:  PERCENTAGE DISTRIBUTION OF RENTAL FEE FOR
EQUIPMENT USED IN ENTIRE PROJECT

ITEM PERCENTAGE
Wages : 13.0
Depreciation . 219
Spare  parts . 225
Other . . ‘ 42.6

TotaL 100.0

Capital-labour input ratio

Depreciation has been discussed above. As regards man-
hours, the reply gives data relating to all direct labour—
mcluding that of workers engaged in operating and
maintaining the track and rolling-stock of the narrow-
gauge railway system—except that for repairing and
maintaining excavators and locomotives. To estimate
hours worked hy repair workers, their wage bill—13 per
cent of the total rental fee—was divided, for lack of more
detailed information by the hourly wage for workers on
the project as a whoie® The total man-hours per thou-
sand cubic metres thus ohtained is 960. The capital-labour
input ratio is equal to 1,150 zlotys divided by 960 man-
hours, or 1.2 zlotys per man-hour.

CONVERSION OF DATA EXPRESSED IN SOVIET AND PoLisH
CURRENCIES

The dithculty in comparing cost data in the Soviet and
Polish projects with those of the other projects analysed
in this study has been briefly referred to earlier in the text.
It was noted that the procedure of converting cos:. data
expressed in national currencies into a standard currency
unit—in this instance the United States dollar—using the
official exchange rates, was not applicable in these two
cases.

The method of conversion used for the Soviet and
Polish data is presented in the following paragraphs.

M Since lubour costs for repair are u small proportion of total
labour costs, use of the average wage rate for this calenlation does
not affect the conclusions.

The unit costs for the Soviet and Polish projects were
broken down into categories and o “real” parity between
the currencies concerned and the dollar was estimated for
cach cost category, The calculations for the Soviet data
are shown in tahle I and for the Polish data in wble 1V,

If the official rate of four roubles to the dollar is applied
to the Soviet data, the prices of small and medinm-sized
picces of equipment used in the project appeir to be, in
dollar equivalent, approximately equal to or only slightly
higher than the prices of United States cquipment of
similar specifications. It was thus considerced appropriite
to apply the official rate to depreciation charges.

The official exchunge rate was not, however, considered
to be applicable to wage costs. A first approximation
to parity is provided by the so-called “tourist” rate of
ten rouhles to the dollar, which has presumably been
calculated on the hasis of international price parity in
respect of consumer goods. However, if it is borne in
mind that some wage goods, in particular the basic sub-
sistence items, and many services, for instance, housing,
are preferentially priced, the “tourist” rate appears to he
too high for the purpose and a rate of cight roubles—
judged to be more realistic—has been adopted

With respect to fuel and lubricants, an analysis of
the price data supplied hy the Soviet authorities indicates
that the rate of eight roubles to the dollar would also be
appropriate. At this rate, the cquivalent dollar prices are
roughly comparable to United States prices for similar
goods ™

The item “repair and maintenance™ includes charges
for shop overhead and spare parts. The rate of four

329t s true that, even at the 1urist rate, the equivalen dollar
prices of many consumer goods would appear 10 be considerably
bigher than those found in the United States or western Enropean
countries. For a full appreciotion of this problem, the ditference
i consumption patterns smong these countries shonld be taken
into account—a task which lies beyond the scope of 1his article.,
Comparisons of this type underlic the previously memioned

studies on western Europe and the United States by the Organisa-
tion for European Economic Co-operation.

# This rate takes into account the importance of freight costs;
these are relatively high in view of the remote locanion of the
project.

Table 111
CnONVERSION OF SOVIET COST DATA
COMBINED CONMBINED
OPERATION OPERATION
EXCAVATION { per cuvic metre- EXCHANGE EXCAVATION (per cubic metre-
ITEM (per cubic metre) kilometre ) RATE® (per cubic metre) kilometie )
(Roubles) (United States cents)
Wages ... .. 0.40 1.32 8 5 15
Depreciation 0.20 0.75 4 5 19
Fuel and
lubricants ... 0.22 0.47 8 3 6
Repair and
maintenance 0.35 0.79 6 6 13
Overhead (25
per cent) ... 0.28 0.84 5 13
ToraL 145 417 24 67

Source: Economic Commission for Europe,

4 Roubles per United States dollar,




Table IV

CoONVERSION OF PoLIsH COST DATA

COMBINED OPERATION

Zlotys per Umited States

cubic metre- Exchange cents per cubic

ITEM kilometre ratc® metye-hilometre
Wages AL 36 20
Depreciation 1.15 24 5
Fuel and lubricants 1.66 15 11
Repair and maintenance 34 30 11
Overhead (31 per cent) 4.16 15
Tora. 17.56 62

Source: Economic Commission for Eurepe.
u Zloys per Umted Stales  dollar,

roubles to the dollar applicd 0 equipment should be
appropriate for the iter; for the former, the rate pro-
posed above for the wage clement of costs might apply,
since labour accounts for a considerable proportion of
snch overhead. On balince, an average rate of six roubles
to the dollar has been taken,

Finally, the item for overhead is taken, s given in the
reply, at 25 per cent of the wtal of other costs.

The use of differential conversion rates is indicated in
view of the fuct that Soviet pricing is essentially a ool of
planning of production and distribution of income. Thus,
as indicated above, there is a relative under-valuation of
cupital goods vis-i-vis consumer goods (both tken in
general terms). From the point of view of choice among
techniques of production involving different lovels of
apital intensity, such under-valuation may result in a
certain bias in favour of mechanized wechniques,™

As regards the Polish data, the procedure which sug-

M This question has heen recently discussed in the Sovier litera
re. See "Obsuzhdenie voprosa o zukone stoimosti i tsenoobrazo-
vinii v 888R v Institute Ekonomiki Akademi nauk 8SSR™ (s
cnssion of the Question of Law of Valne and Price Formation n
the USSR in the Institute of Economics of the USSR Academy of
Scienees) s "Zakon stoimosti b problema tsenoobrazovanii v SSSR”
(Law of Value and Problem of Price Formation in 1he USSR}
by Y. Kronrod; “O deistvii zakona stoimoai i tsenoobrazovanii
naradnom khozyaistve $8§SR™ (Operation of Faw of Value and
of Price Formation in the National Economy of the USSR) by A.
Batchurin, and “Problemy ckonomitcheskoy effectivnosti kapit-
alovlozheny v sotsialistitcheskoe khozyaisivo™ (Problems af Feo
nomic Effectiveness of Capital Investments in o Socialist Lco-
nomy) by T. Kbarchaturov, all in Voprosy Fkonomiki, No, 2,
February 1959 (Moscow ).

2

I S ———————.

goests itself i the hrst place is the use of the differential
rates for cost components applied to the Soviet data, on
the basis of the ofhicial rate of exclinge of the rouble 10
the zloty, which is 1:1. However, the problem is more
complex, as is shown in the following discussion,

With respect to the capital cost item, practically all the
excavating equipment used in the Polish project was im-
ported from the Soviet Union and Czechoslovakia, while
transport  equipment—rolling-stock--was  of  domestic
origin, The zloty cost of the imported cquipment is com-
putcd, n the Polish reply. at a rate of six zlotys 10
the rouble. While no indicanion is given of the method
underlying this cvaluation, it may be assumed that the
Polish authorities have made an evaluation of the rouble-
zloty parity for these capital goods. Taking this adjusted
zloty-rouble rate and the 4:1 rouble-doltar rate applied
above tor small and medium-size Soviet produced equip-
ment--which is similar 1o that used in the Polish project
—i cross rate of 24 zlotys 1o the dothar is obtained for the
conversion of capital charges. This rate was applied both
to the imported and the domestically produced equip-
ment.

For the wage cost item, a first indication of the parity
rate is provided by the official “tourist” rate of 24 zlotys
to the dollar. However, there are indications that this
tends ta overstate the purchasing power of the zloty for
wage goods™ A rate of 36 zlotys to the dollar appears
to be more appropriate for the purpose of conversion,™

For fucl, especially coal, which, in Polind, is subject
to preferential pricing, a rate of 15 zlotys to the dollar
was considered appropriate. As regards repairs, which
include spare parts and repair shop overhead (Targely
indircet Tabour), the average of the rates for capital
cquipment and direet libour—30 zlotys to the dollar—
was adopted.

Finally, the overhead charge was computed, as given
in the reply, at 31 per cent of the total of all other costs.
T he rate of 50 zlotys 1o the dollar for consumer expenditures
on goods i services is soggested in o recent study by M. Rakow-
ki "7 problemow badin efektywndsc produkeji ckspartowei”
(Some Problems in the wvestigation of Effectiveness of Export
Prodnction) i Gospodarka Planowa, February 1957 (Warsaw).

 The average honrly wage of 7.5 zlotys derived from datp in
the Polish reply is equivalem to approximately 21 United States
cents, using the conversion rate of 36 zlotys to the dollar. The
much higher wage rate in the Sovier project is explained by the
preponderant vse of skilled labour: unskilled Tabour appears to
have been extensively nsed in the Polish project.




Working Party
on Earth-moving

Operations

Workine Parry ox Earth-moving Operations was
<X convened in New Delhi from 7 to 14 September
1959, under the joint spensorship of the Economic Com-
mission for Asia and the Far East (ECAFE) and the
Bureau of Economic Affairs of the United Nations Seere-
tariat.' The purpose of the meeting was to consider
number of problems relating to choice between manual
and mechanized techniques or a combination of both,
and to improvement of their efficiency.

Prior to the meeting, a questionnaire on costs of carth-
work wus circulated to Governments in the region. and
working papers based on the replies received were sub-
mitted to the participants as background documentation,

The consensus reached in the discussions at the meet-
ing was that, in a general way, mechunized operations
ought to be combined with manual work in earth-moving
projects in countries of the region, While the specific
technical and ecouomic conditions of individual projects
should be taken into account, libour-intensive techniques
appeared to be, in general, more effectively used when
comhined with mechanized transport.

The working party recognized that, even with the
fullest degree of mechani~ation, there still was large scope

" The working party was attended by representatives from the
following member and associate member countries of the Com-
mission;  Australia, Burma, Republic of China, France, India,
Japan, Pakistan, Philippines, Union of Soviet Socialist Republics,
United Kingdom, United States of America, Viet-Nam. Singapore
and HBritish Borneo. A representative of 1he International Labour
Organisation 100k part in the meeting. Observers from the Inter-
national Confederation of Free Trade Unions and the Interna-
tional Commission on Frrigation and Drainage also attended.
The Government of India was host. The conference was followed
by a fiveday study tour of two river development projects cur-
rently under way in India so as to afford participants an op-
portunity to inspect works involving a large volume of carth-
moving,

for using muanual aibour in fimishing and dernled work
and that it wonld be usetful 1o exchange informanon e
tween countries on this aspect. feowas sigpested tha
mechanization should be tirstapplicd 1o replicimg nannal
Labour in the most exacting operations.,

Attention was abso drawn 1o the advantages of coaploy
ing animal power (for example, bullock cuts o annmal
driven wagons an tracks), ample naplemants o me
chanical devices toassistin varous phases of manual canth
work. This was considered 1o be particularly cconomical
i small and medium-sized jobs, In .y instances, the
necessary implements for this purpose could be obianed
or munutactured in the country, In this comesion the
working party found that there was considerable varien
in the types of implements used i the different cotnrics
of the region, and recommended tha pilor projects b
undertaken o select the types of implements appropriate
to the diverse conditions and where the need  was
demonstrated—thar simple and  rugged types be de
veloped. For example. the efficiency of animal-deawn
transport used in conjunction with manital bibour could
be improved by using anti-friction hearings and improved
tires.

The pilot studics should also include time stadies of
manual operations so as to provide guidance in planning
and organizing the carthwork.

It was considered that the efficiency of manual Tabour
could be improved by adequate compensation, wage in-
centive systems and provision of social welfare, including
housing and recreational facilities. The hardships of
irregular employment inherent m the construction indus
try might be cased by planning in advance the transfer
of workers from one proicct to another.

Considerable attention was given hy the warking party
to the possihilities of comhining manual and mechanized
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techniques, taking advantage in particulir of the surplus
of Tabour 1 the countries of the region. For instance,
mechanized and manuat Labour methods could be used
side by side i compaction work, and certain carth 1
operations,  particularly those involving low embank
ments, could be performed more advantageously by
manual Libour. Manual labour could also be cmploved in
simple excavation jobs in combination with such trans
portas hand-pushed, ammal-driven or Tocomotive-driven
Wagons on narrow-gauge tracks.

In mechanized operations, proper prevennive mainte
nanee procedures and adequate supphes of spare parts on
the site: were needed o improve cthoeney ot operation.
In industrial countries, projea managers have reads
access o outside repuir facilities and o adequate inven
ories of spare parts maintained by distributors, Such
Ficilities are Tacking in under-developed countries, and
it was considered that provision for repair, mcluding in
ventones of sparc puars, was espectally important o en.
sure ethaient use of cquipment.

The working party recognized the need for training
operating and repair personnet and prescnted suggestions
to this effect, Tefelt that- particalarly in tiis area —Wage
of skilled workers were not commensurate with 1he
responsibilities and tasks involved: it recommended tha
the cconomic and social status of skilled mechanical per
sonnet be improved o impart a sense of responsibiling
which would contribute 1 better performunce,

The question of selection of cirth-moving cquipment
in the mechanized projects was discussed at some length,
Anexcessive diversification of types of equipment on the
1oh was to be avoided. In order 1o achicve ctheieney and
ceenomy i operation, s few different makes as possible

should be emploved on any construction joby. This s all
the more important in the ECAFE region because of the
ditheulty of obtaiming spare parts aud the lack of ade-
qnate repair facilities mentioned above. This applies not
only o carth-moving machinery proper, but also o com-
ponents and amatlary equipment, such s engines and
power control units. During the discussion it was brought
ont that the achievement of this objective was compuatible
with preserving a competiive market for cquipment,

Betore considering the purchase of new cquipment, it
was essenttal that muchinery currently availible in the
conmry be fully used. Arrangements such as centrat pools
lov operating and renting out cgqupment woutd ensure
maamum use of the existing stock: such organizations
already existed i many countries. It was noted 1 ths
comnexion that in those less developed countrics where
possibitities of re-use of equipment were limited, muli-
purpose nachines had distinet advantages.

The working panty considered that it was import.nt
toamprove budgeting and accounting procedures in order
to obtan aecurate cost records, It noted in this connexion
thar there is considerable variation in estimating depre-
canon allowances, and that the economic life of cqnp-
mentupon which the depreciation charge s hased, is
vartable depending in part upon the cost of repairs, Data
relatig o the impact of repair costs on life of equipmen
were cited for some projects, but these higures admitiedly
had 1o be appraised with caution; conclusions coneern-
ing the hfe of cquipment in under-developed countries
coutd mot be: made until addiional data had been col-
lected, The working party recommended in this con-
nexion that research on cost analvsis, taiking into account
the various factors mentioned above, be continued.

Both donkeve vnd dimp swagons wre wsed 0 eanth Mading paraions it the Gudi avage on the Indus Ricer, 200 mles north of Karachs Pakistan




Choice of

Industrial

Technology:
The Case of
Wood-working

BY G. K. BOON

rFuE PURPOSE OF this article is not so much to explore
the economics of alternatve technologies in a specific
industry—wood-working—which may or may not be of
particular importance to under-developed countries, as
to present a method of analysis which may be applied to
other industries where a choice between technologies is
possible. The method can be used to assess the costs of
alternative techmques of production and thereby to select
the niost economical one in a given context of factor
supplies, factor prices and levels and capacities of output,

Two specific problems will be envisaged: the first,
which relates to alternative methods of producing win-
dow frames, deals with the choice of un appropriate de-
gree of mechanization in processes of production with
different prices of labour and capital and different levels
of output; the second, which concerns production of
furniture, compares the costs involved by the use, respec-
tively, of single-purpose or multi-purpose machines with
varying output levels. This requires a brief description
of the alternative techniques of production; then, cost
functions are derived and applied to the alternative tech-
niques.!

'For full details, s “A Case Study of Wooden Window
Frame Production”, .{lternative Techniques of Production, Pro-
gress Report No. 4, March 1959, and “Multi-Purposc versus
Single-Purpose  Woodworking Machinery”, _4lternative Tech-
miques of Production, Progress Report No. 3, November 1958, by
Ph. B. van Harreveld and G. K. Boon, published jointly by the
Netherlands Economic Institute, Division of Balanced Interna-
tional Growth (Rotterdam), and the Research Institute for Man-
agement Science (Delft).

e

CHOICE.  AMONG  ALTERNATIVE METHODS OF  VARYING
CAPITAL INTENSITY IN THE PRODUCTION O WINDOW
FRAMES

Collection of data

The investigation was conducted a0 window frame
lactory in the Netherlands, which uscd highly mechan
1ized processes of production, Fach process was analysed
with respect to cquipment used, maintenance, encrgy
consumption, setting time and tme of operation. Infor
mation was then obtained on the various economic data
bearing on costs—among others, prices of machinery,
interest and wage rates and costs of enerpy.

A less mechanized method is not used in the Nether
lands. The relevant information —technical and economic
—wis obtained from producers and importers of wood
working machinery.

The product and the processes of production

The window frame under examination is composed of
two long beams— stiles—cach 1500 millimetres in length,

Mr. BooN is a suff member of the Diwiaon of
Balanced Internanonal Growth of the Netherlands
Economic Institute, an organization which has carried
out several rescarch projects complemerting  siudies
undertaken by the United Nations Secretariat. Mr. Roon
is particularly concerned with indusiriddization problems,
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Table 1

PIOD['CTI()N OF WINDOW FRAMLS: i\L'I'l:RNATlVI: MACHINE

COMBINATIONS, PRODUCTION TIMIL AND ANNUAL
PRODLCTION CAPACITY

—— e

Sotrce: Sce footnole /.
* Allowing 30 per cent for rew and reliet periods,
" One unit consists o 1wo stiles and two sills.

© Apparatus for sutomatic teeding,

* Apparatus tor surfaong twe sides simultancously,

andk of two shor beams—sills-—cach 790 mullimetres in
fength. The stiles are surfaced and planed 10 a certan
thickness; after being cut 1o size, they are grooved along
the entire fength, and holes are mortised a1 each end
The sills are also surfaced, plained o thick ness and cut,
and tenons are cut at each end.

There are two hasie groups of ope

rations, c.ach of which
can be carried ot by alternative

processes of production:
(a) plining and moulding the picee of timber and ()
catting it to length and cutting tenons. Each of the pro-
cesses can he carried out by different combinations of
machines which are summarized in table 1
one can choose between using
which performs group of o

- Essentially,
aspectal-purpose machine,
perations in one saguenee,
or combming severl single purpase machimes, cich of
which performs only one operation at . time, or comhin
g special purpose machine with o certain number of
smgle purpose muachines.

