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I. SUMMARY

A. PURPOSE

This report covers the activities and results of a project which
Arthur D. Little, Inc. (ADL) undertook for the Office of Science and
Technology of the Agency for International Development (AID) on the sub-
Jject of establishing a methodology for reducing costs in the construction
of public works in developing countries. The work, which began in July
1971 and was completed in November 1974, incorporated four major activi-
ties. Three activities were experiments in selected host countries -
Colombia, the Philippines, and Ghana in that order; and the fourth
activity was joining with AID in sponsoring a major conference in
Washington in November 1974 to consider critically the methodological
findings from the experiments.

AID 18 interested in assisting organizations in developing countries,
who are concerned with government-financed civil engineering projects,
to reduce construction costs. This interest extends not only to the
identification of opportunities for cost reductions in the construction
sector, but also ultimately to the accomplishment of the reductions.
Specifically, AID is interested in taking a first step of assistance by
making available to participants in the public construction sector of
developing countries a set of guidelines for identifying and implementing
opportunities to reduce construction costs that reflect actual experiences.
The intent is that the guidelines would provide an impetus for government,
private organizations in developing countries, and lending agencies to
institute programs of cost reduction in public works construction, with

or without the further participation of external assistance agencies.

AID accordingly requested ADL to undertake a specific project with
the following goals:

e the design of a methodology auitable for developing
countries, aimed first at identifying and then at
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implementing cost-reduction opportunities in the construc-

tion of public works;

e the establishment of the practicability of the methodology
by identifying and testing prospective elements in the
course of three experiments to be carried out consecutively
in Colombia, in the Philippines, and in Ghana; and, ulti-
mately, by presenting a draft version of the methodology
for review and discussion at a conference of interested

participants in Washington, D.C.; and

e the presentation of the final version of the methodology
in a format suitable for AID publication and distribution
as a set of guidelines for identifying and implementing
opportunities to reduce costs in public construction in

developing countries,

B. SCOPE AND APPROACH

Three experiment projects were to be undertaken, one experiment in
each of three countries to be selected by AID, and the results of each
experiment were to be incorporated in a host-country report prepared by
the host-country participants of the project with ADL assistance. The
methodology was to be inferred from the specific results in the host-
country reports and the generalized experiences of ADL as a participant
in the three experiments. Selected members of the host-country team in
each country were to participate actively in the program of the Washington

conference,

While accomplishing the project goals, ADL was to emphasize not only
the technical aspects of identifying cost-reduction opportunities, but
also the identification of the institutional and social barriers to the
implementation of the results which may exist within a developing country.

Moreover, it was expected that a particularly promising area for finding
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cost-cutting opportunities would be the substitution of indigenous for
imported materials. Accordingly, the orifinal scope specified the
following:

o Identify, formulate, and carry out materials research and
adaptation projects which will reduce short-term costs and

long-~term drains on national budgets.

e Focus on locally-available materials, or those which are
the least expensive to import, yet yield a high efficiency

in performance.

® Make an assessment of the current state of construction

materials technology and research opportunities.

® Develop a technical basis and provide an impetus for:

-- undertaking the most appropriate materials projects;

~- improving the capabilities of local engineers and
institutions in the analysis, testing, research,

and innovation aspects of materials technology; and

-— encouraging both government and private industry to
adopt the concepts of cost reduction and value

engineering.

e Clarify the types of adaptive research and other action
programs offering the most promise of making a significant

impact in the field of materials technology.

e Upgrade the ability of counterparts to analyze not only
the technical problems but also the institutional and

social barriers to the utilization of improved materials.
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C. RESULTS

1, Guideline Principles

A set of principles evolved from our original planning that guided
our participation in each host-country effort, and which ultimately
helped in identifying significant elements for incorporation in the
guidelines. These principles are the following:

e work within the organizational structure for the administra-
tion of the cost-reduction project, which we found had

already been set up for us by each host-country government;

e concentrate on the topics or projects in the public con-
struction sector that are relevant to formal or informal

national goals or aspirations as these become evident;

e avoid topics or eiforts that deal with the selection of
the construction project, rather deal with topics or
efforts that concern cost reduction in the implementation

of given construction projects;

o focus attention on those areas of construction activities
that promise the largest reductions in costs, and the
largest potential to overcome institutional impediments

to accepting and accommodating change;

e 1include efforts not only to identify technological oppor-
tunities, but also to identify techniques to penetrate the
industrial sector with improved technology in the manufacture

of construction materials;

e assist the counterpart organizations in the host countries,

with respect to their cost-cutting capabilities, to clarify

Arthur D Little Inc



gaps and weaknesses in their operations, to identify priori-

ties for attention, and to formulate action plans; and
¢ retain flexibility as to the nature and extent of our
participation with the counterpart organizations in the

project work.

2. Procedural Principles

We were able to retain almost intact the procedures for participation

originally planned. Thus, our participation involved the following activities:

® Reconnailssance. A reconnaissance before detailled work

began by travelling to the host-country for the purpose of
understanding the administrative base for the project,
identifying sources of information, helping to select
counterpart personnel, and helping to establish the

general project schedule.

o Information Gathering and Evaluation. Helping in che

concerted work effort to collect the information and
data that would enable the counterpart personnel to
assess the current state of materials and construction
technologies for public works and the identification of
alternatives that promised reductions in construction

cost.

® Conference Planning. Participation with the counterpart

personnel in the planning and conducting of a conference/
seminar intended to present the action plans for achieving
cost-reductions and to assess the practicality of imple-
menting the plans by providing a forum for the organiza-

tions affected to state their views and reactions.
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e Host-Country Report. Rendering assistance to the counter-

part organization to prepare the final report of the work
in which the recommendations contain the action plans to

achieve the reductions in cost identified during the work.

o Follow-Up. A visit to the host-country at a sufficient
interval after completion of the work in that country to

determine the implementation that has occurred.

3. The Host-Country Results

Construction-cost reduction opportunities were identified in each
experiment and host-country reports were prepared in Colombia and in the
Philippines. Copies have been submitted to AID. These reports describe
the activities in each country and present specific action plans for imple-
menting the opportunities for cost reduction that were identified. ADL
participated in these two country-projects over a continuous period up through
the end of the project work., This participation covered the activities of
reconnaissance, information gathering and evaluation, conference planning
and attendance (Philippines only), the preparation of the host-country
report, and the follow-up. The summary sections of the host-country
reports are reproduced for convenient reference as Appendix B (Colombia)
and as Appendix C (the Philippines). The Colombian counterpart organiza-
tion decided to eliminate the public conference because of their views

on the sensitivity and confidentiality of the topics.

The formal host-country report for Ghana is not yet available and
its completion now depends on the initiative of the host-country
organization. However, the results are known informally and are indicated
in the outline planned for that report. A copy of this outline is repro-
duced for convenience as Appendix D. By pre-agreement with a request by
the host-country counterparts, ADL participation in the Ghana experiment
occurred in an episodic manner. ADL participation was thereby limited to
the reconnaissance, a progress check, participation in the public conference,

and preliminary evaluation of the project findings. The timing for ADL
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participation was guided by the initiatives taken by the host-country

counterpart organization. No opportunity was provided for follow=-up.

Opportunities to reduce costs by more intensive use of indigenous
construction materials are limited. The three experiments indicate that
such materials are already completely exploited for uses that are obvious.
Opportunities in indigenous materials arise instead from more sophisticated
approaches where some physical or chemical transformation of an indigenous
material occurs. Two examples are the prospects for the manufacture of a
brick-laying mortar in Colombia from presently wasted blast-furnace slag
and the manufacture of a pozzolan in Ghana to extend imported cement supplies
from the tailings of bauxite beneficiation. We found, nevertheless, that
a most-intense interest in the manufacture of materials of comstruction
exists in Ghana, a high level of interest exists in Colombia, and almost
no interest in the Philippines. Accordingly, the selection of topics in

the three countries reflected these levels of interest.

On the other hand, significant cost reduction opportunities arise
when the scope of interest is extended to construction technologies
themselves, particularly in the evaluation of the mix of labor and
capital entailed in a particular technology. We found that interest by
the host-country government in this approach is most intense in the
Philippines. In Colombia, considerable attention is given to this sub-
ject, and interest in it also existed in Ghana. Accordingly, the
selection of topics in the three countries reflected these levels of

interest.

4., The Guidelines

A set of guidelines have been assembled from the specific results
obtained in the three countries and the generalized experiences we accumu-
lated from our participation in the three experiments. The guidelines

contain illustrative examples of the specific results presented in three
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appendices. The main body of the Guidelines is the result of an evalua-
tion of our generalized experiences organized for ready comprehension and

easy application.

A preliminary version of the Guidelines was the subject of a confer-
ence: in Washington, D.C. in November 1974, in which representatives of
the three host-countries participated. Aspects of the Guidelines were
presented and discussed, and audience comments noted for evaluation in
the preparation of the present version of the Guidelines. The program

for this conference appears as Appendix E.

The guidelines materials that we consider suitable for general
circulation are annexed to this volume as Appendix A in a format ready
for publication. The format should allow the Guidelines to receive a
wide unrestricted distribution. The major revisions that resulted from
the Washington conference was the reorganization of Appendix A of the
Guidelines to present actual results from the Ghana experiment comparing
national economic and market costs of three alternative highway bridge

constructions.

The contents of the Guidelines are a comprehensive exposition of the
technical, economic, and institutional approaches which we believe, from
the results of the experiments, promise the best prospects of achieving
significant cost reductions in developing countries. The Guidelines are
intended thereby to be an effective means for interesting host-country
governments to consider, organize, and conduct projects in their own

interest to achieve cost reductions in public-works construction.

The methodological basis for the guidelines is the concept of
appropriate technology as it may apply ‘o the selection of materials of
construction, and to the manner in which the selected materials may be
worked by equipment and manpower to produce the finished structure. The
criterion adopted for identifying the appropriate technology is that of
least national economic cost. Thus the guidelines incorporate national

costing as well as financial costing.
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The expectations are that formidable institutional bsarriers to
implementation of dn alternative construction practice will arise and
engender conflict primarily when the technology carrying the lowest
national cost i1s different from the technology that minimizes financial
cost. The Guidelines cover the techniques that may be considered to

overcome such barriers.

5. Role of External Technical Assistance

Although the Guidelines are intended to be self-sufficient in
assisting the work of cost-reduction projects, the experiences in the
three countries indicate major roles for external assistance in assuring

successful results. These major roles are of two types:

e rendering assistance specifically tailored to country-by-

country applications of the Guidelines; and

e encouraging the continuing development of the state-of~-

the-art upon which the Guidelines are based.

Specifically-tailored assistance is indicated for specific cost-
reduction opportunities in the three host countries. Such assistance may
be viewed in terms of a retrospective and after-the-fact application of
the Guidelines for situations that are already well-defined. The indica-
ted firet step is a check of the present day aspects of the cost-reduction
opportunities det.ned in this report for each of the three countries. 1In
addition, specifically-tailored assistance is indicated for new situations
that may arise as a result of the publication and circulation of the
Guidelines. We would expect in these instances that each case will be

evaluated on its merits.
Illustrations of actions that encourage a continuing development of

the state-of-the-art represented in the guidelines are: the identification,

measurement, and categorization of alternative technologies that may be
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considered in any cnst-reduction evaluation; technological research to
find methods of railsing productivity of men and machines; methodological
research to introduce national costing into administrative practices;
and the educational and training efforts to introduce the awareness of

the appropriateness of construction technologies.
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II. INTRODUCTION

A large proportion of any nation's resources is consumed in the
public construction sector, and this is particularly true in the develop-
ing countries. Obviously, if construction costs can be reduced, available
resources can be stretched to cover projects that might oth -rwise need to
be deferred; alternatively, resources freed through cost reduction can be
diverted to needed projects in other sectors. Thir report covers a
project which Arthur D. Little, Inc. (ADL), in cooperation with agencies
concerned with public construction in three developing countries, under-
took for the United States Agency for International Development (AID) to
develop a methodology whereby any developing nation could launch, on its
own or with external assistance, a set of efforts to reduce costs in the

public construction sector.

In order for the methodology to be practicable, the project incorpor-
ated the design and accomplishment in a consecutive manner of three
experimental comstruction-cost reduction projects, one in each of three
cooperating countries -- Colombia, Philippines, Ghana -- followed by a
conference in Washington in which representatives of each country
participated. The results and experiences from the three experiments
provided the basis for the compilation of a tentative methodology, which

was presented for comment and critique at the conference.

The detailed procedures and the results of each experiment are

reported separately as the host-country report as follows:

Colombia - Oportunidades de Reduccion de Costos en Obras Publicas
(Opportunities to Reduce Costs in Public Works)

Document UINF-T-04 (February 1973),
National Planning Department, Bogota

Two Volumes (In Spanish)

11
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Philippines - Achievement of Opportunities to Reduce Construction
Costs in Public Highways,

Report of the Pilot Technical Assistance
Project (April 1973),

Department of Public Highways, Manila

Two Volumes

Ghana - Informal 4-volume report available. The
formal report is expected to be published
in 1975.
Building and Road Research Institute, Kumasi

Copies of the three host-country reports were submitted to AID at
the conclusion of each experiment. The Ghana report, however, is not
yet in final form, nor has the summary volume been wade available by the
counterpart organization. Their summary sections are included in this

report as Appendices as follows:

Appendix B - Colombia

Table of Contents, List of Tables, and List of Figures.
Pages I-1 through I-21, the summary section. In Spanish
with English translation.

Appendix C - Philippines
Table of Contents, List of Tables, and List of Figures.

Section I Summary, pages 1 through 34.

Appendix D - Ghana
Minutes of the Meetings in July 1974 during which the

basic content of the host-country report was outlined.

The expectations are that the informal version of the
host-country report so far submitted to AID will undergo
considerable revision and reorganization. Volume I,

the summary volume noted on page 2 of Appendix C, has
not yet been prepared.

12
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The organizational structure within which the experiment in each

host-country was conducted was the following:

Country

Name

Colombia

Philippines

Ghana

Departamento
Nacional de
Planeacion
(Bogota)

Bureau of Public
Highways#*
(Manila)

Building and
Road Research
Institute
(Kumasi)

Function

Staff planning
group for the
executive branch
of the Government.

A division of the
Department of
Public Works,
Transportation and
Communications,
responsible for the
construction and
maintenance of
national roads

and highways.

A *nit of the Council
for Scientific and
Industrial Research,
which reports to the
Ministry of Economic
Planning.

Scope

All governmental
areas of professional
planning activity.

Line responsibility
for the implementa-
tion of approved
road and highway
construction
projects.

Technical research
of knowledge in the
construction of
roads and buildings.

The project work activities occurred in each host-country during the

following periods:

Colombia
Philippines

Ghana

December 1971 - September 1972

November 1972 - May 1973

June 1973

- July 1974

The project work in Colombia and the Philippines involved essentially

a continuous participation in the field until the completion of the English

version of the host-country report in Colombia and the completion of the

formal host-country report in the Philippines.

The project work in Ghana

*As of May 1974, an independent Department of Public Highways.

13
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involved periodic participation as the needs of the work dictated with
the initiative to maintain progress located entirely on the side of the

counterpart organization.

The program of the conference in Washington, during which the
tentative version of the Guidelines was presented, is provided as
Appendix E. The final version of the methodology is entitled "Guidelines
for Identifying and Implementing Opportunities to Reduce Costs in Public
Construction in Developing Countries", and is submitted as Appendix A.

14 Arthur D Little Inc.



III. PROJECT FINDINGS

Findings from the project fit into two broad types: (1) specific
identified opportunities to reduce costs, and (2) methodological findings
that may be helpful to any agency that may be interested in cutting con-
struction costs. Both types are referred to in this chapter, but most

of the methodological discussion is placed in Chapter IV.

A, OPPORTUNITIES TO REDUCE COSTS

One of the two general findings of our work in the three countries
is that there are significant opportunities to reduce construction costs
for which implementation efforts could begin without delay. These
opportunities are detailed in the host-country reports, and a summary

follows.

l. Colombia

® An improved method of distribution of cement could reduce
construction costs through reducing the market price of
cement, or at least by limiting price rises and avoiding
construction delays because of localized and periodic

cement shortages.

e The use of wasted blast-furnace slag, produced at the
country's only integrated steel mill, as a base for the
manufacture of brick-laying mortar could avoid the use
of the more expensive portland-cement mortar which is now

in general use in the country as the only available material.

e The establishment of a technologically-oriented informa-
tion exchange and coordination institute in the country
to serve the building construction industry could reduce

costs through a more effective use of the available resources.

15
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e The completion of a naticnal inventory of construction equipment
and the use of the results to increase the availability of the
equipment to construction projects could reduce construction
costs through a greater utilization of costly imported equipment
and a more effective importation of spare parts. Implementation

of this opportunity began during the project activities.

o The results of a quantitative analysis of the operations of the
labor~intensive "pick and shovel" rural road building program
could help find new employment opportunities through making
appropriate changes in the technologies used to construct an
infrastructure project and thereby reduce the national cost of

the project.

® An improvement in the accuracy whereby quantity surveys are
established, through the application of available computer-oriented
techniques, could reduce the cost of a road construction project
through an ability to choose more effective road alignments and
an ability to negotiate lowered costs in the construction con-

tracts.

e Encouragement of improvement in the manufacturing practices of
the smaller brick producers could reduce wall costs by making
brick more widely available throughout the country and encouraging

a competition by brick and tile with cement block.

2. Philippines

e Construction costs in the country's widespread road-building
program could be reduced (a) by improving the nationwide distri-
bution of cement in terms of establishing factory-owned depots
at strategic locations consistently supplied by water transport
and (b) by increasing the use of cement by the consumer in bulk

rather than in bags.

16
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The large construction equipment inventory in the country could

be made more effective and use costs reduced by establishing a
rationalized policy for deciding useful service life, by encour-
aging preventive maintenance through lube-oil analysis techniques,
by introducing more appropriate personnel motivation policies,

and by encouraging additional local manufacture of spare parts.

Encouraging a more labor-intensive set of construction technolo-
gles in road construction could help reduce the national costs of
road construction projects. A significant start in this direction

has already occurred.

Increased use of the computer during the design stages of a road
project could help reduce costs by enabling quick evaluation of
alternative construction approaches and the choice of the least

costly alternative.

Ghana

Conversion to brick-arch highway bridges where applicable could
reduce road construction costs through avoiding the use of expen-
sive, basically imported cement.

Continuing the development of the technologies for the manufacture
and use of pozzolans from locally available and otherwise wasted
tailings from the bauxite mining operation in the country is a
means of reducing construction costs by extending the imported

cement supply.

Encouraging local manufacture of low-cost cement in the remote

northern areas from suitable limestone deposits using local char-
coal fuel is another means.

Reducing the use of imported cement by expanding local brick

manufacture using the appropriate manufacturing technology and

17
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local fuel and clay resources which has already been demonstrated

to produce a low-cost brick is still another means.

e Encouraging the use of clay tile roofing materials instead of
the more expensive imported corrugated metallic materials could

help reduce the cost of housing.

o Developing the country's timber resources to serve a local market
effectively, in addition to the export market already served,
could reduce construction costs by introducing a competitive

building material.

B. METHODOLOGY

The second of the two general findings from the three experiments
was the derivation of a methodology that facilitates the identification
and implementation of cost reductions. There appear to be sufficient
similarities among the different facets of public construction activities
that the methodological lessons learned in the three countries can be
applied in other developing nations. Most of these lecsons have been
formulated into the recommended Guidelines that are described in Chapter
IV and presented in full as Appendix A. The lessons not incorporated
into the Guidelines are those of particular interest to technical assistance
agencies rather than to the developing countries themselves; these lessons

are cited in Chapter V.

C. CONCEPT OF COST REDUCTION

In each of the three countries, discussions to select topics for
investigation turned to cost-reduction opportunities in the usual finan-
cial sense and also to the effects of alternative construction practices
on employment and on foreign exchange. It was recognized that if employ-
ment generation and/or foreign exchange conservation were taken as an
objective without integration into a conceptualized cost-reduction frame-

work, construction practices could be adopted that would be more costly
18
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rather than less so. In order for us to help the host countries accommo-
date all of these fully legitimate concerns the concept of cost gradually
became broader. During our work in the Philippines, the comprehensive
concept of national economic cost was frankly adopted. This concept of
reducing the national cost was adopted in order to assure an evaluation
technique that would reflect the overall benefits of building a given
structure with fewer national resources. The Guidelines, accordingly,
provide an explanation of the national cost concept, and the methods for
its computation. That concept typically results in costing local unskilled
labor and inputs from abroad at levels that lead in many instances to the
selection of practices that raise local employment and conserve foreign

exchange.

The Guidelines explain the concept of national costs as it can be
applied to public construction and indicate procedures for calculating
such costs as well as for calculating the more narrowly conceived measure
called financial costs. The third-country experiences (i.e., Ghana) pro-
vide an example to illustrate the comparison of alternative highway bridge
construction methods both on a national cost and on a financial cost basis.
We recognize, of course, that while minimum cost (financial or national) can
be neatly conceptualized, in this respect the most one should expect in
practice is to identify the technology that carries a lower cost than does
any of the alternatives that have been identified and measured. This
expectation applies for either the financial or the national economic

cost basis.

The calendar period during which the three experiments were conducted,
coincided with a marked and continuing world-wide interest in the appro-
priateness of the technologies used in developing countries. Much current
discussion is concerned with the definition of the term "appropriate."”

We do not propose to enter into the discussion, but we have found it
sometimes convenient to refer to the minimum-national-cost technology

as the appropriate technology.

19
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D. OBSTACLES TO IMPLEMENTATION

Our exposure to conditions in each country during the project work
provided the opportunity to note the impediments or obstacles to the
modification of prevailing procedures and practices. The awareness of
these obstacles and the interactions with our counterparts in the three
countries have allowed their significance to be assessed and techniques

to overcome them to be devised.

We noted three kinds of obstacles to cost reduction. One 1s the
existence of firmly-established procedures for undertaking and completing
a construction project--procedures that involve legal requirements or
established and customary practices. Another involves the local
capability to implement, while the third concerns prevailing attitudes,
Methods for overcoming such obstacles are available, such as an outright
prohibition of undesired practices, educational efforts, or providing
compensation or alternative employments to parties that are adversely
affected by change. Obstacles of these types can, we belleve, he
encountered in almost any developing country. Thus obstacles and

potential remedies are included in the Guidelines.

The most formidable of the obstacles to be overcome arises in
cases where the least-national-cost construction practice is not the
least-financial-cost practice. The specific remedy here may involve
altering financial prices through taxation or subsidization of elements
entering into the financial cost of the practice such that the desired

practice has a low financial cost as well.

