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Summarx

The construction industry is responsible for the generation
of constructed physical facilities which play a critical and
highly visible role in the process of development in many
regions of the world. Its output Eonstitutes a major fraction
of GDP, and it employs between 5and 15% of the labor force in
most developing nations.

In most developing countries, the government ié the
largest client of the industry, in addition to being its
regulator and material supplier. The labor intensive nature
of the construction industry coupled with the fact that most
developing countries have some indigenous industry in this
area nakes the construction industry an attractive érea for
creation of jobs, conservation of foreign currency, and
a training medium for transformation from agricultural based
e..ployment to that of manufacturing. |

The possibility of introducing a various mix of labor and
capital technologies and the use of staging strategies in
major public work construction offer .an excellent opportunity

for transfer and adaptation of technology.
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I. Introduction

A major problem facing the world in the remainder of the
twentiztih centuly 1s to narrow the gap between the developed
and the developing nations. Unfortunately the developed
countries, already far ahead, are drawing still further away
from the less developed countries and thus worsening a rather
explosive situation. |

Although economic and social change in the developing
countries depends primarily on the actions of their people and
their governments, the cooperétion of the developed countries,
especially through financial and technical assistance and
multi-lateral cooperative arrangements, is vital. In recent
years, the nature of this cooperation, its objectives and
goals, and its modes of operation have been carefully re-
examined by many institutions concerned with international
assistance programs. It has become clear thal financial
assistance in support of, for example, a single spectacular
prpject (a steel mill or a major hydroelectric power project)
will not contribute significantly to the development program
of a country and in many instances the project may only drain
the.limited and scarce resources of the local government for
its operation and maintenance. It is generally agreed that
the role of international assistance programs should be
shifted more toward institutional building in developing
countries than toward single. short term spectaculars. This
shift in emphasis, however, reyuzires a thorough understanding

of the economic and social structures of developing nations



and an awvarencss of the extensive changes required in human
valucs and attitudes including cducation, communications,
acceptability of new ideas, administrative effgctiveness,
busircss entcrprise, and political leadership. Without this
understanding the transfer of knowhow will rémain an imitative
process and foreign to the cultural, social, and political
processes of the developing countries.,

Transfer,.adaptétion, or deveiopment of new technology
suitable for improving certain economic and social aspects
of life in the developing countries has been considered as a
most prbmising avenue of cooperation and collaboration between
the developed and the developing nations. The transfer of
technology, when properly administered, integrates a number
of complementary activities:.it provides for change in social
systems and attitudes; it generates new knowledge and human
skills; and it requires a new physical environment for its
successful operation. Methodologies for establishing the
technoloéic needs of a developing region, for selecting
an appropriate level of technology to meet the established
needs, and for assessing the impact of the transferred tech-
nology on the developiﬁg countries are, however, not fully
developed and derend upon a complex set of social, economic,
and technologic measures. For this reason, most technqlogy'
transfers have been discussed within the framework of one
sector of the economy and normally for a particular level of

development.



This papor focuo2s on transfer and adaptation of tech-
nologsy in the construction irdustry and identifies the role
that this industry has played and continues to play in the
developrent process. The paper initially reviews the ecoromic
and technological conditioné of underdevelovment which might
impact the construction industry. It then defines the industry
and its role in the development process and finally makes some
recommendationé on the nature of technological changes necessary

in this industry in the developing countries.

II. Conditions of Underdeveloprent
The economic and technological'conditioné most affecting
the construction industry can be divided into three categories:

capital scarcity, labor supply, and market basis restriction.

Capital Scarcitv: All developing countries faqg a severe
shortage of the capital necessary to begin and accelerate
their develoément. Few of them even have sufficient éapital
resources to maintain a satisfactory rate of growth, say 5%
or greater, let alone begin to accelerate it (1).

Brazil, Mexico, Taiwan, and a few other developing
countries can be said to have significant internal éapital’
resources. Most developing countries, however, rely heavily
on external loans and grants-in-aid for their capital formation.
In 1965 external sources furnished approximately $9.7 billion
in capital to developing countries (2). This amounts to less
than $10 available capital rer capita in developing countries

as a whole and compares with the $100 and more per capita



invested annually in the U.S. iloreover, this scarce supply
of externally obtained capital is unequally distributed
throughout the wcrld. Among those countries with populations
between 1 and 2 million, for example, the external capital
available from international assistance in 1965 ranged from
$69 million for Jordan to $4 rnillion for Singapore.

A possible scurce of capital for the developing countries
has been the encéuragement of multi-national companies to
invest in the local economy by setting up local plants. This
mode of investment in the developing countries is reported to
have been about 2 to 2.5 billion dollars per year in the past
20 years (7). Most of these investments have been in the areas
of natural resources (petroleum and mineral recovery) or in the
manufacturing processes. Foreign investment in constructed
facilifies has been limited only to the manufacturing of certain
building materials. The author is not aware of any major
foreign private investments in constructed facilities in the
developing countries. There are, however, several instances
of large scale investments by a private enterprise in housing
and non-residential buildings in the developed countries;
Levittown in France is a typical example.

Labor Supply: In general, developing countries have an

abundance of very cheap but unskilled labor and a virtual
absence of technically skilled labor (Egypt and India are
exceptions to this latter condition). Most developing countries
are agrarian, and the growing urban areas of developing regions

consequently are populated principally by former farmers
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acquainted only with the most primitive agricultural methods.
Most available workers have had littld, or at best indirect,
experience with machinery, and truly skilled technical workers
are almost nonexistant. The low per capita income of develop-
ing countries indicates, in addition, that the prevailing wage
for such unskilled workers is very low, amounting to only

a few cents ﬁer hour in some areas.

In many cbuntries large fractions of the labor forces
have annual outputs per worker that are dismayingly low even
when measured by their own average productivity standards. 1In
a .productivity sense, these people have a large measure of
functional idleness, and this, too, is partly responsible
for the lowness of their per capita incomes (3).

The large numbers of unskilled and unemployed workers
are, in a sense, one of the most readily available natural
resources of. developing countries. At the same time, these
workers are a great social problem, for mass unemployment
causeé widespread poverty and political unrest. The creation
of employment, therefore, is considered by the governments
of many developing nations to be an urgent, primary goal of
economic development.