Table 1 also shows (he production time and
cpacty ol proctuction of cach nmachine and of ¢
bination of machines,

annual
h com-

Computation of costs

The formala used i computing the costs of producing

a single window Trame s simple, Total costs (€Y cqual
the sumi of fixed costs (F) and variable costs (1) mulu-
plicd by the numier of units («0) produced, or ¢ -f -
P Fived costs are that part of total costs whch,
dRIven range of output, do not vary with the
output - which means that s output imcreases, the fixed
cost perumit decreases. Such costs are considered o 1n-
clude the following items: depreciation
ttaband cost of space, inclusiy

within
volume of

L INterest on cap-
lighechear and the Tike,
of which varies directly
put changes, but which e approx-
tor cach unit produced. They include
wages, mclusive of social seeunty charges
costs dlirectly associated with olitput
nachinery .d power costs.
capacuys this s computed

\'.ll'i.lhlt' COSts e lhn.\(' lln' stim
as the volume of out
imately constant

C Management
» costs of setting the
Output is measured at annual
by dividing the ol annul
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Cycla time
for one umii of Annvel
preduciion™ topacily
[contiminutes) (LU

Cole number ond class and neme of machine

A1 WECAL-PURFOIE MACHINE

Four-sided planing ond mouiding machine n 543,300
A 11 HOBLE PURPOSE MACHINES PLUS
MUILIARY MECHAMICAL APPARATYS o
Feedimg Deamny oo tons ande plinge |
Surface ploner plos ET2 plus WE! 0 200,000 i hine
Thickness m ” 444,400 IOCECYTHIT
Vortieal m machine *S (11 8 i} ””’“ Placing heam cu granipoas .
of doihle ¢ nded tenone
TOTAL, PROCESS A 11 12 00,000
RICGA) T
8 1 SMBLE-PURPOSE MACHINGS PLVS Cottccnnal vadial cuttes
AUEHIARY MICHANICAL APPARATY
Surface ploner plus WF 14 115,300 S o
Toichnos ploner v 44,000 working time by the amount of time necessary 1o praduce
v . - . . .
Vortical meviding mechine ? 146,900 one unit dehined as one frame, that s, 1wo sills and wwo
stiles.
TOTAL, PROCESS & 111 - : ; '
m 15,3 The required caleulations are made as follows: (a) de-
A IV SINBLI-PURIOH BACHNES WITOUT preciation is measured onastrghe-line hasis that is, the
BINLIARY aPpanatve cost of the machine (K) divided by ats estimaed life
{(N), which is ffteen vears for machines and ten years
Surfon ploner 153 400 for auxiliary aratuss () the : I interest charee &
or auxthary apparatus; (6) the annual tnterest charge s
hases ploner v i estimated by multiplying the average of the annual de-
Vorticel moviding mechine " 144,590 preciation vilues of the machine -K 02 by the assumed
TOTAL, PROCESE A 1V "2 70,400 intcr('.;l rate. Far tll'lis ;Illl.ll)sis arate of 4 plvr Iu:m 18 -
sumed tor a capial-nch commry while o Ushadow rate™
b oant reae L bmoats 15 per cont is assamed for @ apial ountry. As
o per cent s .mumu” ar a4 capita p(iur country. As
hrst approximation no allowance s made far imterest on
:"".":.I' phaning aad thicknersing working capital. Costs of space are assinmed to amount to
ot 46,000 30 guilders® per square merre
Vortico! meviding mechine " plien '
' Among variable costs, wages are the most important,
In the industry concerned, the wage rare m the Tibour-
TOTAL. PRocEss A v N 44,000 scarce cconomy of the Netherlands s 2 guilders per hour;
in labour surplus cconamics, shadow wages of 0.05 guilder
per hour are assumed. Management costs are estimated
at twice the level of wages. Energy casts per Kilowat-
hour are estimated at 04 guilder per hour of operation,
81 PONAL-FUNFOM Bacwne allowing for variations due 1o the differing horsepower
of the machines, The costs of serting the spectal- purpose
Ooubto-ended mener n o s e M, 5 o e et
muchines are estimated 3t 0.25 guilder per honr, and those
of setting the other machines are assimed to be in pro-
portion.!
001 -FUIPOse 2 That as, a rate swhich, as aorube s bagher than the one pre.
on vatling on the marker, but which retleas more accurately the
actual capitad endowment ot 1he conniry. See United Nations,
Cambingd circuler 10w ond moviding “Choice of Technology in Indavirial Planming ™ by Lan Tinbergen,
mochine % 63,100 Redictin on Industrialization and  Productiecty. No.o 1 (sales
number: SKILR.2), page 5.
T There are 38 guilders 10 the dollars opne gandder $US 1.26,
10 s implicitly assued that the sething proce of the product
i the sane within the observed ranges of outpu, so that thes
0 M NENLESURPONE MASNNE do not n)ﬂncncv prohis. dnapplving this scerthod of cost com.
putation in ather processes, mdisines or conntries, these assimnp-
tions and calculanons wonld have 10 be madibicd i 1he hghy of
Sngle-ended tenaner w LA the costs and prachees prevaling therem.
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Table 2

Costs INVOLVED BY UsE OF VARIOUS METNODS AT ALTERNATIVE INTEREST RATES,
WAGES AND CAPACITIES

FIXED cOSTS (F) - vARIABLE cosTs (V) >0 " LEAST-COST ANNUAL OUTPUT RANGEP
COMBINATION OF MACIHINES t guildere {units)
Costs for interest rane of 4

per cem and wage rate of 2

gnilders per hour

A 3,783 -4 0.033 X u 13,522 w0 563,000

A i 2,875 s 0.1 X u 12566 to 13522

Al 2,381 I 0.167 X

A v 2017 + 0.199 X u

AV 1,631 -t 0.199 X u 0 o 12566

B i 5,340) . 0.034 X u 48,230 to 545400

B il 10 - 0.13 Xu U to 48230

Costs for imerest rate of 15

per cent and wage rate of 005

guilder per hou

Al 5,708 + 0.005 X u 200,000 0 563,000

Al 3,514 -+ 0.0074 X u 115300 to 200,000

A I 2,899 + 0.008% X u 78,000 0 115,300

A 1V 2,441 - 0.0089 X u 66,000 10 78,000

AV 2075 -4- 0.0007 X u 0 to 66,000

B 1 7,815 -4 0.004 X u 452,800 to 545,400

B i (n 55 -+ 0.006 X u 0 w0 64,100
2y 64,100 to 128,200
(3) 128200 w0 192,300
(4) 192,300 to 256,400
(5) 256,400 to 320,500
) 320500 to 384,600
() 384,600 to 448,700
(%) 448,700 to 452,800

Source: Sce foutnote 1,
azinumber of units produced.

P Che dower hmit of the outpnt range Crresponding 1o 4 piven combination of machines s wentical with the higher Iimit of the output
range corresponding 10 the nex) combinanion; thewe bemts ol adenical omputs are the break-even points.

Table 2 presents the relevant st data. It shows, as ex-
pected, that the values of the twa elements F and V vary
with the methods of production, and with the assumed
differences in wages and interest rates. Where the method
of production involves refatively low degree of mechy-
mzation and therelure requires more machines o pro-
duce a given output than another method, the fixed costs
nse in proportion to the number of machines N usc; in
this instance, the variable costs per unit are higher than
n the case of 4 more mechanized process.

Choice umong alternative methods

The costs being determined, and unit prices being as-
sumed not to vary with output, it becomes possible to
choose among the methods. Here the key concept is the
“breakcven point”—that is, the output point at which
the total costs involved by using anv method are equal,
so that the producer has no preference for any of them.
If output were 1 change, he would prefer one over the
others. The break-cven point may be estimated arith-
metically, or represented graphically as the point of
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intersection of the curves corresponding o alternative
methods.

The arithmetical presentation of the data in table 2
shows that in a high-wage, low-interest economy, it is
cconomic to use the most mechanized method for each
process—A 1 and B I—onee output expands beyond a
very low level. In g country with low wages and high
interest rates, another pattern of machine use becomes
cconomic: (a) for carrying out process A—to adopt the
less mechanized methods 1o the limit of the machine
capucity before going on to the more mechanized ones
which become economic as production expands, (4) in
the case of process B—o yse up to cight single-purpose
machines before using the more capital-intensive special-
purpose machine® In the capital-poor, labour-abundant
country, use of the most capital-intensive equipment be-
comes economic for each of the two processes, A and B,
At outputs respectively fifteen and nine times higher than
in the relatively capital-rich Netherlands, Demands for

Mtis 10 be noted that one of the less capital-intensive methods
for this process is uneconomic at either rate.




such high outputs may not necessarily exist in under-de-
veloped countries.

CHOICE BETWEEN SINGLE-PURPOSE AND MULTI-PURPOSE
MACHINES IN THE PRODUCTION OF FURNITURE

The problem envisaged here is whether a combination of
multi-purpose or of single-purpose wood-working ma-
chinery produces wooden furniture at lower cost, under
the assumption of constant interest rates and wages, but
with varying outputs, The mcthod of analysis is the
same as that given above.

The product and the process of production

In the factory considered, fifty men are employed to pro-
duce annually 8,000 tables and 4,000 chairs.* The michine
utilization data indicate that the annual production, based
on a 2,000-hour work-year, is too small to justify the use
of separate machines for producing each item. Only three
machines are in use for more than 2,000 hours. Separate
production lines cannot be provided for each product and,
accordingly, its components are processed in succession
on the same machines. All other machines are thus not
used to capacity, and it would be possible to save capital
if the processes which they perform were carried out by a
single machine which could be reset for different opera-
tions-—that is, by a multi-purpose machine.

¢ This is defined as 4,000 sets of these products—one set equals
two tables and one chair.

In this factory, two possibilities ol substitution cxist:
process I—between (4) a combined planing and thick-
nessing machine and () scparate surface and thickness
planers; process H—hetween () a universal radial cutter
(see iltustration in table 1) and (h) separate circular
saw, moulding machine and boring machine,

Estimate of comparative costs

Costs will be estimuted by applying the formuly used
carlicr, C-=F -V It 1s assumed 1that the total working
time—that is, the sum of Set-up time, manual operations
time, cutting time, plus the allowanee for rest and relief
periods—is approximately cqual tor operating hath single-
purpose and multi-purpose machines. It is 1l assumed
that operator skills required for both methods are approxi-
mately equal so tha Wige costs are the same, wage rates
being identical. Thus, varisble costs are assumed to be
roughly cquat, and the differences in cost iclate anly to
fixed costs. With respect to depreciation, it is assumed
that the somewhat more complicated, and therefore pos-
sibly more vulnerable, multi-purpose machine has a
shorter life—ten years, as compared with filteen vears
for the single-purpose muchine.? The cost of space s
estimated at 30 guilders per square metre, and the in-
terest rate at 4 per cent per year, The comparable fixed
costs of combining several single-purpose machines or of
using one multi-purpose machine, in each process ad-
mitting of substitution, are summarized in table 3A (pro-

T This conservative assumption would be revised in phe vase of
muchinery of very high qualiy,

Table 3.4

FURNITU!E PRODUCTION: Fixep COSTS IN GUILDERS PER YEAR FOR SINGLE-PURPOSE. AND
MULTI-PURPOSE MACHINERY

ANNTAL ANNUAL SPACE cosT
ANNUAL ANNUAL INTEREST AT Cost at "\ ,\r'““
CAPACITY DEPRECIATION 4 PER CENT pp0 1 gartlfers TAL
( number PURCHASE (,’I";‘) (_’_”,"’” 00 :) square pei sqmire "'x"".’
MACHINE of sets) PRICE life 20 metres metre ( U\T\. }
PROCESS | fe)
Single-purpose (ffteen-year life
Moulding machine . 2,400 3,000 200 600 20 | :l?(z)
Dimension saw bench . . 60,000 3,600 240 72 3 ,g”
Circular saw . 8,000 2,500 167 2() 20 oul
Singleended tenoner . 24,000 3,500 233 70 10 ().,
ToraL 12,600 840 252 80 2,40 3,492
Multi-purpose (ten-year life) .
Universal radial cutter . 1,600 4,300 430 86 25 750 1,266
PROCESS I lfe)
Single-purpose (fifteen year life
Thickness planer . .. 10,000 5,000 333 100 25 l,;!;i
Surface planer ... . . . . 6,670 2,000 133 40 20 :
ToraL 7,000 466 140 45 1,350 1,956
Multi-purpose (ten-year life)
Combined planing and thick-
nessing machine ... . 4,000 5,500 550 110 30 900 1,560

Source: See footnote 1.
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Table 3B

FURNITURE PRODUCTION:  ALTERNATIVE COsTS FOR oUTPUT oF 4,000 seTs

TOTAL ANNUAL FIXED COSTS

RLOVIRED NUMBER OF MACHINES (guilders)
PROCESS |
Single: parpose—tw o monlding nachines and one of cach of 1he others 4,352
Multi-purpose—ibree radial amers 3,798
PROCESY 1N
Single- purpose—one thichness planer and one sirface planer 1,956
Muhi purpose—one combined planing and thicknesing machine 1,560

Somee: See toonote

cesses and ). This shows thar the annuat fised costs
are invariably lower when multi-purpose niichines are
used.

By dividing 1he working time per set of output by the
total working time per vear (2000 hours) for cach ma-
chine, the capacity per machine per vear is obtained.
Then, by dividing the total planned output (8,000 tables
and 4,000 chairs, or 4000 scts) by capacity output per ma-
chine, the number of machines required, and thus the total
fixed costs for thar output, can be computed. When this is
done, it may be seen that, while the capacity outputs of
groups of single-purpose machines are much higher than
those of the multi-purpose machines, in this particular
factory with an annual capacity of only 4000 sets, fixed
costs for the multi-purpose machines are lower than those
for the combined single purpose machines (tible 3RB).
Howcever, with respea to the planing and surfacing opera-
tions, an output of 100 scrs 15 near the break-even poine:
beyond that owput, the two single-purpose machines
have lower fixed costs. In he case of one multi-pur.
pose umiversal radial cutter as compared with four single-
purpose machines, the break-cven point corresponds to an
output of 4800 sets, At 4.000 sets, the multi-purpose cutter
is clearly cconomic—in fact, it pays 1o purchase three
universal radial cutters, cach with a capacity of 1,600 scets,
before shifting ta the single-purpose machines whose
individual capacities are larger, but whose 1otal capital
cost is substantially higher

Generalization of the findings

Ta acertain extent the degree of mechanization is related
to the time required by the machines under consideration
to turn out camparable outputs; normally, the length of
time required is inversely proportional 1o the degree of
mechanization.

The degrec of mechanization is also allied to the price
relationship between the factors of production—capital
and Labour, ta the planned quantity of output and to the
degree of uniformity desired for the praduct. In general,
the higher the degree of industrial development in a
country. the larger the demand for its industrial products;

Fitis again assumed that prices do nou vare with output, With
an inwerest rawe of 15 per cent—other fuctors being equal—the
break-even point corresponds to an ourput of 6,400 seis. It then
pays lo purchase tonr nniversal radial cuuers before shifting to
the single purpose machines,
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conseqquently, the Larger the planned output of standard
products, the more justified the increase in the degree of
mechanization of the equipment.

Inindustrial countries the usc of specialized machinery
is, as « rule, not justificd when the production process is
characterized by piece-work or small lot size; the more
specialized the muchine, the lower its production time
pe unit of output but the higher the time and skill in-
volved for sewring it High setting costs are justified only
if the lot size is large.

In under developed countries, the market for industrial
products, particularly those of standard types, is small and
so, consequently, is the lot size of production. Non-spe-
clalized equipment—single-purpose ar multi-purpose—is,
as a rule, required.

In the second part of this analysis, interest rates and
wages have nat been varied to allow for differences in
factor supply prices between countries? With higher in-
terest rates, such as prevail in capital-poor countries, the
difference in the annual capital costs corresponding to the
use of the alternative types of machines would be greater.
At the same time. even if allowance is made for differ-
ences in skill. the absolute difference in wages correspond-
ing to the use of the two techniques would not be great if
the lihour time involved were equul for both types of
machine and if wages were low. The labour time in-
volved by the use of 2 multi-purpase machine may, how-
ever, be higher. There may be a lack of workers of the
requisite skill to operate multi-purpose machines and, in
this case, the use of single-purpose machines would be
preferable. Barring the latter contingency, higher interest
rates would reinforce the advantage of the multi-purpose
machine at low levels of output. Thus, in under-de-
veloped countries the use of multi-purpose machinery in
the lower output ranges, which prevail in small establish-
ments, appears to present definite economic advantages.
In the case of goods produced for a small market, the
use of multi-purpose machinery would permit lower-cost
output than the nse of single-purpose machinery. With
multi-purpose equipment. the size of plant can be re-
duced.' and production of small quantities may prove
economic,

¢ Sce, however, footnote 8.

10Sre United Nations, “Problems of Size of Plant in Industry
in Under-developed Counvries”, Bulletin on Industrialization and
Productirity, No. 2 (sales number: 59.11B.1), page 21.
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It may also be mentioned that insurance costs of multi-
purpose machines are usually lower than those of single-
purpose ones. When equipment consists of the latter,
some machines may be seldom used. although they have
to be available so as to maintain flexibility in the ntiliza-
tion of production capacity. When multi-purpose ma-
chines are used, flexibility is achieved by utilizing more
efficiently a smaller number of machines, and lower costs
of production are obtained. Also, when more than one
multi-purpose machine of the same type is installed, pro-
duction will not be interrupted because of failure of one
machine—only the capacity of production will be re-
duced: on the other hand, when the production line
consists of a series of single-purpose machines, each per-
forming an individual operation, failure of one machine
breaks the cycle of production. Multi-purpose machines
do not necessarily require more diversified operator skills
than single-purpose ones; workers can be specialized by
operations, as in the latter case, provided their work-time
spent on other tasks remains productive,

CONCLUISION

This study of costs of alternative processes in the wood-
working industry under conditions of variable outputs
and factor prices shows that at high interest rates and
low wages, with relatively low output, a process of low
capital intensity is likely to be economic, and that, under
the same conditions, one multi-purpose muchine is likely

Sharpening saws in a woud-working shop in Ceylon

to be more cconomic than 1 combination of sungle pir
pose machines.

It these conclusions were to prove to be tue for indus
tries other thon wood working, they would be of gren
significance to those under-developed countries which are
characterized not only by a relatively high level of interest
rates and a relatively low level of wages, but also by .
restricted market for certain producs and, consequently,
by limited possibilitics of rapidly expanding the produc
tion of such goods. By encouraging the development ol
industries in which less capital intensive technologies may
be used and by giving preference in those indusiries o
the technologies in which aliernatives arc powsible, these
under-developed countries may be able to support .+ wider
variety of industries than would otherwise be the case,
As mentioned inan carlier article on this problem! it is
desirable, in order o contirm these tindings, that econo
mists and engimeers, both in developed and under deved
oped countries, engage in further rescarch aong these
lines to work out realistic cost functions for different in
dustrial processes with proper assumptions and accurate
measurements of all the variables involved. Fhis will
permit the selection of those technologics most suitable
for countries where factor supplies, prices and ontputs
differ markedly from those prevailing in the developel
CCONOMICS,

1 Unined Nations, “Chaice of ‘Techmology in hudustrial Plan
ning”, by b Tinbergen, Bulletn on Industrializition and 1o
ductienty, No, .

Co-operative carpentry workshop at Bandownso, Indonesia
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Use of Welding

in Machine-building

DVANCED WELDING TECHNIQUES are a major factor in the
A development of present-day machinery manufacture.
Without the development of welding techniques, it
would hardly have been possible to produce a whole
range of items such as modern motor-car bodies, large
high-pressure vessels. complex components of high-speed
aircraft and many others.

Welding provides the manufacturer with an effective
means of reducing weights and labour input and speed-
ing up production processes in the manufacture of a very
wide range of engineering products. It enables products
to be fashioned in the most rational shapes, while ensur-
ing the requisite strength and hardness, with minimum
consumption of metal and the most effective use of ma-
terials; costly materials can be localized in welded com-
posite units in such a way that their valuahle properties
are utilized to the full.

