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INTICDUCTICN

Cement and concrete products industry is a rapicly developing
sub-sector of the construction and building materials indusiries. In
order to see the situation and prospects of the cement ani concrete
products industry in developing countries, it is useful to have a
broader look at the cemstruction industry as « whole, its role in tne
national economy, the process of industrializatior and to see what
measures could be taken, both on the national and intermational level
in order to assist its development.

A) FEATURES OF THE CONSTRUCTION AND BUILDING MATERIALS INDUSTRY

The traditionmal construction and building materials industry
has the following features:

a) In the mining and manufacturing iadustries, production is permanent-
ly located znd the product has to be transported to the place of con-
surption. In construction production takes place at the place of con-

* sumption; the finishec product is immobile;

b) The product is not standardized. It has to be designed and produced
in each case according to particular requirements and circumstances;

c) Buildings have subsoil foundations and are affected bty natural forces
(wind, rain, sunshine, ground water, seismic forces etc.). Construction
techniques and architectural design also depend cn the raw materials
available and on historic development and habits. Since these factors
differ at different locations, the standardization of buildings as pro-
ducts of construction activity is Lampered;

d) For centuries or even thousands of years, procuring building materials
has mezant extracting materials from nature, e.g. stone, timber and
clay, and perhaps one stage of transformaticn of these raw materials
e.g. the burning of bricks, liime, gypsum, sawing of timber etc. In
many cases the cost to volume ratic :s low, ant inhe building materials
(stone, bricks etc.) are bulky and zeavy. High ir,ansper: costs prevent
the transport of such materials over great distances;

e) Although +he production of building materials has been insufficieri in
developing countries, it has gradue:ly reacaed a very nigh level in
developed ccuntries. As a result, foreignm trade in obuilding materials
started to grow in recent years, wizh developed countries exporting to
devaloping ccuntiries.;
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This situzticn hes arisen from the high degree of concentration of
productior of duilding materials in develcped p#lntries. In 1966/47
Europe , tae Scviet Unicn and the USA, accouvntied for 72 per cent of
the worlé's cement production. As regards wood products, their share
was 83 per cent of sawn softwood, 79 per cent of plywood, 85 per cent
of fibreboard and 92 per cent of particle board;

Buildings are expensive producis with long production and life (use)
cycles;

Ccnstruction characteristics have vesultei in a lack of central
organization and concentration and traditional, medieval forms of
organization have long survived. There are many small construction
enterprises working for only a limited area and with a small annual
turnover;

Construction processes are very labour-consuming, and many unskilled
workers are required in addition tc artisans;

In construction, the capital outlay for machines and equipment is
lower than in manufacturing industries, and management techniques have
hardly been affected ty the industrial revolution;

The design of the products (buildings) is not (as in the manufacturing
industries) a prerogative of the producer. On the contrary, design is
usually carried out by de<igners (architects, civil engineers and
others) independent of construction firms.

Some of the features new to the construction and tuilding materials

industry in developing countries are as follows:

a)
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In developing countrias, the traditional small-scale construction sector
was unable to satisfy 211 needs. This led to the emergence of new national
and international firms active on a larger scale in the market. National
firms may adopt conventional or modern production technigues; international
firms usually introduse modern techniques. A gradual, often very slow,
concentraticn of firms is taking place even in developed countries. A
certain degree of concentration is required to ensure a sufficient
accumulation of capital to enable firms ic maxe the necessary invest-
ments in up-to-date production technigues (purchase of powerful building
machines etc.);

Value added ty construction represents 2-10 per cent of the gross domestic
product (GDP). For mos: developing countries it represents 3~5 per cent,
and for mcst developed countries, 3-¢ per cent;

The volume cf ccnstruction activity during the past decade increased
hi

considerably in several develcping countries;
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&, The range of building materials has been considerably extended.
Tradi<icnally, the building materials indus:iry covered only tne ex-
iractinn and produciion of stone, clay, sand, gravel, cement, lime,
gypsum, glass, bricks and *iles. At 2 later stage, the proiuction of
building components (prefabricated concrete and reinforced concrete
components, dcors, windows, building equipment etc.) has been intro-
duced.

e) During the past decade, several developing countries have success-—
fully increased their production of cement zrd rrefabricated con-
crete components. Many other materials still have to be imported.