The scarcity of capital and the surplus of cheap labor
might seem to indicate the general desirability of iabor—
intensive economic activity. Labor-intensive methods of
production, however, mav be inefficient for_many processes
and conseguently may result in economic waste (4). Moreover,.

many products made by labor-intensive methods may be of
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inferior or variable cuality. In addition when a market for
goods vroduc.d DI capital-intonsive nethods is.created, back-
ward and forvard linkage mechanisms begin to operate (3).
And because owners of capital tend to have high marginal
propensities to save, this will lead to the creation of
domestic capital sources and further growth (6).
Capital-intensive industries, on the other hand, reguire
certain conditions which developing cnuntries may find
difficult and costly to meet. For example, they require
certain minimum numbers of highly skilled workers. In many
developing countries, it may be necessary to pay the added
cost of importing skilled workers and other technical personnel
from industrialized countries. Capital-intensive operations
further reguire that availabig workers be accustomed to
industrial surroundings, operations, routines, etc., and that
these workers be stable in their work habite and located near
their place of employment. Finally, extensive capital-
intensive operations require a considerable infrastructure
(roads, power supplies, housing and schools for workers, etc.),
the cost of which must often be borne by the developing
country (6). |
Industries which are adaptable to varying mixtures of
capital and labor intensity are said to bé "technologically
flexible". Woodworking and brickmaking, for example, are
among the traditional technologically flexible industries.
Many modern industries whose current technology is exclusively

capital-intensive are, as a result, beyond the means of many
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developing countries in which these industries could play

a useful role. The United Nations‘and others, thecrefore,
have suggested that a high priority be given to the develop-
ment of efficient capital-saving techniques in the core
operations of these cufrently technologically infliexible
industries (6).

The determination of the optimal mixture of capital and
labor intensit& for any manufacturing or construction must be
made on the basis of the factors involved in each specific
situation. For any given product, a range of product qualities,
production efficiencies, capital/output ratios, possible
profits, etc., are possible. Specific consideration of some of
these factors in the construction industry are found in the
next part of this paper.

Market Base Restrictions: Markets for variouslproducts

in developing countries tend to be restricted in magnitude
and geograrhic extent by low per capita income and inadequate
infrastructure. Per capita income of $300 per year or less
is the rule in developing countries. Per capita consumption
of many goods is directly related to per capita income. AS
a result, low income countries have only moderate to low
capacities for the immediate consumption of many goods,
including construction materials. The market baseg in these
developing countries are limited accordingly.

Developing countries also have low levels of infrastructure
for the suprort of general economic growth. The infrastructure

of an economy includes public works (roads, airports, dams,
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power stations, ectc.) which are necessary for any substantial
economic growth and also public services (housing, <chools,
hospitals, etc.) which raise the standard of living but do

not contribute directly to the economic growth of the country.
The developnent of adequate infrastructure in developing
regions réquires large amounts of capital input, with little
or no direct economic output in retufn.

The existiné infrastructure of any developing region has
great influence on the costs of production of many goods.

For example, the transport facilities included in the infra-
structure are very critical to the economic feasibility of
most manufacturing operations: Most construction materials
manufacturing operations, in particulaf, require sizeable
quantities of raw materials and produce bulky and/or heavy
goods. * The costs -- or even the feasipbility -- of supplying
raw materials and delivering finished goods must.be within
reasonable limits to allow such operations to be economically
viable. Hence, the existing infrastructure figures directly
in the costs of goods produced in developing regions.

The geographic extent of the market base for any given
product is also dependent on the ease of transportability of |
the product. It may prove economically and technologically
possible to deliver large precast concrete panels anywhere
within a S5-mile radius of an urban area, for example, while
deliveries to towns 50 miles avay might be almost impossible
at any cost. The geography of the market base therefore depends

on the size, weight, and usual required quantity of any given
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construction material and on the ability of the transport
infrastructure to move these goods at iow coét.

In summary, the conditions of developing countries whiéh
influence the choice of technology in construction include
scarcity of capital, abundaﬁce of unskilled labor, scarcity
of skilled and management manpower, and limitedness of

infrastructure and market base.

III. Construction Industry

The construction industry plays a vital and highly visible
role in the life of every nation and its people. Through
planning, design, construction, andvoperating.adtivities, it
transforms resoufces of capital, labor, materials, equipment,
and technology into the constructed facilities required to
meet society's needs for shelter, transportation, power,
comnunication, water supply, waste disposal, and industrial
pfoduction capabilities.

Construction is one of the oldest industries in the world
and most develcgihg countries invest a substantial portion of
their capital oun creation of physical facilities necessary for
the enhancement of life in their society. The induétry is
responsible for creation of infrastructure which are vital to
the initial phase of the development. In addition it plays
a key role in satisfying a wide range of physical, economic,
and social needs of developing nations. It makes critical and
significant contributions to the fulfillment of major national

goals. In most developing countries the government is the
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major client of the industry, and thus its policies and decisions
have direct imsact upon the future of the construction industry.

Each country,; regardless of its level of development, has
certain capabilities in the construction field. In addition
certain local know-how and local building materials industries
do exist in all developing regions of the world. Its size,
the nature of its operation, and its.presenceAin every develop-
mental activity have made the construction industry the prime
target for much experimentation with regard to enhancing
the effectiveness of international assistance and cooperative
WOrks.

The following sections will discuss the importance of
construction in the national economy of developed and develop-
ing countries, the process of construction and its inputs,
and the issues facing the industry.

Construction Industry and National Economy: One of the

major difficulties confronting those interested in a quanti-
tative study of the construction industry is the unavail-
ability of accurate and detailed data on the many different
facets of the industry. This difficulty arises from several
peculiar features of the industry: it is large but highly
fragmented and somewhat specialized; it is highly dispersed
geographically; its manpower, equipment, and materials are
widely used by other industries; and associated with it is

a large group of ancillary industries ranging from materials
manufacturers to banking and insurance industries. Never-

theless, enough statistics are available to demonstrate the
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signifizance of the industry and to establish its role in the
nation;l cconomy of both developed and developing countries.