20
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IV. SUGGESTED METHODOLOGY: THE GUIDELINES

The suggested version of the Guidelines for identifying and implementing
opportunities to reduce costs in public construction in developing
countries is in Appendix A of this report, We recommend this version for
publication and for distribution in whatever manner AID may find useful.
The function of this chapter is to describe the rationale and the topical

organization of the Guidelines.

The contents of the Guidelines are organized to provide a step-wise
logical development and description of the activities that can be under-
taken by any government desiring to reduce costs in the public construc-
tion sector. Moreover, relevant experiences from the three-country
experiments are presented in three appendices to the Guidelines to
illustrate elements of the methodology, such as by presenting some
evaluations that were made of alternative construction practices, by
describing some of the topics that were selected for study, and by
discussing some of the details that characterized the three experi-

ments.

Finally, in the organization of the Guidelines we recognized a need
to provide explanatory content as well as guidance content. The experi-
ences in the three countries indicate the need for explanation particularly
with respect to the concept of cost reduction to be adopted, and to the
recognition of the kinds of obstacles that can stand in the way of imple~

menting any alternative, more appropriate, construction practice.

The first six chapters of the Guidelines cover what needs to be done
to reduce costs in the public construction sector. We believe that for
many occasions of use, these six chapters of the Guidelines will suffice,
In order to accommodate those situations where a government concludes that
it is in the nation's interest to organize a formal project, we have
included a final Chapter VII containing guidelines for establishing a

comprehensive cost-reduction project.
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Chapter I (Introcuction) declares the ultimate goal of the Guidelines,
which is the achievement of cost reductions in the public construction
sector, and the intention that the recommended procedures be generally
applicable to developing countries. The Chapter also emphasizes that the
Guidelines focus on cutting the costs of any given construction project,
rather than on choosing the least costly among alternative projects each
of which produces a somewhat different good or service. Thus, for example.
the Guidelines are not concerned with reducing costs through selecting
the lesser cost project for two highway projects connecting different popula-
tion centers; rather, the Guidelines concern reducing the cost of the highway

project selected for implementation.

In Chapter II, the procedures and concepts for project cost reduc-
tion are discussed. Two areas of activities in public construction are
stressed, namely, the technical design and specifications of a construction
project, and the implementation of the project. The discussion is intended
to provide background information on procedures that are customarily fol-

lowed and to permit better understanding of the meanings of terms.

Also, in Chapter II, cost reduction is presented and described in
terms of the concept of financial (market) costs and national economic
costs. Three types of cost-reduction opportunities are noted, namely,
the substitution of less-costly materials of construction for those
currently in use; the alteration of the mix of capital and labor resources
used in a construction task; and the improvement of productivity of the

resources used in accomplishing a task.

In Chapter III, the first guidelines are presented. They cover
identifying the alternative practices that are candidates for evaluation
in terms of cost-reduction potential. First, the process of constructing
any public work is separated into components; then the components to be
evaluated are selected; in some instances the entire process may be
evaluated. Next, given a selection of project components, alternative

construction practices need to be identified and specified. The
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Guidelines suggest the means for identifying alternatives. Finally, the
alternatives must be prepared for evaluation by estimating the quantity
of national and imported resources--human and material--that the conven-

tional practice and each alternative will require.

In Chapter 1V, the guidelines for evaluation are described. A tabular
presentation of evaluation procedures is included. Alternatives should
first be screened before undertaking a detailed evaluation in order to
reduce the amount of effort. The objective of the evaluation is to select
from a group of alternatives the practice that incurs the least national
cost. The presentation includes accounting formats for both financial
costing and national costing and an explanation of the procedures whereby
time is accounted for by discounting and national costs are derived from
financial costs. The development of shadow coefficients for use in this

derivation is discussed.

Chapter V deals with the obstacles to the adoption of minimum cost
alternative practices. The chapter contents are intended to be informa-
tional by listing and describing the types of impediments that might be

encountered. Included in the listing are:

o obstacles of a procedural nature that tend to (a) distort
financial costs of a material or technology out of propor-
tion to its national economic costs, (b) bias results in
favor of certain practices, or (c) confirm established

technologies or materials;

¢ obstacles that relate to the capability of a nation t»>
implement a change in practice, such as a lack of expertise
needed in a given instance for managing the technological
aspects of a change or for managing of labor, ur an inability

to maintain equipment properly;

e obstacles of an attitudinal nature that tend to favor the

status quo at all costs, tend to oppose change because of
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threat to self-interest, tend to favor status technologies
or sophisticated materials, or tend to oppose because of

unfamiliarity or prejudice.

Chapter VI deals with the implementation of cost-reducing practices
and, in effect, takes the types of obstacles discussed in the preceding
chapter and considers them in terms of the government actions that might
be taken to overcome them. If the market price of any input is distorted
and is thus misleading, the price may be altered by the imposition of
taxes and/or the award of subsidies. By this means a government can make
it attractive to adopt a low national cost technology because the financial
cost of the technology is also made low. An alternative may be the pro-
hibition of the use of the undesirable input to the technology. Prescribed
procedures may be reconsidered and modified to overcome biases and pre-
judices. Educational and training programs can raise capabilities and
eliminate opposition rooted in ignorance. Providing facilities for
technical research and development, providing amenities to raise worker
productivity, providing for the legitimate concerns of adversely affected
parties, and policing to ensure the use of the nationally desirable prac-

tices are all other methods.
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V. RECOMMENDATIONS: THE ROLE OF TECHNICAL ASSISTANCE

No matter how useful the Guidelines and other communications carrying
the same purposes turn out to be, and no matter how energetically and
effectively developing countries undertake to reduce costs of public
construction, much more remains to be done--a range of tasks that can best
be undertaken by external organizations that have assumed technical assis-

tance responsibilities.

Some of these tasks pertain directly to procedures suggested by the

Guidelines. Because the Guidelines have been written in the form of a
"do-it-yourself" textbook, they provide technical, economic and implementa-

tional recommenaations such that any government wishing to apply them could
rely entirely on its own personnel and resources and, as a result, achieve
significant cost-reduction results. Nevertheless, the three experiments
have shown that, if such a successful application is to be assured, the
experiences and capabilities of local personnel and the extent and com-
position of existing capital resources may not be adequate. Then,
additional help may be needed fronn a development-oriented agency which

provides technical assistance as a matter of course.

There are, moreover, a varlety of tasks that external agencies can
and should perform that are formally unassociated with any nation's
activities pursuant to the Guidelines. Generally, these are tasks that
will enlarge the number of cost-cutting opportunities that can be avail-
able, will enhance the capabilities of developing country personnel in
identifying and implementing reductions, and will reduce the obstacles
to cost-cutting, particularly the obstacles that are caused by attitudes

and practices prevalent outside the developing countries.

The purpose of this chapter, then, is to provide recommendations
covering the role that only an external technical assistance agency can
play. The technical assistance role falls into two categories. The first

pertains to assistance to a particular cost-reduction effort on the part
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of a country. There are already two instances in this category, namely,
the informal, or before the fact, use already made of the Guidelines in

the countries where the three experiments were conducted; and the instances
in the future when governments may desire to undertake efforts of cost
reduction in the construction sector in accordance with the Guidelines.

The second category pertains to the promotion of a continuing development
of the technical and economic factors involved in the reduction of
construction costs, i.e., the continuing development of the state~of-the-

art,

A. IMPLEMENTATION OF THE IDENTIFIED OPPORTUNITIES IN THE THREE COUNTRIES

The opportunities to reduce costs in public construction have already
been noted for each of the three countries in which the experimental
projects were conducted. Specific technical assistance efforts are indi-
cated if the countries are to receive the benefits from the implementation

of these cost reduction opportunities.

1, Colombian Opportunities

Four distinct opportunities to reduce costs in public construction
in Colombia are apparent in which the need for technical assistance is
indicated. Three relate to materials of construction and one to promoting

the efficiency of housing construction.

a. The Distribution of Cement

\]

The production units of the Colombian cement industry are distributed
‘throughout the country in correspondence to the population centers. The
industry is intensely regional in character because of the difficult inter-
nal transport pattern arising from the mountainous terrain between the
population centers. Thus, shortages of cement can occur in inland loca-
tions while, at the same time, the country exports cement from the coastal

areas. Shortages delay construction and add to costs.

26
Arthur D Little Inc



The growth of cement production capacity in the country has been
managed to match assured market growth. The industry is privately owned
and investment funds for new capacity are managed with caution. From the
technical point of view, capacity increases have occurred in rather small
increments so that almost all producing plants consist of a number of
smaller units operating in parallel, thus losing economies of scale.
Periodic shortages of supplies and internal cement prices reflecting
unusually small production units tend to increase the costs of construction

in the country.

Colombia possesses a railway network whose route structure in a large
measure tends to link the population centers. In addition the country
possesses a navigable centrally-located arterial river. In recent years,
a world-wide development of technology involving the large-scale low-cost
bulk transport of commodities through dedicated shuttle-trains has evolved.
Noteworthy are the developments in this respect in England for the trans-

port of bulk cement, and in the United States for the transport of coal.

An opportunity accordingly exists to apply these technological devel-
opments to the situation in Colombia in terms of first converting the
regional character of cement markets and supply in the country to one that
is more national in character, and then allowing new future production
capacity to arise in large-scale low-cost production units strategically
located so that its product can be distributed at low cost by the trans-

portation network.

The remaining work to be done before the bulk-cement transport
opportunity can be implemented should be the development of sufficient
information on the changes in railway practices needed to apply the tech-
nology to Colombian conditions and on the actual size of the cost
reductions in cement transport that will result; the work needs also to
provide the assurance that such a transport mode will be reliable from
the point of view of producers and consumers in the country. The demon-
stration of cement-transport cost reduction and reliability of service

will permit cement to move over larger distances, eliminate local shortages,
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and permit the size of future production units to increase.

The scope of the work should involve the use of the little-used
existing railroad line between Belencito (north of Bogota) and Bogota to
demonstrate the transport technology by serving to transport the output
of Cementos Boyaca at the northern end of the line to its market which is
primarily in the Bogota area. This company presently ships its output to
Bogota in a fleet of bulk tank trucks, using the highway that parallels
the rail line, at a cost that appears higher than the prospective cost

for shipment by rail both on a financial and national cost basis.

The technical assistance required from an external agency 1nvolves
participating with a Colombian group that will set up, coordinate and
administer the demonstration program, and to provide objectivity in the
evaluation of the results. The precise nature of the participation
needs to be identified through discussion with the Colombian authorities
in the light of present day conditions.

b. A Non-Portland Cement Mortar

Burned-clay brick 1s one of the primary materials for the construction
of housing in Colombia. The only binder in general use in the country for
laying-up brick valls is conventional portland cement-sand mixes. As
already noted, shortages of portland cement can delay construction projects;
cement, moreover, is a relatively expensive material. 1In more-developed
countries the conventional binder is a mortar made by grinding blast-
furnace slag with lime and/or portland cement clinker in selected propor-
tions; this material with sand is a less-costly formulation than portland
cement and sand in achieving acceptable quality in the construction of

brick walls.

Colombia already possesses the blast-furnace slag as an indigenous
material which, at the moment, has no alternative use. The country's

blast-furnace steel industry at Belencito produces this material and
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wastes it in a dump. The only operating change needed to produce the
slag of a proper quality for formulation in cement products is to quench
the molren material as the blast furnace is tapped with water instead of
air. A major cement producing facility is nearby. The local needs are
for the technological development to establish a formulation suited to
the conditions in the country, the analysis of the costs involved to
manufacture, introduce, distribute, and use the alternative mortar, and

the training of brick masons to use the material effectively and properly.

The specific objective in providing assistance to implement the
introduction of an alternative binder material for brick walls in Colombia
should be the support of a local Colombian group which would be responsible
for undertaking the specific technical, economic, commerical and educational
efforts involved. The precise nature of this support needs to be identified
by discussion with Colombian authorities in the light of present day

conditions.

c. Improving Indigenous Brick Making

Concurrent with our work, the Colombian Institute for Technological

Investigetions completed a study of the technical performance of

the burned-clay products industry and produced a clear and unified set
of technological recommendations whereby the efficiency of the small

and medium producers of brick can be increased. The result could be a
more profitable, or stronger competitive, position for the industry
vis-a-vis the large producers, a more effective utilization of skilled
labor, and an increase in productive capacity with a relatively small
demand for a new investment capital. Of particular interest are the

smallest producers, the ''chircales,”" whose operations are labor intensive.

An opportunity appears to exist to transfer features of the tech-
nological and organizational experiences of the Building and Road Research
Institute brick-making project at Asokwa in Ghana to Colombia, and thereby
improve the performance of the smallest brick producers in Colombia. The

prospects are that the smallest producers can achieve a level of quality
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control of their product which can serve to expand their markets and
achieve control over the costs of their operations while retaining the

labor-intensive nature of the manufacturing process.

The assistance required in implementing the opportunity to improve
the performance of small-scale brick manufacture and expand employment
opportunities should be participation in a Colombia effort to achieve
these results through providing technological, economic and educational
support. One aspect of the participation should be serving as the vehicle

for the transfer of the relevant Ghana experiences to Colombia.

d. Promoting Efficiency in Housing Construction

As part of our work program in Colombia, a firm of independent
consultants undertook and completed an investigation of the technological
and cost aspects of vertical multi-unit housing construction. As a
result of their analysis of building costs and of the costs of construc-
tion alternatives, they were able to identify some problem areas which
represent obstacles to the reduction of building construction costs

through a better productivity of men and machines.

They pointed out that ineffective channels of communications exist
among the many Colombian organizations engaged in the building construc-
tion sector. Bottle-necks are generated which delay schedules, increase
costs, and in general significantly decrease productivity when the volume
of construction activity markedly increases. Alsc, the construction
industry finds itself to be operating as a trairing institution for workers,
who then tend to migrate to other sectors; the industry thus loses the
benefit of increased productivity from skilled people. Variations in the
qualities of the materials used in construction lead to inefficiencies
because more work is needed to accommodate the materials to the installa-
tions. Finally, equipment ownership by construction firms is one of the
qualifications needed for bidding on major building construction projects
financed by large groups in Colombia, and this results in hoarding of
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equipment, inefficient use patterns and long idle times. Because much
of the technology, particularly for the construction of large structures
is imported, opportunities for labor employment or for a reduction of

imports are not necessarily present.

The problem areas are discussed more fully in Appendix C of the
Colombia Host-Country Report and the recommendation aimed at a solution
to these problems is the establishment of an institution competent to
attempt the needed solutions. Because of the importance of the building
construction sector, solutions to the problem areas could represent sig-
nificant reductions in the costs of building construction. An institution
needs to be created in Colombia which would have the necessary legal status
and is competent to investigate the problem area, find solutions, and

enforce the results.

The objective of external assistance to implement the opportunity to
reduce building construction costs through resolving the problem areas
should be participation in a local governmental effort to identify the
nature of the institution required and the methods to be adopted for its
operation. The scope of the participation should be limited to the tech-
nical, economic, and organizational aspects of the effort, and the precise
nature of the participation should be identified by discussion with the
Colombian authorities in the light of present day conditions.

2, Philippines

Basically, one single topic emerges in the Philippines as warranting
follow-up, and this relates to the current government actions to promote
new employment generation in public works construction, and the need to
relate these actions to reductions in national costs. The governmental
effort involves, for a number of selected road construction projects, the
shifting away from highly capital-intensive technologies to more labor-
intensive technologies. In effect, analyses of the Philippines results
show that the shift i1s toward the use of more-appropriate technologies
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and the reduction in the national economic costs of the construction proj-
ects. The design of labor-intensive construction methods and the imple-
mentation of the results in actual road construction work is being assisted

by the International Labor Office (ILO).

The objective of technical assistance in the area of employment
generation in road construction should be participation in an effort to
assure that the nation receives the maximum benefits from the greater use

of labor in construction. The effort should focus on three areas; namely,

o the degree to which the labor-intensive technologies are
efficiently applied through achievement of high productiv-
ity in the labor force,

e the degree to which mechanical equipment 1is used
productively in the technologles practiced in the

country, and

e the degree to which the technologies being applied in

labor-intensive construction are appropriate.

The vehicle for accomplishing these objectives should be the Cost Reduction
Study Project (CRSP) already established in the Philippine Department of
Public Highways, adding to this effort the cooperation and support of the
National Economic Development Authority of the country (NEDA). The action
plans in the Philippine Host-Country Report for the labor~intensive construc-
tion and equipment life topics provide the proper inputs.

The external technical assistance should be limited to participation
with an augmented CRSP in the technical and economic aspects of the work,
The precise nature of the participation needs to be identified through
discussion with the appropriate Philippine authorities in the light of

their current activities.
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3. Ghana

Ghana's needs focus on materials of construction, and opportunities

for technical assistance lie in three areas, namely:

® extending cement supply by developing iudigenous

pozzolanic materials;

® the more-intensive use locally of timber for construc-

tion; and

® the development of wood-charcoal as an energy source

for cement manufacture on a commercial scale.
The remaining opportunities for cost reduction, namely expansion of
local brick manufacture and alternative highway bridge and house-roof

designs do not appear to require external assistance.

a. Pozzolanic Materials

Waste materials, the tailings from the Ghana bauxite mining bene-
ficiation operations at Awaso, develop strong pozzolanic properties
when calcined under controlled conditions of temperature and residence
time., Test work already accomplished in Ghana on a small-scale through
admixture of the calcined material with portland cement, or through inter-
grinding with portland cement clinker, shows that a resulting concrete
possesses strength characteristics almost identical with portland cement

mixes, when proportions up to almost 507% pozzolans are used.

The pottery-kiln calcination equipment used in this work is not
amenable to scale-up for process development and small-scale calcination
work 1s needed in order to demonstrate the elements of a commercial proc-
ess and, as well, provide larger quantities of calcined materials for

more extensive test work.
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The incentive to continue the development work is large, since Ghana
imports all of its portland cement clinker needs, and since known lime-
stone reserves so far pose problems of quantity of reserves, accessibility,
and possibly quality as far as local clinker production is concerned.
Moreover, the energy needs for local clinker manufacture would be almost
entirely imported. The unit consumption of energy in the manufacture of
a pozzolanic-portland cement mixture would be significantly less than for
portland cement alone. Finally, the market for non-structural uses of
cement in Ghana, where it would be easiest to introduce pozzolanic materials,

appears large.

The immediate need is for a program, managed by the Building and
Road Institute at Kumasi, in which a small-scale unit would be established

and operated to procure the following information:

e the temperature-time characteristics to produce a pozzolan
material equivalent to that produced in the research work

so far;

@ a more precise knowledge of the change of particle-size
distribution between the initial material and final
calcined material for use 1n selection of large-~scale

equipment; and

e further confirmation of the strength properties of the

range of pozzolanic-portland cement mixtures.

The program would conclude with recommendations, as warranted, for the

continuing work into a semi-commercial stage.

External technical assistance would be needed through participation
with the Bullding and Road Research Institute program in the design,
procurement, and erection of the equipment, and in the design of the
operations and evaluation of the results. Discussion with the Institute

could develop the precise nature of the participation,
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b. Local Construction Timber

Ghana has a well-developed timber export industry, but the focus
and orientation of this industry is almost entirely on exports, usually
of logs. Some saw mills exist whose output is sold for local consumption,
but the situation is one in which a domestic consumer has no assurance
of adequate supplies of timber of predictable quality. Nor does a devel-

oped timber preservation industry exist.

It appears, moreover, that in the operation of the timber-export
industry, the management of the timber resources is not in the best
interests of the nation in terms of preservation and renewal of the
resource for future extraction. The efficiency of an extraction may be
low, and inadequate attention may be given to timber species that are
non-exportable because of quality cr size of trunk. Wasteful cutting
may occur merely to obtain access to desirable timber. No thought may
be given to a concomitant harvesting of scrap timber for local charcoal

production.

The need 1s for a broad-scope concerted effort that will result in
the formulation of a timber industry development plan, which will define
the national economic interest in making available a construction material
that is significantly cheaper than some of the materials now used, such as
portland cement. The work element in this effort should include assessments
of the efficiency with which the timber industry now extracts the resource,
and the extent to which the resource is being replaced; establishment of
a plan for harvesting the forest resource in the best interest of the
nation in terms of regeneration and maximum supply of species of interest;
and identification of the potential market for timber within Ghana at the
various prices at which timber might be sold competitively with alternative
materials; the postulation of an industry structure which effectively will
macch potential supply to the potential demand; and the identification of
an action plan which can enable a situation to be reached of appropriate

use of tha resource in the domestic market.
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The need for external technical assistance lies in participation in
such an effort in an appropriate manner to supplement the resources of
the local personnel in connection with organizing and conducting the
efforts and with evaluating the results. Discussion with the appropriate

Ghanaian authorities is needed to define tne needed participation.

¢. Wood-Charcoal Based Cement Production

Ghana's supply of portland cement is derived entirely from imported
clinker. The local limestone deposits so far appear to be difficult to
develop for large-scale cement production for technical reasons or for
reasons of location. Moreover, all Ghana's fossil energy needs are

imported.

An incompletely evaluated opportunity exists for the production of
portland cement in northern Ghana. The project would depend on an appar-
ently sizable deposit of limestone at Bonga-Da, and would use as fuel
either wood charcoal or rice husks, both of which are locally available.
The manufacturing technology is still to be selected; the relatively
small market suggests that a shaft kiln may be more appropriate than a

more conventional rotary kiln.

The fuel question requires further research. The wood for charcoal
may need to be produced by the plantation farming of quick growing trees
perhaps in areas that can be irrigated with waters from the now-expansive
Volta Lake. The lake might also provide low-cost water tranmsport of
charcoal from already wooded areas. It is possible that while charcoal
or rice husks can be supplied to the cement plant more cheaply than fuel
0oil in a national economic sense, fuel o0il may still be financially
cheaper. 1In such a situation, taxes and/or subsidies may be needed to

promote a nationally economical pattern of resource use.

The need for external assistance lies in participation with local
personnel to identify innovative management of timber resources and char-
coal production to produce the fuel needs and the selection of process

technology to suit the scale of cement productlon. Discussion with the



appropriate Ghanaian authorities is needed in order to define the precise

nature of the participation.