B) TRE ROLE OF TRE CONSTRUCTION INDUSTRY IN THE NATICNAL ECCNOMY

Formerly, the construction and tuilding materials industry was not
regarded as an economic sector tc be developed on a high-priority basis.
For a number of years this si tuation has been changing, and it is now
generally accepted that its development is of crucial importance to de-
veloping countries. Some of the reasons for this new position are cut-
lined below.

Construction accounts for approximately half of =211 :ixed capital
investments, and new construction is required for most development pro-
jects. In particular, new manufacturing facilities and new housing must
be constructed to ensure the development of industrial production and to
overcome the housing shortage.

The shortage of building materials and the lack of an adequate
transport system (roads, railway lines, harbours, airports etc.) have
often been an obstacle to the expansion of construction. Therefore the
consiruction cf roads, bridges, railway lines, harbours and racilities
for the building materials industry is an important step towards in-
creasing construction output itself.

A well-balanced increase in construction output helps to satisfy
the needs of the populztion, vecause it improves the housing situation,
creates new jobs in rew factories, reduces unemployment and promotes
further building activity.

Ccnstruction is a labour—-intensive activity. As such, assuming a
Ziven fixea capital outlay, it employs ccmparatively more workers than
other economic sectors. The construction industr; also has a mission to
fulfil, owing to the fact that many workers come from rural areas, fcr
whom the construction site is the first organized working place. Many
of these workers leave construction after a certain period to beccme
employed ty other indivstries. Thus, consiruction has in a sense a train-
ing ané educational role ir the overall :indusirialization process of a
country.
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The construczion sector inveolves many iilferent types cf workers
(masons, carpenters, plumbers, painters eic.) andé enterprises, and is
z purchaser of the wuroducts of many other indusiries (steel, aluminium,
plastics etc.). The goowth of the construction indusiry therefore has
widespread positive effects, whereas a slump in construction has far-
reaching negative oonszgquences.

The public secicr's deman. for construction is high and goiernment
interveniion has tecome necessary in many fields. Public buildings, schools,
hospitals, roads and airports are directly financed and contracted by
central, regional or public authorities. With regard to new housing, public
authorities also play an active role. Government policy in increasing or
reducing constiruction works expenditure strongly influences the economic
climate in the construction and tuilding materials industry.

Construction is both a concentrated and a small-scale activity.
Central government or large, private industrial projects are carried out
through the concentrated efforts of the comstruction industry; local de~
velopment projects are the result of small-scale construction activities.
Hence the construction industry takes an equal share in major central de-
velopment prcjects znd in furthering local development aspirations, in-
cluding self--heip in the non-monetary sector.

C)  THEE PRXESS OF INDUSTRIALIZATIQN IN THE CCNSTRUCTIN INDUSTRY

The irdustrizlization process in developed countries cannot simply
be copied in developing countries, though for the modern (both domestic
and internaiional) subsector it c.uld be a basis for the choice of
appropriate technologies.

In the traditional domestic subsector, approprizte technology has
a differer. meaning. Here the decisive factors are small-scale, capital
investmen® and “he maximum use of dcmestic (local) resources. Technical
solutions agpiied in developed countries often lead to inappropriate
technologies for the small-scale domestic industiry. Therefore other
solutions kav: to be invented ¢r existing ones adapted t» local circum—
siances.

Tre tasks of the consiruczion inius<iry zre different enough <o call
for very different technologies. Major incusirial development projects,
for exarmle, require modern industirial metncds; blg urvan agglomerations
(there are nany of them in developing countries: Bombay, Buenos Aires,
Caire, Calcutta, Manila, Mexicc City, Sao Pzulc and Seoul to mention only
2 few) :all partly for new industrialize¢ hecuasing, commercial and other
duildings, and partly for low-cost housing; smell settlements and industrial
develoomernt projects require csimple but imprcved construction technclogi:s
usingz local raw materials and skills.
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Hence there is not jus®t one appropriate technology for one procduct.
On the contrary, several technologies <an ve considered to be ithe most
aperopriate at the seme time, dependi: g on the scale of operations and
cther facters.