A recent study by the United Nations (8 ) shows that the
world resources for construction are very ungvenly distributed
among countries at different economic levels. Table 1 gives
the worldestimate of gross domestic capital formation (GDCF)
in constructiop for various income groups aad different regions
of the world in 1965: The data shows that of $230 billion
invested in construction, 88 percent was in countries in the
top two income groups. North America alone accounted for
over 40.percent of the world GDCF in construction. Furthermore,
these data show a strong correlation betweoen GDCF in construc-
tion and per capita ,ro.s domestic product (GDP) (Figure 1).

Since 1947 contract construction in the United States has
increased at a rate of 5% per year and the GNP at 3.7% (9 )
Similar figures for the developing countries cannot reasonably
be obtained because of the fluctuations which exist in the
demand, the sensitivity of the industry to political and
economic uncertainty, and the fact that the developing countries
have occasionally carried out single but very large projects
which distorts the construction marke* picture.

The manpower requirements of -the industry span a
broad spectrum of personnel, ranging from highly educated to
completely unskilled. The role that this manpower demand-
supply plays in the national economy is of utmost interest

to those concerned with the planning of the national economy.
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Table 1

Gross Domestic Capital Formation in Construction (1965)

Billions of Dollars

—

Income Group Western Eastern | Latin Middle &ogid
GNP/C;pita North America Oceania Lurcope Europe America | East Asia |[Africa| Total

2000+ 90.7 5.1 .2 321.8
700-2000 3.2 48.8 41.8 2.7 .6 8.9 46.1
490-700 3.1 2.4 2.1 .1 .2 ] 1.2 1.0
120-400 1.1 2.5 .3 1.6 1.3 3.0

<120 10.9 1.0 5.2
% of World .

Total 39.5 1.4 25.3 19.2 3.2 0.5 9.4 1.5 100




In the U.S. and many other developed nations, the industry
provides from 6 to 10 percent of total employment, while in
the d;&uloping countries it accounts for only é to 6 percent.
The ancillary operations associated with the industry currently
provide an additional 2 to 4 percent of empioyment in the
developing countries and 4 to 6 percent in the developed
nations.

COmparisoﬁ of construction's share of the manpower market
with its share of the output per year shows that its average
productivity is significantly lower than that in the economy
as a whole. Furthermore, the change in labo:. productivity
over time is much less in construction than in other industries.
For example in the U.S. in 1959, 2.7 million construction
workers produced an ouvtput of about $25,000 per worker. In
1968, 3.4 million workers proauced an output of about $26,000
per vworker. This represents a productivity increase of only
0.4% a year per worker, compared with an annual productivity
improvemént rate of 2.5% for the economy as a whole (10).

This lack of improvement in the productivity is attributed,
by many, to the unsuitability of most construction processes
to automation and mechanization.

Many construction activities reguire a large number of
skilled laborers and craftsmen. The labor in the building
construction segment of the industry is composed of more
than twenty crafts and many specialties (11). The dependency
of construction on climatic conditions and the fact that

manpower is generally hired for a particular job and layed off
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after the job is finished have resuited in a very high incidence
of uncmployment and job insecurity for the laborer. The
incidence of unemployment in the industry is two to three
times higher than the national average. 1In the developed
countries, the labor organizations have attempted to limit

the impact of this factor on their members by influencing the
training and'hiring practices. In the developing countries,
the existence énd the influence of trade unions are growing,
but the construction worker is still faced with a very
uncertain and fluctuating market. This lack of protection

in the developing countries has resulted in a_wage structure
for construction workers which is substantially lower than
that in the manufacturing induétry. History has shown, however,
that as the development process advances, the gap between
manufacturing and construction wages narrows.

The level of development has also been shown to influence
the nature of construction firms and the types of construction.
In thé least developed countries, construction is primarily
focused on the basic infrastructure in agriculture, mining, and
transportation. It is done mostly by a few foreign firms,
and the projects are sponsored by the national government.

In this situation, most projects require direct imports of
neot only materials and equipment but also of skillea manpower
and managerial staff. Table 2 compares the profile of
construction inputs of a typical developed country with a per
capita GNP of $1200 with a less developed country with a

per capita GNP of about $100. The data for the developing
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Table 2

Profile of Construction Inputs

(Gross Value of Production Equal to 100 Units)

Developed Developing

LT

Domestic =~ Import Togg&*" Domestic Import  Total
i
Materials 26 8 34 g};?}s?:i 17 25 42
M
Transportation and ﬁﬁﬁﬁ
Handling : 7 1 8 ;;gm;gg 8 5 13
— e I 1 I — | =
Sub Total 33 9 42 ;!!M 25 30 55
' i
I
il
salaries and Wages 43 - 43 }i }Qi 28 3 31
: il
Others; Including H
Taxes, Amortization, ”iﬂg
and Income 14 1 15 I”iﬁi 10 4 14
- — | = = - | =
Total Value of 90 10 100 [t 63 37 100
Production llhﬁ
Ll




countr; shows that more than 60% of the material input is
imported. Tho high cost of its transportation causes 55 percent
of the total output to be due to materials and their handling.
The dependency on imports of as much as one third of the total
value of construction in the less developed countries has
generated subsfantial interest in the development of local
building materials industries and/or development of construc-

" tion technologies which could utilize the existing local
materials.

Construction Process: The industry in most developed and

developing countries consists of three traditional sectors:
investors, planners, and developers combine with the owner
(often the government) to form the client sector; architects,
engineers,'and consultants form the uesign sector; while
suppliers, general contractors, specialty subcontractors,
and labor organizations form the confractor sector. The
delivery process has been, and for the most part continues
to be, executed by sequential activities in which each sector
attempts to act independently to satisfy its own objectives.
Decisions are made within a labyrinth of constraints often
arising from partial or faulty information.

The client sector may consist of private individuals,
or it may be public agency. In the latter case, the public
agency is only representing the ultimate user of the facility,
the collective client. In many cases the agency may not know
the users; nevertheless, it must attempt to assess their needs.

This separation of the users from the government agencies
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reprosznting. them has been considered -a main reason for the
failure of muny public projects, such as public hovsing,
hospitals, etc. 1In addition, failure to recognize the nced
for subsecguent maintenance and upkeep of nost public works
has resulted in the rapid deterioration of these systems and
a significant reduction in their useful lives. The concept
of the total cost of the facility, which includes not only
the initial conséruction cost but also the maintenance and
operating costs over the design life of the facility, is
gradually being introduced in most public works activities
in both develored and developing nations.