Extensive use of welding is of considerable importance
in the establishment of new machine-building plants and
the enlargement of existing ones where technological
and material resources are limited, as in the industrially
under-developed countries. Under such conditions, weld-
ing can and should be given wide application in the
development of machine-building for transport and agri-
culture, of tool-making for industry, and so on,

Proressor Unksov, Director of the Central Scientific
Research Institute of Technology and Machine-Building
of Moscow, was a menmber of the Advisory Committee
on the Work Programme on Industrialization which met
at United Nations Headquarters in February 1959,

'3

3y EVGENY P. UNKSOV

Emphasis should also be placed on the economic im-
portance of adopting the modern technique of hurd-
facing as a means of rebuilding worn components (steel
mill rolls, wheel tires, and the like) and of increasing
the durability and efficiency of new machinery and tools,
such as crusher jaws or steam-pipc fittings.

Moreover, extensive use of hard-facing helps to reduce
the consumption of costly steel alloys—for instance, in
special cutting tools and water turbine blades—an im-
portant economic consideration in industrially under-
developed countries.

Welding has a special part to play in the manufacture
of large heavy engineering components. Much valuable
experience has been acquired in recent years in this field
in the Union of Soviet Socialist Republics. The replace-
ment of massive castings and forgings by welded cast-
ings, welded forgings and composite sections (combina-
tions of simple castings, forgings and sheet components)
makes it possible to manufacture heavy pieces of virtually
any shape or weight, without overloading the foundry or
press-forge shops equipped with special-purpose casting
and forging plant.

The successful solution of this problem was aided by
the development and wide introduction by Soviet scien-
tists, in collaboration with leading engineering plants, of
such essentially novel and highly productive techniques
and processes as clectro-slag welding, developed at the
E. O. Paton Electro-Welding Institute, and carbon di-
oxide shielded welding, developed at the Central Scienti-
fic Research Institute of Technology and Machine-Build-
ing.

.

-



W o nam—y

Soviet experience in welding heavy components, as de-
scribed below, may prove useful in industrially under-
developed countries, since this method permits the manu-
facture of modern machinery with the minimum ex-
penditure of time and resources and dispenses with the
ueed for building large billet, foundry and forge shops.

WELDED COMPONENTS IN HEAVY ENGINEERING

The technical and economic effects of the use of massive
welded components in power enginecring have been
manifold. The first large-scale replacement of massive
castings by welded structures took plaee in boiler-making.
Formerly, the drums of high-pressure boilers, with a capi-
city of 170 10 230 tons of steam per hour at a pressurc
of 110 atmospheres, were made from two forged halves
with a nominal wall thickness of 90 to 100 millimetres,
joined by a single annular butt-weld. For over ten years
these drums have been made from welded plate. In prac-
tice, two techniques are employed, whereby the boiler
drum is made from (a) separate rolled shell sections and
drop-forged crowns, or (4) from drop-forged, trough-
shuped sections welded together and to the crowns.

The change from forged to welded drums has taken
some of the burden off heavy presses, reduced the wei ght
of the drums by 15 to 20 per cent, since allowances could
be drastically reduced, and lowered production costs.

A further radical technological improvement in the
manufacture of boiler drums was the introduction of clec-
tro-slag welding, which considerably simplified the pre-
paration of components for welding—eliminating the
need for machined edges—speeded up the welding pro-
cess itself and reduced its cost. As a result, the manu-
facture of 2 welded drum required 21 to 36 per cent less
labour, 21 to 41 per cent less production time, 5 per cent
of the flux, 40 per cent less power and 20 per cent less
electrode wire, while output per unit of production area
rose by more than 50 per cent.

It is worth mentioning that the successful application
of electro-slag welding in boiler-making led to its exten-
sive use in other branches of machine-building.

Welded castings, forgings and composite scctions are
now widely employed in all branches of the construction
of power engineering equipment. The construction of
the stators of Ligh-capacity water turbines for the largest
Soviet hydroelectric power stations is a typical example
of effective application of welded castings in machine-
building.

A welded water-turbine stator consists of an upper and
lower ring, linked by supporting columns of varying
cross-section (figure 1). For convenience of transporta-
tion and installation, the stator is divided carcumferenti-
ally into segments which are subsequently bolted together.
A stator segment is a very heavy, complex and bulky
component which, when cast in one piece, requires
moulds which must be manually constructed in large
moulding pits. A further breakdown of the segment into
ring-sections and columns results in a few sitnple cast-
ings which can be made in machine-produced moulds.

The change-over to combined welding and casting in
stator construction has cut the length of the production

process by more than half and led w0 o considerable
improvement in the rate of utilization of the production
area in mould-casting shops. In this justanee, 100, despite
the complicated curved shape of the sections 1o he joined,
the adoption of clectro-shay welding had a very marked
effect on production: libour mput was reduced by more
than 30 per cent and prodnction time was further cur-
tatled by almost 40 per cent.

Welded shalts for high-capacity water tarhines have
Pr()v(‘(l to I’()SS('SS sroeat ;l(l\\ll".l‘g‘k'.\' .|||(| AFC 110w exten-
sively used in turbine construction. Until recently, such
turbine shafts were forged in
weighing up to 200 tons,

Two methods of construction of welded shafis have
been developed: in one, the stem is forged from a hollow
casting: in the other, the stem is made from two halves
of shaped heavy plate welded together; in hoth cases
cast flanges are welded onto the stem, The longitedinail
and circular scams of the shafi, with a wall thickness of
150 to 200 millimetres, are welded by the electro slag
method.

The use of welded construction in the manufactire of
a shaft with a forged stem 1,500 millimetres in diumeter
for the Stalingrad Hydroelectric Power Station resulted
in:

(@) Lower consumption of liquid stec] per shaft (94
tons instead of 160 tons) and a higher metal wilization
factor (40 per cent instead of 26 per ecent);

(6) Considerably smaller allowances for machining
(the gross cast weight of the shaft was reduced from 98
tons to 66 tons) with a consequent reduction in lubour
input (by more than half);

(¢) A substantial reduction in the cost of the shaft
(about 30 per cent).

Moreover, the forging time on the heavy forging press
was reduced to a fraction of its former duration, while n
the case of shafts with a welded stem the use of the pross
was dispensed with altogether. k should he mentioned
that, in the production of shafts with a welded stem, there
is no particular difhiculty in obtaining the requisite degree
of precision, either at the blauk stage or alter welding,
Economically, the two methods of manufactnring welded
shafts are virtally of cqual value.

Large welded water-turbine shafts are superior to those
forged in one picec, in so far as the mechanical propertics
of all the pans of the welded shaft mect all the tech-
nological requirements—especially in the case of the use
of low-alloy steels, in particular 20GS stecl, contiaining
about 0.2 per cent carbon. 0.6 to 0.8 per cent silicon and
1.0 to 13 per cent mangancse—whercas, even with
modern heavy forging equipment, it is often not possible
to apply sufficient forging power for the metal in the

anges of massive forgings to acquire the optimim char-
acteristics of ductility and impuct resistance.

In the Soviet Union, as in some other countrics, re-
scarch has lately concentrated on the development of a
rational method of production by welding rotors for
radial-axial turbines. Besides simplifying the casting pro-
cess and taking some of the load off the large steel foun-
dry units, the change to welded rotors permits economical
combinations of alloy and structural steels wherehy costly

one picee from ingots
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matcrials are used only where resistance to corrosion and
erosion is really essential. The munufacture of welded
rotors for large stcam and gas rhines is one cxample
of the very advintageous application of welding in power
engineering,

Thus, the use of welded construction in the manufac-
ture of rotors for the low-pressure cylinders of 150-megu-
watt turhines (figure 2) not only reduced the casting
weight from 38 10 28 tons and the consumption of liquid
steeh hy 40 per cent, hut reduced considerahly the load
of the special-purpose forging equipment and raised the
quality of the rotor’s component clements o 4 level which
is practically unatainable in a single-picee forging of 76
tons. By precision welding of the individual parts which
hixd undergone high precision machining, rotors exceed-
ing Lo00 millimetres in diameter cn be produced with
a play of no more than 0.5 millimetre,

Rotors of austenitic steels for powerful gas turbines
with high operating temperatures are practically impos-
sible to forge in one picee, owing to the difficalties in-
volved in araining heavy high-grade castings from heat-
proot materials,

It is essential that the welded joints of rotors should
have high resistance under conditions of high operating
temperatures and stresses. The problem has heen solved
in the case of some austenitic and pearlite steels, for
which special electrodes and appropriate. welding and
heat treatment methods have been developed

It is common knowledge that welding is extensively
used in constructing presses. The adoption of electro-
slag welding in the construction of the frame and othes
components from heavy-rolled plaes is particularly ad-
vantageous, as results have shown in the manufacture
of upper frames for 400000 and 6.300t0n crankshaft
forging and stumping presses. The disposition of the
welded seams in the frame of 4 4,000-10n press is shown
in figure 3. These frames were constructed from plates
up to 150 millimetres thick and separate crosshead cast-
ings and horizontal pipe forgings. Most of the seams
were produced by clectro-slag welding. The change-over
to welded construction eliminated the need for massive
castings weighing 114 and 180 ons for the 4,000-ton and
6.300-ton presses respectiely, resulted in a considerable
saving in labour, speed.d up the production process and
reduced the cost and weight of the products (table 1).

Welding is a very useful means of extending the size

Fignure 1

of rolled plate. Here o0, the best results are obtained
with electro-slag welding, in which distortion is minimal
and relatively casily controlled. Examples of plate weld-
ing are to be found in hydraulic press components and
clectric: generator dises up 10 4800 millimetres in dia-
meter.

In many instances where the machine-building industry
lacks a sufficiently developed industrial supply basis, the
use of welded castings might he profitably indicated, not
only to replace massive onc-picce cast special design items,
but also items of medium weight (10 to 50 tons). Al-
though this may not always result in appreciable savings,
the use of welding is justified by the fact that it opens
new possibilities for existing installations to produce
necessary machinery with their own resources. A cast and
welded bed platc for a rolling-mill stand is shown in
hgure 4.

The foregoing examples of welded castings, welded
forgings and welded composite constructions show that
the solution of complex and sometimes specialized pro-
duction problems in machine-huilding is greatly simpli-
hed by the use of welding.

By means of the modern welding methods described
below, it is possible 1o carry out quickly and reliahly,
with comparatively simple cquipment, the most com-
plicated operations encountered in the manufacture of
basic machine sections.

SOME PROBLEMS IN WELDING LARGE
STRUCTURAL PARTS

Since the present article is mainly concerned with welded
structures inheavy machine-building, the production of
which presents a number of speciul difficulties, the descrip-
tion of welding methods will be confined to those that
have found wide application in the production of heavy.
thick-walled parts,

At the present time, the most important method used
in the production of thick-gauge weldments is undoubt-
cdly the electro-slag method, which in Soviet practice has
largely displaced the less efficient method of multiple-
pass automatic flux-shielded welding, previously used
tor that purpose.

The various techniques of electro-slag welding devel-
oped by the E. O. Paton Institute, assisted hy a number
of plants, make it possible 10 execute not only straight

Figure 2

Figure 3

Figure 4



and circular welds but also curved, variable-section,
double curvature, inclined and other welds.

Three types of clectroslag welding are now most
widely used in industry: the wire electrode method, the
plate electrode method and the fusible sheath method.

In the wire electrode method (figures 5A and 5B),
the pieces to be welded (1 and 2) are arranged vertically
with a clearance of 20 to 32 millimetres. The clearance is
bounded on cither side hy copper slide blocks (3 and
4) which are kept thoroughly cooled hy water running
in through tube (5) and out through tube (6). In the
space formed hy the edges of the warkpicees and the slide
blocks an arc is first struck between the clectrode (7)
and the backing strip at the starting point of the joint.
Granulated flux is paured into the blazing arc zone and
as the flux melts it gradually forms a slag pool (8) over
the pool of fused metal (9). At a given depth in the
slag pool, the arc process changes into a slag process, in
which the melting of the clectrode wire and the fusing
of the basic metal is processed by the heat given off by
the electric current as it passes through the molten slag,
which has a high resistivity. The temperature of the slag
pool (1600° 1o 1800 C) is far higher than the melting
point of the steel being welded. The weld wire is fed
continuously into the welding zone by drive rolls (10)
through a holder (11).

As the clectrode and basic metal melt, the leve] of the
metal and slag pools rises and the welding apparatus,
complete with feed rolls, holder and slide hlocks, is raised
accordingly. In the lower portion of the metal pool, the
cooling metal crystallizes and the welded joint is formed
(12).

When steel up to 50 to 60 millimetres thick is heing
welded, the electrode need not mave sideways. For steels
of greater thickness (up to 150 millimetres), the elec-
trode is made to move back and forth in order to ensure
uniform heating and penctration over the entire width of
the joint. For even thicker pieces, the number of elcctrodes
is increased. With three electrodes it is possihle to weld
metal up to 450 millimetres thick. The source of current
in electro-slag welding is a single-phase or three-phase
transformer, preferably with constant-voltage character-
istics.

When welding relatively short joints in thick metal,
effective use can be made of plate electrodes. Plates 10 to
12 millimetres thick are slowly lowered into the welding

Figure 54

7 3

Figiore 5B

Table 1
COMPARATIVE PRODUCTION 11GTURES TOR WELDED AND CAST
LRAMES OF MECHANICAL PRESSES

PERCENTAGE REDUCTION OWING TO T1E
CUHANGE FROM CAST TO WELDFD FRAME

PRODUCTION FACTOR o ()00 ton press 0,300 1on press

Labour 46 43
Duration of process 15 40
Cost 38 39
Weighi 235 20

zone as they melt, Otherwise, the process is essentially
the same as the wire electrode methaod.

The advantages of welding with plate electrodes are
the very simple construction of 1he welding apparatus -
Itis not necessary. s just mentioned, 1o lve sideways
moving electrodes or complicated holders—and the pos-
sibility of replacing the water-cooled slide blocks with
stationary side stripping.

The length of the plates should e approximately three
times the length of the joint being welded,

Particularly important techuological possibilities are
offered where very thick muterial 1s 1o be welded and
where curved and variable-section joints are involved by
the use of fusible sheaths (figure 6). Into the clearance
between the workpicees (1 and 2), bounded by stationary
side strips (3 and 4), is inscrted a steel block (the fusihle
sheath) (5) shaped in conformity with the profile of the
workpiece.

Fused into the eentre, or down the sides, of the block
is a0 steel tuhe (6) through which an electrode wire (7)
passes into the welding zone. During the welding opera-
tion, the sheath is stationary but its lower end, sul.-
merged in the slag pool, gradually mclts away. The
sheath orients the electrode wire in the proper dircction
and thus ensures uniform penetration throughont the
joint. When welding steel of considerable thickness, in
some cases of up to 1,000 millimetres or more, several
such fusible sheaths are used in parallel, cach of them
directing one or two clectrode wires into the welding
zone.

vG. . Cast and welded segment of a water-turbine stator

k. 2. Welded rotor for the low-pressure cylinder of a
150-megasvatr steam turbine

k. 3. Pattern of dectro-slag weld-
ed joints in the frame of « 4000-
ton crankshaft forging press

Figure 6

v, 4o A cast and welded bed plate
for a volling-mill stand

¥6. SA and B, Dwagram of dlectro-
slag welding with a wire electrode

w16, 6, Diagram of dlectro-slag weld-
g with a fucable sheath
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Figtore 7 Figure 8

The chiel advamtages of decro-slag welding are: 1he
opportauity that e offers tor welding thick seel in .
single passt the high efficiency of the process and excellen
quality of the joint; the simple preparation of suedaces
without special dressing operations; and 1he relatively
low expenditure of power, electrode wire and fluy.

Electro-slag welding of common carbon steels cmiploys
aweld wire with a somewhat higher nunganese con-
tent—up to 15 per cent—and fused Huxes used in auto-
matic welding (for example, FTs-7).

Various types of stationary and  mobile clectro-slag
welders have heen developed. In particular, the A-372
autonutic welders are videly used for longitudinal and
arcular joints, They will work with cither wire or plate
clectrodes,

In the welding of press frame components and other
structaral parts of complex shapes, successful use is being
made of mobile automatic magnet-operated  moving
heads, which are moved along the vertical joint by alter-
native advancing magnets,

The cleciro-slag method produces high quality welds.
The ypical macro-structure of one such non-heattreated
weld is shown in figure 7. Despite its coarse £riin struc-
ture the weld metal in this condition s strong and
ductile (rable 2).

A considerable coarsening of grain occurs in the hase
metal along the line of fusion, which sometimes causes
a lowering of impact resistance. Consequently, welds
made by the clectro-slag process are uswally normalized
and are as a rule as strong as the surrounding steel. Struc-
tural steels that do not require normalizing after clectro-

Figure 9

Kl 7. Macro-structure of
a weld made by the
dectro. \'/‘lg method,

HG 8 Mucrostructure of
a weld in steel 100 milhy.
metres thick, made with
carbon dioxide stelding

vic. Y Macro-structure of
a weld in heat-resisting
/’(‘dl'/l’(' steed.

skig welding have been developed and are being put into
usc.

Studies of the endurance limit of welds exceuted by the
dlectro-slag method in boiler steel up to 300 millimetres
thick, in 1ests of large cross-section sumples  (round
samples up to 200 millimetres in diameter and rectan.
gular samples 200 mitlimetres square in- cross-scction),
have shown thar the fatigue strength of the as-welded
joints, that is, joints that have not undergone heat treat-
ment, with the weld reinforcement removed, approxi-
mates that of the base metal.

Aside from electro-slag welding, stecl parts of con-
siderable thickness and ordinary welded parts of small
and medium-gauge metal can also be produced by auto-
mutic or semi-automatic welding with carbon  dioxide
shiclding. This method is warranted in executing in-
tricite profile welds, horizontal welds on vertical surfaces
and inclined welds. In principle, the method can be used
to weld joints in any position.

What essemially rakes place in the carbon dioxide pro-
cess is that the air is forced out of the welding zone by
carbon dioxide, while the arc-fused metal is kept from
oxidizing and the necessary weld quality is ensured hy
the use of wires with an increased deoxidizer content.
Inexpensive deosidizers normally used in steel—silicon
and manganese—are applied.

Welding in a carbon dioxide atmosphere is consid-
crably (1wo or three times) more cfficient than manual
welding. while at the same time it cnables production
costs to be appreciably reduced.

Table 2

MECIHANICAL PROPERTIES OF ELECTRO-SLAG WELD NETM. IN BOILER STEFIA
USING A LOW-CARBON WARE? anp FTs-7 prix

IMPACT
RESISTANCE
TENSILE RELATIVE RELATIVE ( Kilogram-
HEAT STRENGTH VIELD POINT ELONGATION CONTRACTION metres
TREATMENT  (Kilogrammes per square millimetre ) (Per cent) c'::n:{:::;
None 5.4 272 287 61.7 14.1
Normalized and
tempered 430 250 23 63.3 146

80.18 per cent carbon; 0.29 per cent silicon; 0.8 per cent manganese,
b 0.09 per cent carbon; 0.04 per cent silicon; 0.90 per cent manganese.
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It should be pointed out that gas-shielded welding is a
present the only mechanized method of executing hori-
zontal welds on very *hick metal.

Horizontal welds in boiler stcel up o zero millimetres
thick, executed with silicon-mangancse wire 1.6 10 2 milli-
metres in diameter and with current of 300 w0 350
amperes, have full penetration (figure 8), high density
and excellent mechanical characteristics (table 3).