The selection of appropriate technologies depends on factors
changing with time. The relation between the prices of vatious materials,
iabour, machines and cther input factcrs changes, an¢ this changes the
cost (price) relation of differant technclogies.

Based on the experience of developed countries the main fields of
industrialization in the construction sector are the following: prefabri-
cation, mechanization, introduction of research into the building process,
changing pattern in the production and use of building materialc and com-
ponents, new design methods and standardizaticn, chanzes in the manpower
employed and up-to-date management methods. The same holds true for de-
veloping countries, despite certain important differences.

The main objectives of the development ol the industrialization
process are as follows: to increase the productivity of labour; to in-
crease the output of the comstructior industry; to makxe good use of local
resources, iacluding local raw materials, and agriculiural and industrial
wastes; to reduce the weight of the building struciure ané as a comple-
mentary objective to decrease the volume of materials to be transported in
relation to the building volume; and to transfer as many processes as
possible from the changing building sites to off-site factories.

In developed countries much effort is devotec to energy conservation,
a problem neglected as yet in many developing countries.

It has oiten been stated that prefabrication has alwe;s been part of
construction. The Japanese tatamis and the stones pre-cut to standardized
dimensions are just two forms of prefabrication. However, prefabrication in
our age has a new, previously unknown feature: it is based on modern
mechanized processes.

Since the first buildings were erected, they have been either heavy-
weight or lightweight. To the first cazegory belong stone, clay, bricks,
concrete, to the sacond timber and fatrics. Mechanized manufaciuring metnods
have been introduced in both categoriesz, and ihe prefabrication of both
heavyweight and light-weight components is part of the indusirializaticn
process.

A wide variety of prefabricated (reinforced; concrete products exisis:
masonry blocks, beams, lintels, paving siones, curbs, flooring and roofing
tiles, fences, railway and tramway sleesers, stireet .ampposis, large wall
anc. floor panels, stairs and staircase components, components for frames,
re*aining walls, pipes, culverts, bricze compcnents eic. I many developing
countries factoriecs have been establisned for these producis. A furiher de-
velopnent of prefabricated (reinforced) concrete componenis can be expectecd
which will require higher cement production. Pre—-stressed concrete precducts
are also finding growing applications.



A coniroversial aspect of prefabrication concerns the production
and use nf large reiniorced cecncrete panels. Ir Europe (both Eastern
and Western) this zas vean a revolutionary new housing technique intro-
ducec aiter the Second World War. In the Union of Soviet Socialist Re-~
publics, and ctaer socialist countries of Eastern Europe, large panel
cozstriaction became the basic means of reducing or eliminating severe
housing shortages. The main advantage of this technique has been the
high productivity of labour: practically the same number of workers
prodace twice as many flats.

Large panel constiruction in developing countries has acquired some
special characteristics. In a hot climate external walls usually do not
contain thermal insulation but consist merely of a single layer of rein-
forced concrete. Factory buildings do not require heating (as they do
in Burope), and can therefore be of very simple structure. Large panel
construction also leads to positive changes in developing countries with
regard %o the productivity of labour and new housing output. Moreover,
in developing countries special care has to be taken to avoid the mono-
tonous unimaginative appearance of buillings and residential areas; the
successful realization of many projects proves this to be attainaltle.
Large panel comstruction technicques seem to be a useful method of pro-
viding new housing in developing countries mainly for a high density
urban population with a severe housing shortage. On the other hand, it
cannot be regarded as the only means of industrialization; many other
means also produce positive economic results.

Prefabrication and the serial industrial productior of building
components other than those of reinforced concrete-form part of the over-
all industrialization process. Some of the components that can and should
be industrially produced are doors, windows, partitions etc.

The introduction of prefabrication, mairly that of large pre-cast
concrete panels, may produce certain conflicts. Building designers con-
sider that the use of large panels restricts the design process. Designers
at least during a transition period would prefer techniques that facilitate
an individual approach for each building. Component manufacturers, on the
other hand, prefer to produce standarcized components in large quantities.
The preferences of the designer therefore conflict with those of the ccm-
ponent manufacturers. However,tnrough mutual undersianding a satisfactory
ccmpromise can be rezcnei. Govermments saculd actively support the intro-
zuction of industrially made building components, thereby eliminating con-
flicts between par<icipants in tr2 consiruction process and speeding up the
ievelopment of prefabrication. Appropriate technologies for small-scale
production using lccal materials have been introduced in many countries.