The government, in addition to representing the collective
clients in public works constructior. or acting as the client
for publicly owned facilitieé, also acts as the legislative
authority imposing externa’ constraints on construction.

The building codes and regulations which have been developed
over the years in the developed countries, and which in many
instances are transferred to or adopted intact by the developing
nations, have stifled the develorment of new materials and
technicues and have added to construction costs. This is
especially serious in the developing nations where the adopted
regulations do not even conform with the climatic, technical,
and economic conditions of the region. For example, in the
Caribbean, where the Canadian Building Codes were being used,
most housing manufacturers had to mezet the snow load require-

ments for the design of the roof system.
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In addition to the numerous other responsibilities in
construction, the covernment in most devzloping countries
participates in various rhascs of construction. For exauple,
transportation, national utility, and health and education
departments of many developing countries often not only
have their own design teams, but also have their own construc-
tion crews igenerally in the form of maintenance crews who
may undertake éertain reconstruction activities). Furthermore,
by owning and operating major construction materials manufac-
turing plants (cement, steel, glass,etc.), the government
can iniluence the price of materials and consequently the
preference for the type of construction. By providing prefer-
ential treatment to a particulér sector of the industry, the
government can substantially affect the distribution of the
available manpower in the industry. For example, availability
of low interest rates for housing will encourage substantial
activities in that area. At the same time, it will increase
the téndency for theintroduction of labor-saving and capital-
intensive construction technigues but only in housing.

In the construction industry, as in most other industries,
there are many alternative combinations of processes and
products. In terms of products, three broad categories can
be recognized: residential buildings, non—residentiél buildings,
and public works construction. Residential buildings, which
include single and multiple dwellings, can be considered as
consumers' durable goods. Non-residential buildings, consisting

of industrial, commercial, educational, and hospitals, are
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similar tn nraducer.! durable goods. Public works construction,
vhich rapsoo otz goverament outlays for public facilit' s,
conszist; of transportation infrastructurss, water surply and
sewer systems, public utilities, etc.

The products of the construction industry, unlike those
of most manufacturing industries, are primarily custom-built
and thus are highly sensitive to the design phase of the
process. Contfary to practice in the manufacturing industry,
the product design stage in construction is normally separated
from the prcduction management. Therefore, collaboration of
the designers and manufacturing experts, which is necessary
to minimize the production costs, is seldom realized in the
construction industry. The general contractor's participation
starts only after the design is finalized. This separation of
design from production has significantly limited the choice
of the input factors of production. The designers have
consistently overlooked the type of labor, equipment, and
construction methods available to the contractors and have
indirectly forcad *  :m to choose the technology which is
dictated bv the design rather than that which is most suitable
to the local conditions.

While architects and consulting engineering firms who
have the design responsibility refrain from competitive
bidding for their services, the general contractor who has
the oroduction resconsibility generally enters the process

through a negotiated arrangement or competitive bidding.

The main objective of selecting a contractor by competitive
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bidding and of having him offer a firm price in
a set of predectermined drawings and specificatic
to be for the gcod of the public interest and ti
of corruption, in addition fo giving the client
value for his money. It is, however, completel:
that the competitive bidding approach encourage
of technological change and forces thevcontract<
the conventional procedures and technigues. Al:
variations of competitive bidding and negotiate
have been tried in various instances, none has :
widespread acceptance in both developed and deve

The contractor sector is primarily respons:
assembly operation, which until recently has bes
~on the construction site. Generally subcontractors are
heavily relied upon to perform the required specialized processes,
and in many projects the general contractor may only provide
coordination and supervision. The mix of labor, equipment, and
material in each process is rather unique and requires a separ-
ate production function. For example in the building segment
of the industry, the foundation and grading process can vary
from a highly mechanized and capital--intensive technigue to a
fully manual and labor-intensive activity where unskilled labor
can be utilized with a minimum of training. O©On the other hand,
electrical and mechanical works, although highly labor-intensive,
require highly trained and skilled labor.

The fraction of cost allocated to each specialized process

in the assembly phase varies from project to project. For
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example, in the buillding s¢
breakdo.n of total construc
and grading 5-15%, erectio:
electrical and mechanical s
entire assembly process COI
investment required for a
lengthiest phase of the co
- components of cost iﬁ'the ASSEMNOLY PlAdDE QLS v sweve —e-—
materials costs.

The building materials industry is very diffuse and hard
to define because most of the materials are used by many
other manufacturing industries. For example, steel is used
not only in construction but also in automobile, machinery,
and many other industries. A few materials are manufactured
solely for use in construction, and among these cement is by
far the largest and most widely manufactured building material
throughout the world. Due to their low value to weight ratio,
puiiding materials are not usually transported over great
distances, and their oroduction, therefore, tends to be
dispersed. In most developing countries, there is rarely
sufficient continﬁous demand to permit the producers to stock
the materials and overcome the oseillation in demand. This
has resulted in the creation of the building materials merchant
who acts as an intermediary between the manufacturing industry
and the contractor sector of constru&tion. In many developing
countries, importation of basic puilding materials constitutes

a significant drain on their balance of payments, and the
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develozsent of a local building materials industry has
norm2lly rcceived primary considceration.

Deszite the hlgh wages prevalent in the industry, con-
struction is still a labor-intensive activity in both develoned
and developing countries. Table 3 shows the percent distribution
of labor inputs by type of construction i the U.S.

In the developed countries, increases in the price of
labor relative to other inputs has led contractors to find
substitutes for labor. This substitution is achieved through
the use of more productive equipment or by the use of a more
capital-intensive method of construction which reduces the on-
site labor requirements. Trends toward industrialized housing
or prefabricated'systems, whereby components of the building
are fabricated off-site (occasionally are also partly
assembled) and transported to the site for erection, serve  to
reduce the lgbor requirements as well as the dependenqy on
tﬁe climatic conditions. Substitution of very high land fills
for bridges in road construction is another example of labor
substitution, which has become economically feasible with
the development of very heavy and efficient road copstruction
machinery.