The high purity of the deposited metal in terms of
non-metallic occlusions is worth mentioning, The weld
metal contains fewer occlusions in the carbon dioxide
process than when flux shiclding and electrodes with acid
and rutile coating are used. The fuct that the metal is
well deoxidized :und free from non-metallic occlusions
is demonstrated hy its low limit of low-temperature
britleness. The weld metal siill has a relatively high
umpact resistance at temperatures as low as -0 C, while
the base metal becomes noticeably briutle even a <20 ¢
(chart 1).

In cases where the production volume of hcavy, thick-
steel structural parts is limited, and insufficient use would
be made of special equipment for electro-slug welding,
welding in carbon dioxide is highly advisable, since this
method employs inexpensive and universal equipment
which can be used to perform practically any welding
job, on thick or thin metal.

One possibility deserving notice is that of making re-
latively simple changes in automatic and semi-automatic
flux-shield welding units so that they can also be used for
carbon dioxide shielded welding. This reduces the num-
ber of the welding machines required, a matter of par-
ticular importance in equipping small undertakings
which turn out a wide variety of welded ohjects.

Aside from the wide use of mechanized welding
methods in the production of thick-steel structural purts,
manual arc welding is still used in some cases, especially
in production of precision weldments, where the concen.
trated heat inherent in the mechanized processes is un-
desirahle, in welding certain high-alloy steels, and in
other applications.

The present-day technical level of manual arc welding
and the availahility of high-quality clectrodes make it
possible to weld heavy parts made of practically any grade
of steel (figure 9). For instance, when heat-resisting
chromium-molybdenum-vanadium steel 20KhMF—used
in power installations where it is subjected to tempera-

Chart 1
CUANGES IN THE IMPAGT RESSTANCE OF THE WELD METAL,
FUSION-ZONE METAL AND BASE METAL 1IN e S0°C
TEMPERATURE RANGE, IN A WELD MADE WITH DARBON DIONIDE
SHIELDING
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tures up to 540" C—is welded with TsL-20 electrodes, the
resulnt weld has full plae strength both 1 normal
temperature (table 4) and at the working temperature,

The longterm rupture strength found in o simulated
100,000-hour test at 540 Cis not less than 10 kilogrammes
per square millimetre for the 20KhME steel and the
metal deposited by the TsL-20 clectrodes,

Modern methods of ultrasonic detection of flaws using
portible and relatively inexpensive cquipment have made
it possible to control the quality of welds in steel of con-
siderable thickness with a high'degree of reliability, This
15 particularly important inasmuch as the older N-ray
and gamma-ray testing processes quickly lose their sen-
sitivity as the thickness of the steel increases. “The exist-
ence of the new testing techniques has made it casier 1o
generalize the use of welding in key structural parts,

*

* *

Even the limited number of examples cited is sufficient
to demonstrate the technical advantages and cconomic
efficiency of different welding techniques in heavy ma-

Table 3

AVERAGE MECHANICAL PROPERTIES OF WELDS MADE WITH CARBON DIOXIDE SHIELDING IN STEEL

100 MILLIMETRES THICK®

AFTER TEMPERING AT 650°C

TENSILE
STRENGTH YIELD POINT

SAMPLR (Kilogrammes per square millimesve )

Base metal ... . 43 21
Weld metal ... 51.0 350
Fusion zone

metal ... 486 257

IMPACT
RESISTANCE
RELATIVE RELATIVE  Kilogram-
ELONGATION CONTRACTION metres
———— e per  square
(Per cenmt) centimetre)
348 635 10.8
29.1 70.3 169
20 574 115

# Composition of the steel: 0.25 per cent carbon; 0.53 per cent silicon; 0.73 per cent manganese.
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Table 4
Micianicarn propEkTIES ar OKGME steer® asn i wrp anrw
AT NORRIAL TENPERATIRE

TENSILE

STRENGTH YIELD POINT

SANMPLE

Base metal

tKdugrammes por square mllimetre

(nai less than) 50 32
Weld meial
(not less than) 55 45

INPANCT
RESISTANG
RYLATIVE RILATIVE i A////K!‘IMI
ELONGATION CONTRACTION nmetres
. per cquare
v centy centimglre
16 i N
14 15 Bl

A Camposition of the sleel: 0.20 per cent carbon: 0% por cene ahicon, (0% per cont maneanese: B per cent
chromium: (L6 par cent molvbdenum: 025 per cent vanadiim,

chine-building. The advantages of replacing riveted with
welded structures are also well known. The wide use of
welding in muchine-building has special significance
under conditions prevailing in industnially under-devel-
oped countries, since it would cnahle them, in a com-
paratively short time and with relatively small capital
mvestments, to establish new or convert existing machine-

building  instdlanens according 1o modern technical
standards.

At the present time everything—technology, equip-
ment, materials and testing methods—is available to
solve virtually anv production problem in welding engin-
cering. The Soviet Union’s extensive experience in that
ficld could be used for that purpose.
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Financing of

Small-scale Industries

in Under-developed Countries

Prepared by the Industrial Development Branch of the
United Nations Department of Economic and Social Affairs

;\ MONG TE ANy problems confronting small-scale in-
X dustries in under-developed countrics, few are s
dithcult 1o solve as those of hnancing. To the difhculties
arising trom limited capital resources and the well-known
inadequate institutional set-up, which atfect all enter-
prises in these countries, are added various obstacles due
to the very smallness of their size. These are reviewed
in the first partof this article in order 1o provide a back-
ground to the discussion of the solutions attempted in
ditferent countries presented in the second part.

Since. in this instince, size is the major factor, some
detiition of “small-scale industry” is called for. The
term utselt tacks precision and its debnition varies from
country to country—at times, from agency to agency in
the same country—according to the amount or type of
captal or assets of the industry, the number of its em-
ployees, the volume or value of its output, or iny com-
binition of these criteria. In practice, there is lile need
for a commonly agreed definition, as the choice or com-
bination of criteria would vary with the end pursued;
thus, a definition of smallscale industry for fiscal pur-
poses—for example, to determine tax rates, exemptions or
ahatements—need not be identical with that estahlishing
cligihility for membership in an organization, such s o
co-operative association,

For the purposes of this article, small-scale industry
will not include handicraft and cottage industries, whose
problems are unlike those of small factory enterprises,

since their operitions sire ot entirely motivated by porely
cconomic considerations. A small-scale: manufacturing
enterprise will he considered as one whose operations are
guided by cost and return caleulations, having some
mechanization and some need for manufacturing equip-
ment. On the other hand, its managerial functions are
only slightly specialized and it is imegrated in lirge
degree with the local community, Such characteristics
are tvpically found in enterprises with fewer than one
hundred  workers—a defining e which mav con-
veniently serve the purposes of this study,

It is recognized that a number of industrics are par-
ticularty well adapted to smallscale operations in some
activities, both small and Lirge firms mav be cconomic,
but in certuin other fields, smallscale oneration may be
uncconomic and inefficient. ITn many countrics, Govern-
ments consider it desirable, for various reisons, o en-
courage the establishment and growth of smullscale in-
dustrial enterprises; these reasons may be economic, so-
cial or political. In the following discussion, the problem
of financing will be examined regardiess of whether the
type of small-scale industry to be assisted is appropriute
or economic for the given country or not, since the ques-
tion of appropriateness raises a different set of problems,
which ure heyond the scope of the present study. Ie will
be assumed that government policy provides for such
assistance.
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Sewing finished buttons to carton holders in a small button factory in Pakistan

FINANCING PROBLEMS OF SMALL INDUSTRY

There are important ditferences in the nature of the prob-
lem of hnancing small industry as between developed
and under-developed countries, In countries with a well-
established and developed industrial and financial strue-
ture, these problems are Ligely marginal from the point
of view of the cconomy as o whole, fn less developed
cotmtries with little or no industry, the problem of creat-
g new industrial enterprises is fundamental, More often
than not, these industries will be of small or medium size,
which is one of the main reasons justifving government
action on their behalf,

Another difference s that the risk involved for lending
istitutions in transactions with new enterprises is much
higher in the less developed countries. Such clements as
lack of tramed enterprencurship, absence of an industrial
cnvironment and of proper cost accounting procedures,
madequacy of the cconomic ind social overhead, greater
reluctance on the part of consumers to try vew products
and Lack of proper marketing preparation make it dif-
ficult o foresee the success of any new :ndustrial under-
taking, particufarly of 2 small one. In a developed coun-
try. this problem is less serious and its solution is facili-
tated by the existence of appropriate servicing institu-
tions and the widespread use of such techniques as
market rescarch, credit rating and insurance.

There also exists in the developed countries a net-
work of financing institutions of private, quasi-public or
public nature. equipped to provide small business with
credit under conditions and on terms which are, on the
whole, not much different from those extended to the
larger enterprises. Such institutional bank credit is seldom
available 1o small business in the under-developed coun-
tries. When such credit is available, it is likely to be
more onerous, beset with considerahle difficulties and, in
the case of government institutions, burdened with the
cost of cumbersome and inefficient administrative ma-
chinery. Commercial banks, in particular, are little in-
terested in the small borrower and, when making loans

40

to small business, insist upon provision of physical asscts
as collateral, in the form of plant, equipment or stocks of
readily saluble merchandise, in addition to a guarantee
by an individual whese financial responsibility is well
known. It often happens that the small manufacturer
owns neither his plant nor his equipment; if he starts a
new firm, the salability of his product is unknown and
be may have difheulty in finding a satisfactory guarantor,
He may, from lack of experience or ignorance, fail to
keep proper financial records.

Several surveys of small-scale industry were made in
India covering the three largest cities.! These show that
“own capital"—owner’s cquity plus funds invested hy
partners—is by far the most important source of capital,
only a small proportion being financed hy banking insti-
tutions. The share of own capital in the total ranges
from a low of 50 per ccut—in the largest group of firms
covered by a survey of the engineering industry in Bom-
bay—to a maximum of 95 per cent—in a group of small-
scale engincering enterprises in Calcutts. The average
share of own capital s, according to these surveys, from
7510 80 per cent. The commercial banks finance, on the
average, about 5 per cent of total liabilities, and from 5
to 20 per cent of funds borrowed by small enterpriscs.
Comparable orders of magnitude were obtained in many
surveys of smaller Indian cities. Even in the case of the
larger firms within the small-scale group, the share of
hanking institutions in total borrowed funds is of far less
importance than that of relatives or friends, middlemen,
indigenous hankers and money-lenders. On the other
hand, hanks are usually willing to meet shortterm re-
quirements of older, well-established small firms,

LP. N. Dhar, Small-scale Industries in Delhi (New Delhi,
1957): Bureau of Industrial Siatistics, Problems of Small Engin-
eering Industries (Calcutia, 1953): D. T. Lakdawala and B, V.,
Mehta, “Small and Medium-scale Engineering Factories in Bom.
bav City", Journal of the University of Bombay, January 1958;
indusirial and regional surveys by the National Development
Commissioner for Small Industries (New Delhi) (mimeo-
graphed), from 1956 to 195K,
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In 1958, the Reserve Bank of India made a sample sur-
vey of advances by commercial banks o small and
mediumssized industrial and trading enterprises, which
showed that such enterprises recerved about 30 per cent
ot the wtal credit—excluding personat credit—extended
by scheduled banks, and 51 per cent of that extended by
the non-scheduled banks.* While approximately 50 per
cent of all bank credit to all borrowers, Large and small,
was extended for industrial purposes, small and medium-
sized industrizl enterprises reccived 18 per cent of the
total credit Trom these two sources.” Such enterprises re-
ceived 5 10 6 per cent of wotal bunk credit for all purposes
and about 12 per centof that extended for industrial uses.

These findings corroborate the figures obtained in an
carlier survey,' for the period 1950 10 1952, of finance, by
sources of credit, received by incorporated  industrial
firms, both large and small. The rate of interest paid by
the small tirms was significamly higher than tha paid by
the larger enterprises. The survey showed that the smull
firms obtained 63 per cent of their credit from “trade”
and “miscellineous” sources, thut is, from family, friends
ind money-lenders; the corresponding figure for the
Larger concerns was 24 per cent.

A few comparable figures may also be quoted for
Japan. In that country a recent survey showed that the
smullest enterprises—those with assets of less than 2 mil-
lion yen, that is, $US 5500—obtained o major propor-
tion of their fimancing—46 per cent—in the form of book
credit, principally from suppliers and purchasers. Larger
enterprises~—with assets of over 10 million yen—received
only 16 per cent of their credit from this source® This
situation reflects, however, to a large extent, the pur-

ticular structure of Japanese small-scale industry, the op-
eration of which is closely integrated with that of large-
scale industrial concerns.

Small-scale industrial enterprise in under-developed
countries thus has to rely heavilv—as fur as credit is con-
cerned—on the extremely onerous sources of supply pro-
vided by money-lenders and traders. The latter who. it
the same time, supply the small industrial plants with
raw materials or take over the finished products, may not
necessarily charge a high rate of interest on the extended
credit, but make their profit on their purchase and sale
transictions with the enterprise. Because of their monopo-
listic position. they are able to exert effective pressure
with respect 10 these transactions.

That existing sources of financing are grossly inade-
quate is indicated by the fact that shortage of working
and fixed capital is an important cause of failure of small

® Scheduled banks, which number about ninety-five, are large
banks which keep their reserves with the Reserve Bank; they
extend more than 95 per cent of the total bank credit in India.
The number of non-scheduled banks, which are small and ex.
clusively local concerns, is over 300.

3 “Comimercial Bank Finance to Medium and Small-scale Busi.
ness Units”, Bullctin of the Rescrve Bank of India (Bombay,
1959).

* “Financial Experience of Small Companies in India, 1950.
1952”, unpublished Ph.D. thesis by G. Balakrishnan, University of
Poona, 1958.

3 Statistics of the Ministry of Finance, quoted in Asian Affairs,
vol. I, No. 2, June 1959 (Tokyo).
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MEASURES OF ASSISTANCE ADOPTED IN UNDER-DEVELOPED
COUNTRIES '

Mcasures aimed at meeting the problams of small-scale
business have heen developed i the advanced countries,
among them: the establishment of special agencies for
financing and providing puarantees and virious serv-
es. Tt has been seen that i the Jess developed coun-
tries these problems arise in o somewhat ditferent con-
text. The techmiques which have heen adopted are re-
viewed e the following paragraphs,

Improving the supply of funds

Many under-developed comtries have set up special b-
mancial istitutions 10 extend long-term and short-term
credit to small and mediom sized enterprises: some of
them cater specifically 1o the needs of industrial enter
prises of this tvpe,

In Inchac which Tas one of 1he most advanced pro-
gramimes of assistince, small industry can avail eself
of the services of anarray of institutions, some of which
are part of the central government machinery, others
separate from . The government-owned State Bank.
the Lirgest Indian institution with about 700 branches
throughout the country, participates in this progranme,
It dends tunds tor working capital 1o small-scale enter-
prises. for which the sceurity and collateral requirements
are considerably relined. The State Bank has recently
Linched o il programme of  partially - goaranteed
aredht 1o enconrage privarely owned commercial hanks
to nerease their lending to smadl firms, Fach of the
branches of the Stte Bank abo provides, in its area
of operation, guidance 10 the wpplicnt in his dealings
with the varions government institutions involved. This
mukes it possible for the needs of small businessmen
to be taken care of by locl hankers who are acquainted
with them and with conditions in the arca: this is a
much more etfective procedure than having the fnaneing
done by centrally located  specialized financial insti-
tnuons.

State inance corporations have been established in cach
Indian State o provide credit for the more important
projects: these corporations do not. however, normally
provide loans below a stated minimum amount, which
varies from one State to another. Smaller loans are pro-
vided by the state industries departments. From the
middle of the nincteen Hifties through December 1958,
the total amount of loans approved by all state finance
corporations was 178 million rupees, of which 16 per
cent—that is. 279 wmillion rupees—were carmarked for
small industries. During the same period, 127.3 million
rupees. were dishursed. of which 14 per cent, o 1811
millon rupees, were received by small industrial con-
cerns. At the same time. the total amount disbursed by
the industries departments of state governments was
205 wmillion rupees.

The fact that small industry receives a modest share
of business credit is explained by the following con-
siderations: (4) applications for loans by small entrepre-
neurs were often incomplete or vaguely worded; (4)
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the Anncial records or accounts submitted were con-
sidered to be inadequate; (¢) nsufficient assets were
offered by applicants tor the required collateral; it ap-
peared in particular, that many would-be borrowers
oceupied rented premises on short-term leases, and that
applicants were often unable o produce legal title to
property offered as security: () reliuble information
could not be obtained on the business and credit stand-
ing of the prospective borrower, co-signer or guarantor,
and (¢) the soundness of the project for which financ-
e was requested could not be assessed.

Special credit institutions have been established 1o
foster industry in other under-developed countries, but
small industry cannot as a rule, and for similar reasons,
take full advimtage of their services.

Thus, in Trang Large firms accounted for most of the
loans from the Tndustrial Credit Bank, smaller firms be-
ing generally unable 1o meet its security requirements.
In Burma. according 1o reports by United Nations tech-
mical assistance experts, loans to small industry  have
been too smalls moreover, the repavment periods im-
posed by the Tending ageney were too short and the se-
curty requirements too high: procedures were inflexible
and cumbersome and Tong delays oceurred in processing
louan applications, Tn Indonesia, several financial ageneics
established by the Government to assist small industry
e prevented by their rules from extending loans to
concerns which they have already assisted. As o result,
A+ firm which has reccived an agency loan for purchas-
mg its plint and equipment s preclnded from obtain-
g the urgemtly needed further credit for replenish-
g its working capital. A scheme for hire-purchase of
machinery administered by the government-owned In-
dustrial Bank has faced considerable difficulties largely
becanse one of the cliuses in the hire-purchase contract
required that the Bank participate in the management
and share i the profits of the enterprise; most prospec-
tive borrowers were unwilling o take advantage of
the plin under such conditions.

Credit schemes in the form of hire-purchase plans for
mechanization of small industry were also introduced in
Burma and India. In Burma, application of eligibikity
criteria resulted in a high percentage of rejections of
requests for loans, The loans granted were to be matched '
by an equivalent amount of capital pledged by the bor-
rowers for installation and operation of the machinery.”

In India, in the period 1956 to mid-1959, the National !
Small' Industries Corporation approved 1476 applica-
tions for hire-purchase of 5259 pieces of machinery
vidued at 44.7 million rupees, of which 2,133 pieces
valued at 177 million rupees were delivered by the
middle of 1959. For the special-purpose machines which
had to be imported, the Indian Government provided
guarantees for letters of credit amounting to 3 million

" The programme has been in abeyance since 1958, pending :
the establishment of a Union Investment Corporation which is
e take over its administration. See also a study of the Burmese
Fire purchase plan, “Hire-purchase Loans for the Mechanization
of Small Industry™, by J. E. Siepanck, which appeared in United
Navions, Bulletin on Industrialization and Productivity, No. 1
(sales nuraber: S8.11.B.2).
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rupees. This covered only a fraction of the applications;
it was estimated that if all requests were satished, the
annual foreign exchange requirements for such imports
would be of the order of 10 to 15 million rupees.

In both countrics, the hire-purchuse scheme is asso-
ciated with provision of specialized technical services
aimed av ensuring proper utilization and maintenance
of the equipment,

Reducing the cost of credit

The total cost of finance may e defined as the sum
ol the “pure” rate ol interest plus compensation for the
risk clemnent and service charges. The pure rate reflects
the relationship of supply of and demand for capital,
The risk clement has been touched upon in a preced-
ing section, in which it was mentioned that the char-
acteristics of small business, as regards both the calibre
of entreprencurship and the nature of small industry in
under-developed countries, tend 10 make this element
particulurly important.