Asbesios cement products, mainly pipes and corrugated roofing
ccmponents, are also of paramount imporiance for meny developing coun-—
tries. Several developing countries have already started o manufaciure
asbestos cement products, though cften with low outputs using machinery
that is not sufficiently up-to-date. Owing to the good technical pro-
perties of asbestos cement (impact resistance/resistance against atmos-
pneric and tio-corrosion), the development of this industry should be
supported. Ferro-cement products such as tanks, pontoons, lightweight
housing units and boats are also of increasing importance.

4 changing pattern in the production and use of building materials
and componerts mey be a major factor in incustrializing of construction.
Some general trends in this changing pattern are as follows:

a) The overall cost of building materials and components expressed in
percentages of construction costs tends to grow as a consequence of
moving on-site processes to off-site factories (prefabrication);

b) The proportion of materials extracted directly from nature decreases,
while the share of materials and components that reach their final
form of application after several production cycles increases;

c) The share of traditional building materials (stcne, bricks etc.) in
the overall cost of materials tends to decrease;

d) Among traditional materials, the share of cement is growing, while
that of bricks i1s diminishing.

The development of prefabrication, mechanization, production and
transport of building materials and compcnents all widen the range of
background activities of the construcition industry. To be able to trans-
port the growing quantity of building materials and components to the
building sites, transport equipment has to te improved. In this connection,
I wouid like to mention also the rapid development in the use of ready-
mix concrete. The development of more lightweight building materials and
components to a certain extent alleviates the increasing strain on the
transport system.

Prefabrication, mechanization and the use of up-to-date buil.iing
materials anf components are technizal characteristiics of industrialized
construction. However, industrialization nas 2 further characteristic
feature, namely the use of up-to-cate management and programming methois.
Flow-line methods have been introduced as an azaptation of conveyor pro-
duction in construction. The critical path mezhod ané similar neswork
programming technigues are easily adaptable for use in the consiructicn
1ndustry. The complexity of operations cazlls for an extensive use of
computers, as is usually the case in the manzgement of large construction
firms. Therefore the introduction and extens:ve use of modern management
ané programming methods should be aimed 21 ani encouraged.
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S actiivities were for long based con trial and error, wi<h
esses ancd failures contributing ic knowledge in this field.

last ceniury, and especially ‘n recent decades, construction

‘ ed increasingly cn scientific research and mechanical and civil

engineering imow-how. Building research institutes founded first in
developed and later in developing countries are becoming more and more
active 1n the indusirialization process. They do not have tc concentrate
exclusively on basic research. On the contrary, their main task in mos*
countries is to follow research and development (R and D) in other
countries and to adapt the results to conditions in their own countries.
Building research institutes are sponsored by Governmments, whereas re-
search in the manufacturing indusiry may be left in the hands of in-
dustrial enterprises, because construction is a decentralized activity
spread over large zieas. Construction enterprises lack the necessary re-
sources for mainiaining their own research units. An exception is Japan,
where construction enterprises have established their own research in-
stitutes.

Developing countries often have natural resources (raw materials)
that up to now have not been used for manufacturing building materials
and components, but which could be used for that purpose. Research
(exploration of resources and quality control) is needed to make gcod
use of such raw materials, e.g. for the production of cement, lime,
gypsum, lightweight aggrezates (pumice, perlite, vermiculite, etc.), glass
blocks etc. The climate and other factors (e.g. termites) prevailing in de-
veloping countries must be studied to make an appropriate selection of materi-
als and structural components. There are many construction probiems in de-
veloping countries (roofing, ventilation, etc.) for which no ready-made
solutions are available. Though many of these problems have already been
carefully studied, mistakes are still frequently made.