The labor productivity and consequently the labor input
to construction are also highly dependent upon the labor
unions' rules and regulations as well as the type of construc-
tion project and its method of construction. Table 4, for
example, compares the labor productivity in'England with that

of the Continent for the same type and method of construction.
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Table 3

Distri_ution of Total Construction Cost by Type

of Construction in the United States

Percent of Total Construction Cost

Tyoe of Product Labor Materials Equipment & Overhead
Residential
i) residential 30% 51% 19%
ii) prefabricated 18% 50% 32%
Non-Residential 26-29% 51-54% 20%
34% 39%

Public Works 27%
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Table 4

Lahor Productivity in Three Industrialized Regions
of the Vorld

Average .an-Hours zer 1000 Sguare Feet of
-ilultl Famlly Residential Buildings

Industrialized Conventional

England Continent United States
on-site 1687 462 1165
off-site 375 300 149
TOTAL 2062 762 1314

Source: Engineering News-Record, October 22, 1970.



It can be scen that average man—houfs for industrialized
building on tie Contin:nt is 170 percent below the British
average. lurtinermore, it takes more labor to build an
industrialized building in England than it takes to build

a copventional building in the U.S. It is also interesting
to note that labor in England is paid the same rate in the
factory and 6n—site, while in the U.S. the factory rates are
25 to 40% lower than the on-site rates.

Iv. 1Issues in the Transfer of Technology in the Construction
Industry

The foregoing discussion has established that the con-
struction industry is one of the largest sectors of economic
activity in both developed and developing nations. Its
products are essential for the industrialization process
currently going on in most developing nations. The ‘govern-
ment in the developing countries plays an important role in
the operation of the industry by being its regulator, its
major‘client, its supplier, and a participant in its various
activities. The industry is highly labor-intensive and is
also technologically flexible.

The industry's products are heavy users ‘of pubiic funds.
In most developing countries a large number of projécts with
high social returns still remain to be built, and the con-
struction industrv continues to contribute to their develop-
ment. Although it is believed by many that construction as
an industry should be given adequate consideration in

planning economic strategy, unfortunately this is not currently
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the case in most national plans, The extent of investment in
physical infrastructurc is so vast that the construction
industry has tremendous cotential to contribute to the develop-
ment process of the emerging nations in many more ways than
just the building and construction works. For example, because
construction embraces a wide variety of skills and aciivitics
and thus enables people to obtain training and experience,

it provides an excellent medium for training a large number

of people and assisting them in making the necessary transition
from agriculture to industrial work. 1In this way it can act

as a trénsitory job market between agriculture and manufacturing
for a very large fraction of a country's manpower. In addition
construction activities fregquently initiate opportunities

for other trade and commercia} activities of very long
durations.

It is therefore safe to assume that the construction
sector of the economy deserves serious attention in the re-
evaluation of the current international assistance and
cooperation programs.

The basic issues involved in the transfer of technology
in this sector of the économy may be discussed in four broad
categories of management and control, capital, technology,
and manpower and labor. In the following sections each
category is pbriefly discussed within the context of the
developing’ countries, and certain suggestions are made as
possible avenues for future works. The concept of labor sub-

stitution is stressed in each case, in light of its
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importance to the prublam of unemployment or underemployment.

Manacoront and Control: One »{ the most difficult

problems in construction is tiat of its fragmcnta+tion. 7The
industry is extensively fragmented both in terms of the nature
of activities involved and the size of each firm. The industry
consists of a large number of small firms, produces diverse
product types, and lacks vertical integration or even just
continuous wofking relationships among participants involved
in the different production processes from one project to the
next. The production units are small with each firm holding
only a small share of the local market. The industry is

noted for its "easy entry/easy exit" nature. It is generally
accepted that economies of sc&le do not exist in the industry
in most parts of the world, and in fact some diseconomies of
scale seem to exist in some parts.

The fragmentation has prevented formation of industry
wide cooperation and organization which is so important in
focusing the attention of the industry on the local needs
and on the development of an understanding of unique local
conditions reqguiring speciil consideration. In addition, as
a result of this fragmentation the indigenoué construction
industry consists of small firms limited to one or two basic
skills and lacks expertise to coordinate all the complexities
of major projects.

The "easy entryv/e~sy exit" nature of the industry is also
reflected in the operation of major international construction

firms wvorking in the developing countries. In construction
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the truc multi netional organizations with well established,
permancint, oporating subsidiarics in soveral countries have not
develored, dospite the fact that the international construction
firms have been operating in the developing countries for

many years.

The role of government, particularly as a regulator, is
very importaﬁt in providing an atmosphére conducive to the
development and growth of the indigenous construction industry.
Programs with significant components for training and
educating the local personnel should receive priority over
those which are selected solely on the basis of minimum cost
and competitive bidding. In this regard the possibilities of
establishing a central institution responsible for collection,
evaluation, and dissemination of construction related infor-
mation and statistics would be extremely helpful. It would
p;ovide a focal point for exchange of information and knowledge,
for establishing standards, and possibly for initiating research
on local problems. Using projects supervised and managed
by international firms as field training centers, the
governments could rapidly and with a very small expenditure
increase their scarce pool of skilled labor and middle manage-
ment.

Capital: The scarcity of jobs and resources in develop-
ing countries has a pronounced effect on the construction
industry whose products require high capital investment and
a large numper of laborers. This scarcity ﬁakes itself

felt both in the composition of resources and in the timing of
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investment.,

The comiosition refers to the balance between labor and
capitai whiph is resuired to implement a project. Capital
is scarco in most developing countries and labér relatively
plentiful. The labor aspect of the problem is discussed in
more detail in the following section.

The timing aspects of scarcity stem from the fact that
resource availability, especially with respect to capital
funds, is generally tied to political bodies at the national
or international level. There is a great deal of uncertainty
associated witn future funding for projects, which leads to
a strategy of requesting the maximum amount possible for
present funding and spending it immediately. This effect is
typically demonstrated by the neglect of naintenance and the
emphasis on overdesign in conétruction.

At issue then are the inefficiencies, in terms of tctal
use of resources, which may arise from heavy emghasis on one
aspect of composition or timing. When this emphasis results
in neglect of other aspects of resource usage, substantial
losses in overall development benefits may result. Therefore,
the developing countriés should be provided with knowledge
and methodologies which will display the broader picture in
more specific and gquantifiable terms.