In many under-developed countrics, the capital mar-
ket may be considered as being subdivided, in fact, into
two largely non-competing sub-markets: one an “or-
gimized” sector——mostly urbun, government influenced
and consisting of the banking system as lender and the
larger firms as borrowers; tie other an “unorganized”
sector—consisting of indigenous bankers, money-lenders
and traders, on the one hand, and small business hor-
rowers on the other: this is mainly rural and is only
marginally influenced by the credit policy of the gov-
ernment or the banking system,

The first market is, as a rule, highly competitive and
the strong borrower is generally able 1o shop around for
the lowest rate; relationships between lender and bor-
rower are, as a rule, impersonal. The second market
has monopolistic features, the prospective borrower hav-
ing no access to sources of finance outside his locality,
being thus restricted to dealing with a single local
financier.

In the first market, interest rates may be relatively
low, often owing 10 government intervention, and, in
some cases, even lower than the level which would
reflect the real conditions of supply and demand of
capital prevailing in the country. In the second, interest
rates are much higher and reflect not only the real con-
ditions in the supply of and demand for capital, but
also the high risk clements and service charges involved
and the monopolistic position of the lender® Interest
rates in the various unorganized markets, even physi-
cally contiguous ones, may bear little relationship to
each other; in any of them, the rate is determined by

8 Thus, in India, interest rates charged by large commercial
banks on unsecured advances—principally to large-scale industry
—range from 4 to 8 per cent per annum. Those charged by small
banks on similar unsecured advances—in all probability, mainly
to small industry—range from 15 to 19 per cent. For short-term
secured loans, the rates charged hy the large commercial institu-
tions in Bombay vary from 45 to 6.5 per cent. According to the
Reserve Bank’s information, rates charged by money-lenders in
Bombay range up to 15 per cent; they are believed to reach 20
per cent or more in other areas,

the urgeney of the borrower's need and by what the
trathe will bear. Nor do rates i 1he unorgaized mar
kets necessarily bear any detimie relationship to those
prevailing i the organized muarkets.

Data on losses incurred in finanaing small Tirms i
under-developed areas would provide 4 means of micas
uring risk as a cost clement; these are, however, not
available. A high potential level of Toss is snggested by
the following discussion of conditions in the Unined
States, based on limited suvvey samples:

“Within deposit size groups of hunks and kg
into account bank tending other than o small s
ness, the banks that loaned heavily o smalt business
experienced definitely igher loss rates than the other
banks ... Taterest carning rates” on oans increase
as the degree of lending o small borrowers increases
[but the ditference i toss experience among banks
accounts tor only 10 per cent of the observed diter -
cnce nanterest carnings .. The appreciably Tirger
difference in Merest carnings . 15 believed
to reflect, at least in purt, the Lirger difference inaver-
age size of business loan and rebied ditference in costs
per dollar of loan between the two groups ol banks
which engaged extensively in financing business. |n
the United States and possibly other developed conn-
tries| the hanks may feel thae businesses who cannot
borrow under the prevailing conventional rates must
be outside the zone of aceeptable risks, or that not
enough borrowers would be available to support a
specialized type of fnancing, designed with unique
protections to cope with the extra risk Jand other
related costs ™"

In under-developed countries, the high risk clememt
is one of the contributing factors in disconraging con.
mercial banks from entering the area of extending i
nance to small industry. On 1he other lund, it has the
effect of raising the interest rate charged by money
lenders to the maximum the borrower ¢ bear.

As to the service cost element, administrative and other
direct costs of lending and servicing are clearly higher
on small louns than on farge ones, because of disccono-
mies of scale, Here again, linle quantitative information
is available for under-developed countries and only frag.
mentary data exist in the developed ones, "Fhe Tollowing
quotation refers to the United States:

“ .. the relative cost of lending tends to be inversely
related to the size of loan .. . sinee investigation and
administration costs do not decline substantially as the
size of loan declines, and the risk costs (potential
losses) rise as loan size fulls. Finally, since rejection
rates tend to be higher for small concerns (because on
the average, they represent poorer risks and, also, he-
cause most of them uare new customers and need o
be investigated thoroughly), the average cost per loan
made (including the share of costs for loans rejected)
is higher than for credit extended to larger firms,

? Rates on loans measuring annual bank interest cornings.

10 United States Congress, Frnancing Small RBusiness, Report to
the Committces on Banking and Currency and Sclect Committees
on Small Business, by Federa! Reserve System (Washington,
D. C., 11 April 1958), pages 48, 84, &1 and 15.
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Indeed the cost of screening acceptuble risks among
small and, in particular, new concerns, is high, as arc
the service costs. The analvsis of Small Business Ad-
ministration costs and revenues . . . sugyests that, even
without making provision for loss, loans below $20,000
do not yield a net return . . . The industrial loan cx-
perience of the Federal Reserve Bank of New York
during the 1930's indicates that munagerial assistance
is an integral and perhaps indispensable part of - suc-
cessful bank management of small-loan porttohios,”!!

Similar conditions are likely o prevadl in under-
developed countries, and 10 affect the cost of credit to
an even greater extent than in the more advanced coun-
trics. Lstablished commercial banks are poorly informed
of the borrower's credit standing and would find it diff-
cul, if mot impossible, to seenre such information; more-
over, fewer loan applications by small businessmen are
apt to be accepted, so that the overhead cost per loan
granted tends to be farger. Investigation of the apph-
cant’s credit is hampered by the inadequacy of his fi-
nancial records mentioned carlier, while evaluation of
new projects for which loans are solicited is more diffi-
cult in view of the scarcity of personnel skilled in tech-
meal and marketing appraisal and the Lick of experience
in this field. Many financial institutions deliberately set
mimmum size limits on loans which they provide, cs-
peciilly when the interest rates they are permitted to
charge are kept low by law, and are 10 he applied uni-
formly 10 all customers. Overhead costs per loan would
obviously be reduced with an increase in the volume of
lending. Thos, in o large institution specialized in -
nancing small industry. it would he possible to sct up an
adequane techmcal staff to evaluae applications for loans:
the cost of the operation woutd be spread over o farge
volume of lending. 1t would not be economical for an
averagze hank processing only a few such loans to nuin.
tain a sl so qualihed; the hank would be obliged
cither 10 hire ad Aoc comsultants or to entrust this func-
tion o personnel engaged i other occupations, and the
cost. would have to be absorbed by the customers di-
rectly coneerned.,

The measures discussed carlier, wamely, the establish-
ment of specialized inancing institutions of public na-
tore and provision of incentives and guiramees to private
banks 1o fornish greater credit facilities 10 the smaller
enterprises, are i themselves important steps in the di-
recion ol reducine the cost of credit. Such mcasures
tend e weaken the: monopolistic position of - money
lenders and thus force down the rates of interest charged
Iy them,

Av o direat measure ol interverdion in the simall-
Iusiness credit market, which is usually comhbined with
the establishment of financing institnions, rates on loans
to small enterprises are st v Governments at levels
comparable o those applving o Large firms. Where spe-
vl imstirations are established o fuance small industry,
such rates may be s Jow s 610 S per cent per annum,
cadone some cases, 3o 4 per o cene e Japan, where
o iderable assistance s given 1o small indnstry, -
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terest rates are higher. In 1957, short-term loans extended
by lending institutions were charged at 9.6 per cent and
longterm loans at 115 per cent; rates on privately-
secured loans were of the order of 12 per cent.'?

In view of the risks involved and the high adminis-
trative and servicing costs of inancing, measures to keep
down imerest rates for small-scale enterprises taken in
isolation may be self-defeating. In order to cover their
costs and retnrn a profn wo their stockholders, commer-
cral banks may tend to curtail the number and amount
of their loans to small cnterprises, reducing by that
much the How of credit to small business. Thus, the
resources of the special institutions established for tha
purpose will, in part. be used up i aeplacing private
sources of finance,

For the lower rates to be realistic, the risk element in
lending and the administrative and servicing costs should
be reduced. This holds true cven in cases where the
lending is done by publely sponsored institutions subsi-
dized by Governments. Again, the most advanced form
of an integrated approach to the problem is practised
i India. The Small Industries Service Institutes estab-
lished and operated by the Ministry of Commeree and
fmanced by the central budget provide advice and infor-
mation—often accompanied by demonstration—to small
dustrialists throughout the country, carry out market
rescarch and industry surveys, undertake technological
resciarch on raw materials, machinery, designs and other
relevant matters, serve as technical agents for the Na-
tional Small Industries Corporation to implement that
ageney’s hire-purchase programme and provide finan-
ctal, commercial and other vesearch services. The indus-
trics departments of the state administrations also pro-
vide managerial services and technical advice to small
manufacturers; those whose programmes include finane-
ing follow up the projects which they assist. In the ab-
sence of such organizations, all services of this type
would devolve upon the lending institution itself.!

In spite of this progress, three major problems are
stll to be faced: technical assistance is not yet adequate;
the uctivities of the service agencies are to be more
closely co-ordinated both among themselves and with the
special hinancing institutions; the services are to be ex-
tended to a large number of private banks which have
not, so far, participated in the programine.

A solution along these lines deserves to be considered
by the authorities of other under-developed countries.

12 Japan Prodactivity Centre, Small Business in Japan: Back-
bone of the Naton (Tokyo, 1957), pages 1} to 13,

FYin Japan, ahe solution of the problem of servicing and assist-
g sallscale business has waken a particular form because of the
prev.aling system of subcontraciing arrangements between large
and sl industrial enterprises which is characteristic of that
country. The paremt company beirs the cost of providing technicul
and managerial advice and other assistance, both to maintain
adequane technicl standards in the output of its subcontractocs
and to ensure etheient utilization of the equipment and funds
which it s loaned 10 them, The large company also provides
wuaraudees for loans which the small companies may request
troan Hincial agencies (see Unined Nations, “Interrelations Be-
tween Large and Simafl Industrial Enterprises in Japan®, by
Tovoroha Niwlo, Bulletin on Indush ilisation and Productiensy,
Nao Y (ales niunber: SO.LR.1 Y, '
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Usng a hand-fly press in a steel
workshop in Indonesia

Final assembly of toy tricycles in
an Indomesian workshop

A technical agency could be set up to service a varicty
of public and private financial institutions by evaluating
applications for loans and providing technical help to
the borrowers. Such an agency would have sufficient
demand for its services to be in a position to hire a
competent staff, occupy it fully and enjoy the economies
of scale of a large organization. It might establish re-
gional offices and mobile units. It will be noted in this
connexion that international machinery exists which
cwuld make an effective contribution in this field by
assisting in financing the establishment of such an insti-
tution, and also in recruiting and training the necessary
personnel M

1 Assistance for the establishment of such an institution may
be provided under the terms of reference of the United Nations
Special Fund. An article on the Special Fund is published eclse-
where in this issue,

- g

Reducing the risks of lending

The application of the measures discussed above, aimed
at protecting and improving the operation of the lending
institutions, also has a favourable effect on the position
of the borrowers. When a small manufacturer receives
adequate technical, financial and managerial advice, the
over-all efficiency of his enterprise increases and the risk
of insolvency or bankruptcy is thereby diminished. How-
ever, more direct measures of reducing the lending risks
have been developed in a number of countries. In the
United States, programmes of government guarantee of
long-term and short-term loans to small enterprises were
introduced during the depression of the nineteen thirties
and expanded during the war and post-war years. Com-
mercial banks were thereby encouraged to extend credit
to small firms in larger volume and at longer terms than
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formerly.'® Quite recently, 4 number of investment com-
panies, which have been set up with government as-
sistance to finunce small business, have taken steps to
provide joint underwriting of such financing, with a
view both to increasing the size of loans and reducing
the risks to individual lending compunies,'®

In Japan, a system of shortterm credit guarantees by
the Central Government to large und small financial
iustitutions or associations has been in operation since
1937. In 1950, a law was passed extending guarantees to
long-term credit.

In India, the Reserve Bank has recently outlined
test programme under which a stated proportion of the
loans made by publicly-owned and private commercial
hanks to small industrial firms was guarauteed by the
Bank."" A favourable response to this initiative on the
part of the banks, which have 4 large volume of re-
sources and a wide network of hranches throughout the
country, would represent & major advance in the field
of financial assistance to small industry in India.

All the measures discussed above aim at reducing the
risk of default on loans borne by the financial institution
hy spreading it hetween the institution and the govern-
ment, or other lenders acting as a group, or both. These
measures may be supplemented by other steps, in par-
ticular, by improving facilities for exchange of credit
information and of debt collection procedures, which are
generally inadequate. The main effort, however, should
be directed towards inducing financial institutions to
liberalize their lending policies to small-scale firms, by
making such credit an economic proposition through an
mtegrated policy as outlined above.

CONCLUDING REMARKS

It has been seen that the solution to the financial prob-
lems of small industry in under-developed countries lies

B For an evaluation of these programmes, see R, ], Saulnicr,
H. ;. Salcrow and N. H. Jacoby, Federal Lending and Loan
Insurance (Princeton University Press, 1958) and “Governmen:
Loan Programimes for Small Business” in Financing Small Ry
ness, op. cit, pages 253 o 28],

W The New York Times, 1 December 1959, page 5.

'T Economic Weekly, vol. IX, No. 45 (Bombay), 7 Novemnber
1959, page 1,489.
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essentially in expanding and imnroving credit facilities,
providing technical and managerial assistance and re-
ducing the cost of credit to borrowers. All these measures
are interrelated.

The widening of the sources of finunce could tuke
place in the form of setting up specialized government
institutions for financing and providing incentives to
private bunking to expand its own lending operations
to small husiness. In doing this, the monopolistic posi-
tion of money-lenders and traders would be correspond-
ingly weakened and it could be expected that the ex-
cessive charges on credit from these sources would be
reduced. It was also suggested that provision of tech-
nical and managerial service to small husiness, by im-
proving the efficiency of oporation, would thereby re-
duce the risk of lending; such measures would also pro-
vide for a better evaluation and servicing of loans. Vari-
ous other measures were considered, such as reducing
the risk on individual loans by government guarantees
i co-operation with banking institutions, introducing
methods of supervised credit and the like.

The solution of the prohlem involves an integrated ap-
proach, combining the various elements mentioned
above. In view of the magnitude of the effort required,
1t is necessary that Governments provide guidance and
assistance, which may take the form of direct partici-
pation in financing. International action can effectively
supplement national efforts; this could take the form
of assisting countries in the establishment of servicing
institutions for smull-scale industry, which would con.
trihute to improving technical and managerial stand-
ards.!®

In preparing this article, it became appirent that much
morc information was required in respect of institu-
tional structure, costs, risks and other aspects of financ-
ing small industry. Further rescarch in this field by way
of surveys, comparative analysis and interchange of in-
formation should be of considerable use to Governments
and would contribute towards developing better methods
of financing, appropriate to conditions prevailing in the
less developed countries,

I8 8ec, in this connexion, the reccommendations in Unired Nu-
tions, Management of Industrial Enterprises in Under-developed
Countrics (sales number: 58.1LB.5) and also the annex on man-
QEEIMENt service institutes.

Using modern machinery in a cigar factory at
Jogjakarta, Indonesia
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Use of Statistical

Quality Control in
the Industry of

Under-developed Countries

TATISTICAL QUALITY CONTROL is a technique of indus-

trial management which, so far, has been applied
extensively only in developed countries. It aims at achiev-
ing better products and lower costs. Better products re-
sult from reduction of defective or substandard items
and from improvement of standards, contingent upon
considerations of consumer needs. Lower costs result
from more effective use of raw materials and machinery
and improved efficiency of labour, reduction of scrap
and rework in plant processes, development of more
effective maintenance procedures and a rational approach
to standards and specifications in production.

Quality control is not exclusively concerned with im-
provement of quality or with control of manufacturing
processes, but rather with the “economic control of qual-
ity of manufactured product”—as the original work in
this field is entitled (1).! Economic control aims broadly
at achieving on a plant-wide basis the objectives of man-
agement in obtaining more and better products of the
kind consumers want. Economic control is also con-
cerned with increasing industrial productivity through
more effective utilization of labour and materials; from
that standpoint, quality control is of nation-wide im-
portance,

The techniques used in quality control are essentially
statistical in nature. Data on the processes of produc-

1 Figures in parentheses refer to the References at the end of
this article.

sy WILLIAM R. PABST, x.

tion used in a plant are collected and analysed with a
view to detecting und correcting incfficiencies and irregu-
larities in production. Effective utilization of these tech-
niques makes it possible to increase output appreciably
without introducing basic changes in plant, equipment
or manpower. The costs of employing the techniques are
relatively modest and their application can serve small-
scale estublishments as cconomically as large industrial
undertakings equipped for mass production.

These considerations support the contention, despite
historical evidence to the contrary, that the effectiveness
of quality control techniques is in inverse relationship
to the degree of industrial development—in other words,
that the orderly use of these techniques should be most
helpful to newly emerging industries. The purpose of
this article is to support this view,

W hat quality control can do

Before examining the use of statistical quality control
techniques, it may be appropriate to give a few instances
of the types of problems which they may solve. The fol-

Dnr. Passt, Chief Staustician of the Bureau of Ord-
mance, United States Departmens of the Navy, has
advised the Government of India on quality control as
an expert of the Unmited Nations Technical Assistance
Administration.
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Inspecting frames in 4 bicycle factory at Ansasol, India

lowing examples, based on the author’s experience in
India, relate to small-scale industries.

Ina small plant employing about seventy-five workers
engaged in making water pumps of various sizes, a rela-
tively simple process of production was applied; the
pump housings were cast und machined, the parts as-
sembled and the final product tested. A quality control
survey of this plint showed relatively cfficient batch
processing of muterials, a good Livout for an efficient
materials fow and, on the whole, 4 satisfactory product ;
yet examination of the scrap pile revealed that a Sig-
nificant number of castings were rejected. In all cases
the reason was the sime: air pockets were present in
the castings that could not be discovered until the cast-
ings were machined. The defect was traced to the tem-
perature control of the cupola used for melting the raw
materials; the air intake in the cupola was not sufficient
to produce the necessary temperature consistently, and
blowholes were formed in the castings. Since the re-
ected castings were scrapped and remelted and since
the manager had not been aware of the relative fre-
quency of the defects, this loss was considered to be &
necessary part of the system and was neglected. The
quality control investigation attempted to measure and
assess the volume of this scrap, Then metallurgical analy-
sis, prompted by this quality information, uncovered the

fact that the cupola had been improperly desigmed and
that the air intake had been allowed 1o clog. Corree-
tion was made, the capucity of the cupola was trebled
and, in order to keep output at the higher level thus
achieved, continuous recording of “defectives™ was set
up at cach stage of processing.

In another foundrv, nine groups of workers were em-
ployed under contract in making standard  railroad
sleeper castings. These groups, consisting of about twenty
men cach, supplicd the manpower for moving the sand
and forming the castings, whercas the company  sup-
plied the moulds, the sand and even poured the metul
for the castings. Examination of the payment records
disclosed that one contract group had 93 per cent of its
castings accepted over a long period of time. whereus
several of the other groups had difficulty in getting as
much us 60 per cent of their production accepted. Quality
control revealed that rine disparities were mainly due to
differences in skills, and training, psychology and incen-
tives were applied to bring the efficiency of the workers
at the lower end of the scale up to the level of the
leaders; as 4 result, the output of the entire plant was
increased hy more than 25 per cent. Quality control
thus made use of previously unutilized data available
in the plant to mohilize action for plant-wide increase
in productivity,

In a hicycle factory, a quality control investigation re-
vealed that more than 25 per cent of the frimes were
rejected for roughness or blemishes und returned for
cleaning and repuninting. After investigation, rejection
was traced to manipulating parts before sufficient dry-
ing time had elapsed—a trouble previously hidden by
the methods of manufacture and handling.