B. GUIDELINES APPLICATIONS ASSISTANCE

As applications of the Guidelinec are undertaken in developing coun-
tries, the government concerned may conclude that its own personnel and
resources need to be supplemented through external technical assistance.
We would expect that each instance of a technical-assistance request will
be evaluated on its own merits. But, once an affirmative decision is
taken, we would suggest that the assistance grant be covered by a formal
agreement to the extent that assures at least that the obligations of the
host-country government to complete the work are clearly defined. In such
an agreement, the technical assistance agency should be guided in the

obligations it undertakes by the following:

1. Level of Project

The project, or the portion of it, with which an agency providing
external assistance may be concerned, may range from the extremely small
to a comprehensive program to identify and implement cost reductions
throughout the public construction sector. A small project might, for
example, call for technical assistance in the design of a small kiln, or
for help in the specification of certain types of highway construction
equipment to be subjected to a special import duty. At the other extreme,
the comprehensive program may embrace the full snan of public construction
and call for external assistance by a variety of experts over a period of
years. Whenever the assistance project fits within this range, the orga-
nizational level at which help is provided should be high enough in the
governmental hierarchy that the research ;indings will have exposure to
government policy makers who will be receptive and willing to act on the
results of the project work. Moreover, in the case of a large project,
it would be desirable for the government policy makers to form a steering
committee, the members of which represent a number of ministries, espe-
cially those concerned with matters of finance, labor, education, and

social welfare.
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2, Local Personnel

It should appear to the technical-assistance agency that the key
local persomnel are sufficiently experienced and motivated so that the
external-assistance personnel will not be used to do the work directly,
but rather to guide the efforts as required. The selection of the host-
country personnel will play a large part in determining the extent to
which the services of external technical assistance personnel will be re-
quired or the extent to which they will need to furnish conceptual guid-

ance to the local project team.

3. External-Assistance Personnel

The services of external-assistance personnel can fall in two speci-
fic categories. The first is the services of personnel whose presence
and actions motivate the local team members to do effective and productive
work. They can provide an objectivity in the project activities that makes
the work more effective and the results easier to implement. Through the
opportunity for close observation of the capabilities, attitudes, and
personalities of the project personnel, they can provide conceptual guid-
ance at the appropriate time. Their presence on such a basis tends to
prevent the slowing down or stopping the work because of other work pres-
sures on the team members. The duration of their services may coincide
with the duration of the project. The leader of the external-assistance
group should concentrate on establishing a rapport with the local project
leader such that he may act for him on occasion when the project leader
is occupied with non-project duties. This is likely when the local project
leader needs to be at a high capability level such that he has a variety
of responsibilities.

The second category includes the services of personnel who can bring
specialized knowledge and experience to bear on the topics selected, par-
ticularly in the area of identification and evaluation of alternative
practices. These services are usually provided on a spot basis as the

need for them 1is identified.

38
Arthur Dlittle Inc



4. Public Exposure

In instances in which a comprehensive cost reduction program is
undertaken, wide public exposure may be wanted for the activities of the
project. To this effect, the publication and distribution of a project
statement is significant and important. Also, as well, the opportunity
for a public conference, or seminar, designed to elicit reactions to the
project will increase public exposure, while providing needed inputs to
the work. External technical assistance should be organized to encourage

this approach.

5. Host=Country Expectations

Again with veference to comprehensive projects, technical assistance
cooperation should be extended in observing the national priorities, such
as those expressed in a national development plan, that may govern the
selection of topic areas. Topic areas should be responsive even when this
restricts the project scope by, for example, confining a cost-reduction
project to housing construction, or to highway construction, or to the

manufacture of more cost-effective construction materials.

6. Promise of Implementation Assistance

To the extent that its policies permit, an external technical assis-
tance agency should provide motivation for the project by holding out the
prospect that its assistance could continue in an appropriate manner into
the implementation stage. Examples of the opportunities for implementa-
tion assistance arising from the experimental projects have already been

cited earlier in this chapter.

C. STATE-OF-THE-ART ASSISTANCE

The state-of-the-art is, in effect, the prevailing practices of se-
lecting appropriate materials and comstruction technologies for projects,
whether or not the construction component involves the selection of con-
struction materials, the application of construction materials, or the

erection of structures in any form. State-of-the-art refers to:
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e knowledge, anywhere, of more appropriate technologies, or any

aspect or component of such technologies;

e prevalence of such knowledge;

e presence or availability of institutional channels by which such
knowledge can be, or is being, (1) generated or (2) disseminated
or transferred; obstacles within these channels are also part of

the state-of-the-art; and

e extent to which the knowledge - the known more-appropriate tech-

nologies - is being used.

Technical assistance agencies may individually, or jointly, advance the

state-of~the-art through specific programs such as the following.

1. Alternative Technological Practices

At the present stage of development of the art, there is a need to
identify, measure, and categorize the construction technologies that have
been actually employed in the past. In this research, the various inter-
faces between labor and machinery need delineation on a far greater scale

than seems to have been reported in the literature.

The World Bank's study of the substitution of labor for capital in
road construction has shown the need for such research, particularly to
cover the intermediate range between the highly capital-intensive methods
favored by western-oriented construction organizations and the highly
labor-intensive methods prevailing in countries like India. It appears,
furthermore, that the appropriate technology for a developing-country
environment almost typically falls into this intermediate region of the
labor-capital mix. The answers probably will come from concerted efforts
to innovate, through conceiving new cquipment, preferably equipment that

is suitable for local manufacture, or to adapt equipment v-<ed in other
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sectors of the economy to construction uses. As an example of the latter,
carabao-drawn agricultural carts have been used in the Philippines, after
adaptation, for earth moving in the repair of levees and in the prototype
labor-intensive construction of the Capas-Botolan road. Prototype moto-
rized versions of the cart, evidently suitable for local manufacture,

have been built by the International Rice Research Institute in the
Philippines.

The results of such a research and development program should provide
a useful and significant expansion of Chapter III of the Guidelines, which
is concerned with the identification of alternative construction practices.
The format whereby the results may be widely disseminated in the develop-
ing countries could be a handbook of appropriate engineering, somewhat
analogous to auy engineering handbook. The handbook could contain material

such as the following:

e A complete bibliography of the literature to support the data
and the other content of the handbook;

e Cost and productivity data, and the contexts in which the sets

of data were obtained;

e Methods for identifying and applying low-cost technologiles,
such methods being needed by any user who has a role in the

choice of technology for projects;

® Methods for costing, in the financial and in the national
economic sense, to enable anyone who has a role in the imple-
mentation of projects to manage the appropriateness of tech-
nologies employed; such methods should include the rationale
and techniques for calculating and using the shadow prices of

inputs to construction projects;

e Methods and processes whereby alternative feasible technologies
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can be organized by the usual tasks encountered in civil engi-

neering works;

e Technological methods and administrative procedures for the main-
tenance and scheduling of construction equipment of the many

types commonly used in developing countries; and
e Techniques (and evaluations of techniques) for the management of
construction labor forces for effective performance in terms of

achieving high levels of productivity.

2, Technological Research

A second needed activity to promote the state-~of-the-art is the
encouragement, sponsorship or conduct of research to design new technol-
ogles that may be more appropriate. Such technologies, which may be in-
novations or adaptations of existing technologies, are likely to be inter-
mediate as between the highly capital-intensive technologies practiced
in industrialized countries and the traditional non-mechanized technol-
ogies. The research should focus on finding methods for raising pro-
ductivity as well as on questions of the mix of labor and equipment.

The applicable results of such research should be incorporated into
subsequent editions of the handbook. A good example of the type of
investigation required is the program for Phase III of the World Bank
study.

Some measure of agreement among the various development-oriented
agencies should be reached on the standardization of the methods for
the research such that data and results from different investigations
can be assembled, correlated, and generalized. Included in the agreement
should be plans to collect reliable productivity data, primarily on the
performance of labor in different modes of employment, different in terms
both of the kinds of tasks being performed and of the ways in which labor

is recruited and managed. Similar data on the performance of machines
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in developing-country environments are also needed. Much of the activities
and the points of view of the International Labour Office could be relevant

in implementing this task.

3. Methodological Research

A third area of needed research comprises the development of improved
methods for the costing and the administration of projects containing
technologies that are appropriate in terms of national costs. Such re-

search would include:

e the national costing of alternative technologies, particularly

through the usw~ of shadow prices;

e the design of governmental administrative instruments to induce
private contractors and other market price-oriented agencies to
adopt appropriate technologies that are relatively expensive in
terms of market costs, instruments such as taxes on imported
equipment and subsidies to encourage the employment of unskilled

workers; and

e the design of methods for the financing of projects involving
appropriate technologies that are financially more costly than
the less appropriate technologies that might otherwise be used.

This area of research could provide significant inputs to supporting
Chapter IV of the Guidelines which concerns the evaluation of alternative

practices.

4. Encouraging the Use of Appropriate Technologies

A needed action is the adoption of procedures by development-oriented
agenciles that finance projects or have the responsibility for approving

projects, to encourage the use of appropriate technologies.
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For example, a lending agency could insist that, when any project
is submitted for approval, analyses be incorporated which demonstrate
the appropriateness of the technological approach chosen for the project,
whether this relates to materials selection, erection techniques, or both.
It may be necessary for the lending agency to adopt rules for the eval-
uation of projects by its own staff, rules that require the use of mini-
mum-national-cost technologies; these rules need then to be communicated
to clients. The procedure would require the use of shadow as well as
market prices and would require that clients show that workable adminis~
trative devices are to be used that will assure the use of low-cost

technologies.

5. Encouraging a Revision of University-Level Degree Programs

Suitable programs in the university systems of both developing
countries and advanced countries are sorely needed. In the former, new
civil engineering curricula are needed which will be significantly dif-
ferent from present programs, since the courses will supplement topics in
science and engineering with a substantial infusion of topics covering
economics and the other behavioral sciences, as well as techniques of
management. The student should be required to become as facile in esti-
mating costs in the national economic sense as he is expected to be in the

financial sense.

In the advanced countries, where study by nationals from developing
countries often 1s at the graduate level, courses should emphasize such
an economics-technology interface. In all programs, students will need
to become fully acquainted with the concepts, the design, and the imple-
mentation of low-cost practices, respecting both materials and technolo-

gles.

6. Provision of Training Programs

There is a need also for non-university type programs, designed to
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provide opportunity for the highly-motivated and intellectually-capable
individual in the labor gang to be recognized and given an opportunity

to advance through training. Two major tracks of training courses should
be offered, one aimed at the management of people and the other at the
management of machines; both tracks would be focussed on the achievement
of higher productivity levels. An 1llustration of the need for training
‘n machine management is contained in the Philippine host-country report
in the action program concerned with prolonging the service life of heavy

construction equipment.
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PREFACE

A large proportion of any nation's resources are consumed in the
public construction sector, particularly in the developing countries.
If construction costs can be reduced, available resources can be
stretched to cover projects that might otherwise need to be deferred
or, alternatively, resources freed through cost reduction can be diverted

to needed projects in other sectors,

This document is intended to provide a guide to the organization,
design, and accomplishment of projects for achieving reductions in the
cost of public construction, particularly in developing countries. The
Guidelines are based on the experiences gained in three experimental
projects conducted cons..~tively by the Governments of Colombia, the
Philippines, and Ghana during 1972, 1973, and 1974, in which Arthur D,
Little, Inc., participated on behalf of the United States Agency for

International Development.

At the outset of the three experimental projects it was expected
that cost-reduction opportunities would be framed entirely in terms of
financial (market) costs. Moreover, reductions in budgetary and foreign-
exchange outlays were to be sought. As project work proceeded, however--
especially in the Philippines and in Ghana--it became clear that authori-
ties in the project countries were also concerned with achieving cost
reductions that depend on recognizing the distinctions that may exist
between financial (market) costs and national (social, real) costs.

Costs associated with unemployment, for example, were of particular con-
cern, Accordingly, project activities were modified to include considera-
tion of the real costs that might not be comprehended by financial costs.
As would be expected, it was learned that reducing national costs might
occasionally be at odds with reducing financial costs. Thus, the guide-

lines to cost analyses to be presented here are based on the most appropriate

Arthur D Little Inc



concept of costs fcr the particular situation or project.

Since the Guidelines are inferred from actual experiences in the
three experimental projects, they carry empirical merit. Their
application in any developing country gshould enhance possibilities for

achieving significant reductions in the cost of public construction.
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I. INTRODUCTION

A. PURPOSE

The Guidelines are intended to provide direction for the identification
and implementation of opportunities to reduce public construction costs,
both financial and national, in developing countries. An aspect of the
purpose of the Guidelines is to help users to recognize and overcome the
effects of institutional obstacles to implementation. The purpose of the
Guidelines is also to delineate the organizational structure of cost-reduc-
tion projects. Thus, the comprehensive goal of the Guidelines is to aid

the achievement of cost reductions in the public construction sector.

The Guidelines are designed to have general applicability to the
developing countries. They are written for use by governmental agencies
and financial institutions which are responsible for selecting, financing, or
implementing public construction projects. They may also be useful to
manufacturers of construction materials, architects, engineers, consul-
tants, and private and public contracting firms which participate in

public construction projects.

B, SCOPE

The Guidelines cover the identification of opportunities for cost
reduction in the selection and application of construction materials, in the
selection and implementation of alternative construction technologies,
and in the functions and methods of operation of the institutions which
manage or are involved in construction activities. These institutions
include the parties to agreements for construction and their agenciles:

i.e., those which act on behalf of the government, such as architects,

designers, and consultants; those which act on behalf of the contractor,
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such as trade associations and equipment leasing (plant hire) firms; and
those which produce construction materials, manufacture comstruction
equipment, finance construction projects, and educate and train personnel

employed by the construction sector.

The Guidelines focus on cutting construction costs of a given project.
They do not cover the identification of opportunities for cost reduction
by choosing among alternative projects. A given project is one de-
fined in terms of its providing an installation capable of a specified
performance, even allowing for leeway in deferring part of the initial

cost in favor of incurring additional maintenance costs in the future.

The concept of a given project can include not merely alternative
materials but also alternative patterns of initial construction cost and
of subsequent maintenance. For example, a given project can be a highway
to be paved with either asphaltic-concrete or cement concrete, with the
former entailing lower construction costs but higher maintenance costs.
The concept of a given project can be usefully stretched to include alter-
native construction periods, i.e., one technology may require more cal-
endar time than another thus posing alternative time points at which the
enjoyment of project benefits can begin. The assessment of such alter-
native technologies requires the evaluation of benefits as well as the

evaluation of costs.

In no respect are the Guidelines intended to provide descriptioms,
either suggestive or definitive, of recommendable materials or technologies.
Rather the intention is to provide procedural guidance to those who are
endeavoring to identify and to implement lower-cost materials and technologies.
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C. ORGANIZATION OF GUIDELINES

The organization of the Guidelines permits the user to identify
in an orderly way all of the factors to be considered in examining the
potential for reducing costs in the public construction sector of any

developing country.

First, procedures are discussed for reviewing the public construc-
tion sector and for determining the prevailing concepts of cost and cost

reduction, particularly to clarify the distinction between financial and

national costs.

Next, attention is directed to the means by which the user can
identify (a) the various components of a construction project and (b) the
alternative practices that should be considered. The discussion then
turns to the ways in which the user can evaluate these alternatives in terms
of the potential for reducing financial costs and/or national costs.
After that, the Guidelines discuss the kinds of obstacles to the
implementation of potential cost-reduction opportunities that are
posed by the practices and conventions of the institutions involved.
Next, suggestions are made for implementing the cost reduction

opportunities that have been identified and evaluated.

Finally, procedures are elaborated for organizing and establishing

a formal program of cost reduction in the public construction sector.

There are three appendices to the Guldelines. The first models
the evaluation of a cost-reduction opportunity. The second draws upon
the three experiments to illustrate identification and implementation
of cost-reduction opportunities. The third describes features of the
organizational structure and project activities effected in the three

countries.
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II. PROCEDURES AND CONCEPTS FOR PROJECT COST REDUCTION

The public construction sector is concerned with the installation
of civil engineering works whose costs are financed wholly or partly with
public funds, regardless of whether these funds are appropriated from
current tax revenues or borrowed from lending agencies for the specific
purpose. Civil engineering works include all combinations of earthworks
and structures which generally make up the infrastructure of a nation.
They also may include auxiliary works such as surfacings and finishings.
Thus, roads, canals, harbor installations, airports, power plants, factories,

public buildings and housing, and dams are examples of civil enginecring works,

Three broad areas of activities, taken as a whole, constitute the
process whereby a public construction need in a country--particularly a
developing country--is identified and an installation subsequently com-

pleted.

The first area deals with the detection of the need for a particular
installation and the selection of the quality desired in its performance.
The Guidelines do not cover this aspect of public construction. The
activities to detect needs and select performance quality generally are
similar to those in other public sectors (e.g., health, education,
defense). Public construction needs and performances compete with those
of other public and private sectors for the allocation of the national
resources. So, generally, the quality desired in the performance of
a civil engineering work is not selected until after the resource
allocation to pay for its construction is clear. Hence, the quality
of performance selected is frequently a function of what the country

can afford.

Following the selection of a public construction project and the
quality of its performance, identification of opportunities to reduce

cost focusses on two areas of activities:
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o the technical design and specifications of the project; and
e the implementation of the project.
These are the areas of public construction in which the Guidelines are

intended to provide guidance.

The design and specification activities generally indicate the
materials to be used, the quantities that will be demanded, and the
technologies that will or may be used to assemble the materials. 1In
turn, the technologies determine the requirements for labor and for
construction equipment, whether domestically manufactured or imported.
The types and quantities of material and human resources required
determine the cost of the project. One facet of these activities
is consideration of necessary repalr or even reccnstruction, as wear
and tear occurs through use of all or portions of the project install-
ations to maintain performance at least ai the originally specified
level. Occasionally, the decision-maker must effect a trade off between
the costs to be incurred during initial construction and those to be

incurred later for maintenance.

The implementation activities of the project generally include
the preparation of initial cost budgets, the determination of the
financing method, the award of one or more construction contracts for

each project, and the supervision and control of contractor performance.

A. CONSTRUCTION PROJECT DESIGN

The procedures involved in the construction project design are
generally selected to achieve one goal, namely, the production of a
set of documents whose contents assure that:

® an established construction organization can produce

the complete installation as specified; and
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® the construction organization's cost to produce
the completed installation will not exceed the
construction budget; and

e the completed installation will function as
specified.

Ordinarily, the set of documents contains drawings of the installa-
tion, a quantity survey of the required materials, specifications of the
construction materials, standardized constructions to be employed, and
descriptions of construction methods. The set of documents containing
this information can serve as the statements of the scope of work when

a contract for execution of this work is being negotiated.

The selection of design features for a project may anticipate the
maintenance needs of the completed installation, but in general there is
no assurance that adequate maintenance will be performed. Ideal main-~
tenance policy avoids any deterioration of functional capabilities by
specifying repairs or reconstruction at periodic intervals. Deterior-

ation may be caused by wear and tear, or by the forces of nature.

In reality, maintenance practices may vary congiderably from the
ideal. One major reason is that the responsibility for maintenance,
especially of roads and highways, may be delegated to local governmental
units and thus are not the concern of the agency responsible for con-
struction. Actual maintenance practices depend on:

e the availability of funds,

e the ability to tolerate a measured amount of
deterioration before any repair is considered, and

e the intent to reconstruct an installation to upgrade

it to a higher performance level.
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The responsibility for the preparation of the set of documents gen-
erally depends on the method selected for financing the cost of the work.
If the work is financed entirely from government funds, the preparation
may be undertaken by the technical personnel in a ministry or department
of public works, or a branch of such an agency, or may be delegated to
local design and consultant firms. If the work is financed by a major
international development-oriented lending agency, then the preparation
of the documents may be subject to the policy requirements of the lend-
ing agency, and these can require the services of an internationally

recognized consultant group to design and supervise the project.

B. TIMPLEMENTATION OF CONSTRUCTION PROJECTS

The customary practices of the institutions involved in the public
construction sector generally control the activities involved in the
implementation of a construction project. These practices can determine
the progress of the work, the effectiveness of the results, and hence
the ultimate cost of the project. The diversity of the practices that
may be encountered in the implementation of a construction project is

illustrated below:

On the government side, they may be:

e the criteria for the registration of contracting
organizations seeking work in the public construc-
tion sector;

e the depth of detail and the finality of the design
in the project documents at the time contracts are
negotiated;

® the intervals adopted for making payment to the con-
tractor as his work progresses toward contract com-

pletion;

10
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the effectiveness of the method specified for
certifying the completion of work items of the
construction program at the end of each interval;
the decision~-making process adopted for the award

of contracts in competitive bidding or in a ne-
gotiated bidding, especially with respect to proper
matching of scope of contract work to the capability
of the contractor;

the criteria set for deciding when a construction
project is to be undertaken by non-contract methods,
i.e., by administration, the direct hire of labor
and services, and the direct purchase of materials;
laws and regulations governing the conditions for
employment of labor;

the adequacy of the appropriation process to pro-
vide funds to support the volume of construction

actually committed.

On the private sector or contractor side, they mav be:

the methods prevailing for the supply and for the
procurement of construction materials;

the pattern of ownership or of leasing the services of
construction equipment;

the prevalence of subcontracting practices;

the accuracy of cost-estimation procedures;

the ease of procurement of spare parts for the
maintenance of construction equipment, and the

quality of the spare parts supplied;

the availability of labor at the requisite skill levels;
the motivation of the labor force as it affects

productivity levels;

11
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® practices for recruiting and training skilled
construction and managerial personnel;

e the adequacy of the testing procedures for
control of the quality of construction mater-

ials and emplacements.

C. CONCEPTS OF COST REDUCTION

Financial Costs Vs. National Costs

In general, for public construction in developing countries, two alter-
native concepts of cost may be used. One is the conventional concept that
views costs in financlal (market) terms--that regards the magnitude of
the funds that must be outlaid as the pertinent measure of cost. The
other, which has been developed within the last quarter century, deals
with national (social) costs. This more comprehensive concept arose
In recognition of the kinds of costs to a society that might be wrongly

measured or even ignored by the markets that determine financial costs.

Formerly, it would have been commonly asserted that financial costs
provide a satisfactory measure of costs to a nation or to society as a
whole--or, at least, that financial costs would be proportional to
national costs--in which case a single concept would be fully relevant
to the assessment of the national as well as the financial costs., It is
now recognized that two separate concepts are needed. From a national
standpoint the concept of financial costs is deficient for two princi-
pal reasons: (1) taxes (and subsidies) are not costs, but merely
transfers; (2) many of the market prices used in calculating financial
costs are distorted (from a national or social viewpoint) and must be

adjusted if satisfactory national costs are to be calculated,

(A third reason should be mentioned even though it 18 more likely to be

relevant to the choice of projects rather than the choice of construction

12
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practices: costs to society in the form of adverse envirommental impact
or the health of workers may not enter market costs all all.) Any failure
to calculate national costs can lead to choices that are defective from

a comprehensive social standpoint.