Related to the problems of resource availability are the
varieties of costs through which resource needs are evaluated.
Costs of constructed facilities are distributed among construc-

tion, operation, and maintenance, between local currency and
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foreign cxc.aange, among the users, government, and international
donor and loander. dhese costs ore by no means cyuivalent in
their importince and impact on a particular developing nation.
For instance nost developing nations face severe shortage

of foreign exchange. This condition places a special premium
on construction technologies which minimize foreign exchange
requirements. This premium in turn may imply a preference

for lubor intensive technologies because of the need to

import capital equipment. There is a need then to be able

to predict how various technologies will affect these numerous
aspects of cost.

Staged construction, which results in deferral of costs,
offers an excellent opportunity for the developing countries.
It is a procedure whereby a facility is built initially to
meet the immediate demands of the user; that is, for example,
demand over only a five year period.  The facility is then
upgraded through reconstruction to meet increased demands.

The opportunity for deferral of expenses which staging presents
may result in reduced cost and in more effective use of
resources by allowing their use in other sectors. Further-
more, in several construction activities, especially road
transportation, the staging provides a measure of adapt-
ability which is not present otherwise. For example,

should traffic growth predictions for the road project, built
by staging, prove to be only optimistic, the initially lower

standards of the road will entail less of a loss in the form

32



of sunl costs than would the higher quality project. It is
thus inoorbant thae the construction technologies suitable
for stage construction be identified and brought to the

attention of the developing nations.

Technology: Introduction of new technology in the con-

struction industry has been the prime factor in the gains in
productivity which have been achieved in the industrial nations.
In addition utilization of modern technological concepts and
tools has given the industry capabilities necessary for con-
ception, design, and construction of such major projects as
nuclear  power plants and the Aswan dam.

Although the degree of technological sophistication
varies from one sector of the industry to another, one can
di&ide the contribution of technology into two broad
categories: 1) software, including planning and analysis
technigues, design methods, management information and control,
and construction methods and 2) hardware, including materials
and eguipment.

Concerning the first category, the introduction of the
computer has dramatically increased the capability for planning
and designing large scale facilities and for economically
evaluating a wide range of available alternatives. IMore exact
methods of analysis and design have resulted in the construction
of more efficient, comprlex, and elaborate structures. New
technigques of information processing have allowed the industry
to apply the principles of systems engineering in the evaluaﬁion

of several different strategies for large scale projects,
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such as revional water distribution systems and transportation
netwecrk sysconms.,

lost of these advances have been put into practice through
the existing structure and organization of the international
firms. ©No substantial efforts have, however, been made to
study the effect of computers cn organization and operation of
this industry in the developing countries and on increasing
the efficiency and effectiveness of the limited existing
design and planning capabilities in these countries. The design
and analysis phase of the construction process is a highly
technical field requiring a well educated and experienced
cadre of engineers which is currently of limited availability
in the developing regions. Novel application df computers
.could very substantially increase the capability and the
producgivity of this scarce talent and also provide incentive
for innovation and adaptation in design consistent with the
local environment and requirements.

As far as the material is concerned, the establishment
of basic building materials manufacture in developing countries
depends on both economic and technical considerations.

The capital expenditures necessary to establish various
building materials manufactures vary from a very small amount
for bricks to several million dollars for aluminum and steel,
as shown in Table 5. On the basis of the minimum capital cost
necessary for beginning the economically justifiable production

of building materials, strong advantages are held by cement,
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wood, line, and brick products. The commencenment of steel

and aluminus coanufacture rezulires large amounts of capital
investmweont coven at the smallest justifiable level of produc-
tion. This diversity of capital requirements suggests, for
example, that a developing nation might well establish a moderate
to large capacity cement plant, while relying entirely on the
importation of steel to supply the necéssary reinforcing rods
and mesh. Alternatively, because bricks and wood products are
most readily adaptable to small scale and primitive modes of
production with virtually no capital investment required, a
developing nation might decide to rely on its production of
these for building materials.

The adaptability of building materials manufacture to
labor-intensive methods, while preserving overall efficiency,
is of special concern to developing nations. The degree of
labor intensity required will depend.oOn many factors, including
available capital, dependence of efficiency on mechanization,
local labor costs, and the required proportion of skilled and
unskilled workers. These factors will depend not only on the
building material but also on the local conditions under which
manufacture is to take place. However, some - figures for labor
costs and reguirements for production of certain building
materials can be given. Table 6 gives wage levels»énd
proportion of skilled workers to total employment in certain
building materials industries in India. Wage levels and
percentage of skilled workers required are'low for brickmaking
and sawvmilling, moderate for cement production, and high for

production of steel and nonferrous metal primary products. If
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thesce figures are typical for developing countries, it would

’}j

appear thobt operating costs of production are directly related
to capitzl costs necessary to establish production. Thus the
total cost of manufacture (capital costs plus operating costs)
of the various building materials parallels fhe disparity of
capital costs shown in Table 5.

The diversity of uses for varions building materials leads
to possible seéondary economic effects which must also be
considered. For example, the manufacture of wood products
can lead to secondary economic benefits, especially on the
local level. Furniture and match making are industries which
are freguently encouraged by the establishment of a sawmill
producing good quality sawwood. The low capital and labor
costs of wocd products production, coupled with the possible
secondary manufacturing opera£i0ns, make this a natural area
of growth for developing nations with under-utilized forest
resources. Cement, on the other hand, has virtually no uses
outside fhe field of construction, and its secondary manufac-
turing effects are limited to encouraging the production of
concrete and cement blocks, pipes, prefabricated panels, etc.
Concrete is tne univeréal construction material, however, and
is used in all types and magnitudes of construction projects.
Consequently, the secondary effects of cement manufacture
within the field of construction are likely to be considerable.