In a pottery, high rates of rejection were expericnced
after firing. Sampling methods were applied for identi-
fying the work of individual moulders and keeping score
of the defects. Large differences in individual outputs
were found, one moulder having a rejection rate more
thin three times that of the others. It was found that, in
the interest of speed, he had been using an improper
technique which hud remained undetected owing to the
separation of the final product from the work-place and
to the time lag between production processes.

In these and other cases, quality control made it pos-
sible to trace the sources of defects o shortcomings—
sometimes unkrown to or neglected by management—
by detecting incfficient or improper stages in processes
of production, and thus to take corrective action,

Table 1

]()B IISTORY SHEET FOR FUSE BOX (OVER

PERCENTAGE
NUMBER NUMBER OF

PERIOD CAST REJECTED REJRCTIONS
July 19-% 83 62 47 241
August 1.5 35 17 485 -
September 013 |8 7 39.0 —
September 16.23 16 6 375 —_—
September 2430 26 6 230 115
October 1.7 60 14 233 -

PATTERN TACKLE MOULD SAND CORE

PERCENTAGE OF REJECTIONS DUE TO

METAL MISCEL-

LANEOUS
181 19.2 96 1.2 25
28 43.0 - —_ 27 —_
— 279 111 — - -
0.2 25.1 62 — - -
7.6 — - — 39 -
18.3 1.6 1.6 — - 1.8
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Table 2

NUMBER MADE, REJECTION RATE AND ACTION
DURING A TWO-WEEK PERIOD

FouvNpry proburerts:

TAKEN

BEFORE ACTION

Rejection rate

PRODLCT Number made (percentage )
Pump shelier 77 83
Four-inch

impeller 22 70
Pump  hody 34 30
Starter cover 50 78

AFTER ACTION
Rejectinn rate

Number made { percentage ) ACTION TAKEN

135 7 Change of  pattern

44 19 Change m compusi
tion of sand

21 0 Chunge of moulder

56 6.6 Use of good boxes

and correct pins

USE OF STATISTICAL QUALITY CONTROL TECHNIQUES

E.\‘CELLE,\'T pEscrIPTIONS OF quality control techniques
are contained in many articles and textbooks, some
of which are listed at the end of this article )3 .
It is not preposed 1o give such technical information
here, but rather to present some case studies showing
how these techniques have been actually applied in fuc-
tories in India. The case studies will be prefaced by brief
references to the collection and presentation of data.

Historical record sheets

The first step in analysing a quality control problem is
to preparc job history sheets summurizing the pertinent
data over a period of time. Several examples of this form
of presentation of the data will be found below.,

In one foundry, the problem facing management was:
is it possihle to reduce the proportion of rejected cast-
ings to less than 10 per cent per day?® Duta collected
from the routine production papers of the past revealed,
“to the astonishment of everyone concerned [that] the
average percentage rejection on number produced was
20 to 25 per cent for the previous month and [that]
the rejection rates on some items were us high us 60
to 80 per cent” (5).

The causes of rejection were classified according to
the following categorics: pattern, tackle, moulding, sund,
core, metal and miscellaneous. A duily foundry rejec-
tion analysis sheet was prepared to show the daily rejec-
tions by types of castings and by causes of rejection; the
sheets for each part were then summarized to provide
a_historical record. An abbreviated version of the job
history sheet concerning onc of the products—a fuse
box cover—is shown in table 1. This history sheet indi-
cates a substantial decrease in the percentage of rejec-
tions over the period covered. In the early portion, be-
fore 23 September, most causes of rejection related to
moulding, tackle and pattern, the defects due to the
other causes being negligible. Application of corrective
measures began on 24 September. The mould boxes
were checked for wear, the old ones thrown out, usable
ones painted and the pins stamped for identification. De-
fective boxes and pins that caused most of the tackle
troubles were removed. The system of pattern issue was

chunged, patterns being inspected and checked prior to
the production run and doubtful patterns removed for
further correction. The work of the moulders improved
immediately and, within a period of four months, the
over-all rejection rate was reduced 1o between 11 ad
12 per cent, The dechine in the rate of rejection for
other foundry products made i this plant, o which
similar quality control techniques were applied, is shown
in table 2.

In an automutic glass plant, bottles were produced
on two sections of a4 machine. Inspection of the product
led to rejection of defectives, but the causes of rejection
and of the relative frequency of rejections as between
the two scctions of the machine were unknown until
quality control was introduced. A sampling system, con-
sisting of selecting botles at fifteen-minute intervals over
a senes of days, yiclded the information shown in table
3 (6).

Table 3 shows that scction T was responsible for about
twice the total number of defects as section 11, the larg-
est number consisting of neck cracks. Routine mainte-
nance checks had not revealed that the neck-ring device
on the machine was faulty. Corrective action resulted
in a reduction in the number of defectives due to that
cause on section I to the level obtaining on section 11,
and lowered the over-all rate of rejection from about
14 per cent to 9 per cent. The table also shows that the
frequency of black spots in section 11 was twice that
in section I; this difference verges on statistical signifi-
cance, although the number of defects from this cause
was so small in comparison to that from other causes as

Table 3

Grass BOTTLES: NCMBER REJECTED, BY DEFECT

Number of rejections due to

SECTION
OF GLASS NECK LOADING BLACK OTHER
MACHINE CRACKS  MARKS SPOTS DEFLCTS  TOTAL
I . 151 39 # 45 243
1 . 17 32 18 52 1Y
TotAL 168 71 26 97 362
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to put in question the need for an investigation. How-
ever, examination of the reasons for this and other de-
fects showed the possibility of reducing total defects to
the one per cent level,

In these examples, quality control data have been used
for diagnosis and correction. After correction, syste-
matic statistical analysis by means of “attribute™ control
charts—those based on percentage or number defective—
is necessary to control further developments. Control
charts for this purpose will be described below,

Frequency distributions

Frequency distributions or histograms describe variations
in characteristics or events observed. Erratic scatters show
the need for further investigation.

To give an example, frequency distributions were used
in jute or cotton spinning factories to analyse the opera-
tion of the spinning frames. A spinning frame has one
hundred spindles, each of which is engaged in spinning
a sliver into yarn or thread. Perfect operation of the
frame would be achieved if no thread breaks occurred
between “doffs™, that is, the time when spools of thread
are nearly full and are replaced with empty spools. A
measure of efficiency of operation of a frame is the num-
ber of thread breaks—usually called “ends down” or
“end breaks”. When a break occurs, the spinner must
tic or twist the ends together and start the spool wind-
ing: frequent end breaks cause a loss in output from
the frame. When one frame has an output lower than

Churt 1
SPINNING!  FREQUENCY PISTRIBUTION OF  SPINDLE  BREAKS
PER SHIFT
‘ Tumber of Number of spindies where this
osls por spindie number of bresks eocurs

‘i‘lﬂ S_ EREBeoeovwee oA.' » -e
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the others (there are usually bty or more frames in
a mill), it is not known whether the spmner works
slowly or improperly, whether the frame or spindles are
in need of repair or whether some other cause is in-
volved. One method of determining this is to count
the number of end breaks. The casiest way to do this
is to place chalk tick-marks on the frame body itself, as
eiach break occurs; at the end of a given period of time,
usually a shift, the numbers of such marks are added and
recorded. On one frame of one hundred spindles where
such a count of ends down was made, the results were
found to be as follows:

Spindle number

1 2345678 91011121i314151617, etc.
6 7 412923 28 6 7 8109 51247 7, ctc.

End breaks during shift

These data show a great variation in the number of
ends down from one spindle to another in the course of
a shift. The frequency distribution is shown in chart 1.

With the exception of the extremes, the pattern of
distribution is very regular, varying from two to fifteen
breaks per spindle per shift. Such a range of variation
is normally expected in probability theory and, in fact,
can be deduced from the average number of breaks per
spindle per shift. Variation within this pattern is com-
monly said to be “by chance”. In the case considered,
more than fiftecn breaks per spindle per shift is sig-
nificantly different from the average—which is eight—
and an investigation of the difference is called for. Each
of the high-break spindles wus therefore examined in de-
tail. On most of them the fault was found to lie in worn
rubber rollers, due to an erroneous maintenance practice
of replacing the rollers at six-month intervals. Correc-
tion of the four defective spindles—8 per cent of the
total—led to a 20 per cent increase in efficiency of the
frame as a whole. In this example, the trouble within
the frame was responsible for the low rate of produc-
tion. Had the material been poor or had the entire
frame been in need of repair, the distribution of breaks
would have been regular, but with a higher average
breakage than normal.

Frequency distributions are useful in other cases to
indicate conformance to, or departure from, an expected
pattern of distribution. Chart 2 shows a frequency dis-
tribution of the results of a lot-by-lot inspection of glass
bottles. A sample of 150 items was examined from each
lot; a lot was considered acceptable if not more than
five defects were found. The lots are tallied in chart 2
on the basis of the number of defectives found (7).

The truncated or cut-off character of the distribution
shows clearly that the inspectors almost never reject a
lot at just the rejection number, in order, apparently,
to avoid the trouble of re-inspecting the rejected lots.
They reject only if the lot is evidently bad enough, and
thus accept a quality of material lower than what is in
fact desired. Under the circumstances, the inspectors
were warned that proper procedures were to be fol-
lowed and some of them had to be trained to improve
their work.

e it W i i85 - e -
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Quality control charts

The quality control chart s = _Lither development of
the job history shect and of .he frequency distribution
chart. 1t is used to determine whether a process is stable
or 1s changing over time. The control chart establishes
statistical limits within which periodic changes in the
level of the process or in the process itself can be as-
sessed. In this way the control chart not only records in-
formation historically but goes beyond simple historical
and frequency distribution charts by providing an ana-
lytic tool with which to gauge the variability of the
process.

It will simplify the presentation to revert to the fre-
quency distribution of end breaks on a spinning frame
during a shift. In that example the average number of
breaks per shift was about eight; given this average,
limits can be calculated beyond which the number of
breaks would be excessively large or small. If all the
spindles on the frame were about the same, the chances
would be less than one per cent that a spindle would
be observed with fewer than two breaks, and the chances
would also be less than one per cent that individual
spindles would have more than fifteen breaks during the
shift. The fact that one spindle had forty-seven breaks
was indicative of an “assignable” cause which required
remedial attention. In addition to these limits, the con-
trol chart introduces the notion of time and thus has
a predictive value. Were spindles chosen at random and
observed for breaks during cach successive shift, the
number of breaks would be expected to fall within the
predetermined limits unless some change occurred in
the spindle in the course of time. If all subsequent breaks
were within these limits and if the number of breaks
were distributed regularly without tending to increase,

Chart 2

FR!‘.O\‘I&N(ZY DISTRIBUTION OF DEFECTIVES PER
SAMPLE

GLASS BOTTLES:

Nomber of defects  Mumber of bettles with defects
(]
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it could be concluded that the sample spindles were
truly representative of all spindles i the process, and
that the process was under control.

Graphically this is shown in chart 3.

The control chart thus provides both & summury of
experience over time and a norm for assessing the ne
cessity of corrective action and sclecting its type. Similar
charts are used to determine the pereentage “defective™,
percentage “returned” or other such “attribute™ data.
The following example shows the percentage return of
fans from final inspection to the assembly line; the pro-
duction is of about 200 fans a day.

In the preliminary period covered hy chart 4, the per-
centage of fans returned cach day was very erratic, and
reached a figure as high as 14 per cent. The causes of
this high rate of rejection at final inspection were in-
vestigated and corrective action was taken, the effects

Chart 3

SPINNING:

HYPOTHETICAL CONTROL CHART FOR THE END BREAKS SHOWN IN CHART |
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becoming apparent on the cighth day. Thereafter, only
slight variations in the percentage of returns were found.
The average percentage rejection (P curve) was de-
termined on the basis of the results for the next ten
duys; the upper control limit (UCL curve) was com-
puted and plotted on the chart. The chart showed that
the returns for the sixteenth and cighteenth days were
above the control limits; mvestigation was again under-
taken, and an average daily rejection of less than one
per cent, which was cconomical and satisfactory, was
finally obtained. This sequence is typical of many situa-
tions in which almost immediate resules have heen ob-
tained from the posting of 4 p chart: without this inter-
vention, the lack of knowledge of the amount and of
the erratic nature of returns would have allowed care-
less practice to continue undetected.

Certain types of control charts are commonly made
when Mvariable™ data (those arising from measurement
of weights, dimensions, strengths and the like) are
available. The procedure consists usually of selecting over
a period of time samples of four or five units from a
process. The average of the sample indicates the cenural
tendency, and the ringe of the sample (largest minus
smallest value in the sample) measures the variability
of the process. This infornation can then be used o
determine whether the process is stable and controlled.
As regards the variability of the process, mathematical
theory indicates, given an average of the ranges of twenty
or more successive samples, how much variation among
the individual ranges might be expected 1o occur by
chance, just as in the case of the “ends down” in the
frequency distribution discussed earlier. From the aver-

Porconiage
returned
—
» Chart 4
Fans: DALY RETURN TO AsSEMBLY
13
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Table +

WLEEKLY AVERAGE PERCENTAGE OF REJECTION (PER INSPECTOR)
OF SEWING MACINNES BEFORE AND AFTER INTRODUCTION
OF QUALITY CONTR0OL METHODS

BEFORE AFTER
REJECTION tApril i (September)
Maximum 324 8.0
Minimum 4.0 1.5
Average 15.0 5.0

age range, it s possible to determine the upper range
imit for each sample size: the lower limit is seldom
higher than zero, except for large sample sizes.

The upper range limit is then drawn on the chant
and a1 range of successive samples is plotted. If any of
the individual sample ranges exceed this limit, there is
good reason to believe that the process does not have
a stable pattern of variability over the period considered,
and that an “assignable™ cause can be found.

Similarly, limits for the variability of the sample aver-
ages can be predicted from a stable pattern of process
variation. The limits of variability for the averages are
called the upper and lower control limits; they may he
cleulated from  the general average—average of the
averages—plus or minus an appropriate factor, times the
average range, The important feature is that the limits
for the sumple averages are calculated from the ranges
of the samples, and thus from the variation expected
from within the samples. The control limits thus pro-
vide it test of whether the sample averages fluctuate
more than would be expected on the basis of the “within
process™ variability alone. If the process average is shift-
g up or down or is otherwise changing, there will
be more variation between the samples than within a
sample, und some sample averages are likely to fall out-
side the control limits, If sample averages do fall out-
side the computed control limits, this suggests that as-
signahle causes are affecting the process averages and
that these causes can be found. A “controlled” state
exists when the upper limit of the sample ranges falls
below the upper range limit and the sample averages
fall between the upper and the lower control limits.

An example of the use of control charts is given in
chart 5 which shows the weight of “laps” from one of
the four scutchers in a blowroom of a cotton mill. The
lap is the 100-yard roll of raw cotton which has been
carded and scutched and which is to be further pro-
cessed as yarn. Undue variability in the thickness of the

Upper sontrel limit (MOL)
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cotton, and thus in the weight of the Lap, ciuses un-
desirable variations in the thickness of the subsequent
yarn. The desired weight of lap is 32 pounds 8 ounces
and the desired tolerance allowance on the weight of
lap is plus or minus 4 ounces.

The control chart shown is derived from twemy-five
samples of four laps each in three successive months,
M.y, June and July (8). When the chart was begun in
May, the variation in weights as shown in chart 5B was
greater than that desired. The runge points above the
control limits indicated lack of control. Investigation
of these revealed that unnecessary adjustments had been
made. In addition, there were points outside the con-
trol limits, as may be scen in chart 5A, indicating thin
more thian necessary variation was being introduced into
the process. Invesugation and auention helped to im-
prove the process in June and July, although there was
still one range point out of limits in cach month and
one average point out of control in July. The over-ill
variahility of the process as measured by the average
range did decrease during these months, but did not
narrow down to the desired extent. Continued action was

necessary 1o achieve satistactory control, The chart, based
on a very small proportion ot total production, furmshed
management with knowledge of the process variabihty
which contributed to the adoption of corrective measures,

Acceptance sampling—standardization of inspection

Acceptunce simpling is o techmque for evaluating the
quality characteristics of purchased material; sampling
is used in contrast o 1 complete inspection ol the ma
terial, Stmdird sampling test procedures, which relue
the size of the sample 10 the size of the lot and to the
quality desired in the incoming material, are well de
termined. Given the size of lot and the level of inspec
tion desired, the inspector can find from standard tables
(9) the size of sample and the acceptance and rejection
numbers. The theory ot the acceptance and rejection
numbers is similar to that which determines the control
limits on a control chart, 1 the number of defectives
observed in o sample is cqual 0 or below the ac-
ceptance number, the lot of material is accepted; if not,
the material is rejected for further sereening or some
other disposition,

Chart §

(QUALITY CONTROL CHART FOR TWENTY-FIVE COTTON SAMPLES OF FOUR LAPS LACH OVER THE
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Although the theory of acceptance sampling 1s staus.
teak, s etfectiveness mopractice depends 1o a large ox
tent on the engmcermg preparation. Proper imspection
standlards m st be pre engineered so that they not only
reflect adeguately the qualitn charactenistics desired bt
Wso reduce o a minimum any varation m judgement
or m gamnng —betweers one mspeaor and another, One
of the biggest gams that mav be denved trom aceept
ance samplimg s the climiman o of varation among the
standlirds apphed by imspeaiors working on the same
materol. Ouce the standards ot acceptance have been
aalvsed and Lad down, they an e provide a target
towards which production activinies can e e,

The toHowimy example of the use of acceptance samp
ling rebates to the tmal mspecnon of completed sewimg ma
chines at the pomnt of Teaving the plant, or o inspection
o arrival at the consuming clothing, Lactors o cis
tnbutor’s prenses,

Two prinapal devices were used to achieve mmtornuny
momspection. One ot these was astandard anspection
procedure 1o be tollowed by the entire group of an
spectars some twenty e alll many of whom had been
working together for adecade. Tlis procedure mctuded
1 check off hist, on which the inspector could svste
matcally mdicate his tindimgs and at the same time
make sure that he had covered every requirement. The
other device was the selection of standard maclnnes with
which machines having detects lending themselves 1o
ditferences mjudgement coutd be compared. The stand
ard machines were seleared i pairs, one of them just
mecting the levels of aceeptance the other qust failing
them. The standard machines were replaced by the in
spectors at weekly mtervals, 1o guard agaimst modidica
ton of therr characterstics due 1o use, The results are
partly illustrated in table 4,

Stndardization of mspection direatly helped 1o nar
row down the spread between mmunnm and muasimum
percentages of - rejecions as between individual imspec
tors. The anspection data were reliable enough 1o e
fed back o the process to secure dimensional control
ot the kev components i the muachine shop and in the
assembly process. The ditference between the April and
September averages reflects the improvement in both
processing and inspecion procedures,

Design of experiments

So far, quality control data have been denved directly
from given processes and have not allowed for possible
mterences bevond the levels of process vanables used.