The financial cost of adopting any construction technology or
material can be regarded as the sum of a series of money outlays to
secure the domestic and imported inputs to the construction. The
outlays include capital expenditures and current expenses for labor,
equipment rentals, construction materials, utilities and supplies,
insurance, and interest. Financial costs include also the profits
of all the enterprises that participate in the construction work or

provide materials to the project.

In concept, national costs need to be defined in terms that are
fundamentally different from those descriptive of financial costs. The
national cost of adopting any construction technology or material is
the value of the products that would otherwise be created by the
resources needed for the construction practice. Essentially, the con-
cept of national cost recognizes that national economic resources, both
human and material, are by definition scarce--that resources allocated
to one use are perforce not available for another. Thus, reduced
national cost for any construction activity means that a given amount
of real national income or product can be created with a smaller package
of national resources, i.e., more income or product can be obtained

from a given resource package.

The differences between national cost values and financial cost

values deserve elaboration. First, the elements counted as costs may
differ. Taxes minus subsidies are costs in a financial sense; but from

a national standpoint they are transfer payments that can be disregarded--
no real resources are involved. Second, the market price paid for any
resource that enters into financial costs may differ from the national

cost value of the resource. The difference i1s ordinarily attributable

13
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to non-competitive forces in the market place that press the market

price away from the marginal value productivity price that is appropriate
to use in national costing. The marginal productivity price is typically
called an accounting price or, more commonly, a shadow price. National
costing replaces misleading market prices with shadow prices that are
better measures of resource values. Thus national costing facilitates
the identification of the cost reductions that are most significant from

a national standpoint.

The national cost concept is often presented as one half of a
cost-benefit accounting system. In the context of these Guidelines,
however, the construction project and its benefits are treated as
given--the only alternatives concern costs. Both financial costs and
national costs deserve to be calculated as a single present-time value
which is the sum of a series of discounted annual cost tlows. Such a
calculation permits the comparison of construction alternatives that
have differont time cost profiles, especially high initial cost and

low maintenance cost versus low initial cost and high maintenance cost.

Price Distortions

In practice, in many if not most developing countries at least

three kinds of market prices may be regularly distorted: market wages,
especially at the unskilled level, tend to be distorted upward; interest
rates on borrowed money and exchange rates on foreign currencies tend

to be distorted downward. If costs were estimated from such distorted
prices, the result might be, for example, the adoption of a highly
capital-intensive technology employing importad equipment; if national
costs were calculated which requires removing the distortions, it would
be recognized that a far more labor intensive technology will be more

consistent with the national economic interest.

Wages

In developing countries, devices such as legally imposed minimum
wages tend to distort market wages--especially for unskilled labor--upward

14
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to levels above those justified by labor productivity. Evidence of such
distortion 1s provided by the massive urban unemployment (and under-employ-
ment) that is characteristic of most developing countries. One adverse
consequence of excessive market wages is that the selection of construction

technologies leans in the capital-intensive direction.

Interest Rates

Just as developing country governments try to support the incomes
of low-paid workers by enacting wage minima, they try to help consumer-
borrowers and small business-borrowers (and also governments as borrowers)
by placing ceilings on interest rates. These cellings reduce interest
rates below the levels that would otherwise prevail. Like wage minima,
they reduce the market cost of capital-intensive technologies vis-a-vis

more labor-intensive alternatives.

The interest rates used in choosing a technology or a construction
material that appears to be appropriate by the minimization-of-market-

costs criterion include not only domestic rates but also the interest

rates attached to loans from abroad that may be incurred to finance the
importation of equipment. Such foreign rates are in many instances
subsidized. In this respect the developing nation 1s encouraged by
artificially low interest rates, both domestic and foreign, to choose
relatively capital~intensive technologies. There is one essential
difference, however: the suppressed domestic rate understates the na-
tional cost of employing capital equipment that is domestically financed;
the low interest rate on loans from abroad, whether it be regarded as a
subsidized rate or not, correctly states the cost to the nation of such

financing.

Foreign Exchange Rates

The distortion of foreign exchange rates appears in developing
countries typically in the direction of international overvaluation of

the national currency. Such exchange rates encourage the choice of

15
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technologies and materials that generally require a large amount of
imported goods in proportion to domestic resources. The imports generally
consist of capital equipment which, because of the low price of foreign
exchange, appears to be inexpensive compared to local resources, such as
labor. Thus distorted foreign exchange rates combine with low interest
rates and high market wages to encourage (a) excessively capital-intensive

technologies and (b) undue reliance on imported versus local inputs.

Foreign Exchange Savings and Employment as Goals

Governments of developing countries are often so concerned about
reducing foreign exchange outlays and/or reducing unemployment that
either or both of these objectives may be given greater priority than
the reduction of costs in the financial or the national sense. As
indicated above, 1f a country has problems of foreign exchange shortages
or of unemployment, national rather than financial costing takes into

account both of these kinds of problems.

When governments are not yet familiar with shadow prices and na-
tional costs, the foreign exchange and employment aspects of alterna-
tive technologies or materials may be addressed directly without use of
national economic costing-~-and the wrong decisions can be made. For
example, the government may not recognize that the alternative that
minimizes foreign exchange outlays, or maximizes employment, may not
minimize the total national cost. Minimizing national costs might re-
quire imported equipment that would be ruled out by consideration of
foreign exchange effects alone; preoccupation with choosing construction
technologies that provide large numbers of jobs for unskilled workers
might result in excessive national costs associated with a prolonged
period of construction. While these two separate cost-related concepts
(foreign exchange and employment) need to be mentioned in these Guidelines,
measuring alternatives directly in terms of the foreign exchange and

employment effects is straight-forward and need not be given further
attention.
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Three Types of Cost-Reduction Opportunities

Within the field of public construction, opportunities to reduce
costs--whether financial or national--are generally of three types.
First, there are, or may be, opportunities to substitute less costly
construction materials for those currently in use. Numerous alternatives,
typically involving local materials, have been studied in the experi-
mental projects (see Appendix B for examples). Opportunities of this
type are likely to be eagerly sought in almost all developing countries.

The second type of opportunity involves an altered mix of resources
on site, typically an alternative technology that involves a different

capital/labor ratio from the technology currently in use.
The third type of opportunity to reduce costs centers on improve-
ments in productivity rather than on changes in materials or capital/

labor ratios.

The Guidelines are intended to facilitate the identification and
implementation of all three types of cost-reduction opportunities.
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III. IDENTIFICATION OF ALTERNATIVE PRACTICES

£. SELECTION OF CONSTRUCTION PROJECT COMPONENTS

The first step in the process of identifying alternatives is to select
the construction activities and the construction materials that are to be
studied. Generally, the selection will reflect national priorities in the

public construction sector, probably as defined by the government.

The selected construction activities and materials will vary in scope
and in detail depending upon the situation. At one extreme, an entire

set of contemplated construction projects may be selected as the focus

of attention. In such a cise, the results of the cost-reduction analyses
can be estimates of the total potential for cost reduction if ident-
tifiable and definable alternative practices are employed. At the other
extreme, particular problem areas in the construction sector may be
selected. In this instance, the results of the cost-reduction analysis

can be estimates of the cost-reduction potential by task in each problem area.

Selections during the three experiments have tended toward analyses

of problem areas, such as:

e opportunities for local construction materials to substi-

tute for imported materials;

e opportunities for more-effective internal distribution of

the supply of construction materials;

e opportunities for technologies that are more labor-intensive;

and

e opportunities to improve the maintenance of construction
equipment now hampered by lack of spare parts and by

inadequate labor skills.
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(See Appendix B for a brief description of some actual experiences with

these problem areas.)

Obviously, the more thought one gives to selecting projects or prob-~
lems that are amenable to alternative technologies or materials, the more

likely one is to achieve cost reductions. The output from the selection

process may be a set of projects, or problem areas, or a combination of both.

It may be easy for the reader of these Guidelines to slip into the
assumption that the typical cost-reduction opportunity lies in the
direction of: (a) greater reliance on domestic (rather than imported)
materials, and/or (b) the substitution of domestic labor (often
unskilled) for capital equipment (typically imported). However, many
attractive alternatives may not fit these patterns; and in some
instances the opposite direction may be necessary. The patterns are
likely to fit if a developing country has previously adopted the
technologies and materials of an industrialized country without check-
ing their adaptability to local conditions. However, if in the
specific situation a nation 1s still using traditional technologies
and materials, the appropriate cost-reducing changes are likely to be
in the direction of more capital and more imports. At the same time,
the danger is that the least financial-cost alternative to any existing
practice may be one that goes too far toward a complex highly capital-

intensive technology.

Thus, regardless of the current practice and of the direction of
the needed change, the lowest financial-cost criterion will typically
point to a more capital-intensive technology than would be called for

by the lowest-national-cost criterion.
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B. IDENTIFICATION OF ALTERNATIVE CONSTRUCTION PRACTICES

Having selected the construction project components, the next step
is to identify the alternative practices that may be used to construct the
projects or to overcome particular problems. To facilitate the identifi-
cation, the relevant current scene in the construction sector should be

described in terms of:

e the construction materialg available, including qua-
lity, quantity, and price, and the structure of the
construction materials manufacturing industry, in-
cluding its distribution network; and

e the conventional construction technologies.

The desired performance of the finished project should be born in
mind. No alternative practice that will change the specified performance
should be entertained. The search 1s for an alternative practice which
changes not the performance but the method ot achieving it. An example
would be the substitution for a high-quality cement-concrete road pave-
ment of an asphaltic-concrete road without sacrificing specified road
performance. Such a substitution, however, might present an opportunity
for a reduction of cost in a tradeoff between initial cost and ultimate

maintenance costs.

Next, alternative technologies need to be identified and listed be they
the traditional ones currently or formerly employed in the country, or the
more advanced technologies used in that country or elsewhere. While many
of the possible alternative technologies can be found in the literature,
the experiences of the participants in a cost-reduction project can provide
possibilities. Alternatives may also be found by investigating the follow-
ing:
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e current government, academic, and private analytical and experimen-
tal research on improving the properties of construction materials

and adapting them to new uses;

e development of the construction potential of indigenous natural or

artificial materials;

e the degree to which material specifications have been frozen (perhaps

inappropriately) into formal standards;

e the possibility of increasing, with the current technology, the
productivity of labor and capital resources by eliminating lost

time and motion and/or by reducing or eliminating waste of materials;

e the possibility of increasing, for a given mix of labor and capital
in the technology, the productivity of the workers by increasing
their motivation, by changing the allocation of tasks among them,
by changing the number of personnel under a supervisory unit, or by

modifying the method of payment;

e the possibility of increasing the usefulness of capital, again
without changing the labor/capital mix, by replacing one unit of
capital equipment by an alternative, more productive piece of equip-

ment; and

o the possibility of devising an alternative mix of labor and capi.al,

for example, by using another technology which can accomplish the
identical task.

The illustrations in Appendix B show selected experiences bearing on the
identification of alternatives.
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Finally, one must assess the nation's technological capability to
adopt each of the identified alternatives and discard those which appear
to be beyond its current capability.

C. QUANTITY ESTIMATIONS

Once the alternative practices have been selected, they should be pre-
pared for evaluation. The preparation involves the estimation of the
quantities of the nation's resources--human and material--that the con-
ventional practice and each alternative will require. The quantities to
be considered are the consumptions of construction materials; the require-
ments for unskilled and skilled construction labor and for supervisory and
managerial personnel; and the capital equipment, including spare parts,

fuels, and lubricants.

To get a valid comparison, it may be necessary to define both the con-
ventional practice and the alternative practices by preparing drawings and

specifications in sufficient detail that:

® the scopes of the conventional and the alternative

practices are of comparable magnitude; and

e material takeoffs can be made in the usual manner

for each practice; and

e the technological practices involved in the con-

structions are clear.

The last item is required for the estimation of labor and construction
equipment requirements. The accuracy of the estimations in these respects
may need to be limited because the available data on rroductivity of labor
and equipment are sparse and inadequate to describe productivity, espe-
cially when the alternative involves a significant change in the environ-

ment of the field activities from that conventionally practiced.
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IV. EVALUATION OF ALTERNATIVE PRACTICES

The objective of the evaluation of alternative practices is the
selection for eventual implementation of those practices that incur the
least national cost. Much effort can generally be saved by screening
the alternatives in advance of the detailed evaluation. If there is
more than one alternative to the existing practice or if there is doubt
that any of the alternatives has cost-reduction potentialities, the

preliminary screening is an essential first step in the evaluation,

In these Guidelines, however, the evaluating techniques are
discussed and then the screening. This sequence is used because the
evaluating techniques must be understood before the screening elements
can be selected. Nevertheless, in an actual application of the Guide-

lines the screening would be the first step.

To evaluate and compare the cost-reduction potentialities of one or
more alternative technologies or materials to any existing practice, the
quantity estimate discussed in the preceding chapter must be costed out
in financial and then in national terms. Although financial-cost
estimates are needed, the costing ultimately should be done from a
national economic standpoint. Even 1f a nation has decided that
technologies or materials will be selected entirely on a national cost
basis, financial costing is necessary, for at least two reasons:

(1) financial costs need to be assessed in order to plan the financing
of the alternative technology or material; (2) the easiest way to
calculate national costs 1s to make adjustments in financial cost
numbers. Accordingly, the financial costing should be done first,

then the national costing.
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A. FINANCIAL COSTS

The financial costs of any construction practice should be calculated
on the basis of the ordinary market cost prices expected during each
year of the construction and selected mainterance periods. Costs should
be tabulated on a full cash basis culminating in a series that shows
that total outflow of funds in each year (or part of a year). Flows
for each practice or component within a corstruction project can be
summed for each year to provide a series of aggregate annual flows for

the entire period to be covered by the costing.

Table 1 provides a format for tabulating summaries of the
calculations of both financial costs and national costs. The combination
is not only convenient but also helps the understanding of the relation-
ships between the two types of costing. The format is comprechensive
enough to accommodate an entire project or it can be used for handling
the costs of a single practice. The financial costing of the project
requires only the first of the three columns provided for each year.

Entries should be numbered to facilitate reference to specific results.

As the format suggests, expenditures of all kinds need to be tab-
ulated: e.g., land (purchase or lease), equipment (purchase or rental),
labor by type and skill category, materials, supplies, fuel and
utilities, and interest and profits. The inflow and outflow of loan
principal should be entered along with the outflow of interest, although
such flows are usually calculated with respect to the project as a whole
rather than for each practice or component. With regard to equipment,
however--particularly if purchased abroad--it is possible to show loan
flows for individual project components. Finally, in anticipation of
national costing, the taxes paid and subsidies received (whether direct

or indirect) need to be entered.
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TABLE 1

FINANCIAL COSTS AND NATIONAL COSTS OF A CONSTRUCTION PRACTICE OR COM3INATION OF PRACTICES
(In Domestic Currency Units for the Period Covered by th2 Costing)

Year Q i 1ear 1 Year n
Financial Shadow National Financial Shadow National Financial Shadow National
Outlays Coefficient Out' ys Outlays Coefficient Outlays Outlays Coefficient Outlays
QUTLAYS TO FOREIGNERS
1.1 Equipment (purchase or lease) xxx XXX xxx1
and Spares
1.2 Imported Materials xxx XXX xxxl
1.3 Personnel xxXX XX x%XX
Other Operating Outlays xxXx XXX XX
1.5 Loan or Eguity Principal XXX XX xxxz
(from) /to abroad
1.6 Interest or Dividends XXX X poled
to abroad
3 4 3 3 4
1.7 TOTAL, FOREIGN XXX XX XXXX XXX XX XXXX XXX xx 0K
DOMESTIC OUTLAYS
2.1 Labor, classified by XXX xx XXX xxx xx XX xxx xx xXxx
skill level
2.2 Land Rents XXX XX 2 XX xx XXX boed XX XXX
2.3 Natural Resource Depletion XX xx xxXX poled xx XX XXX xX 00x
1
2.4 Equipment Use XXX xx xx 2 xx XXX XXX XX xxxl
1
2.5 Materials, Supplies, Utilities xxx xX 00 XX xX XXX xXX xx xxxl
and other inputs not covered
by items above
2.6 Loan or Equity ‘rincipal xxx n/a n/a XXX n/a n/a XXX n/a n/a
(from)/to dor:stic investors
2.7 Interest or D.vidends to xXxx n/a n/a xxx n/a n/a XXX n/a n/a
domestic investors
2.8 Taxes, net of subsidies xxx n/a n/a xxX n/a n/a xxx n/a n/a
2.9 TOTAL, DOMESTIC XAXX XXAX po's e XXXX XXAX XXX X0
FOTAL FINANCIAL COSTS XXXX AKX 000
FOTAL NATIONAL COSTS XXX XXX XEXX

5UM OF PRESENT DISCOUNTED VALUES
OF TOTAL FINANCIAL COSTSS: xxxx

UM OF PRESENT DISCOUNTED VALUES
OF TOTAL NATIONAL COSTS®: xxxx

1ancial or national values of equipment and materials earlier charged to project but remaining at end should here be credited.

>le may treat all obligations of principal as paid at end of final construction year (year n) even though actual amortization period may be longer.
1 be used as a measure of foreiegn exchange costs.

idow foreign exchange rate.

h year's tocal to be discounted at market rate of interest at which project is likely to be financed.

‘h year's total to be discounted at national time-preference rate.

ot applicable to national costing. 27



It is useful to compile and arrange outlays to foreigners separately
from outlays to domestic suppliers of inputs to a project. This separation
does not, of course, affect the magnitude of total financial costs, but it
facilitates making the adjustments that convert financial costs into
national costs and, in particular, it helps the reader of an evaluation

report to understand the relationships between the two cost concepts.

The format 1s designed for cash outlays which means that all inputs
of materials, equipment, and services are treated as if they are paid
for immediately. All inflows and outflows of loan and equity principal,
along with payments of interest and dividends, are included as well,
Inflows of principal are of course entered as credits., The accounting
time units are taken to be years, but shorcter units can, of course, be
used. The time span of a format should be at least as long as the
actual construction period. If each of the construction practices being
compared entails a different set of maintenance costs for the finished
structure, the time coverage of the format should be equal to the
period of construction plus maintenance. The value of all lisghilities
at the end of the evaluation period can be entered in the final year.
The format also accommodates the costing of capital items that can be
either purchased or leased. If the item is purchased, provision is

made for crediting its value at the appropriate time.

To develop a single figure that represents the total of the
financial costs of each practice or component, the total cash flow for
each year should be discounted back to the beginning of the project.
The appropriate discount rate is the average interest rate that the
government pays on its long-term borrowings. Then the several dis-
counted annual values can be summed to obtain a single discounted
present value of all financial costs, which can then be compared with
similar sums of financial costs for existing or alternative technologies
or materials., The final financial evaluation step can be the calculation
of the present discounted cost value for the project as a whole or for
each combination of alternative practices that has merited full financial

analysis,



Once the financial costing indicated by the format has been com-
pleted, the national economic evaluation can be done. Prior to the
national costing of any alternative, it may be worthwhile--depending
upon the government's attitude--to assess the impact of the alternative
on foreign exchange reserves, and to measure the employment effects
of the alternative. The employment numbers can be drawn from the
quantity estimations described in Chapter III, and the foreign exchange
magnitudes can be read from the row entitled "'Total, Foreign'" (Entry 1.7)
that concludes the OUTLAYS TO FOREIGNERS panel. Neither of these two
attributes of a practice carries the fundamental merit of a national
cost evaluation, but they can be useful to governments that are
interested in these two superficial measures of the national worth of

a technology or a material practice.
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B. NATIONAL COSTS

As the tabular format suggests, the amounts for national outlays are
obtained by applying shadow coefficients to the financial outlay amounts,
Each coefficient 1s the ratio of the shadow or accounting price of an
input to the market price of that input. The conceptual basis of a shadow
or undistorted price was discussed in Chapter II. The process of estimat-
ing shadow prices can range from simple inference with little or no
calculation to elaborate mathematical procedure.* Ideally, the shadow cost
prices to be used in the national costing of projects should be prepared
in a central economics office and then used by project evaluators through-
out the government. Not just construction projects but all kinds of
projects should be provided for in the preparation. To the extent that
they utilize the same national resources under the same circumstances,
industrial projects, power plants, mining installations, investments in
agriculture and fishing, and others should be evaluated using the same

shadow prices.

Although each country needs a set of nationally agreed upon, and
frequently revised, shadow cost prices, it should not be inferred that
the national costing of construction projects cannot take place until
the nationally approved shadow coefficients are available. Any shadow
prices estimated, however crudely, by the evaluators of construction
projects are likely to be closer to the true shadow coefficients than
would market prices. Thus, such provisional shadow prices should be used
until more carefully researched prices are available. The use of pro-
visional shadow coefficients will at least push the choice of technology
or material in the right direction.

* The exposition of such procedures lies outside the scope of the
Guidelines. cf. I.M.D. Little, and J. A. Mirrlees, Manual of
Industrial Project Analysis, Volume II, Social Cost Benefit
Analysis (OECD, Paris) 1969 or the successor work, Project Appraisal
and Planning for Developing Countries (Basic Books, New York) 1974;
also UNIDO, Guidelines for Project Evaluation (New York) 1972.
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The format table is set up to measure costs in domestic currency
units; it could be set up to utilize foreign currency units instead, but
doing so would make the format more cumbersome, as will be indicated

shortly.

The tabular arrangement which lists outlays to foreigners in the
upper panel facilitates the adjustment of financial costs--an adjustment
that is needed if market foreign exchange rates are distorted. Because
all outlays to foreigners would be distorted to the same degree, the
correction in the form of multiplication by the shadow coefficient may
be made only once for each year to the foreign total for that year.

If the domestic currency is overvalued internationally, the correction
will raise the domestic currency value of outlays to foreigners. If
it is expected that the degree of distortion will change during the
course of the project, the coefficient for each year may be different
in accordance with the expectations. The coefficient applies not only
to current account imports, but also to interest, dividends, and loan
or equity principal moving in either direction. The national cost of
foreign outlays in year n (the final year of the evaluation period)
will be reduced by the value of any imported equipment or materials

that are expected still to be on hand at the end of year n.

Under "Domestic Outlays" there are five categories of real resources
which in any calculation of national costs can be divided into as many
sub-categories as are needed to accommodate each gshadow coefficient
that may be called for. Labor, for example, is likely to be divided
into a number of classes. The shadow cost prices appropriate to a
given skill level of labor will probably vary from locality to locality
within the country and perhaps from season to season. If unskilled
workers are being shadow priced and they can be recruited from sizable
reserves of unemployed workers in the cities, the shadow wage may be
close to zero; at the same time, unskilled workers in rural areas may
warrant higher shadow wages because they must be recruited from farms

at some cost to the level of agricultural output. Shadow wages in rural
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areas are likely to vary seasonably: during times of active farming,
such as the harvest season, shadow wages may be high; during the off-

season, shadow wages may be virtually zero.