As far as materials technclogy is concerned, more efforts

are being made to develop cheap, serviceable, and easily
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Crnitol Cost;I

. ———

Crpital Cost for

3utldins otevial i Mininunm
; (by type of ulant) | ner toy Econa:ic ¥inimum Econoulc
: Cavacity Plant Size | Plant
. Bricks variable variable varliable*
|
| Vood:
Sawnviood $30 variable variable¥
Plywood 496 5000 500,000
Softboard $123 5000 $600,000
Hardooard $96 5000 $500,000
Particle Boerd $55 5000 $275,000
Lime:
Small Unizechan-
jzed Vertical 813.6 30,000 4410,000
Kiln
Large Mechanized 814.6 30,000 $440,000
Vertical #iln to $18.7 to $550,000 !
x ]
Rotary ¥iln $22,.8 30,000 $680,000 :
to $28.4 to $850,000
Cenent:
Vertical ¥iln 428 30,000 £$880,000
Rotery #iln $40-%50 100,000 44,000,000
to £5,000,000
Aluninun 4800 10,000 £8,000,000
to §900 to 9,000,000
Steel $250 100,000 325,000,000
Table 5: iiinimum Capital Costs and Economic Scales of Production

for Building ilaterials Xanufacture
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Average Dally Wagé

Ratio Skilled

Nelghoed

[Py

!
Bullding Material Workers to Totalg Iabter Cost _
Skilled (Wg)| Unskilled (W,)| Employment (Rs) g CNtY Vg (1=Hgd
2ricks, Tiles, lime %e51 %3.26 0,284 | 320
Ylirond $.?i $el6 0,38L 372
Lshestos Froducts $.56 3.325 o.luly 5.4290
Sawmilling 3e¢56 $.345 0.b12 2,832
Cement Pipes 5.86 $.33 0.262 5 69
1 lzeondary Nonferrous
Fetal Products $5.58 %35 0.570 3.431
Seacndary Steel Products D.65 $.36 0.480 5.490 |
| Cement B.76 we325 0.433 2,518 '
Irirary Ronferrous '
“etnl Froducts 3,78 5.375 0.k99 3.578
I__iflmury Steel Froducts 5e82 $.39 0.529 1,618 %

Table 6: -
in India

"Labor Costs and Proportions ‘in Building Materials Manufacture



assermbled puilding materials. The qualities sought in these

building raterials are:

1. The building material should, if possible, be made

of locally available raw materials;
2. The building materials must be cheap to produce;

3. The materials must be easy and economical to use
in actual construction, whether used by professional

puilders or by an individual building his own house;

4. The materials should be serviceable in all types of
small buildings and should be as adaptable as
possible to use in all parts of the building

(floors, walls, roofs);

5. The materials must meet minimum structural and health
requirements and also any special climatic condi-

tions.

The development of such building materials is currently
grouped around two approaches to the problem. The first
approach aims at the improvement of traditional building
materials and methods. The second approach aims at the
development of new building materials or components which will
be integral parts of modern building systems. Each of these
approaches deserves some elaboration.

In evaluating any building material, the minimum economic
scale of manufacture and the potential utilization of the material
are prime considerations. DMost traditional building materials,
1ike wood and bricks, can be produced locally on a small scale.

The use of these traditional materials, howéver, is largely
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dependent on the existing local buiiding trades and contrac-
tors., TCor cxaemple, a brick industry was started in the
Territory of Papua and New Guinea, largely as a result of the
abundant clay deposits there, The industry has not been able
to grow, however, because there are not enouéh bricklayers in
the Territory to lay the bricks already being produced (13).
In other words, the existing building skills in developing
regions must be assessed before the suitability of introducing
a traditional building material can be judged. The regional
customs or practices relating to building can also be
importaﬁt in judging the suitability of a building material.
In East Africa, for example, building contractors commonly
manufacture their own building materials (cement blocks,

for example) for each job (142. Hence, the introduction

of a building material which must be produced on a large scale
is not impossible, but a building material economically
produceable on a small scale would be much more likely to

win quick acceptance.

Where construction activity or needs are cf sufficiently
large scale, preplanned building systems can offer significant
economies of both time and money. Developing regions not only
have great need for buildings, but there is also similarity in the
types of buildings needed. Table 7 shows the types of dwellingé
proposed by various countries Ior their low-cost mass housing
developments. One and two storey dwellings are the most common
type of construction planned. Two storey construction is, in

fact, verv often the cheapest type of building (per ft2 of
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Sutrcstcd! Tot~l | Living -T
Countzy Tyne of iousinz cutliding  Floor . Smnce ner
Provoscd interinls) Arep | Percon
(£t2) | (ft2)
" |
Poristen 1-storey uith con-{ permsnent | 275 125
trzl courty=rd
India 1-sctorey semi- brick : 250-; 135-
' det~ched | | 480 i 190
India Villege house mud , 500 250
thatch
Fong ¥ong i 5-6 storey concrete 120 36
tencrent
Hong iong 11-storey flats concrete L13 58
Singapore Semi~-urban tinmber, 530 L0o0
small dwelling i thateh
Kenya 2-storey permanent | 960 i 132
Tenganyila 1-storey semi- 1000 | 200-
. permenent Loo
Ugznda 1-storey semi - 11000 2§0-
detallicd PETmaiiciiv | 560
Zanzibar 1-storey house seni - | 660 190~
permanent . 380
South Africa | Detached house permanent i 650 530
{
West Indies l-storey ' 150-
detached houses - timber + 500 300
. i
Latin Azmerica! 1-storey rural - v 68l 388~
i detached houses | % 465
. ]

! ;
! : : i

Table 7: Types of Construction Recommended by Various
Governments for Low Cost Housing Programs.
Source: Inter-ifrican Conf. on Housing & Urbanization, Housing

and Urpanization, pp. 151-153.
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hebitsble smacsz) whzn the cost of land is not cxcessive,

The rrovelence of cne and two storcey construction around the
world has led to widesvread interest in the use of light-
weight structural panecls for use in this tvpe of construction.
among the most promising of these lightweight panels arc those
made of wood and ferrocements.

Attempts at transfer of technology in the building
materials industry should therefore be concerned with not
only technical feasibility but also the macro economics of
the developing region as well as the micro economics of
manfacturing the material, such as capital costs, operating
costs, and efficiencies of various' scales and modes of
production. |

Labor: The issue of the labor force and its utilization in
the construction industry has received substantial attention
in the literature. This interest stemé from three basic
characte..stics of the construction industry: a) construction
is labor-intensive and technologically flexible, and there
exists a continuous spectrum of labor-capital exchanges;

b) many facets of the industry can absorb a large numper of
unskilled labor, and a significant fraction of the needed labor
force can be trained on-site and taught the skills

required; c) the construction industry is a major component

of the national eccnomy, and its products are essential to the
development of other economic sectors. This last point has

also veen used in the context of expanded public works construc-

tion procrams so that the left-over and unemployed labor force
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could be at least temporarily absorbed in an artificially
crecated job marxet.