Tuble 5B

AVERAGT BEND ORSERVED IN TEsIS FOR THREE MAIN FFEECTS
(hr degrees tor stondord speomems)

TEMPERATI RE ANNEVLENG TIMF SAND

Low (1) S04
High (T 931

Low () N9
thigh (V) N

Retractory (s) 9.0
Hemmre (8) 875

Tuble 5.1
Castings: EXPERIMENT TO DETERSUNE PROPER ANNEALING
CONDITIONS
TEAT NUMBER
FACTOR 1 N 3 1 5 b : ]
Temperature T T 1 1 T T 1
Anncating time a A A a0 A
Sand A JEEY N S s s S s
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The “design of experiments™ 1s o techmgue whici per-
nuts such imvestigonon and which leads o selection of
optimum  process levels,

The followmg example desenbes an experiment 1o
determine the anneahing condmons required  tor ob-
tuning certan physical properties in castings. Three
process factors were considered relevant, namely, soak-
mg temperature, anneshng tme and tvpe of packing
sand, Two levels were considered  tor cach factor--a
high and low soaking wemperature designated  respec-
tvely T and U0 agh and low annealing tume
designated respectively A and a0 and two types of
sand, retractory and hemante, designated - respectively
“STand UL A evpernmental procedure was established
in which sixteen test preces, eight from cach of two
expertmental casts, were arranged so that cach combina-
tion of the Lactors above would be tested. The arrange-
ment. which was duplicated tor the two experimental
casts, 18 shown an table 3\ (10).

Micer treument the pieces were subjected to o bend
test: the “average™ values of hend corresponding to ¢ach
man effcecr were obtiined under the conditions shown
in table 5B,

The tigure 844 represents the average hend of the
caght picces treated at low temperature, whereas 93.1
18 that of the eight treated at high temperatire; ssmilarly,
the other two pairs of numbers are averages of eight
test resuhts relating to two sets of conditions—annealing
time and tvpe of sand. respectively. The figures in table
SR represent a three way subdivision of the sixteen test
results obtained in the two sets of experiments using the
two experimental casts,

The figure 788 in table 3C represents the average hend
of four picces treated at a low level of emperature and a
low Jevel of anmealing time: similarly, the other Agures
represent the average of four tests. Sand s not taken into
consideration, as observation shows (see table 5D) that
the ditference hetween the two types does not affect
significantly the bend charactenistics. In wable 5D, the
mteraction hetween sand and each of the other variabies,
as. well as the triple mteraction of temperature, time
and sand are grouped together in the residual item.

A statistical analysis of variance hased on the experi-
mental data—the averages of these are shown in tables
5B and SC—is given in wtable 5D,

The analvsis of variance shown in table 5D is a sta-
tistical method of apportioning the total variation ob-
served in the sixteen tests among its causal factors.

The sixteen tests provide for fifteen degrees of free-
doa, Of these, three (nrrcspnnd to the differences be-
tween the low and high levels of each factor; three




others correspond to the two tacor mteractions—three
of which are possible—and one to three factor imterac
tion. In table S, onlv the temperature nme interaction
1s dealt with separatels: the other three—-hecause of the
very small values of the deviations imvolved-—are grouped
together under “residual™. The remaming eight de-
grees of freedom are related o the dupheanen of cach
of the aght treatment tests usig steels of two ditferent
experimental casis. They, i wrn, are put together as
chance varuations or expenmmental “error”. The second
column of the table pives the sum of squares of the
deviations of individual observatons from average bend
values, and the third column gives the mean square, that
is. the sum of squares divided by the degrees of free-
dom, which measures the relevant variances. The square
root of varimee corresponding o “error” provides
measurement of the standard deviation of individual
test results which—-as 1s well known-—indicates the test-
to-test deviations from the mean that might be duoe 1o
chance i the absence of causal factors.

The analysis of variance presented in table 5D indi-
cares that the statistical vanance related to the levels
of temperature, as well as to the mteraction hetween
temperature .md time, is sigmbeantdy higher than the
“crror” or chance variance which is the vardstick against
which individual variance is measured for statistical sig-
niticance. It can be seen from the table that most of the
varinions in the test results are attributable o these two
factors: henee, these are the strategically important fac-
tors that must be properly controlled in the production
process.

The analysis indicates that better bend is obtained with
the higher soaking temperature and the higher anncaling
time. There is. however, an “interaction™ etfect show-
ing that ime gives a desirable result at the lower wem-
perature, but an adverse one at the higher temperature.
The best comhination tested appears to be, as shown in
table 5C, high soaking temperature with low annealing
time. Further experiments with respect to these proper-
ties could be undertaken to spell out more precisely the
optimum conditions.

The results obtained made it possible to wmprove the
quality of the foundry’s product which had been low
because the process used allowed for low soaking tem-
perature and low annealing time. As regards sand, the
difference between the two tvpes did not affect signifi-
cantly the physical properties of the castings, and selec-
tion could be made simply on the basis of relative cost.

Direct experiniental methods of this kind can be ap-
plied to many processes with a view both to locating
trouble spots and determining opimum operating con-

ditions.
»

» B
The examples given above have explained and tllus-

trated the usual quality control procedures—organiza-
tion of quality data, use of frequency distribution tech-
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mques, control charts for attnbutes and vanables, and
design of expernments,

These examples, whneh dllustrate: means cmploved,
complement those given i the begmnimg ot this arnicle
relating to results obtamed. Tn nearly every plantin which
quality controls are introduced, - would e possible 1o
describe gans in productiviey due 1o the employment
of one or more of these techmgues, ITn many cases, gains
i productivity have been estmated o he as high as
40 per cent. One or more of the followmg resnlts can
usually be obtained:

(«) DitTerent rates of outpur of ditferent umts
plant .and uneven rates of aceeptance of ther prodints
can be equalized on the level reached by the most oth-
aent umt;

(A) Waste, scrap and rework can be rednced and
quality of product can be improved withone increase
in cost or changes i procduction processes;

(¢) Judgement of quahty can be stndardized,

() Maintenance procedures can be made more of-
fective;

() Raw materials, fuel e other sapphes can be
utilized more ccononmcally

(/) Weights can be controlled amd - weight nnits
stanclirdized.

Tuble 5D

ANALYAS OF VARIANG EIN BEND

SUM OF
DEGREES SQOUARES AN
OF OF SOl ARE

SOURCE OF VARIATION FREEDOM DEVINTIONS  rarwiced

Betwec 1 temperatures 1 300,25 3w, 25

Between annealing times 1 56.25 56.25

Between packing sands 1 24.00 24.00

Interaction temperature time ! 22500 225000

Residual 3 12,50 4.I7'! 1023

Error (chance variation) 8 100.00 12.50
Tora. 15 725.00

® Effects significant at the one per cent level.
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INTRODUCING QUALITY CONTROL IN A PLANT

O\( ket s convineed of the value of quahing
control, the quesion wnises ot how o imtroduce ar.
How should 4 qualey control section be orgamized and
statfed ? Should some simple problems e tackled hirst
so that the success achieved wonld stmulae more di
ficalt endeavours?® Should qualits control Charts e nade
tor cvery: machie and process® To all these questions,
the answer as that oy o these approaches might Ix
appropriate under given aecumstances, boarmg m mind
thar there s no casy wanv to bring ito any plant, whan
cver ats size, What s essentallv o revolunionary proce
dure. Psvchological obstacles and rechmcal Tnmtations
tear of innovations, dithculties of commumcating with
those who may be aifected by the changes and of having
to tran or retrain people are to e reckoned wath, A
rather extended penod of nme s nornully required
betore a new svstem s established and accepred. Quahin
control connot be simply added 1o an enterprise; af it s
e effective, chunges must be mtroduced
organization concepts aid methods.

]).I\IL

The problem of how 1o mtroduce a0 quality control
system was probed by the author in 0 review of abow
one hundred plants i some thirty ditferent industries
India, In nearly all cases the objective was o present 1o
mamagement a practical course of action divided 1o
convement steps, cach of which could be implemented m
one or two months, In all the industries considered, with
the exception of jute and cotton manulacturing, the
following five steps, which provide, nr 4 sense, a check.
off hist of those arcas in which the greatest pains can he
achieved, were proposed as a normal order of procedure.

(1) Mcasure outgoing quality,

(2) Determine scrap and rework rates;

(3) Assess utilization of machinery and equipment:

() Evaluate incoming materials,

(3) Establish a quality control framework.

In the case of cotton and jute, step 3—study of utiliza-
ton of machinerv—appears to be the most etfective first
step because immediate gains - spinning and weaving
efficiency can e quite casily won therehy,

stke t. Measure outgoing quality

In nearly all the companies surveved, the first step i
imtating qu. ihity control was the dtvdupm( nt of 4 means
of measuring product quality in relation to the desired
specification and to consumer needs and wishes. The
reason for this is twofold, First, this provides manage-
ment with information useful in comparing present
quality both with that achieved in the past and that ob-
tained in similar facilities: second. the final product re-
flects the influence of all the process factors in the plant
In making chairs, sewing machines, faus, soaps, jute and
cotton textiles, shoces, and in nearly every other instance,
the first question is whether the final product mects both

Foreman checking combers in cotton-spinning mill in lsrael
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the customer’s and the firm's standards of qualiy and
cost. Quality control mvestigauon will show to what ex
tent this is the case and will indicate which process tac
tors must e dealt with o improve the product and re
duce its costs,

Maasurig cutgomyg qualiey s not a simple thing. Firse,
standlirds ot product must be desdoped or made exphan
and metheds tor derernnming product graliny: must b
evolved. \ usual procedure s o meke o dassificanon ot
detects, gradimg the types of depariire trom speahicitions,
This must
be proparly engimecred i order 1o reflect o correct evalua
ton of 1the muteral. The pomt at which hnal prduct
qualiny an be determimed must also e considered. For
mstance, i many o mdustries, as e the manufacture of
chaes and othee equipnient, the final coar of pamt inan
hide objecnenable detals, so that, to express a final
qualiny judgement, cxammation should e made before
ad after pamting. T Aceeptance sampling™ methods e
particalarly approprute for evaluating the outgoing pro-
duct siee accurate exnmimation of a few items is more
important than casual mspection of Large numbers; rou
tne imspection s nornally inadequate for the accarate
measurement of outgoing quakity,

or ohyecives, according e thar imponance.

While it is important to measure outgomg quahity, it s
u]lulh important to determine how good the measure
is. What s needed is 0 measure of quality thae is in-

variant as between inspectors and nvariihle over time,
so-as to mmmuze crrors. Very often the error among the
II'ISP('(“H’s i§ gr(‘;llt‘r thzln th(‘ viariation ()f !h(‘ milt('ri.ll
on which thev are working. Like anv gauging or measur-
g process, an o anspection evaluation is not proper or
uscful until the crror of measurement is small relative to
the variahility of the objeets being measured, It is not
unusual to find screening inspection less than 50 per cent
cfhcient, as shown above in the cases of the glass and
jute industrics. Many techniques are availahle to resolve
these differences, the direct experiment being foremost,




stev 2. Determine scrap and rework rates

W hether ar por produa quahing s saostactory the exist
cice of serap and rowork usnibes the muroduction of
Quabiny control. The vate it serap should be nwasured
andd chssitied by Cise,as i the case of detectuive products
At the stage of tal prodoct quahity evatuation, Scrap
1s wsually cncountered at mermediate stages of the pro-
cosse s g rosult of improper csting, improper machime
sctting nd mans other Guses, 1 usially possible
determine trom techimnaal sources the causes of all possible
tvpes of soraps Gedig cme then be mtroduced o de
1ermine those plases mthe process where stronger con
trobs are necdad, Fhose phascs may sometimies be revealed
by use ot control chuarts, tregnieney distaibunons and other
devices, When causes oot be casily determimed, it may
I necessary taresort to divee APCTTIMents s pr('hmln
ATV Step.

Some scrap s unavordable, od s mimmum amount
mav be determmed by cogimeerning methods or by com-
parison with simlar operations ather within the plant
or m sl industrics, The wav sorap s disposed of
sometimies udes its nature and s magnitude. In the case
of "stuck™ plates in o pottery plint, nothing can be done
except o dispose of the matcrnal by (Iumpmg or destroy-
ing it, while monlds rejected before bakimg and glazing
can be reused as raw material. In soap plants, rough
cakes rejected at the cutting stage go back into the vats
as raw material. The volume of “return™ or “rework™ 1s
seldom considered as important as thar of material actu-
allv discurded, although it docs involve costly labour,
machine and plant tine. A considerable volume of re
work must be scrutinized with the same care as actual
scrap in order to achieve the most ctheient processing.

sTeP 3. Assess utilization of machinery und equipment

Relatively simple quality control methods are available
for meusuring the rate of machine unlization. The
method commonly used is known us the “ratio delay

method™ of sampling or “snap-check reading™, and con-

sists et nonmng or recording the namba o mochines o
ovhor cqupment which arc o opanwi . ahe tine
the obscrver passes bys A iven number of obsery ations
may be made por o dany s randem nme imranvals, and
sommmuary ol these wnnple observations, s provided i
control char gives qunne raadiiv ainceme of the e
ul)l.lgt of IlLl\hH\(\ n up(l.lllull.

This method G be usad, tor istance, - ac e the
rate of utthzanon of machime tools wea heo nodchimen
manutacurmg plint or of tvpesweas o othee, Teas
used oxtensivedy e conton and qore pills o provide
raprel measure of the ahacncy of the SPHINNTL 01 Weaving
department by counang the nnmiber of “ands down',
or the number ot mdividual sprndies on which the thead
is brokens or the namber ot Tooms sipped,

Such measurenicnts of nachimery nulizanon shonld be
supplemented by idormvanon as vo the causes of Soppuage.
These can be catalogued and the sopped nadimes cm
then be denored by couse by o sestem of codke nnmbers,
In some tosnde nlls snapchedk studics huve boen osed
1o compare the causes of stoppage between a0 certain
number of the most productive Tooms and @ coreespond
g number of the least producie ones. Ditferential
stuchies of this kind provide the basis for remedial action
to raise the Tevel of ourpnt of 1the more inethaent ma
chinery, whether by traming machme operators, improv
g mamtenance or repar procedures, providig better
tacilines for handling muaterial, installing better ighting
or adopting anv of the numcerons other measures wiich
influence productivity,

STEP 4. Evaluate incoming materials

Quahty control methods are usetul tor controllinge the
quahity of incoming raw materials and prrchased purts,
Raw materials control mav be relinvely comples i some
cases, such as that o jore manafacaring, where the level
of spimiing and weaving efliciency determines in Large
part the necessary raw mateaals mix, Consistent with
colour and grade conditions, cheaper raw inaternsls amay
be used provided that these can be spun wihout undue
loss i processing cthaiency. Conrol dharts relatig raw
muaterial costs to spinning or weaving efficiency may con
tribute towards achieving o controfled situaion ine which
raw muaterial and processing costs wonld e hest com:
bined by introdncing certam chumges methe raow natenals
used. T s sometimes possible o Teeve o prlor e i which
raw muaterial mixes can be tried inoanal practice, but,
evenif this is used, formal gnality contral methods wonld
still provide a better hasis for decision makimg, Contral
charts emploving correlation theory are important in
such instances.

STEP 8. Fstablish a quality control framework

The last and probably the mosi iiportant objective of a
quulity control survey in a plane 1y the setting up of an
organization for solving quaity control problems. Such

Checking the procesiing of polyvinyl cheets in a plastics
factory at Split, Yugoslavia
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an organization may vary from a sizable group in a large
plant to a tfew people working possibly part-time in
small estabhshment; regardless of its size, it must enjoy
direct management support and interest. Ina small con-
cern, the best way of 1atroducing quality controtb is to
train s management. In che author's experience, nearly
all managers who attended training courses were able
o initiaie etfective programmes in their own enterprises,
The manager’s subordinates collected the necessary in-
formation and the manager himself scrutinized and in-
terpreted at. Success achieved in solving one problem led
o the tackling of another and, little by Tatle, relatively
cffective  quality  control  measures  were  introduced
throughout the plant. .\ manmager of a shoe factory who
was satished with the quality of his production under.
took. after the completion of his training, a final product
cvaluation which revealed, to his astonishment, that, i
spite of thorough inspection of partly finished and final
products, more than 10 per cent of the latter fanled o
meet specibications, Fhis led him to take the necessary

LT, Frnal mspection of television
scts o Japanese factory

top jicut. Testing electric bulbs in
a Pukistani factory

BOTTOM  RIGNT. Inspecting roll  of
doth in lsraeli cotton mill

steps in the tanning process and in the cutting procedures
to atwain i controlled process within specifications, Where
quality control functions are entrusted to a team not
immediately connected with management, it should en-
joy an independent status and should not be urder the
direct supervision of those whose efforts it is uying 10
cevaluate, When quality control is entrusted to an operat-
ing division of a company, it is usually not ahle to deal
ctfectively with major quality problems and is reduced
to a4 routine application of techniques, The sume situation
sometimes oceurs when, for instance, quabity control is
mtroduced by the owners of 4 plant without first winning
the conbdence and support of the managerial personnel.
To be successful, a programme of quality control should
Win g minimum degree of co-operation from both super-
visory statl and labour. It is their operations that are to
be examined and improved. This may have major effects
upon their jobs and carnings and, 10 avoid suspicion and
opposition, what is being done should be explained hy
management and accepted by those concerned.

NATIONAL PROMOTION OF QUALITY CONTROL

()I'\I,I'l'\' contror v grown and developed in ditfer-
¢ ent patteriis i the many countries where wois now
utilized. In the Umited States, it grew from the war-time
mterest inincreasing national - production. War-time
courses of the ten-day varicty were given under the
auspices of the War Produgtion Board and were en-
thusiastically received. Groups of students formed local
quahty control organizations: in Buffalo, such a4 group
began publishing o journal. These groups were banded
together in 1946 into a national organization, the Amer-
ican Society for Quuality Control, which has grewn in
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this twelve-year period to well over 10,000 members and
is now one of the Lirgest professional societies in the
United States.

The society has over . hundred local chapters, each of
which holds 4 monthly meeting. The society also holds
a general annual meeting and annual national meetings
tor cach of its six divisions, us well as regional meetings.
It publishes a technical journal entitled Industrial Quality
Control.

Knowledge of quality control expands continuously
and new developments ure disseminated throughout the




industrial held by publications of the soaety. College
and university courses in quality control and research
in universities and private laborataries have had an -
portant influence. Recently, United States government
specihcations required contractors to develap satistactary
quality control systems with a view to decreasing gov-
ernment  inspection. Consumers’  organizations  huve
added pressure for improvement ot consumer product
quality.

In Japan, the Japanese Union of Scientists and Engin-
cers, founded in 1949, has been largely respansible for
the growth and development of quality contrel work.
Far a timc its appraach to quality contral was limited
to technical and muthematical rescarch. With the help
nf W. Edwards Deming, the quality contral moveinent,
since 1930, has received an impetus which has had a pro-
found etTect an the development of the Japanese post-war
cconomy, The emphasis that Jupan has placed on the
quality of goads for export and on export quality evalua-
tion pracedures has strengthenced the role of quality con-
trol in Japunese industry.

The union is supported hy private membership with
litde or no suhsidy from the Japanese Government. It
holds many lectures and training programmes, works
closely with universities in establishing courses and re-
scarch work in the field of quality control and statistics
and publishes several journals, including  Statistical
Quality Contrel, Operations Research us a Munagement
Science and Reports of Statistical Application Research.