One practical difficulty in computing the shadow wages of workers
to be drawn from the farm is the lack of knowledge in many societies
of the extent to which agricultural output will be curtailed as farm
workers are recruited into other activities, such as construction. It
is agreed that in developing countries there is ordinarily substantial
underemployment in agriculture--that the typlcal farm worker 1is not
productively busy full time during the working season. The question
becomes, then, to what degree total farm output falls as men leave
the farm for construction work. If the remaining farm workers fill the
gap, and thus lessen their own underemployment, the marginal productivity
of the men who have left tends to be nil and shadow wages can be
corresponling low. If, on the other hand, the remaining workers apply
themselves no more diligently than before, the marginal decrement to

agricultural output, which determines the shadow wage, may be sizable.

Coefficients to be applied to land rents and the depletion of
natural resources would, of course, reflect the values that would
otherwise be produced by these resources. Equipment and materials,
etc., would need to be adjusted in accord with the shadow prices of
the resources that compose them; insofar as these materials contain
imported inputs, a foreign exchange shadow may need to be used. Ideally,
the foreign elements in all domestically purchased inputs such as
equipment, materials, supplies, and utilities, should be separated from
the values added domestically, and the latter should be further
separated into shadow-priced pieces. Insofar as such calculations have
already been made for other national costing purposes within a country,
the calculated prices should be adapted and used in computing the

national costs of construction practices.
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A significant difference between the financial and the national
columns in the table is that the latter contains no provision for flows
of loan or equity principal and associated interest and dividends flows.
The omission follows from the fact that such flows are not costs in the
national sense; they are merely transfers. The real national cost of the
passage of time is provided for by the discounting of all national cost
flows back to the time point at which the project begins.

Similarly, there is no provision in the national outlays column
for any taxes, net of subsidies, that may be levied on the project or
any component practice. Again, such financial outlays are transfer

payments; they do constitute payments for the use of real resources.*

Once all the cells in the national outlays columns have been filled,
the columns can be summed and each year's sum can be discounted back to the
beginning of the project calendar. The discount rate to be used is the
third type of shadow price; the rate is commonly called the national (or
social) time preference rate and may be thought of as the basic long-
term interest rate that would prevail in the absence of ceilings or other
manipulative forces. If the national rate is expected to change over
time, each column sum will need to be discounted two or more times, each

discounting operation taking the sum back to a time point at which the

* It can be argued that net taxes (taxes minus subsidies) should not be
ignored because taxes are a measure of the resources used by government
in providing services to a construction project or to those who provide
the taxed input. If the level of taxes on any good or activity were
commensurate to prices of governmental services, the argument might be
plausible; typically there is no such relationship. Indeed, the taxes
that are to be absiracted may have been levied more for regulatory than
for revenue-producing purposes. It is not being suggested here that
construction projects do not entail government services; rather, because
of the difficulty of isolating and measuring such services, construction
practices and projects can best be compared as to national costs by
removing all taxes and subsidies.
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national rate changes; then the sum is discounted at the changed rate,

etc., the process ending at the calendar start of the project.

The total of the discounted national outlay sums is, then, the
present value of the national cost of the practice or combination of
practices measured in the table. Valuations in this manner of a
number of alternatives should allow the identification of the one carry-

ing the lowest national cost.

In a somewhat more complicated problem of national cost comparisons,
alternative practices of different time durations means differences in
the time at which the flow of project benefits can begin. In such a
situation, the national evaluation must embrace not just costs alone,

but both benefits and costs.

The adoption and eventual implementation of the lowest-national-
cost alternative can be awkward if that alternative differs from the
one that promises the lowest financial costs. Budgetary costs will
then be larger than if the second alternative were chosen. (See
Chapter V for a discussion of the attitudinal obstacles posed by those
who do not understand national costs and/or those who concentrate on
problems of financing projects.) But the higher budgetary costs in
no way impair the low national costs. The higher financial costs to
the Treasury should be regarded as intra-national money transfers
needed to pay the financially more expensive national resources--

typically unskilled labor.

C. SCREENING

If there are several alternatives to an existing practice or
component and a full financial and national evaluation of each is
not warranted, the several options may be screened to narrow the

field to a number that can be fully evaluated.
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Screening techniques will vary from instance to instance, but the
process is ordinarily one of selecting the cost elements, for the
existing practice and each of the suggested alternatives, that are
likely to be changed most drastically and estimating them roughly,
usually without discounting. The most likely cost elements are
imported equipment, domestic versus imported materials, and unskilled
labor. Financial and national cost estimates should be made for these
elements. The evidently higher cost practices can be discarded and
detailed evaluation can be given the remaining more promising candidates.
Occasicnally, the full evaluations may indicate that a previously
discarded possibility deserves evaluation, also. In any event, the
screening stage is useful in avoiding a detailed assessment of every

alternative practice that has been found to be technically feasible.
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V. OBSTACLES TO THE ADOPTION OF COST-REDUCING PRACTICES

Unfortunately, the selection by a government of a practice or set of
Practices for implementation because of their cost-reducing virtues is
ordinarily not sufficient to prompt the needed action. Typically a
host of obstacles, some of them rather formidable, has to be overcome.
Each country needs to identify the kinds of obstacles that may hamper
the realization of lower costs; each type of proposed practice may

carry its own unique set of obstacles.

This chapter provides lists of some of the kinds of obstacles that
may be encountered. The list is no more than suggestive. In each
country the obstacles that beset cost-reduction need to be identified
and scrutinized. Moreover, each project and each practice within any
Project deserve separate examination, because remedies are of ten
specific to the particular obstacle to be overcome. Many of the obstacles
beset those situations in which the lowest-national-cost practice does
not coincide with the lowest-financial-cost practice, but there are some
obstacles that hamper the implementation of even those opportunities

where the two minima coincide.

Obstacles can conveniently be categorized as: (a) those that are
legal or procedural, including financial; (b) those that follow from the
nation's lack of full competence to implement the desired practice; and
(c) those that derive their strength as impediments from the attitudes
of people. Many of these various obstacles are sometimes described
as institutional, but endeavoring to segregate those that can be aptly

called institutional serves no particular purpose,
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A. LEGAL AND PROCEDURAL OBSTACLES

Distorted Prices

It can well be argued that the distorted prices, which necessitated

the separate calculation of national costs in the first place, constitute

the basic set of obstacles to the implementation of low-national-cost
practices. In most countries, these distortions are brought about by
governmental action, although in some nations, strong autonomous labor

unions may have forced wages to levels above those justified by marginal

productivity. Distorted prices are obstacles precisely because they
tend to make the lowest-national-cost technology or material more

financially expensive than some alternative practice.

Price distortions are typically caused by governmental control
or administration of prices such as foreign exchange rates, interest
rates (via ceilings), and wage rates and supplements (via floors).
Excessive wage rates and fringes may also be occasioned by powerful
labor unions. Some private companies may have the monopolistic or
monopsonistic power to set the prices at which they sell or buy. Prices
may be distorted too by governmental taxes and remissions of taxes.
Taxes that are a function of wage payments, such as taxes to finance

government-paid labor supplements, operate like increments to legal

wage minima. Whether in the form of reduced rates or of full remissions,
remissions of customs duties on imported capital equipment have the

same effect as an unduly low set of exchange rates on foreign currencies.

Persons in the public and private sectors responsible for financing
construction projects understandably resist the adoption of practices
that require larger money outlays. Within the private sector, the
resistance may be almest overwhelming; the private contractor, for
example, has no incentive to adopt any altered technology or material
unless he can thereby reduce financial costs. Any gcvernment that
takes reducing national costs seriously must eliminate or offset the
adverse impact of distorted prices. Most times, the corrective action

is fiscally expensive.
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Labor Requirements

Quite apart from distorted prices in the form of excessive wages,
labor laws and practices insisted upon by powerful labor unions may
stand in the way of using labor in a lowest-national-cost pattern,
Thus, laws and practices that are intended to protect labor may never-
theless stand as obstacles to the sensible use of that resource.
Laws and contractual provisions stipulating the minimum number of workers
to be retained for any task, or hampering the right of the employer to
terminate redundant employees, may in the short run enlarge employment
but over the longer pull discourage the choice of technologies or materials
that are relatively labor-intensive. Rather, the contractor--typical
of firms in such a situation--elects a more capital-intensive practice
that appears to promise escape from problems of expensive compliance
with the rules to which he would be subjected if he chose a labor-intensive

practice.

Government Procedures

In many developing countries, there are rules and patterns that are

followed within government, and between government and other parties,

such as architects and contractors, that stand as barriers to change

elther by: (a) plainly confirming established technologies and materials
or (b) including procedures that bias results in favor of certain practices.
The former obstacles appear in rules for design and specifications and in
approved contractual language. The latter can be exemplified by the

rating of contractors in terms of their ownership of equipment, a procedure

that results in relatively capital-intensive technologies.

Bank Lending Practices

A similar situation is the tendency of banks to more readily provide
funds for investment in capital equipment than for the coverage of
operating expenses, such as wages. The blas toward equipment becomes a

blas toward imported equipment as governments turn to international or
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foreign banks that seem to have more funds available and on better

terms than do strictly domestic banks. (These better terms may be
essentially a subsidized interest rate that 1s costly to the outside

world but not to the developing country itself; thus tha subsidies operate
to encourage more capital-intensive methods that are costly from a world

standpoint even if not from the standpoint of the developing country.)

Sequence of Project Formulation

One sequertial aspect of construction project formulation typically
operates as an obstacle. In planning construction projects, the
technologies and materials that compose each component and the project
as a whole are selected prior to costing. Such a procedure effectively
blocks the creative search for less costly practices in everyday project
planning and =2xemplifies the reasons that can be advanced for the under-

taking of a comprehensive cost-reduction project in each developing country.

Faulty Records

Finally, among the legal and procedural obstacles may be listed
the inadequate and often inaccurate cost accounting records that are
kept in many countries. Accounting procedures may not have been
established to produce the needed cost data, and often the actual record
keeping is even less satisfactory than the prescribed procedures.
Occasionally, the accounting conventions in use are appropriate to an
advanced country but not to a developing country. A particular example
of an inappropriate convention is the all-too-common practice of
depreciating equipment according to life schedules prepared by manu-
facturers for use in advanced countries. Such schedules assume a
degree of competence on the part of operators and a level and
schedule of maintenance that are not characteristic of developing
country situations. Furthermore, often in developing countries equipment
that 1s still operable is aktandoned because of the high cost of moviag
it to the next site. Because of these features of conscruction in

developing countries, equipment needs to be depreciated more rapidly.
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B, LACK OF NATIONAL CAPABILITY TO IMPLEMENT

Shortage of Expertise

Once an opportunity to reduce costs has been firmly identified and
evaluated, implementation may have to await the nation's attainment of
the needed capabilities. The low-cost-~technology or material may call
for expertise that is not yet available within the country. If the
practice is newly devised, even the advanced countries may not yet have
people qualified to implement it. Realization of such opportunities will

have to be postponed until the deficiency can be overcome.

The needed expertise may be technical or it may be managerial. A
significant example of the latter is the felt lack of ability to manage
the large crews of workers that would be called for if relatively labor-
intensive technologies are to be applied. Some countries had this
competence at one time but loast it as relatively capital-intensive tech-

nologies became the conventional practice.

Poor Health of Labor Force

There is evidence that a principal obstacle in many countries to
the enjoyment of reduced costs through labor-intensiveness is the poor
health and associated low productivity of the candidate labor f-cce.
Only as this basic obstacle can be overcome through adequate nutrition
and sanitation, can many of the otherwise promising cost-reduction

opportunities bes realized.

Shortage of Wage Goods

A formidably similar but less crucial obstacles is the unwillingness,
if not the inability, of some countries to undertake labor-intensive

technologies because of the non-availability of the kinds of goods and
services (apart from thogse essential to health) on which construction
workers would want to spend their wages. Plainly, construction programs =--
especially those in rural areas -- need to provide not only for operating
supplies and fuel for equipment, but also all that is needed to fulfill

the consumption expectations of workers and their families,
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Seasonal Availability of Workers

An obstacle frequently encountered in rural areas to the adoption of
relatively labor-intensive technologies is the seasonal availability of
workers. Labor may be available for construction activities only during
off-seasons in agriculture. An obstacle of this type is to be

accommodated rather than overcome.

Supply Faults

Just as the human resources needed for implementation may not be
available, the requisite material resources in the form of equipment or
newly formulated materials may be immediately lacking. In some instances,
the new practice may have been proved in the laboratory but is yet to be
produced nn a commercial scale. Or the problem may be that the realiza-
tion of the low-cost potential depends upon economies of scale that require

adoption of the new practice in a number of countries.

Impaired Equipment

Another example of this type of capability obstacle is the
characteristic inability of developing countries to maintain equipment

properly. This fault, along with incompetent and careless operation of

equipment, impedes the cost-reduction potentialities of many relatively

capital-intensive technologies.

C. ATTITUDINAL OBSTACLES

In addition to the types of obstacles that can be categorized as
legal and procedural, and as capability-related, there is a set of
pervasive and remarkably stubborn obstacles that can be callea attitudinal

or psychological.
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Inertia

The most important of these obstacles may be sheer inertia. Once a
given practice has become accepted and established, everyone who com-
prises the public construction sector in the country tends to become
emotionally attached to the current practice. This attitudinal attach-
ment becomes a formidable obstacle to any proposal for change, even if

the cost-reduction implications are clear and rationally convincing.

Self Interest

Inertia as an obstacle is regularly reinforced by outright opposition
that may be based on self-interest with an admixture of prejudice.
Opposition is likely to be encountered from anyone who believes his income
or his position in society is threatened by the proposed cost-reducing
practice. Opponents can thus include architects and designers, manu-
facturers and suppliers of equipment, repairmen, public employees,
bankers and insurance companies, contractors and their staffs, skilled
and semi-skilled construction workers, and even unskilled workers. All
of these types of persons who are receiving incomes associated with
existing practices and who are not certain that alternatives of which
they are aware will benefit them, are likely to become opponents of

change.

Preference for Capital Intensiveness

A third type of attitude tha' can beset some technologies is
exemplified by the typicel preference of the engineer for capital-
intensive practices euwploying the most recently developed technologies

and the most sophisticated matericls. This preference pecomes an

obstacle if the national cost evaluation suggests a practice different
from the one to which the engineer is attracted. The engineer may have
a congenital as well as a conditioned preference for managing machinery
and against maneging men. The crucial task of motivating crews of men

to high levels of cooperative productivity may be particularly outside

43

Arthur D Little Inc.



his preference bailiwick. All of these attitudinal characteristics
stand in the way of labor-intensive technologies relying upon domestic

labor, materials, and equipment.

Unfamiliarity with National Costs

Finally, many decision-makers are not sufficiently acquainted
with the concept of national costs and its merits. Such persons are
likely to concentrate on reducing financial costs and to resist the

adoption of any practice which cannot be justified financially.
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VI. IMPLEMENTATION OF COST-REDUCING PRACTICES

Once alternative practices that promise to reduce national costs
have been identified, they must be implemented by appropriately modify~
ing the plans for individual construction projects. Some projects may
require no more than one substitution of a replacement practice., 1In
other cases, the changes in technologies and materials may be many and

drastic.

Regardless of the simplicity or complexity of the cost-reductions,
the government will have to prepare an implementation plan, or perhaps
a set of implementation plans, to overcome the obstacles to the desired
changes so that the reductions in national costs can be realized. In
some instances, the implementation plans will need to be tailored to
particular construction projects. In other instances, the implementa-
tion plans can be formulated and carried through without links to

particular projects.

This chapter concentrates on the portions of the implementation
plans that are intended to overcome obstacles. The most workable
approach is to take the types of obstacles that were discussed in
Chapter V and consider them in terms of the government actions that

might be taken to overcome them.

In the instance of particular patterns or construction projects,
the distortions that concern us are those that point to minimum
financial cost alternatives that are different from minimum national
cost alternatives. One group of remedies calls for inducing an
alteration in market prices as seen by the decision-maker so that, in
choosing practices on the basis of financial costs, he will select those
that also minimize national costs. One rather obvious means for affect-
ing market prices is by placing taxes on the principal inputs of the
practices that are to be discouraged and/or providing subsidies to the
principal inputs of the practices that are to be encouraged.
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A. ALTERING FINANCIAL PRICES THROUGH TAXES AND SUBSIDIES

Price distortions have been presented as forces that operate to
direct resources into practices inconsistent with low national costs.
It is, accordingly, tempting to wan® to urge governments to repeal or
amend all laws and regulations that have such distorting effects.
While such changes in laws may occasionally be in order, most times
the offending legislation was enacted for purposes that appear to the
government to be more important than reducing costs in public construc-
tion. In practicel terms, a good technique for inducing the needed
alteration in market prices is to remove the particular distortions
affecting construction costs by taking specific exceptions to the
governmental policies that have caused the distortions in the first

place.

The most workable ways of removing the distortions are: (a) to
tax the principal input items in the undesired practice so as to raise
their market prices, or (b) to subsidize-~either outright or by remission
of taxes--the principal input items in the desired practice to reduce
their market prices. A combination of the two can, of course, be used.
It should not be supposed that, in the instance of a combination, the
taxes on unwanted inputs will generate funds that can finance the
subsidies on wanted inputs. Rather, if the taxes have their intended
effect of halting the undesirable practice, no revenues will be pro-
duced. On the other hand, tax remissions mean revenues foregone, and
outright subsidies mean expenditures of tax revenues. In either event,
if government outlays for other purposes are not to be curtailed, means

of providing additional revenues must be found.

Apart from the admiu_strative costs of collecting revenues and
distributing proceeds, such flows of funds into and out of the treasury
impose no real cost on the national economy. The nation's total

product is in no sense impaired; uuch subsidies and tax remissions
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essentially are nationally costless because they are merely transfer
payments. Moreover, not only do these fiscai flows not entail real
(national) costs, their effect is, of course, to reduce real costs by
inducing decision makers to do a given construction job with fewer
real resources. This does not mean that it is easy for the government
to devise the needed revenue-producing taxes: the problem is one of

distribution of income, not of the amount of that aggregate income.

The difficulty with a subsidy is the awkwardness of finding the
tax revenues with which to finance it. Moreover, money payments as
a form of subsidy open the way to political difficulties that would
not be faced by imposing deterrent taxes on the nationally undesired
inputs. On the other hand, the use of deterrent taxes means that the
financial price of the entire construction project is higher than it
would be if subsidies were used. Thus in either instance taxpayers
provide the funds (except, of course, as the construction project is

paid for by those who receive the benefits of the project).

As an example of the kind of approach that is required, the
government's evaluation may have shown that national costs can be
reduced by not importing certain pieces of equipmeat. However, the
equipment is imported because: (a) the domestic currency is over-
valued in foreign exchange markets, and/or (b) the government, to
encourage industrialization, has declared machinery and equipment to
be free of import duty. Thus, the appropriate remedy may be the
levying of an import duty of sufficient magnitude to deter purchases.
Similar taxes on other imports involved in the undesirable practices
may lift the total deterrent to a level adequate to make the desired
practice the financially least costly. If taxes alone cannot correct

this distortion, subsidies or tax remissions may be necessary.
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The offsetting of the distortions caused by high minima for wages
and supplements poses a special problem. The stipulated levels of
remuneration are alﬁays intended to provide minimum levels of living
for workers and their families, levels that a nation'may not be ready to
compromise for the sake of national cost reductions. The most promising
course of action is the providing of wage (and supplements) subsidies --
either directly or through the remission of employment taxes -- high
enough so that government officials responsible for public construction
and private firms engaged in public construction see the net financial
cost of labor as being low enough to warrant the level of labor use
called for by the lowest-national-cost practice. (Such subsidies would
appear to be far preferable to any coercive requirement by govern-
ment that certain numbers of workers be hired for certain tasks, since
it might not be enforceeble and probably would jeopardize morale at evary
level.)

While no firm guidelines can be drawn as to the particular combin-
ation of taxes and subsidies necessary to achieve the desired financial
price pat:ierns, one or more such combinations should be sufficient to

accompiish the principal purpose.

B.  PROHIBITIONS

On occasion, rather than taxing an undesirable material or piece of

equipment to raise its cost price to a deterrent level, it may be advisable

for government to prohibit the objectionable item. Such an instru-

ment is most likely to be workable when the item to be proscribed

is an import. Occasionally, the government may prohibit the local
manufacture of the material or equipment. In some circumstances, rather
than prohibiting importation or domestic manufacture, the government can
specify the materials to be used for a given project in a way that
excludes those that are undesirable. For example, if all cement is
imported and the government wishes to exclude cement for certain uses
while not penalizing other uses by taxes on cement, the exclusion can
be handled by specifying the specific materials that are to be used.
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Prohibitions that require on-site enforcement for their effectiveness
are not likely to be workable. If a given type of equipment is to be
used for certain tasks but not for others, the correct approach is
probably a level of tax that renders the undesired use uneconomical from

the standpoint of the contractor.,

C. PRESCRIBED PROCEDURES

To overcome obstacles in the form of faulty designing and contracting
procedures, the need is plainly to alter the procedures. If they have
been written to require or show a preference for a given material or
plece of equipment or process which is nationally costly, the language
must be modified. Similarly, if labor laws and regulations operate
to deter technology decision-makers from choosing processes that are
labor-intensive as lowest national costs dictate, revisions are in order.
Appropriate for revision are any regulations that render the hiring,
management, and firing of labor so difficult that the employer is induced

to use imported equipment-intensive technologies instead.

Another pertinent procedural area is accounting. Systems must be
introduced that: (a) provide complete and timely records of financial
costs; and (b) incorporate all the data needed for the national costing
of any practice or construction project. For example, records of equip-
ment cost and use should facilitate proper machine maintenance, inventory-

ing of spare parts and depreciation charges.

One procedural change that deserves general adoption would require
construction project planning to take into account the financial and
national costing of alternative technologies or materials that had, by
earlier evaluations, been found to carry attractive low national costs.

Such a procedure is needed to obviate the sequence in which the tech-

49
Arthur Dlittle Inc



nologies and material components of a project are locked-in before the
project is costed. The procedures should facilitate, for example, the
planned recruiting and scheduling of labor. Rural labor may be available
only in agricultural off-seasons. The government should formulate and cost
alternative plans and schedules that consider transported urban labor or
less labor-intensive techniques as alternatives to episodic progress using

local rural labor.