Industrialization and appropriate technologies can be achieved in
many ways. It is therefore very important to screen the different solutions
in order to be able to choose techniques appropriate fcr a particular
country. Research institutes and information centres produce the -know-
lecge neeeded to make correct decisions and take part in the implementation
of these decisions. Industirialization and the use of appropriate con-
struction techneclcgres require designs *hat take into account the results
of science and research in this field. To achieve this, up-to-date technical
regulations and standards based on performance criteria have to be worked
cut. Functional ani practicel btuildings reguirements have o be defined.
Since the conditiors prevalling in developec countiries are different from
those in developing countries (climate etc.), thne requirements may also
fundamentally differ, The requirements must therefore be assessed for each
particular countiry or region.

E) WHAT COVERNIZHTS ATD INTERVWATIONAL CRCANIZATICNS CAN DO

The development of construction and the ouilding materials industry
calls not only for 2 policy on the selection of appropriate technolegies,
out also for a comprenensive aevelopment policy. Government and international
action related to appropriate tecnnologies should also be plamned 1n a wider
framework.
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geverament regulation of dem s essential to the sound developmen:
of <he constructicr industry. The an:rcpria:e central and r eg*onal (local)
zuthoriziies handle planning and pregrzmming problems on different levels.
The central authorities' organization has to te of a complex ciaracter
because 1t has to comprise government supervision of indusiry, *the con-
structicn industry and technical progress; regional and urban planning;
nousing; and protection of the environment.

Y

Governments should ensure a sufficiently stable demand for con-
struction. Stable demand is ensured, znong other things, by long-term
kousing, industrial development and izni policies. Government-sponsored
road; railway and harbour construction also makes construction demand
more stable.

Governments should also find the means to create good financing and
iegal conditions for che construction indus*ry,. This includes up-to—-date
and sufficiently simple building legislation (e.g. for building permits),
contracting procedures, access to funds and foreign exchange. Governments
should formulate (with the participa*ion of the constructicn industry) a
tectnicnl peclicy on the industrialization of construction, especially
that 1<eisiing to the dcmestic industry. They should support R ard D and
carital lnvestments to promote this irdustrialization process and the use
of appropriate technologies in the various subsectors.

Building is ore of the economic sectors where the establishment of
a state-cwi.ed national building research institute may be necessary in
most developing countries. Quality conirol and standardization should alse
be government responsibilities to a certain extent. Co-operation with R
and D institutes ln developed countries should be encouraged.

Governmenis shcould take measures to protect the domestic construction
industry and domestic value added, anc also the use of local resources for
the production of building materials. This should not, nowever, take the
form of overzealors pratectionism that drives up prices and consequently
damages the country's intrrests. It should rather consist of reasonable
support given to the development of the dcmestic comsiruction and tuilding
materials industry and the use of appropriate technologies.

The appropriate technologies tc te appiied in the construction and
tuilding materials industry of develcring ccunzries can be selected from
advanced technologies in developed couniries. First, in the building
materials industry it is often necesgszry 10 organize production on a
smaller scale than in developed countries; equipment for smaller plants
musT therefore be ievelopea. Secondly, it 15 important i¢c promote the
exploration and use of local materials and the use cf inausirial and agri-
culturai wastes. Thircly, mechanicaticr ani prefaoprication should be
supported and adapted 1n scale and sopnistication ¢ the special circum—
stances of develeping countries.
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Bducatiorn ané iraining at all leve.s (wcrkers, technicians, archi-
tects, civil engineers, size managers eic.; sacu.l pe supported, always
Keeping in mind the aspecis of ihe indusirialiization process and the use
of appropriate technologies.

The programme of work whizh coulc be taken up by international
organizations, above all UNLDU, may comprise, inter cliia:

a) Assistance in the exchange »f techniczal intormation between deveioped
and- developing countries and aming developing countries <hemselves
through the establishment of regional R and D centres with technical
linkages with the national institutions;

b) Assistance in the transfer of technoiogies for the production of
building materials anc pretabricated components between developing
countries;

¢) Urganization of training tacilities tor technical persomnel in de-
veloping countries in the planning and execution of production pro-
grammes, as well as of new procuction and construc<ion techniques
developed in other developing countries;

d) Participation, financially as weil as tecanically, in specitic R ané
D projects that might be of relevance and interest to a number of de-
veloping countries;

e) Urganization of seminars, expert group meetings etc. to d”scuss common
probkems and to exchange experience in the field of development, pro-
duction and application of altermative building materials ccmponents
and techniques.
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