In India, work in quality control has been recognized
for some time. The Indian Society for Quality Control
was cstablished in 1948, following a visit by Dr. Walter
Shewhart, but has not grown in membership much
beyond its original size and its influence appears to be
limited to Calcutta. This society publishes a bulletin.
Arnother smull society, the Quality Control Association,
has been estahlished in Bangalore. A United Nations
team of experts headed hy Professor Ellis Ott visited
India in 1952 under the auspices of the Indian Statistical
Institute and gave training courses in the four principal
cities. As a result, full-time statistical quality control units
were established by the Indian Statistical Institute. These
units, now six in number, are financed by government
subsidy and by membership fees of member companies,
in return for which consulting services are provided on a
regular basis. These units have recently grown in size
and stature and contrihute significantly to the industrial
development of the country. In addition, a National Pro-
ductivity Cauncil has been established as i government-
sponsored organization engaged in promoting the de-
velopment and use of productivity techniques, including
quality control. Although much has been done to foster
quality control in India, there is great opportunity for
further increasing the use of these techniques.

This review suggests scveral generalizations concerning
the development of quality control in under-developed
countries. First, there 1s need for assistance from a cen-
tral bodyv to sturt the movement, as was the case of the
War Production Board in the United States and the
Indian Statistical Institute in India. Second, the role of

traiming courses, particularlyv of onhe job tnmng of
plant personnel, is of great mportance: however, winle
LR COUTSEs are Necessdry, they are not sathaen o
spread the: movement. Third, technical assistinee n
foreign experts is in many cases mdispensable, Fonrth, 1he
development of 4 nanonal soaety of people working
together i the ticld of qaslity control s highly desirable
and should receive encouragement. Fith, promotion of
quality control should be mtegrated with Inoader nu
tianal policies aimed at fostering higher queliny in domes
tic production, such as the policies of government por
chase speaihcations in the United States, of comrol of
export quality i Japan, and the prodncoviny dive
India.

As has already been stated, quahity control developed
most rapidly when associated with steps 10 nnlize
country’s resources with masmun etficiency, m periods
of scarcity or national cmergeney, For nnder developed
countries, which by detiniion are short of equipment,
raw materials and skills, the need 1o nse resources more
cfhciently is a matter of great urgeney, s acute, i tact,
as that prevaling during the wartume and post war
years in the United States or in Japan: as in these coun-
tries, quality control can make o sigmbicant contnibution
to this etfact,
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A New Impetus to Industrial Development:
The United Nations Special Fund

IN Octoser 1988 a new form of international assistance came into being with the
establishment of the United Nations Special Fund. The function of this new body,
as stated in General Assembly resolution 1290 (XI), was to facilitate “capital in-
vestment . .. by creating conditions which would make such inpestments either
feasible or more effective”.

By this decision to create a new piece of international machinery designed to
promote cconomic development, the Umted Nations was seeking primarily to en-
large the scope of the existing programmes of technical assistance and of the existing
international lending agencies <o as to include, tor the jirst time, the financing of
projects of a pre-investment nature. Such projects, which would extend over a wide
field of activities basic to economic development, would cover all stages of work
preceding the actual investment of capital in productive facilities, The purpose of
this article is to show some of the ways in which the Special Fund may exercise
its mandate to foster investment in one of the major fields of development, thas
of industry. Discussion of this subject will be prefaced by a bricf owsline of the
Fund's purposes and functions.




PURPOSES AND Ft NCTUONS

'[‘nt Seeav Fose s not o fending insutuuon. s
assistance 1s nornally given on a grane basis, Tt may
be described as g new ook i techmical assisiance.

The “new” quality ot the Speaal Fund s, brictly,
the Hexibnhty wirh which it con utihze ws resources, Un
like the United Nouons Expanded Programme ot Tech
mcal Asastance which, i order o take account ot the
wide variety of needs for techmeal assistance, has had
to spread s resources over o hrge number ot projects
and allocate 1ts tunds on a veartovear basis, the Speaal
Fund 1s speahcally designed o give concentrated and
sustained assistance to a hmited number of sclected
projects mvolving relatvely: heavy budgeviry commit-
ments and extending usually over o penind of several
years. It as thus able 1o provide techmaal ssistanee ™
depth™.

Further, while the Expanded Programme distributes
its resources geographicatly under the procedure of coun-
try programming, the Speaal Fund develops s pro-
grammes on a project basis. The Fund does not make
any a priort allocation of funds as between countrics
or between basic helds of assistance, although i will, over
a peridd of vears, give consideration o achieving a bal-
anced geographical distribution of s aid among the
beneficiary countries. Projects are usually national in
scope; however, projects requested by a group of coun-
tries or even by an enure region are ehgible for assistance.

Projects appropriate tor Special Fund financing should
have prospects of carly and tangible results in advancing
the economic and social development of the country or
countries concerned; those which would faucilitate new
capital investments would be partcularly suitable. For
that reason, the Fund would assist research alroady at an
advanced stage and near the point of commercial use, but
not basic research—for instance, 1n physics, chemistry
or economics. Requests for surveys of resources should be
specific and based on reliable preliminary information;
prompt action should follow the conclusion of the study.
Appropriate and effective machinery should be availible
in the requesting country to give effect to the recommen-
dations; in some cases, the setting up of a special organ-
ization to take the necessary action should be contem-
plated by Governments at the carliest stages of the pro-
ject. Governments should also be prepared, at the time of
submitting their requests, to take the legislative measures
which might be required to give effect to the recommen-
dations, subject, of course, when necessary, to parliament-
ary approval.

Panticipation in the Special Fund is open to Members
of the United Nations, its specialized agencies and the
International Atomic Energy Agency. The participating
Governments make voluntary contributions to the Fund,
normally on an annual basis, but are expected, whenever
possible, to give pledges for a number of years ahead.

The administration of the Special Fund is under the
general authority of the Economic and Social Council
and the General Assembly of the United Nations. Gen-
eral policy guidance of the Fund's operations is provided
by a Governing Council of eighteen members, ninc rep-

resennng cconomicaliv advancad coantnes and e,
s developed countries. The Counal usually meets b
A vear and has final authory regardimg the projecs
and programmes rccommendad by the Fund’s Manag
iy Drrector,

The Speaal Fund does not et axecate the proneas
that 1t timances. This s entrusted 1o the orgamzatnon ot
the United Nations family wathin whose competence the
projeat falls. This orgamizanon cntars o a tormal agie
ment wath the Speaal Fand o st as executimg agenay
for the project, When no appropride internanonal agenoy
exists for the partcular project, the Managimg Dicaan
is authonized o contrace the sarvices of some omsede
organization  In cadh case arramgomants for the exeon
tion ot the project are subject to prioe approval ot the
requesting Government.

The scope ot the Speaal Fund's assistnce covas,
broadly, the following basic telds: resourees, inchiding
manpowers industry, includimg handicrafts id conage
imdustrics: agniculture; transport and commnmcanons:
buildmg and housing: healith: cducnons stausios,
pubhic admmuistration.

Projeas quabifying for assstance can ke vanons
forms or combimations of forms, such iy surveys, rescarch
and tramimg, demonstrations < dnding palar projeas
and establishment of centres and mstitmes. Implementa
ton may volve provision of regular sttt and ad o
experts, cquipment, supplies and services, demonstra
non facihties and other appropriate means. The gron
may also cover fellowships in so far as they are anom
tegral part of 4 project financed by the Fand.

Normally, the Special Fund will not tiance projeas
requiring less than $250.000. There 1s no starutory upper
limit to the size of projects, but the Fund has, evidemtly,
to be guided by the total amount of resources available
to it. ‘Fhe Fund will not tinance the local currency costs
of a project, nor will it contribute 1owards the ant of
building or construction. The requesting Government
would be expected to provide all locally available services,
such as those of technicians, and supphies, othce equip-
ment, and the like.

ASSISTANCE IN THE FIFLD OF INDUSTRY

The Special Fund uses its resources to facilitate capital
investment through six principal types of action: resource
surv: 's, pre-investment studies, research institutes, small-
scale industry adwvisory services, trmmng institutions
and pilot plants and demonstration nnits.

Surveys of resowrces

The Fund contributes towards the cost of surveying all
types of resources—mineral, water, land, forest, other
industrial raw materials and manpower—needed for
economic development, subject, however, to three limta-
tions: (a) as mentioned above, the Speaial Fund con-
tributes only to surveys likely to be followed by im-
mediate action; (#) its mimmum contrilution being
$250,000 and Governments being expected to pay at least
one-third and preferably onc-half of the cost of .1 survey,
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the Fund would generally consider only proiects whose
total cost 1s expected 10 ix in excess of $375,000; (c)
smualler projects should be referred hy Governments to
the Expanded Programme of Technical Assistance.

Surveys of resources would usually be preceded by
some kind of review of the work already done. Such
“survey of surveys™ would bear on material prepared
under instructions of government authorities, mterna-
tional agencies or private interests. Information would be
summarized and assessed and areas for further investig-
uon mapped our, An important task also would be to
ascertain the outcome of recommendations made i
carlier reports. If recommendations have failed to lead
to_further action, an investigation would obviously be
called for. Clearly, before embarking on the effort and
expense of another survey, both the requesting country
and the Special Fund will want to be satisfied that such
action is justified.

The existing informution being assessed, the next step
18 to formulate the scope of the survey work to be done
and define the terms of reference of the survey mission.
This work might be done hy one or several experts to
be recruited hy the responsible agency of the United
Nations family or, in some cases, an owside consulting
firm might be contracted 10 do it.

Pre-investment surveys, or “feasibility” reports

Resource surveys may lead to recommendations for the
establishment of industrial undertakings but, as a rule,
such recommendations will not explore in detail the
commercial feasithility of the proposed projects. Special
mvestigations are required for that purpose. In such
cases, the mtervention of the Special Fund s subject to
the same hnancial limitations as in the case of surveys,
In particular, tor most factonies of the size generally
estahlished in under-developed countries, the cost of
teasibility report would be well under the fyure cited
earlier, und requests for less expensive feasihility studies
would be best referred to the Expunded Programme of
Techmcal Assistance. This means that only in the case
of projects invalving very Lirge investments—amounting
to several million dollars—could the financing of the
feasibibty study be considered hy the Speciat Fund.

A feasibility report would consist of a technical, eco-
nomic and marketing evaluation of any or all of the
following aspects: 2 detailed  technical and economic
analysis of the project, including an evaluation of the
marketing aspects: recommendations on a site with
particular reference 1o water supply, power, transport
and other utilities: approvimate cost of the project at a
sclected site (if no site has been selected, a theoretical
Lvout could be suggested): estimate of optimum pro
duction capacity; analvsis of the raw matenals availahle
{or example, in the case of . cement plant, an analysis
ot the quabity of the clay and limestone): guidiance on
the amount of imancing required, in both local currency
md foreign exchange. for plint, couipment and working
capital,

The 1mal stage--secking funds for the emerging pro-
ject drom national or international, public or private
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sources—is outside the scope of activities ot the Specl
Fund, However, to be fullv etfective, the feasitnliny report
might properly contain o dratt “prospecius”, as 1t were,
of the project. The preparanon of such a prospectus—
in effect, a suitably presented summary ot the informa-
tion included in the report—might also be financed by the
Special Fund,

A teasibihty report involving expert collection of in-
formanion and evaluation of the various aspeats of .
project s a cosily operation. It would be undertaken
only when the findings of the resource survey are suf-
hiciently encouraging as far s the possible commercial
explomation of the resource is concerned. In certain cases,
the Special Fund might finance a joint report covering
both resource survey and feasibility study.

Reseurch institutec

The Speaal Fund will contribute towards the cost of
technological institutes or laboratories for industrial re-
scarch. The tasks of such institutes are to analyse and
test industrial raw materials, processes and products, and
provide engineering, economic ind managerial assistance
to increase production, improve quality and operating
efhaiency, reduce costs, and so on. Institutes might also
undertake market research, study problems of manpower
and industrial organization and provide training,

Technological institutes may sometimes be organized
on a regional hasis to take advantage of economies of
scaley in this way costly equipment and statf may be
better utilized. This is particularly the case when the
scentific ind engineering problems to be studied are
common to everal neighbouring countries, However, a
regiomal organization mav create certain complex or-
gamzational problems and, unless the element of eco-
notnies of scale is 4 primary consideration, 4 national
orgamzation 1s to be preferred.' 1n any event, the Fund
would not contribute towards setting up new insttutes
tf the work they are to do can be done more cheaply
anel effectively i existng institutes i neighbouring
CoOuntrics.

The contaibution of the Special Fund to the establish-
ment or expansion of institutes will normally be limited
10 a penod of five vears, and will be expected to taper
offt in the latter part of this period, so that the Govern-
ment will gradually take over the financial responsibility
for operating the institure. 1n its request. the Govern-
ment concerned should, therefore, make provision for
assnming increasing financial responsihility. Should fo-
regn experts sull be required upon termination of the
Special Fund grant, payment of their salaries would be
taken over hy the Government. The Special Fund is
willing to assist nationals of a country 1o take over the
responsibilities of the foreign experts hy providing a
number of fellowships for study ahroad. The number
of fellowships and the suhjects of studv should be strictly
related 10 the work of the institure, ‘

"See Unmited Nations, “Establishment of Technological Re-
search [nstitutes in Under developed Countries™, Budletin on In.
dustrial:sation and Produ tiemy. Nao, ? (sales number: SOILB.1}.




Small-scale industry advisory services

In many countnies, indigenous handicratts or smull
scale industries need assistance o improve technigues,
select equipment, study raw materials or survey markens,
Advice 0 such matters may be provided by speaat
agencies with mobile umits and ficld personnel.

The success ot such agenaes s generally contmgent
upon the avalabihty of tomds 10 lend 16 small enere
preneurs for purchasimg new cquipment or execdting
projects as the result of advice tendered to them, The
Speciul Fund will consider making 1 gran o cover all
or part of the foreign exchange costs of estahlishing such
agencies only it e rests assured that mvestment tunds
are avalable for translitmy 1o pracuce the agency's
recommendations.

Traiming institutions

In the field of education, the Special Fund operates at
two levels—vocational tramning and higher technological
training at the university level. It does not contribute
towards establishing or operaung technical institutes
impart basic artisan skills, nor does it contribute directlv
to traimng artisans. It conhines its assistance o higher
vocational  traiming, especially that of astructors for
techmcal schools, foremen and other supervisory per
sonnel. Assistance 1s also given tor training tin certain
advianced si s, such as aircraft maintenance.

At the university level, the Special Fund contributes
to the cost of faculties of engineering and architecture.
It also gives assistance to post-graduate traming 1 ad
ministration and managenal techmques, and o courses
in development plunning;,

Pilot plants and demonstration units

The Special Fund is not a source of mvestment capital
and does not normally supply hinances tor manutacturing
concerns. lts participation i pilot plants s jushified only
where the plant is needed as a stage between Lboratory
rescarch and tullscale commeraal production; such
plant 1s usually of less than commerctal size,

The Fund will consider assistance o milot factories
whose object is to test new uses for local matenals, de
velop new production processes not previously tested
commercially 1in any country, or manutacture new pro-
ducts not previously made elsewhere. Tt will not give
hnancial assistance to a pilot plant unless one ot thes
three elements is involved. In particular, ot will not pait
cipate in a new pilot factory whose object is merely to
manutacture 1 product not previously made in the coun-
try concerned, or 1o test a process not previously used
there, provide training to staff unfamiliar with the pro-
cess, test the reaction of the public 0 the product or
encourage the public 1o use the product,

Before supporting a pikot factory. the Fund will require
evidence that there has been adequate investigation of
raw materials, technical skills, tactory design, production
fAlows and other elements requisite to successtul industrial
production. The Fund will also need assurance that the
management will be competent and experienced.

CONTRIBUTION OF THE ORCANIZATIONS DF UHE 1T NITHD
NATIONS FAMILY TO THE OPFRATIONS OF UItE SPEUIAL
FUND

The Speaal Fund works m dose cooperanion waith 1he
seeretariats of the Unined Navonss the speaalized agen
aes and the Internatiomai Agenoy for Nomic Focrgy
When serving as executing ygonaies for the Specat Band.
these organs tollow up the poears sagned 1o them
trom mcepion to completion. The Pxcparimers o Foo
nonic and Social ATars of the Unned Nanons Se
retariat will generaliv serve as cvecuning aganoy tor mosn
projects i the beld ot industey .

In some cases, natonal authorites may be assisied by
United Noions personnct i tormulating requesis fer
Specral Fund assistinces this s most Tikely 10 happen
when . expere assigned to g country under the regular
or expanded techmeal assistance programme tinds lum
self confronted with o problem ot such 1 type and scope
as to justity request for Specral Fund co operation, The
expert’s participation i the dratimg of the request mighte,
i such a vase, be of great value. boacasy however, e
clearly anderstood that the Specil Fund s v e
nomous agency within the Unitcd Noatons, Commia
nients cannot e made on s behadt by the specialized
agenaes, or by any of the deparmments of the Umited
N.nons, Correspondence on Special Fund matters should
he addressed directly 1o the Speael Fund, or wars ggents
in the held ~the resident representatives of the Fechnaal
Assistance Board, who have also been appomied as rep
resentatives of the Managing Darcctor ot the Speanl
Fund. Government requets tor asssstance shon!d be pre
sented o the Resident Reprasontative concerned.

Fvaluation of project requests

Apprasal of reguests mvolves researd into the back
ground of the proposed project. by the case of indnstrial
projects for which the Department ol Fcononue and
Social Affairs s executmg agenoy, the Fund avanls atselt
of the expenience of the vanons divisions o branches
of the Department dealing with cconomic developmient,
meludimg mdustral developinent, waer rosonvces and
encrgy, transport, and housing andd plinnmg. Fhe o
operation ot the appropriate division ot the Bepartiment
mav be sccured for checking and asscssing the manerial
muade avarlable by the “survey of snrveys™ and tor for
mulating the terms of reference of the mission o e
financed by the Special Fund. Proposals tor tie cstabdish
ment of technological instnutes, the creaion of - palkot
plants and other relevant projects woald b e sub
mitted to the Department for its views,

When necessary, the Special Fand may arrange tor one
or several consultants o visit the comntry tor 4 shont
Hme to Krwinize lh(' .|pp||(;|lmn Or carry odt preparatory
work, 1n cons altation with the Government ‘Fhe recom
menchations of these consultants, however, are not bind
g on the Speard Fund, Where the preparatory work
cannot be completed wihin six- months, Governments
are referred 1o the United Nanons Fxpanded Programme
of Technical Asssstance, under which longer term e xpert

help <an be provided.
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wdically informed of the progress ot the prosect. upon
completion of the prosect. it assesses the results.

»
* »

The Speaal Fund can spur the economic development
of under developed countries and, in particular, therr
industnializatnon. The value of 1its contribution wall lar-
gely depend upon the amount of resources at ity disposal
and the qualty of the projects it wall be called upon 10
assist. The Liter condinon s, undoubredty, fundamental.
Outlavs which are relatively modest 1 comparison with
certamn government expeiditures cane when applied 1o
well chosen “Catalvtic™ projects. set 1 moton 1 process
ot developmem. The tisk of sustuming and expanding
this pricess s the responsitnhiey of the Governments
concerned,

Burmese traimees checking calibration of a fwel pump in
the Ramgoon Diecel Traming Centre

Execution of projects

The duties of Uniied Nations organizations serving as
executing agencies consist of preparing a plan of opera-
tions for the project. which includes scheduling the
work, making hnancial and admimstrative arrangements
for i, and ensuring that it proceeds smoothly. The
Executing Agency makes arrangements for engaging and
briefing experts, purchasing equipment, supervising pro-
gress by reviewing reports and, f necessary, by visiting o
the mission, and muintaining hnancial accounting. h Group of Jopomese experts parmcipanng 1m she Umised
keeps the Munaging Director of the Special Fund per- Nanons Mckong development scheme
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