D,  EDUCATION AND TRAINING

A number of the potential obstacles are, fundamentally, ignorance
of one kind or another. The elimination of ignorance is ordinarily not,
of course, a suitable component of any construction project implementation
plan: essential to the elimination of this obstacle is a program of
education and training. But in planning any construction project,
this obstacle must be faced, and this often requires provision for the
importation of the needed expertise and possibly, for large projects,

for on-the-job training of indigenous personnel.

Lack of knowledge may range from an absence of technical or
managerial know-how to the type of ignorance that manifests itself as

opposition to any sort of change in construction technologies or materials.

Almost every developing country has a shortage of construction and
materials engineers and of managers, including managers of labor.
Education of such people, both domestically and abroad, is needed.
Furthermore, the type of education that is now provided needs to be
altered and enriched, since the typical engineering curriculum in the

universities of both advanced and developing countries conditions students

to regard the most heavlly capital-intensive technologies as almost

inherently superior; students are led to regard indigenous materials
and techniques as almost necessarily inferior. Curriculum changes are
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needed to prevent such indoctrination. Furthermore, students need to

be adequately grounded in cost analysis, both financial and nationmel,

in order for them to become cost-conscious and appreciative of the theoretical
basis of national costing. More education -- or at least more appropriate
education -~ is also needed for accounting personnel who contribute to

the planning of projects and the keeping of project performance records.

Training of labor is also needed to enlarge the supply of skilled
construction craftsmen, equipment operators, and repair mechanics. The
training can impart not only skills but also a flexibility of outlook

that fosters cost-cutting innovations.

E. RESEARCH AND DEVELOPMENT

To help overcome obstacles associated with introducing technologi-al
innovation, every developing country should have, or have access to,
research and development facilities that can develop or adapt equipment,
materials, technical processes, etc. These facilities can and should be
especially helpful in perfecting the material aspects of practices
whose national costs have been found to be low but which must be refined
or adapted by a research and development facility before they can be

used on specific projects.

F, PROVISION OF AMENITIES

To help overcome obstacles associated with health and morale, the
government may need to plan for and perhaps stipulate within the
contracts for each project the provision of nutritious diets, sanitation
facilities, medical care, worker housing, etc. Generally, these goods
and services will be provided to workers without charge as part of the
wage package; in some instances, workers may be entitled to receive

cash instead of such wages-in-kind. If recruitment and morale is
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jeopardized by a lack of consumer goods on which wages can be spent,
either in the project area or in the country as a whole, the government

may wish to take corrective action.

G.  HANDLING ADVERSELY AFFECTED PARTIES

Change, however beneficial to society as a whole, is bound to hurt
someone, relatively if not absolutely. Accordingly, the implementation
of alternative practices 1s occasionally jeopardized by the opposition
of the persons involved in the existing practice who realize that they
will be either economically or socially hurt by the proposed change.
Ingofar as their fears are not well-founded, education may be the
answer, If their concerns are legitimate, government may quite properly
want co take ameliorative action. Programs to retrain, to find outlets
for skills or services within the alternative practices or elsewhere in
the national economy, to compensate for inventory losses, etc., may be

very much in order.

H. POLICING

Finally, to the extent that the nationally desirable practices
cannot be made economically (i.e., financially) preferable to everyone
involved in their implementation, the government may need to provide
for construction project monitoring and for policing action within
its own oversight program. Such action should be taken only as a last
resort. It is pertinent, however, that just as inspections and approvals
may be needed with respect to the physical construction, so also mav they be
called for to insure that the technologies and materials conform to

lowest-national-cost criteria.
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I. IMPLEMENTATION

Once obstacles have been identified and assessed, and the means for
removing them have been selected and designed, a comprehensive
implementation program may be called for that effectively eliminates
or neutralizes obstacles and that assumes that lowest-national-cost
practices are actually used in the planning and implementation of

construction projects.
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VII. ESTABLISHING A COST-REDUCTION PROJECT

Previous chapters have concentrated on what needs to be done to reduce
costs in the public construcition sector. This chapter discusses how to

undertake these actions in a formal manner.

Efforts to achieve cost reductions need not be undertaken formally,
of course; they can be ad-hoc and involve numerous activities of many
more or less unrelated individuals or groups. If so, the guidelines in
the previous chapters are pertinent and should be useful, but the
disadvantage of numerous ad-hoc activities is that seldom can a cost-
reduction opportunity be implemented in isolation. Rather typically,
the national obstacles to cost reduction will be too formidable and
too widespread to be overcome by the managers of a given construction
project. In a given national situation, a formal organization of the
cost-reduction efforts into a single project can result in far greater
cost-reduction benefits in public construction than an ad-hoc approach.
Moreover, a formal organization, especially if it is a top-level one,
can generate an esprit de corps that should help to motjvate the per-

sonnel engaged in the work.

The guidelines in this chapter apply to such situations. The
results of their application--the plans of the cost-reduction project--
should be formally recorded for convenient reference during the life
of the project. The record may bg in the form of a Project Statement.
It may be desirable to issue the Project Statement as a public document
for wide distribution, under the name of the organization responsible
for its accomplishment. Its contents may be organized as indicated in
Table 2.
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1.0

2.0

3.0

4.0

5.0

TABLE 2

OUTLINE OF A TYPICAL CUST-REDUCTION PROJECT STATEMENT

Introduction

1.1 Background of the project: The mutual interests which brovght
it about; the importance of the project to the country; the
functions of the project statement.

1.2 Basic procedure: Its short-term nature, and its context for
the longer term; concepts of cost reduction; and the scheduled
calendar of the project.

Objectives and Scope

The specific objectives in the context of the country conditionms,
and the scope of the work in terms of the specific topics which
have been selected.

Work Programs

A 1list of the programs, incorporating for each: background
supporting the choice of the program; the objectives for the
program to be achieved in the work; the elements of the work
plan; and the forecast of the final product.

Methodology

General policy statements covering the methed for collecting
and evaluating data and information relevant to the work
programs, such as level of detail, sources of information,
use of a conference or seminar, and the specific steps or
stages in the project.

Responsibility and Participation

Designation of the responsible organization, a technical assist-
ande organization (if appropriate) and the organizations in the
country that are potentially available to participate in selected
areas on a part- or full-time basis.

Appendices:

This is a flexible component of the project statement and should
record information detail already known that may be useful

in the work. An example is a brief summary of the construction
goals of a current national development plan.

56

Arthur D Little Inc.



A Project Statement is useful because:

e It provides all participants with a common basis for under-
standing the goals and modus operandi of the project, whether
or not they join the project at the beginning.

e It provides all field interviewees with a basis for a similar
understanding of the project and thus encourages their

cooperation.

e It provides a measure against which to assess the

accomplishments of the project.

A. FUNCTIONS OF THE PROJECT

The functions of a specific cost-reduction project are the application

of the guidelines established in the earlier chapters, as follows:

o identification of the alternative technology and materials
practices for selected components of construction projects
and, for each practice, estimates of the quantities of the

nation's resources to be consumed;

e evaluation of the alternative practices on the basis of estimates

of their financial and their national costs;

e recognition of the obstacles to implementation of selected
practices posed by distorted prices and by the public construc-
tion sector through intransigency in its attitudes towards change,
prevalence of legal restrictions and set procedures, and local

inability to engage in unfamiliar activities;

o design of actions to overcome the obstacles to the implementation

of less costly practices; and

o formulation of procedures for the implementation of construction

projects using least-national-cost f:echnologies and muaterials.
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B. SELECTION OF PROJECT SCOPE

The selection of the project scope should reflect the ultimate goal
of the project, namely, actual achievement of cost reductions rather than
the mere promise of achievement. There may be unusual cases where the
scope of the project work will permit such a goal to be atcained outright,
but it is more likely to be necessary to choose intermediate goals, the
achievement of which constitutes progress and an encouragement to work

towards the next step and eventual achievement of the ultimate goal.

To sustain interest in the project, each intermediate goal should
be recognized when it is achieved. In fact, the intermediate goals may
be all that can be reached within the contemplated time span for the
project. Thus, the project as originally conceived and planned may be
only a first stage of a longer and more elaborate cost-reduction project.
The utility of the results of the first stage would provide justification
to continue the project into a second stage. Specific knowledge of local
conditions may be the best means to judge the appropriateness of the

scope of a first stage.

If many construction project components are treated in the project,
it may be found that some lend themselves to total completion and others
to partial completion. A project scope that presents such a mix may be
desirable. (Appendices B and C contain illustrations of the mix encountered

in the three experiments.)

C. ORGANIZATIONAL ELEMENTS

l. Placement

The organizational placement of the responsibility for a cost=-reduction

project will depend largely on the way the activities of a government in the
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public construction gector are already structured. If the kinds of respon-
sibilities that bear on construction costs are at all scattered throughout
the government, in interagency body is needed at the top to lead the project.
If, on the other hand, the responsibilities are all centered in one depart-
ment or ministry, only one person familiar with all the responsibilities

may be needed to direct the work.

In either event, placement of responsibility for completion of a cost~

reduction project should take account of three considerations:

e the extent to which the project personnel will be freed from
the prejudices of a line organization in the government or
elsewhere to which an individual may permanently belong, whether
or not prejudices arise because of the conventional mode of
operation of that line organization or because of the predominating

opinions of authoritative individuals within that line organization;

® extent to which high-level attention will be given to the eventual

findings and recommendations of the project; and

e the extent to which the personnel assigned to the project will
feel that their professional careers are not harmed but rather
enhanced by participation in a group that functions outside

their own organization.

2. Structure

If an interagency type of project is needed, a policy-making
function should be included. This function may be provided by a policy-
making steering committee. If the project is placed within a ministry
or department of the government, and, if the responsibilities for con-
struction costs are spread amecng many divisions of that body, a steering
committee may still be appropriate. If the placement is localized, a
single high-level official may be the source of policy decisions.
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The project leader should occupy a level in the government at least
high enough to give him some freedom in day-to-day actions and in estab-
lishing minor policies related to the work. If he is to continue to have
other duties, he should at least have a competent assistant to manage the

project full-time under the leader's part-time direction.

Each construction cost component topic may have a leader assigned
to it, who will take the responsibility for its completion, and for the
direction of the project staff and other organizations engaged in the
work. He should be expected to devote full-~time to this effort. The
timing of the recruitment of the full staff may be left to the topic

leader's discretion, subject to the guidance of the project leader.

The number of project staff should be geared to the scope of the
work program and to the extent that participation of outside organizations

in the work may be anticipated.

The terms of service for the personnel assigned to the project need
to emphasize the importance of the project and the benefits of their
participation and effective work. A recognition that participation
and successful achievement will have a beneficial effect on individual
careers may be very important to individual motivation. This recognition
emphasis may be needed to overcome a common impression of personnel
assigned to temporary projects that they have been detoured from their

chosen career goals.

D.  WORK PROGRAM

The work program contains the objectives and the descriptions of the
tasks for fulfilling the project functions. One important task is the
collection of data. Comprehensive data and information need to be
compiled insofar as permitted by the intensity of effort scheduled
for the project. There are four major areas for data and information com=
pilation (Table 3), the relevance of each depending on the selection of

construction component topics for the work program.
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3.

TABLE 3

FOUR AREAS FOR DATA AND INFORMATION COMPILATION

Materials:

e identification of the predominant materials of construction and the current
patterns of usage (The usual construction materials are: cement, burned-
clay products, sand and aggregates, structural and reinforcing steel,
asphalt, wocd, asbestos-cement, and aluminum.);

® the current state of research in government, academic, and private organi-
zations into the aspects of improvement of propertiecs and adaption to new
uses through analysis, testing and innovation;

e the current emphasis in <onsidering slternative materials on avoiding or
encouraging future maintenance;

e the potential to obtain constructior materials from indigenous sources
that may not have yet been developed;

® the degree to which formalized material specifications have been standardized
and the appropriateness of the standards that have been used; and

® the extent to which foreign exchange is required to permit the current
usage pattern of construction materials.

Construction Technology:

e the labor/capital mix employed;
e the design practices that influence maintenance needs;

e the problems of supervision in the construction stage that affect quality
control;

e the productivity of capital equipment; and
e the productivity of labor.,

Public Construction Institutions:

e the definitive description of practices followed by government organiza-
tions and private construction contractors between the time a construction
project is conceived and the time that it is completed and turned over for use;

e a description of the available facilities that could be useful when the
change involves technological research and development; and

e an assessment of the obstacles that may arise in attempts to introduce
change into the practices.

Cost:

o data for financial cost analysis; and

o shadow prices and related data for national cost analysis.
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Another important task of the work program is specific to the procedure
of designing implementation, and depends on the difficulties encountered in
overcoming obstacles. The difficulties may involve the identification of
obstacles or lack of specific ideas as to how they may be overcome. One
aild in resolving these difficulties is to provide a forum for discussion

in which they can be aired and evaluated.

The discussion forum could be a broadly attended conference or seminar.

In planning the conference, the following should be key considerations:

o the invitation list should include individuals from public
and from private organizations, representing all shades of

informed opinion relevant to the topics in the work program;

e alternative construction practices can be discussed at the

conference;

e the conferees may be provided in advance with a set of con-
ference papers reporting the findings of the work program as

background for discussion;

e a sufficient number of people from the project organization
should attend the conference, cover all the activities, and
then be able to identify the information in the detail needed

as input to design or evaluate the implementation plans; and

e the conference organization should provide for subdividing
the conferees into groups accorling to the individual topics

to be covered in order to avoid mixing unrelated interests.

A final task in the work program should be the formal reporting of

the results. The frame for organizing this report can be:
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e the segregation of the topics of the work program which have
been completely treated, and for which specific plans of action

have been formulated, justified, and recommended;

e the segregation of the elements of the work program which
have been sufficiently completed to indicate the future work

needs and the justification to continue the effort;

e an evaluation of the accomplishments of the cost~reduction
project in terms of the promise they offer in the short term
through implementation of the cost-reduction opportunities
and the promise for achieving further cost reductions in

the future through continuing the project into a next phase; and

® the recognition and the evaluation of any need to aggregate
the implementation plans for the selected construction project
component practices when many different components have been

treated in the cost-reduction project.

The final element involves coordinating the different plans to make
effective use of the personnel and natural resources that are foreseen
to be needed to accomplish the implementation actions. Moreover, this
coordination should assure that time schedules established for the

completion of the construction projects affected will be met.
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E. ACCOMPLISHING THE WORK PROGRAM

1, Approach

The method selected for the accomplishment of the work program should

provide for the following elements:

e selection of the duration of the work program to allow a balance
between providing sufficient time tc produce meaningful re-
sults, but not an excessive time in terms of retaining interest

(for example, by a steering committee) in the outcome of the work;

e subdivision of the work program, insofar as practical, into a
series of definable tasks capable of being delegated to iden-
tifiable individuals or groups for accomplishment;

e conduct (insofar as the task may involve a large volume of
detailed design of a routine nature) a survey to gather
statistical data, solicit the cooperation of organizations
outside of the project who can handle such tasks more
efficiently than the project staff;

e retain (in cases where specialized tasks are to be undertaken
requiring expertise not available within the project) the

services of a local or foreign organization; and
e arrange for a formal presentation of the final results to the
project directorate in order to obtain its approval and

implementation.

2. Schedule

The project schedule should be established so that each task im the

work program 1s identified and dates for starting and completion assigned.
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The interrelationships between the tasks may have to be noted so that

tasks occur in a logical sequence and promote effective use of the
participants' time.

3. Budget

An autonomous budget for the project should be established.
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APPENDIX A

AN ILLUSTRATIVE CALCULATION OF FINANCIAL AND NATIONAL COSTS

The studies conducted in Ghana by the Building and Road Research
Institute as part of the experimental project in that country included
the financial and national costing of a number of alternative materials
and practices. Topics included (a) burnt clay bricks in terms of
alternative manufacturing technologies and as an alternative material
to cement-concrete blocks, (b) sand-lime bricks as an alternative to
cement-concrete blocks, (c) pozzolans from bauxite wastes as an alter-
native to portland cement, (d) lime as a road stabilizer, (e) alternative
roofing materials and roof designs, and (f) alternative road construction

technologies, and (g) alternative materials for highway bridges.

The bridge alternatives were presented in a paper entitled
"Comparison of Alternative Bridge Designs" by I. A. Allotey, Research
Officer of the Building and Road Research Institute, to the Conference

on_the Achievement of Cost Reduction in Public Construction in Accra,

June 1974. The cost tabulations in this appendix are adapted or
inferred from data provided in that study.

The research was undertaken in order to check the possibility that
brick masonry or timber bridges might be less costly than the reinforced
concrete double box culvert bridges that are standard for small (20-foot
span) highway bridges in Ghana. The results provided details which in
summary are usefully illustrative of the costing techniques discussed

in Chapter IV above.

Table A-1 is similar to the model provided in Chapter IV except
that (a) only one construction year is needed and (b) no financial
flows in terms of principal or interest are involved. The initial

or construction costs for all three alternatives can be summarized in
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the one table. Because the construction period is brief, no discounting
was needed to arrive at the present value of construction costs. (Dis-
counting was used respecting maintenance costs and lifetime differences

as discussed below.)

In Table A-l,the Financial Outlays columns show the financial costs
of each of the three alternative designs. Brick masonry is cheaper
than reinforced concrete primarily because the needed materials, both
imported and domestic, are less costly. The timber alternative 1s the
most expensive, mainly because of the rental cost of the imported pile-

driving equipment.

National costs--which cannot be compared to financial costs--are
different from financial costs because of the shadow coefficients
applied to imported inputs and to unskilled labor. The Ghanaian cedi
was regarded at the time of the study es internationally overvalued by
40%; thus the shadow foreign exchange coefficient operated to raise by
40% the cedi cost of imported equipment and materials. Domestic inputs
were regarded as correctly priced in the marketplace with the exception
of unskilled labor; such labor warranted a coefficient of 0.26, meaning
that unskilled labor is only about one~fourth as valuable from a national
standpoint as from a financial or market standpoint.

Bridge construction costs, measured in national terms, do not rank
differently: brick masonry is st1ll cheapest and timber is the most

expensive, again because of the cost of the imported pile-driving equip-
ment. One might have considered here the prospects of local manufacture

of pile driving equipment of less sophisticated design.

The comparison of costs of the three bridges should not be limited
to construction costs only, however, because lifetime and maintenance
differ. The timber bridge has a shorter life and requires more maintenance.
Thus, timber is further disadvantaged, whether evaluated in terms of

financial or national costs.
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OUTLAYS TO FOREIGNERS

Equipment (purchase or lease)
and Spares

Imported Materials
Total, Foreign

DOMESTIC OUTLAYS
Lahor, skilled

Labor, unskilled
Equipment Use
Materials, Supplies, Utilities
and other inputs not covered
by items above

Total, Domestic

Total Financial Costs

Total National Costs

TABLE A-1

ALTERNATIVE BRIDGE CONSTRUCTIONS—-INITIAL COSTS

(In Cedis)
Reinforced Concrete Culvert Brick Masonry Timber
Financial Shadow National Financial Shadow National Financial Shadow National
Outlays Coefficient Outlays Qutlays Coefficient Qutlays Qutlays Coefficient Qutlays
496 506 2530
960 640 260
1456 1.4 2038 1146 1.4 1605 2790 1.4 39G6
432 1.0 432 655 1.0 655 472 1.0 472
1069 0.26 278 1046 0.26 272 334 0.26 87
20 1.0 20 484 1.0 484 28 1.0 28
5514 1.0 5514 4501 1.0 4501 5248 1.0 5248
7035 8245 6686 5912 6082 5835
8491 - 7832 8872 -
8283 7516 9741



The needed further calculations are shown in Table A-2. These
calculations are primarily the discounting of maintenance costs back
to the time of bridge construction; the formulas that were used are
indicated in the notes to the table., Because the expected life of the
timber alternative is 25 years and those of the concrete and brick
bridges are both 50 years, it was decided, to achieve comparability,
to cost all bridges on a 25-year basis. This was done by calculating
an annual cost equivalent or '"rental" based on the actual expected
lifetime of the bridge. The rentals for the first 25 years were then
discounted back to the present to obtain the present value of the

costs of 25 years of service from the bridge.

A commercial interest or discount rate of 9% was used in the
financial costing of the three bridges. In Table A-2, the row stubbed
Depreciation and Interest shows the component of the annual rental that
covers depreciation of initial cost and interest at 9%. 1In addition
each of the three bridges requires routine maintenance that costs, in a
financial sense, ¢ 50 per year. The timber bridge requires, in additionm,
special maintenance costing £ 50 in the fifth, tenth, fifteenth, and
twentieth years of its life; the procedure used for calculating the

annual cost value of this maintenance is shown in a note to the table.

Once the total financial cost annual rental for each bridge
alternative was calculated, the series of 25 annual flows was discounted
back to the present to show comparable totals of construction and

maintenance costs.

The same calculation was made on a national cost basis, using the
shadow-priced inputs. Because maintenance is provided almost entirely
by unskilled workers, the national cost of maintenance is significantly

lower than the finsncial cost.
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TABLE A-~2

ALTERNATIVE BRIDGE CONSTRUCTIONS-——COMPARATIVE COSTS

(In Cedis)
Reinforced Concrete Culvert Brick Masonry Timber
Lifetime 50 Years 50 Years 25 Years
Financial National Financial National Financial National
Initial Cost 8491 8282 7832 7516 8872 9741
Annual Rental e .09 @ .12 @ .15 e .09 @ .12 @ .15 @ .09 @ .12 @ .15
Depreciation + Interest? 775 997 1244 715 9205 1129 903 1242 1507
Annual Maintenance 50 33 33 50 33 33 50 33 33
5-yearly Haintenanceb —-— —_— —_— —_— _— - 8 5 5
Total Annual Rental 825 1030 1277 765 938 1162 971 1280 15%5
Present Discounted Value 8100 8078 8247 7509 7355 7503 9538 10039 9985
of 25 Years Service®
Initial cost x r
= a in which r is the discount or interest rate listed in the column and n is the expected lifetime of the bridge
1 - 1
l1+r T
b m m m m 1’ 1 25
Annual rental value of maintenance provided during 5th, 10th, 15th, and 20th years = 5 + 10 + 15 + 70
1+r) a +r) 1 +r) a+1r) 1+r

in which m is the cost of the maintenance, at the time it is performed, ¢ 50 if financial cost, and ¢ 33 if national cost. The formula calls

for calculating the present value of the four pieces of maintenance, and then for calculating the annual rental of that present value over a
25-year period.