On the oiher hand some have argued (3) that the major
client of this industry is the government and thus that utiliza-
tion of construction as a potential job market is mixed by
bureaucracie; typical of civil work departments of many
governments. Lewis (3) has also argued that because of this
difficulty, poiicy makers in the developing countries "are
likely to be skeptical of the proposition that the public-
works approach has much untapped potential for attacking the
new levels of urgency that the poverty and underemployment
problems seem to have reached”. He, however, points out that
the use of public work sectors.as a means to control unemploy-
ment and poverty becomes very attractive when compared with
alternative policies, especially in the near and medium term.

Construction being a technologically flexible industry,
offers many cost-effective modes of construction which are
labor-intensive. However, to consider construction as a
residual employer or to expect it to serve as the "manpower
sponge" does not appear to be consistent with long term
planning goals for economic development. Such a policy in
many cases may conflict with the national choice of technology
on a long term basis and may impede the capability of the
country to compete in export markets or to advance the

development of its more progressive sectors.

Selection of lahor-intensive technicues in construction

for tha purpose of job formation should not rely upon "tech-
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nologicil retrogression". The argurent that "the only way to
absorb surolus labor ... is to lower the tecnnological level of
preduction™ (31) is not normally consistant with the economic
efficiencv of construction. In fact, in the construction industr:
one can, in many situations, f£ind or devise technigues which
utilize the fixed available capital and all the available labor
without the marginal productivity of labor falling to zero. In
construction one.should realize that labor-intensive technigues
do not imply that each laborer must be equipped with the same
amount of capital equipment or that a certain task be carried
out by the same technique.

In many situations in the construction industry one is
faced with the problem of lack of certain skills rather than
absence of capital or over supply of laborers. For example the
use of ‘a large number of unskilled labor, in several occasions,
has not been feasible because the skilled supervisory and organ-=
izational personnel were not available. In other occasions,
immobility of labor forces has caused scarcity of labor in one
region while severe unemployment existed in other regions. The
cross Zmazon highway program in Brazil is an excellent example
of this latter point. Excessive labor forces in the northeasterr
part of Brazil can not be convinced to move to the central
region where hignly capital-intensive techniques are being
utilized dus to lack of manpoier.

As far as capital-intensivs construction techniques are
concerned the absence of infrastructure for repairs and mainte-

nance as well as organizational personnel and supervisors
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familiar with the advanced technology may in fact causc
diminisiiing returns to scale from capital—intensive tecnnigues.
In nost construction work, the role of enginecrs, primarily
those in the design process, should be to providé for a joint
use of efficient labor-intensive techniques and capital-
intensive means. Engineers should allow for alternative
techniques so that their chosen design does not dictate factor
proportions. The design should be such that techniques can

be devised to utilize as fully and effectively as possible

the factors available in a developmental unit.
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V. Summunry and Pecormendations

The need for constructed Zacilities in developing countries
is substantial and the capital required for their construction
constitutes a major portion of resources available to the
developing nations. This need is anticipated to grow at a
very rapid rate in the foreseeable future, because the con-
structed infrastructures provide the backbone of developmental
programs in other sectors of the econom}.

The industry is highly labor intensive, is technologically
flexible, and offers numerous opportunities for absorbing a ma-
jor fraction of the lawr force and providing the unskilled labor
with on-the-job-training which will increase their productivity
and consequently their earning power.

The issues involved in the construction industry can be
groupeé in areas of management, capital, technology, and labor.
Government, with it's numerous construction related concerns,
plays an extremely sensitive role in developing a viable
indigenous construction industry which is responsive to the
social needs and aspirations of the people.

The severity of the scarcity of capital necessary for the
constfuction of the needed physical facilities can be lessened
by approrriate choices of technology, labor substitution and
staging of the construction activity itself. Technology, offers
assistance in numerous manners, The use of computers and its
associated softward capabilities should be viewed as a very
promising means to increase the planning and design capabilities

of local expertise. DeVelopment of computer technology
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consistant with the neceds of developing countries should be
encouragad Ly both local governments and the interrational
institutions. Building materials tccinology is an area that,
although certain headways have been made in it by several

of the more advanced developing nations, still offers a major
opportunity area for developing countries to invest some of
their resources. This segment of cohstruction industry offers
not only job oppbrtunities for unskilled and semi skilled labor,
but it also reduces the import needs and generates signifi-
cant backward and foreward linkages.

The abundance of unskilled labor in developing countries
and the labor intensive nature of‘construction have for many
years been considered an excellent match for alleviating the
problem of unemployment. However, lack of careful planning
on the*part of local government and the assumption that the
construction industry can absorb all the unemployed (especially
through creation of public work programs whose needs could not
otherwise be justified) have made the match rather unattractive
to the policy makers in the developing nation. It is suggested
that this attitude should change because the alternatives to
job formation are much less promising.

The following specific recommendations are made. The
list is, by no means, exhaustive, but it contains a few

areas worth further study and discussion.

1. The role of multi-national construction as a
vehicle for transfer and adaptation of technology

should be examined. This examination should focus
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on their .5t rerformance, theilr current concerns,
their relations with tae indigencus firms, and
their wozitions viz-a-viz, regulatory activities

of local ysvernmant,

The staging of ccnstruction and the impact of
various monetary policies, especially with resrvoct
to cost of money and availability of foreign
exchange for importation cf carital equipment, on
the construction industry's choice of technology

warrant careful review and analysis.

The impact of computer technolocy in planning,
design, construction, oreration, and maintenance
aspects of constructed physical facilities in the
developing nations require basic and fundamental

research.

The building materials industry and its role in
the national economy offer numerous attractive

possibilities for adaptation of technology.

Considering construction as a part of national
economic planning and thus providing continuity

in its operation both spatially and temporally

'should receive the attention of policy makers in

the develoving nations.
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