1 25
¢ = Total Annual Rental x= 1 -(
l+r

T

A-5



Two alternative rates of discount (national time preference rates)
were used: 12% and 15%. The differential effect of the higher rate
in the instance of the concrete and brick bridges is to 1lift the present
discounted value of the first 25 years of service; the second 25 years
carry less value because of the effect of the higher rate on those more

remote years.

This pattern does not of course apply to the timber bridge
because the lifetime is only 25 years. The present value, using 15%
as the discount rate, is the lower of the two national values for that
bridge because the maintenance costs carry a lower present value when

discounted at the higher rate.

Conclusions as to the cost ranking of the three bridge alternatives
are the same whether or not maintenance is included, whether financial
or national costs are used, and whether the discount rate is 9%, 12%,
or 154, 1In all cases the brick masonry bridge is least costly and the
concrete bridge is in second position. It is evident that if the
timber bridge is to become competitive, a cheaper technology for driving
piles in Ghana must be found.
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APPENDIX B

SELECTED EXPERIENCES FROM THE THREE EXPERIMENTAL PROJECTS

1, THE POSITION OF CEMENT

In each of the three experimental projects, the work program was
addressed in some form to the subject of cement as a basic material
of construction., In Colombia, the emphasis was on the adequacy of
industry planning for expansion of production in terms of a foreseeable
future demand arising out of the implementation of the National
Development Plan. In the Philippines, the emphasis was (a) on
the inadequacy of the cement distribution to assure local supplies
despite significant overcapacity and (b) on converting the pattern
of cement distribution to highway construction projects from a bag
mode to a bulk mode. In Ghana, the emphasis was on finding alter-

native materials to reduce the demand for cement.

The results expected from each work program involved cost reduction,

either directly in the financial cost of the cement itself or in the
foreign exchange requirement, or indirectly in the financial or national

project costs by avoidance of construction delays arising from cement

shortages or by encouragement of the use of cement alternatives.

a. Colombia

Colombia has a well-developed, essentially modern cement-manu-
facturing industry of 13 plants distributed throughout the country in
accordance with the population. The industry management has periodically
expanded the productive capacity in terms of foreseeable markets and the
industry has experienced an impressive growth, but with the penalty of
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not achieving the benefits of large-scale production economies. The
limestone reserves for cement production in the country are excellent.
The National Development Plan of January 1972 called for a major increase
in the volume of public construction, particularly for urban multi-family
dwellings. Consequently, concern arose that the plan implementation
could be slowed and costs raised because of the inability of the cement

industry to keep up with the surge in cement demand.

The results of the work program showed that the industry was
essentially regional, primarily because of difficult transport problems
due to the terrain (most of the population is along the higher altitudes
of the three north-south mountain ranges in the country and along the
Caribbean coast). Thus one part of the country may have surplus cement

while another may have shortages.

The action plan for the short term was designed to eliminate the
regional nature of the supply through the application of technology
to transport cement in bulk, or as clinker, by rail in unit-trains
shuttling between source and destinations; for the long term, it was
designed to construct new centralized productive capacity at sites
strategically located for low production costs and for low-cost trans-
port via the existing rail network. Two distinct actions were specified
and recommended: (a) a prototype operation of a unit-train shuttle
transport on a substantial scale using existing rail and cement-production
facilities; and (b) a cement-demand forecasting activity to enable new
production facilities to be built at the appropriate times.

b. Philippines

The cement-manufacturing industry in the Philippines has overexpanded:
capacity is about twice domestic demand. Eighteen plants are distributed
throughout the northern, central, and southern islands. The industry
management problem, in contrast to the situation in Colombia, is one of

encouraging demand instead of increasing supply. Because of the high
B-2
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indebtedness of the industry to the government development bank and the
defaults in repayment because of the overcapacity in 1973, the Govern-
ment assumed temporary control of the industry operations through the

formation of the Cement Industry Authority.

Because of its policy of specifying cement-concrete instead of
asphaltic-concrete pavements in order to cope with severe climatic water prob-
lems, the Department of Public Highways is a major consumer of cement.

To support its announced construction program the Department needs
about 20% of the national cement production and if current practices
Prevail, this quantity of cement will be handled largely in conventional
bags.

The work program showed that: (a) despite the industry overcapacity,
there are shortages and delays in acquiring cement, particularly for the
major islands where no cement is produced, or where a consuming location
on a major island is remote from the manufacturing plant; (b) a remedy
is available through decentralizing factory-operated cement depots to
locations near market centers and supplying the new depots by an inter-
island or waterway unit-barge bulk shipment shuttle system; (c) considerable
savings in road construction costs are possible, by conversion to a bulk

handling; and (d) future efforts to decentralize and bulk-supply cement
depots are compatible with efforts to convert to a bulk-cement handling

mode in road construction projects.

The action plan was designed in two parts: (a) to acquaint the
Cement Industry Authority with the cement distribution problem and the
indicated solution; and (b) to identify the current and future road
construction projects that lend themselves to bulk-handling of cement and

the changes in cement-handling practices required.
c. Ghana

Ghana's cement industry is based entirely on the import of clinker

at two locations on the seacoast. The clinker is ground to cement in
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plants in the port areas and the cement is distributed from these points.
Limestone deposits are known in the country, but none have yet been

shown to be sufficiently attractive to eliminate the import of clinker
through local production. In any event, it still would be necessary

to import fuel for clinker production. Electricity for grinding clinker is
readily available from the Volta River Authority hydroelectric supply.

Ghana has alternative construction materials in the form of exten-
sive timber resources and clay deposits. The cost-reduction opportunities
in the cement sector arise, therefore, mainly in encouraging the use of
cement substitutes of equivalent performance that may be less expensive
financially and/or nationally; but also in encouraging, where feasible,
manufacture of clinker from local deposits, especially those located

far from the seacoast.

The work program showed that: (a) timber or brick-arch bridges
could represent feasible alternatives to reinforced concrete; (b) inten-
sive manufacture of clay brick could compete and substitute for cement-
block (sandcrete) in wall constructions; and (c) the possibility of cement
manufacture remote from the seacoast in the distant north, using a wood-

charcoal fuel and the Bonga-Da limestone deposit warrants detailed study.

The action plans accordingly specified: (a) efforts to establish
a domestic-market-oriented timber industry to supplement the present
export orientation; (b) activities for more-intensive construction of
brick factories employing manufacturing technology developed in an
experimental facility already completed; and (c) a technical and economic

feasibility study of the manufacture of cement from the Bonga-Da deposits.

2, THE MORE-INTENSIVE USE OF INDIGENOUS MATERIALS

The work program in each of the three experimental projects
addressed iteself to the extent to which indigenous construction materials

vere uged in the construction sector. In all three cases, the obvious
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local materials were adequately exploited or otherwise recognized: i.e.,
sand and gravel, the use of limestone for cement or lime manufacture, and
rock for wall construction, In Colombia, rock was being used for wall
construction by applying gabion technology; and the potential of using
blast-furnace slag for cement manufacture had been recognized. In the
Philippines, lava flows were intensively mined for sand and gravel.

In Ghana, a unique opportunity was being investigated to produce artificial
Pozzolans from bauxite-mine wastes and to use the pozzolans to extend

cement supplies,

a. Colombia

The integrated steel works at Paz del Rio produces large quantities
of blast-furnace slag as a waste product--about 10 million tons since
operations began. The slag is discharged from the blast furnace as a
hot liquid. After it cools in the air, its composition is qualitatively
that of a cement rock similar to that used for cement manufacture, except

that its lime content is very low. The slag is now used for land fill.

A nearby cement manufacturing enterprise is interested in acquiring
this by-product for inter-grinding with clinker to produce a conventional
slag-cement. This would increase the firm's cement output without it
having to install new clinkering capacity and incur the concomitant
consumption of fuel, The net effect on the region's economy would be
beneficial, but business disagreement has prevailed on the proper transfer
price for the material. Moreover, for the material to be usable, the

molten slag would have to be water-cooled ingtead of air-cooled.

Accordingly the problem was an institutional one involving two
private organizations, and the recommended action plan was limited to
encouraging discussion between the two parties. In a technologcial
vein, an action plan was recommended to develop a formulation for the
slag for a brick-laying mortar and to introduce this as a commercial
product to reduce the demand for the more expensive portland cement

for bricklaying.
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b. Ghana

Ghana produces bauxite for export. In mining and beneficiating the
mineral, a waste material is isolated and discharged to a settling pond,
where it is stored. Experimental laboratory work on samples of these
tailings has shown that a pozzolan material can be produced by calcining
at elevated temperatures under controlled conditions. Conventional
cement-laboratory testing procedure has shown that after intergrinding
with cement clinker in proportions as high as 50%, a pozzolan yields a
pozzolanic cement with long-term strength equivalent to ordinary portland
cement. Thus this material offers Ghana the potential for a major use

for an otherwise waste material, and a resulting major reduction in its

clinker imports.

The work program, which concentrated on the evaluation of the
commercial potential of the small-scale laboratory development, indicates
that additional experimental work is needed, for two purposes: (a) the
production of larger quantities of pozzolan for larger-scale test work;
and (b) the pilot-scale testing of a possible commercial production
process. Preliminary cost estimates for the commercial production of
the pozzolan indicate that the tailings may have a substantial value and

that the cost of using cement may be substantially reduced.

3.  APPROPRIATENESS OF CONSTRUCTION TECHNOLOGY

The work program in the three experiments addressed itself to the
appropriateness of the practiced construction technologies in terms of
the mix of materials, capital, and labor. In Colombia, an ongoing
program of highly labor-intensive road construction involved the
construction of feeder roads by pick-and-shovel, using primarily the
spare time labor of local people, mainly farmers who would benefit
from the completed road. Construction equipment was used for the
difficult tasks and for bridge construction. In the Philippines,
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there was intense interest in generating increased opportunities for
employment in the road and highway construction program. In Ghana,

the interest dwelt on the construction of roofs for residential houses.

a. Philipgines

In pre-World-War-II days, road construction technologies were
largely labor-intensive. After the liberation of the Philippines in
1945, there was a large influx of war surplus mechanical construction
equipment. This equipment, coupled with policies of international lend-
ing agencies that encourage capital intensive construction techniques,
resulted in the current emphasis on largely capital-intensive road

construction technologies which require a high input of foreign

exchange and offer little opportunity to empioy labor on a large scale.

The introduction of large quantities of heavy construction equip-
ment into the construction sector has brought with it numerous
technological and management problems associated with keeping the
equipment productive. Local spare parts manufacture is significant but
inadequate. Equipment service life is reduced by lack of spare parts
and by cannibalization, Administrative and wage practices discourage
labor stability and skilled mechanics and operators leave to find jobs

elsewhere, even overseas. About 50% of the equipment is deadlined.

Currently, there is intense interest in increasing the useful
employment of labor in construction. Consequently, the first 6-kilometer
stretch of a road from Capas to Botolan in Tarlac province north of Manila
is now (1974) under construction by labor-intensive means on an experi-
mental 5&518, to test methods and to compile productivity data., Since
determination of an appropriate technology presupposes a highly-
productive labor force and highly-productive construction equipment,
the work program focussed on these two areas. Criteria were
established for the minimum capital equipment needed to assure the

desired quality of the completed road. The factors influencing labor
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productivity were identified, and a data-collection program for the
Capas-Botolan project designed. Specific technological and administrative
practices for assuring effective preventive maintenance of the inventory

of construction equipment were identified.

The action plans addressed themselves to: (a) developing
experiences from the Capas-Botolan project for analysis of the factors
leading to labor productivity for ultimate nationwide application in
appropriate projects; (b) defining a lube-0il chemical and physical
analysis practice for identifying the precise preventive maintenance
needs; (c) adopting a rational method for determining when an equip~
ment item has reached its useful service life; (d) changing adminis-
trative and salary practices to motivate and increase the skills of
maintenance and operating personnel; and (e) encouraging more-intensive

local manufacture of spare parts.

b. Ghana

Construction of housing in Ghana is largely a matter of individual
efforts by owner-builders, especially in the less urbanized areas.
The construction is financed by current income, and the building
progresses in accordance with income. When the roof is reached,
the situation changes: i.e., the entire roof must be constructed at
one time, thus there must be funds to cover this. Accordingly, the
cost of roof construction becomes a critical factor, and the completion
of the house may be delayed for years. Coupled with the cost barrier
is the social aspect of the status given by the use of imported
materials. In the 1950's, a special loan scheme was established to

finance roof construction.

The work program included a comparative analysis of the financial
and the national costs of a number of roof designs: e.g., imported
corrugated galvanized iron and aluminum; wood shingles; and burned-clay

tiles; and improved timber-support framing. The top candidates were

B-8

Arthur D Little Inc.



found to be clay tiles and wood shingles. Aluminum roofing was a

third prospect.
The action plan calls for making readily available clay roof
“1les at reasonable prices, through rationalized manufacture, and

continuing research on the wood sources for manufacturing shingles.

4. A VALUE-ENGINEERING ANALYSIS

The extensive use of cement-concrete road pavement in the Philippines
leads to frequent choices between this type and asphaltic-concrete pave-
ments--for new roads and periodically when repaving the roads. The
specifications adopted for each type of pavement lead to choosing between
a high first-cost cement concrete design of superior performance under
the severe climatic water conditions prevalent in most areas of the
country and a low first-cost asphaltic-concrete design requiring more
frequent maintenance. The Department of Public Highways had available a
small electronic computer for such engineering-type computations, but
it was not effectively utilized. Accordingly, the work program anti-
cipated the development and use of a decision-making tool that would
permit the quick selection of the appropriate pavement type as new road

construction projects were formulated and evaluated.

Initially, the work plan was based on the use of part of the
Highway Cost Model developed by the World Bank and MIT/U.S. Department
of Transportation, which includes submodels covering the cost of highway
construction and maintenance. An important component of the maintenance
submodel was an empirical mathematic relationship which related road deter-
ioration with traffic in terms of volume and axle loads, climate, original
pavement design standards, and material types, the constants for which
had been evaluated from limited data compiled in Jamaica. It soon
turned out that the data needed to evaluate the empirical constants

in the equations for Philip:'ine conditions were not available and that

a major research program would be needed to evaluate them, Moreover, alloca-
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tions of cost to foreign exchange expenditures and labor payroll were

not available.

The work program was, consequently, modified and was based on model -
ing the maintenance practices of the Department of Public Highways for

each type of pavement, expressed as an allowable expenditure determined
by recorded or estimated traffic volume, and on making assumptions of

the foreign exchange and labor payroll components. A pavement-evaluator
computer program was built and tested on this basis. Its capability
enables total initial investment plus discounted future maintenance costs
to be computed for each type of pavement. A two-part action plan was
recommended: (a) further development of the pavement evaluator; and

(b) further identification of the engineering usages to which the
available computer could be put. An expansion of the computer memory
capability was indicated, since it had been found that the installed
memory capability did rot permit the use of the Fortran language.
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APPENDIX C

SUMMARIES OF THE PROJECTS ESTABLISHED
IN THE THREE EXPERIMENTS

The summaries presented in this Appendix illustrate the degree to which
the project organizations established in each experiment agreed with the
Guidelines. Included is commentary on the constraints that shaped the
projert organization, the selection of activities, and the way the work was
done. A project statement was issued and widely distributed as part of each

of the thr:e experiments.

l. Calendar

Colombia. The duration of the project was 13 months, from September
1971 through September 1972. The results of the project were evaluated in
November 1973,

Philippines. The duration of the project was 7 months, from November
1972 through May 1973; the work program had been identified during a three
week reconnaissance period in June~July 1972, The results of the project

were evaluated in June 1974.

Ghana. The duration of the Project was 16 months from July 1973
through October 1974,

2. Selection and Scope of Topics

Colombia

The selection became final in Februery 1972, five months after the
start of project activity. The major reason for this long period was the
coincidence of the final stages of the promulgation of the National
Development Plan of 1972 with the project activities. The Plan was published

in January 1972 and the topics to be selected were to be responsive to the
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priorities it specified. Hence, they were to emphasize the assurance of
availability of the major construction materials at an appropriately
reasonable price level to support a major urban low-cost multi-family
housing construction effort on a national scale by avoiding price rises
due to shortages and higher costs due to construction delays. Prior to
publication of the Plan, the priorities had been only mildly indicated to
the project participants.

The scope of project activities and the identification of the limited
goals to be achieved were published in a Project Statement, published and
distributed in February 1972, Table C-1 contains a summary of the topics
and objectives as they appeared in the Project Statement.

Philippines

The scope of the topics was narrower in the Philippines than in
Colombia because of the siting of the project in the Bureau of Public
Highways (BPH)*of the Department of Public Works, Transportation, and
Communications (DPWTC). The BPH designated the efforts as the Pilot
Technical Assistance Project (PTAP).

The source of authoritative information as to where national priorities
lay in the construction of public roads and highways with respect to the
identification of cost reduction opportunities, was the Infrastructure
Operations Center (IOC) in the Office of the Presicdent of the Philippines.
The Philippine National Development Plan (1971-1975) provided indicative
information basically on the projects to be accomplished during the plan
period and their estimated financial costs. The National Economic
Council (later NEDA - the National Economic Development Authority) provided
in the course of the reconnaissance an awareness of the importance of

employment generation from the activities of the plan. The BPH itself

*
In May 1974 the BPH became an independent Department of Public Highways (DPH).

C-2

Arthur D Little Inc



TABLE C-1

PROJECT SCOPE FOR THE COLOMBIAN PROJECT

Title

The Colombian Cement Industry

The Production and Distribu-
tion of Burned-Clay Products

Roads and Highway Construc-
tion and Maintenance

Technological and Cost As-
pects of Vertical, Multi-

Unit Housing--A Case Study

Technological and Cost
Aspects of Future Urban
Infrastructure Construction

Objectives

Identify alternative tech-
nical-economic methods by

which industry can expand

its capacity and the impli-
cations of each method with
respect to the objectives

of the National Development Plan

Identify alternative policies
within which the expansion of
the industry may occur, and
the implications of each to
achieve the objectives of

the plan.

Information gathering and
evaluation on selected
toplcs appearing to offer
significant potential for
cost reduction,

Analyse actual examples of

urban housing construction

and determine the role played

by the State in their implementa-
tion. Also, identify alternative
roles for the State and the
implications of each role on the
costs of construction.

Compile technological and

cost data concerned with urban
infrastructure construction for
use as a quantitative tool in
the analysis and optimization of
new urban housing projects.
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suggested that the project results should be responmsive to needs as

foreseen by the IOC.

During the reconnaissance period, discussions with personnel of the
I0C led to the selection of two topics, namely BPH procurement of cement
for road construction and the service life of heavy construction equipment.
Also during the reconnaissance period a third topic was selected on the
basis of indications that attention should be paid to the pattern of labor
utilization in construction, even though on the surface this topic did not
then seem to offer a potential for reducing costs in the conventional financial
sense. The focus was to be on the selection of a typical road construction
project for cost analysis and the establishment of guidelines for policy-
making in order to promote labor utilization. In the iatter stages of the
work period itself, a fourth topic was selected as a spin-off from the
cement topic. This was to increase the utilization by BPH personnel of
computers as a means of managing large data-processing efforts which could
be needed in the course of identifying and implementing cost-reduction

opportunities. A comparison of cement-paved and asphalt-paved roads was

selected as an illustrative exercise.

In the final form, the official titles of the four topics selected

and theilr order orf importance at the time were as follows:

Labor-intensive construction of roads and highways.
Prolonging construction equipment service-life.

Improving the distribution of cement.

Increasing the utilization of computers.

Ghana

The range of topics in Ghana was broad and corresponded more to those
chosen for the Colombia project. The range fitted the interests of the
organization in which the project was sited, namely the Building and Road
Research Institute (BRRI) of the Council for Scientific and Industrial

Arthur D Little Inc.
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Research (CSIR) in the Ministry of Economic Planning. The topics
selected and specified in the Project Statement were the following:

¢ The Supply of Locally-Manufactured Construction Materials;

e Construction Alternatives for Building Roofs;

e Construction Alternatives for Road-Building Components;

e The Appropriate Use of Labor in Construction; and

e Improved Efficiency in the Construction Industry Operations.

3. Organizational Elements

The placement of the responsibilities for accomplishing the cost-

reduction project in the three experiments is shown in Table C-2.
The project leader selections were:

Colombia: Chief of the Unit of Infrastructure, reporting
directly to the Chief of the National Planning

Department.

Philippines: Deputy Commissioner of the Bureau of Public
Highways in the Department of Public Works,
Transportation and Communication, reporting

directly to the Commissioner of the Bureau.

Ghana: Director of the Building and Road Research
Institute, reporting directly to the Chairman
of the Council for Scientific and Industrial
Research in the Ministry of Finance and Economic

Planning.

The Philippines experiment provides the only example of the formation
of a steering committee., The committee was set up by an official order of

the Secretaiy of the Department of Public Works, Transportation and
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Country
Colombia

Philippines

Ghana

TABLE C-2

THE CHARACTER OF THE ORGANIZATIONAL STRUCTURE

IN THE EXPERIMENTAL PROJECTS

Name

Departamento
Nacional de
Planeacion
(Bogota)

Bureau of Public
Highways
(Manila)

Building and Road
Research Institute
(Kumasi)

Function

Staff Planning
Group for the
Executive Branch
of the Government.

A Division of the
Department of
Public Works,
Transportation

and Communications,
responsible for the
construction and
maintenance of na-
tional roads and
highways.

A unit of the
Council for Scien-
tific and Indus-
trial Research,
which is in the
Ministry of Finance

and Economic Planning.

Scope

All governmental
areas of profes-
sional planning
activity.

Line responsibility
for the implementa-
tion of approved
road and highway
construction
projects.

Technical research
of knowledge in
the construction
of roads and
buildings.
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Communications, who became its chairman. The other members were the
President of the Philippines Contractors' Association, the Dean of
Engineering in the University of the Philippines, the Director of the

Bureau of Public Works in the Department, and the Commissioner of the Bureau

of Public Highways in the Department.
The personnel complement in each project was the following:
Colombia

Almost all the staff assigned to the project work functioned on a
part-time basis so that they could continue with other assignments and duties
not related to the project work. All professional personnel were university
graduates, and many had advanred degrees. Some who left the project in
mid-stream were proceeding for advanced education, while others who joined

in mid-stream had just completed advanced education programs.

Recruitment occurred on an ad hoc basis. One Planeacion staff member
worked full time for the period while the Project Statement evolved and was
published. During this time the people needed for the work were identified
and invited to participate. The Project Statement envisaged broad parti-
cipation by 21 different organizations. In practice, only two organizations
(the National Planning Department and Arthur D. Little) participated in the
work with major assistance from the Ministry of Public Works. However, a
number of the remaining organizations in the list cooperated through the
furnishing of information whenever approached. Some participation was ob-
tained from a local consultant organization by formal subcontract for specific
services. The help of a United Nations Industrial Development Organization
(UNIDO) consultant was obtained informally through an arrangement with the

Instituto para Investigaciones Tecnologicas.

Philippines

The staff functioned on a full-time basis as required by the demands
of the work. Each topic leader participated full time.
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The qualifications of the personnel varied through combinations of
experience and university education., The combinations varied from one
extreme of many years of practical experience in the BPH and maturity of
Judgment to the other extre.z of limited experience but with recent
university education. All personnel functioned on a full-time basis through
having been given temporary assignment to the PTAP and temporary release

from their permanent assignment.

There was no need to recruit personnel since the BPH was able to assign
personnel as required through administrative directive. The work in labor-
intensive construction required the professional services of a sociologist,
and this was obtained through a consultancy agreement. The Arthur D. Little
participation occurrsd on a full-time residency basis, and specialist personnel

services were obtained as needed from its home-office staff on an ad-hoc basis.
Ghana

Almost the entire staff of the BRRI was engaged in the work, along with

their regular duties. Recruitment of personnel was not required.

The BRRI, as a research institute, possessed staff of good academic
qualifications and a motivation to investigate and to ferret facts. Some of
the staff were competent to undertake economic analysis and statistical
work. It was possible to organize team efforts containing the blend of skills

appropriate to the task. The Arthur D, Little participation was on an as-needed

basis.

4, Accomplishment

Colombia

The original plan for accomplishment and the actual experience in

Colombia are compared in Table C~3. The differences were:
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TABLE C-3

COMPARISON OF ORIGINAL AND ACTUAL

ORIGINAL

Selection of Program

Information Gathering,
Analysis, and Evaluation;
Conference Design and
Preparation of Papers;
Schedule and Tentative
Program for Conference

Action Plan Preparation

and Review: Formal
Conference Program

Conference and

Stage Activity
1
Topics
2
3
Adoption
4
Reporting
5

Follow Up of Results of
Implementation

PLAN FOR ACCOMPLISHMENT

COLOMBIA

Location

Colombia

Colombia

ADL U.S.A.
Home Office

Colombia

Colombia

ACTUAL
Activity
Attempt to establish a pro-

ject statement to avoid a
division of the project with
two independent approaches.

Publication of a formal
project statement and the
undertaking of iitensive
field work by the project
team.

Brief visit by ADL to imsure
that activity was continuing
and that report writing
would be completed on time.

Wind up activities to
produce action plans and
host-country report.

Follow-up visit to assess
the results of the Action
Plan.

Location

Colombia

Colombia

Colombia

Colombia

Colombia



e More time was required than originally was estimated.

e Work was performed entirely in Colombia because other non-
project demands on the time of project participants did not
allow them to be away from their home base for an extended

period; and

e Conducting a public conference was not practical because of
the gensitivity of some of the topics at the time to public

attention.

The work program set forth in the project statement was accomplished
essentially completely, the one important exception being the fifth program
with respect to urban infrastructure. This topic turned out to be too
complex for handling in the time available and with the limited staff. The
results are tabulated in Table C-4, As of November 1973 implementation
of items 1-4 was underway. In general, it appears that the project needs
to be given some permanent role to assure implementation of the remaining
results at the appropriate time. Table C-5 summarizes the responsiveness

of the work results to the identification of cost reduction opportunities.

Philippines

The activities of the work program occurred in five consecutive stages,

as follows:

e By 15 November 1972, preparation of final version of the project

statement;

e By 2 March 1973, the completion of data-gathering and the host-

country field work;

e By 28 March 1973, the preparation and conducting of a public

conference;
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SOURCE:

Action
Actions Alrsady Implemented

1 Establinxn a national in-

ventory ol heavy construc-

tion equipment

2. Develop a nonportland
sasonry cement

3. Use appropriate labor-
intensive constructjon
wethods

4 Chech (m accuracy of
qQuantitv surveys in road
and hihway construction
contracts

Description

Develop full knowledge of
equipment, characteristics
location, and availability
through a data processing
system incorporating each
item of heavy construction
machinery in the country

Use available blast fur-
nace slag as the base for

a formulation, test its per-
formance, and undertake mar
ket penetration activities

Undertake 1 quantaitative
analysis ot labor 1nten
siveness in the “pick a
shove " raoad building pro
Kram to 1dentify areas tor
1improvement based on the
World Bank capital/labor
model .

Undertake a review of tne
accuracy of quantity sur
veys presently estimated
1n a sample of recent con-
struction contracts hased
on the MITAorld Baak
Highway Cost Model

Actions R.guiring Decision before Implementation

5 Unit-train/shuttle trans-
port + cument

6. Cemrat -demand Monitoring
Scheo

Compilation from the
(February 1973), Opor

Reduce distribution costs
tor cemnt by undortaking,
two prlot transport scheme s
one based on bulk cement
and the otbar on clinker

Collect data on an or line
basis, and formulite and
test a torecasting mowiel

TABLE C-4

THE COLCMBIAN RESULTS

Ob j=c Live

Reduction in cost through
better utilization ot
heavy construction
<quipment

Reduce costs of musuncy
work by making availible
a lower cost satisfactory
binder

Guoerate coployment oppur-
tunities i1n construction ap
Proprtite to nationil ,oals
and tn the long-term buf ld
4 tuol for assessin, quanty
titive ettects ot major
chanyes 1n the materials
construction technoluyy and
tnstitutional practices in
construction

Ridw ¢ costs throuph more
accurdle quantity sorveys
N the nejotidtion stiye tor
Kiven road aligaments  sad

later reduce quantity survevs

through wentytying the op-
tirmem ala,nmnt

Rodue  the cost of cement
by convirting the country's
de mand/supplsy pattecn from
4 ruonil 1o a natianal

ane

sasure dtequite supplics of
Cimnt tu swpor’ the con

stroction program rosalting,
tram the implemon. staon ot

the national dove lopme 1t plan

Acteon

Actiun. Whose Implementition should Be Postoned for The

Iaprove manut swturing,
cificiency ot the
barnced clay praducts
1 vlustry

Lreste instatutaonal
structure for promataing
vificiency an housin,
consfruction

Ix scraption

Arrame 1o 1mplement
tuchnologacal fandings ot
the work of the Institut,
for Tuchnological Invests -
slllllllﬁ

Investisate the {ive areas
1n housing construction
where the existince of
problims [oading ta ppef
Ircicucios ire suspected

Ubjectave

Reduce will costs in bui ldings
by encouriging, competitiveness

of brick ind tile with cement
hlock

Reduce construction custs by
Jefaining problem areas and
finding solutions

Rs ason That

(a) stepwise Propress 1s Requircd

49

(b) Prior Actions Should

12

13

Revisiorn ot s andirds
ind speciticitions

APPropriite mainte
nince policie s

Revised contract
procedures

Ad pt those whase labory
copital intaasivingss
Calius ATy 1ppripraite to
natyonsl Lol

Ad pl thost ahose first
cost and «vertual costs
Toeticet the count=y',
‘urrent tinanciil posityon

Incriase accuracy of daca
)y w'mich (onttacty are
bascd

First Be Completed

Iaportation ot cem-nt

C o mastruction ot new
Lement manut «luran,
Lap ety

tatablishment o1 a
> nice Center jor
Ruilding Consrruct 1on

publication of the Departamento Nacional de Planeacion,
tunidades de Reduccion de Costos en Obras Publicas.

Drmand torecast and do-
Mstic supply pasition
must first show this 1a
neCessary

Sam reason as above

Problem-solving 1nstirty
Lion

Reduction ot costs i1n the
bread sense ot social costs.

Reduction of costs through
knowledpeadble application ol
vatue engineering principles

Reduction af costs through
more etfective project
Mmanagesent

Avoid shortages

Bexin construction as soun as
tarecast of demand warrants

Potaential cost reductions
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Action Numbers in
Table C-4

1

10

11

13

14

TABLE C-5

RESPONSIVENESS OF WORK RESULTS TO COST

REDUCTION OPPORTUNITIES

Title

Heavy Construction Equipment
Inventory.

Development of Nonportland
Masonry Cement.

Labor Intensive Methods.
Quantity-~Survey Accuracy.

Unit-Train Shuttle Cement
Transport.

Cement-Demand Monitoring.

Burned-Clay Products.

Institutional Structure in
Building Construction.

Revision of Standards and
Specifications.

Maintenance Policy.
Revision to Contract Procedures.

Importation of Cement.

New Domestic Cement
Manufacturing Capacity.

Building Construction
Service Center.

Responsive to Change in

Institutional practices to reduce future imports
of equipment.

The adaptation of materials.

Technology appropriate to generating new labor
employment.

Institutional practices to help avoid shortage
of finance.

Technology appropriate to reducing transport costs.

Institutional practices to avoid shortages in
supply.

Technology to increase efficiency in manufacturing.

Institutional structure to enable problems impeding
cost reduction to be identified and solved.

Technolo;y appropriate to employment generation and
to improvement in balance of payments.

Technology appropriate to the consideration of wvalue
engineering.

Institutional structure in road and highway
construction.

Institutional structure affecting balance of payments.

Technology appropriate to reducing manufacturing
cost of cement.

Technology and materials appropriate to housing
construction.



e By 18 April 1973, formulation of conclusions and recommendations; and
e By 9 May 1973, production of final report.

The work program began in early November 1972 and followed the original
plan, although the originally contemplated completion date of 15 March 1972,
needed to be extended.

.
After the topics were initially selected, the scope, and even the

objectives, had to be revised or reconsidered (or even new topics introduced).

® Labor-Intensive Construction. This topic and the manner of

its specification in the Project Statement were originally
concelved as an attempt to provide some useful support to the
government's interest in generating new employment opportunities
from the construction activities foreseen in the national development
plan. By the time the work period began (actually beforehand, in
October 1972), the DPWTC, as an action totally separated from the
PTAP had established a departmental committee on labor-intensive
construction methods which had just begun to function. This
committee was concerned with a pilot project then underway to use
labor-intensive methods to repair a section of a levee destroyed
during the 1972 floods. The committee was slated to participate

in a forthcoming pilot road construction (Capas to Botolan) project,
in which a six-kilometer stretch was to be selected for construction
by labor-intensive methods. Through a policy of close cooperation
between the PTAP and the departmental committee, the end product of
the project work became in effect an assessment of the current

state of knowledge, experience, and attitudes in the Philippines

on labor-intensive road construction methods and a presentation

of details of a plan to apply this knowledge to a prototype project
(the 100-kilometer Marikina-Infanta road project).

C-13
Arthur D Little Inc



e Construction Equipment Service-Life. Five Philippine government

agencies (including the BPH) are the owners of almost all of the
large inventory of heavy construction equipment in the country,
which has been purchased almost entirely with foreign exchange.

The service-life experiences for this equipment. have been poor,

and a number of reasons for this had been suggested. The objective
in selecting this topic was to reduce costs of construction through
identifying changes in maintenance practices for heavy construction
equimment which could extend service life. The PTAP found during
its work that considerable opportunities which could be classified
as cost reductions had already been detected in the subject area

by the work of another technical assistance project engaged in a
reorganization study of the BPH. Furthermore, implementation of
gome of its major equipment management recommendations had already
begun (i.e., the establishment of two pilot regional mechanical-
service depots at Bauang and at Cebu City). Accordingly, the best
prospects for implementation seemed to be those offering action
plans to improve the effectiveness of the operations of these depots

in prolonging equipment service life.

e Cement. By the time the work program started, the original basis
for selecting the topic, namely the government industry agreement
on cement procurement for govermment projects, had become obsolete.
Later, in fact, the policy direction and the operations of the
Philippine cement-manufacturing industry were essentially taken
over by the government by a presidential decree establishing the
Cement Industry Authority (CIA), and the need to reconsider the
price paid for cement to be used in government-funded projects
disappeared. It was learned, however, during field interviews
that a pattern of poor distribution of cement in certain areas
of the country had led to high local delivered-costs. A change
in the purpose and the scope of the topic to emphasize improving
the distribution of cement from factory to markets, became

warranted. The intention in the original scope of work to compare

C-14
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the total present-and-future (global) costs of asphalt and cement
concrete road pavements was transferred to a new topic involving

computer utilization,

e Computer Utilization. This topic was introduced late in the work

period. It had been noticed that the BPH possessed a small
IBM-1440 electronic data processing system which was apparently
little utilized in connection with engineering calculations.
Also, a need for a rapid method of deciding between the use of a
cement-concrete pavement or an asphalt pavement in planning for
new road construction or in major road maintenance projects had

been detected, which might be fulfilled by a computer program.

A specific action plan derived from the results of the project work

was provided for each topic designed to lead to cost reduction, as follows:

® Labor-Intensive Construction. Reduction in national economic

cost of construction through achieving a more-appropriate balance
of labor and capital utilization in the construction technology

used,

® Equipment Service Life. A reduction in the national cost of importing

construction equipment through extension of service life.

e Cement Distribution. Reduction in the market cost of cement in a

number of locations through improving the effectiveness and

efficiency of transportation mode employed in the distribution channels.

® Computer Utilization. Improvement in designs, and reduction in cost

of design work. The potential to make quick design decisions more

appropriate to the needs to be fulfilled by the construction.

Ghana

An assessment needs to await the final report of the BRRI, which at

the time these Guidelines were prepared, was in the process of preparation.
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1. SUMMARY

A. PURPOSE AND SCOPE

Construction is a significant activity in Colombia by virtue ol the
funds spent on it annually, and by virtue of the current emphasis on the
National Plan of Development on this activity as one of the strategic
sectors for development, since it offers good prospects to generate more
and better paying jobs, At the same time, there is recognition that costs
of construction in Colombia may be distorted and thereby could impede the
progress desired., The reasons are the use of technologies possibly in-
appropriate to Colombian conditions, and the recognition of institution-
al practices in the construction sector that can lead to inefficiencies

in the implementation of public construction projects.

Accordingly in January 1972, Planeacion Nacional formed an Ad-Hoc
Group of Planeacion personnel, assisted by the services of a consultant
(Arthur D. Little, Inc.) provided by the Agency for International Devel-
opment of the United States, to undertake a project of investigations
aimed at identifying appropriate cost reduction opportunities. The
modus operandi of the Group was then set forth in a published Project
Statement (Document DNP 846-UINF, 22 February 1972).

To enable the vast and diverse field of activities comprising the
construction sector to be managed in the available time, the Ad-Hoc Group
focused its attention on two sectors of construction, roads and highway
and urban multifamily dwellings, which are important currently and will
be so in the future; and on the materials-of-construction sector, cement
and burned-clay products specifically. Also, the Group followed a set
of specific policies in order to guide its investigations toward produc-
ing results that could be implemented immediately and that would be re-
sponsive to the goals for economic progress that have been identified

in the National Plan of Development.



The policies were:

- Undertake the work program for the project as the initial
effort of a longer-term effort that ultimately could provide
detailed analyses of all activities within the construction
sector, i.e. from the planning, the programming, and the de-
sign stages through to the actual construction efforts, the
project completion, and the maintenance of the facility con-

structed.

- Adopt as the immediate aim of the work emphasis on those acti-
vities that could produce cost-reduction results of immediate

usefulness.

- Identify the immediately-useful cost-reduction opportunities
sharply, so that the actions to achieve them are clear and

enable decisions to implement to be taken readily.,

- Recognize that costs of construction involve not only the fi-
nancial costs of the projects but also the implications that
reductions in these costs can have on the use of labor-inten-
sive technologies, on the demand for foreign exchange, and on
the relations between initial value of a construction and the

ultimate value.

B. FINDINGS AND CONCLUSIONS

1. Specific actions to achieve reductions of cost in each of the
three sectors investigated have been identified, and for each sector
they have been organized as an action plan., The specific actions may

be classified into three categories as follows:

- actions for which implementation steps have already been

taken;



- actions for which decisions are required in order to enable

implementation steps to be taken;

- actions for which decisions to implement should be deferred

until the time is appropriate,

2. Implementation steps have already been taken for four opportu-

nities to achieve cost reductions,

a, By Improved Usage of Heavy Construction Equipment

The preliminary planning and the estimation of the cost
of the work to complete a national inventory of heavy construction equip-
ment in the country has been completed by the Unit of Infrastructure
(UINF) with the cooperation of the Colombian Association of Engineering
Contractors (ACIC). On completion, the results will enable Government
and private organizations engaged in heavy construction to improve the
utilization of the equipment already in the country, restore equipment
that may have been retired prematurely, and reduce the unjustifiable im-

port of new construction equipment.

Funding the program of work and selecting the method of

supervision are still required.

The Ministry of Public Works will fund a study by a local
consultant firm to explore the establishment of a '"Bolsa de Equipo," in
which the members would interchange the use of construction equipment
they own individually as the needs are identified. The objective will
be to reduce idle time of equipment available for use while demand ex-
ists. UINF has suggested specific measures to the Ministry of Public
Works in this respect and in relation to the broader inventory of equip-

ment on a national scale,



b, By a More Appropriate Masonry Cement

The Industrial and Agrarian Study Unit (UEIA) of Planea-
cion Nacional has arranged to receive a proposal from Instituto de la
Construccion de la Universidad del Valle (ICUV), expected in Sepiember
1972, concerned with the development of a non-portland cement binder mat-
erial, which will define the problems, scope of work, the technical as-
pects, and the raw materials, Planeacion should arrange to fund this
proposal if it is found responsive and administratively acceptable. The
results of the work will be useful in introducing a new product which
can reduce the cost of constructing masonry walls in building and in
other construction, and also which can help to reduce the cost of brick
walls with respect to walls of cement-block formulations. The [ormula-
tion of the product could involve the use of blast-furnace slag produced
by the country's only integrated iron and steel complex at Belencito

(Boyaca). This material is now being wasted in a dump.

C. By More Appropriate Construction=Labor Intensiveness

UINF has established the terms of reference whereby the
Capital-Labor Model (CLM) developed by the World Bank will be applied
in a limited way to the evaluation of the effectiveness of the labor-
intensive "Pick-and-Shovel'" secondary-road construction program in
Colombia, which is sponsored by the Fondo Nacional de Caminos Vecinales,
UINF intends to acquire the details of the CLM from the World Bank and
to obtain its guidance to accomplish the data collection effort for
Colombian conditions, the first step in the application of the CLM on a

broader scale.

d. By Accurate Quantity Surveys

UINF is arranging to acquire the Highway Cost Model (HCM),
completed by the Massachusetts Institute of Technology for the Depart=
ment of Transportation of the United States. UINF expects to apply

this model to a sample of recently completed Colombian road
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and highway construction projects. The short-term objectives are to
check the accuracy of the quantity surveys used as a basis for award of
construction contracts, and also to check the appropriateness of the
road alignments actually selected in terms of alternatives that could

have reduced the quantity survey.
3. The following actions require decision in order to enable im-
plementation steps to be taken to achieve additional cost-reduction op~

portunities,

a, By More Intensive Use of Transport of Cement by Rail

Unit-train transport of bulk cement or cement clinker
from factory to market could in the long term temper pressures to raise
cement prices by eliminating the regional character of the cement demand/
supply pattern in Colombia through reduction in the cost of transport
between factory and market; and in the short term for a similar reason
stabilize cement prices in Bogota. The technology to achieve this type
of transport for cement in bulk can be transferred, but a successful
demonstration in the country is first needed. The specific technology
has been successfully applied in England, and an attractive candidate
for piloting this technology transfer in Colombia is available. It is
based on the transport of cement in bulk from Cementos Boyaca at Nobsa
to its marketing depot in Bogota using the existing rail line. A pilot
technology~transfer project in this respect is technically feasible.
The primary objective will be the development of complete knowledge of
changes needed in details of technique, the actual cost experience that
will result, and the reliability of the transport method. Another attrace-
tive candidate, but based on cement clinker, is the trangport by unit

train from Nare to Bogota.

b. By Anticipation of Future Cement Demand

It is difficult as the National Development Plan is imple=

mented, to forecast cement demand rise in the country with an accuracy



that justifies construction of new cement manufacturing capacity. The
reason is the new constant-value savings and loan policy of the Govern-
ment to finance housing construction, Conceivably, progress in imple~
menting the Plan through this policy could be rapid enough so that the
country will face chronic and extensive shortages of cement to the ex-
tent that construction activities could be cut back., Such shortages
could occur before new cement manufacturing capacity can be built, Some
mechanism is needed to monitor demand and supply of cement on a current
basis so that quick knowledge of imminent shortages will be detected,

as well as indications of how much and when new cement manufacturing

capacity should be made available,

C. By Increasing Efficiency in Burned-Clay Products
Manufacture

The investigations of the technical performance of the
burned-clay-products industry, which has now been completed by the Insti-
tuto de Investigaciones Tecnologicas (IIT) with assistance from the UNIDO,
has produced a clear and unified set of technological reconmendations
whereby the efficiencies of the medium and small Colombian producers of
burned-clay products can be increased. The result can be a more profit-
able or stronger competitive position for the industry with respect to
alternative wall and partition materials, a more effective utilization
of skilled labor, and an increase in productive capacity with a relative-
ly small demand for new investment capital. However, there has been
little, if any, evaluation of the findings by those engaged in the day-
to-day activities of burned-clay product manufacture, who would be di-
rectly affected by the implementation of the IIT recommendations. Such
an evaluation could be useful in identifying a method of implementation
that assures a successful result particularly with respect to the cooper=-

ation the industry could offer.



d. By Creating the Institutional Structure to Focus on
Specific Areas of Housing Construction

A number of opportunities to improve operations in the
building construction sector and thereby reduce costs seem to be possible
by further investigation of specific areas such as the following:

- Communication channels among the organizations involved
in the sector, which facilitate the planning and acquisition of the labor
and managerial resources to accommodate an expanded construction volume,

and the procedures involved in accomplishing such construction.,

- The adequacy and stability of the skilled labor supply

in the sector,

- Control of material quality and conformance to standards,

- The pattern of utilization of equipment,

- The appropriateness of technological methods,

No institution exists in the country legally competent

to investigate these areas and enforce the results,

4, Decisions to take steps to implement the following actions

should be deferred until the time is more appropriate because:

a. Stepwise Propress is Needed

This reason applies particularly to the introduction of
the computer~based modeling techniques, already noted above, as anal-
ytical tools. In the longer term these will provide the quantitative
data necessary to support recommendations for significant changes in in-
stitutional practices which can result in attractive cost reductions,

Step-wise progress permits a gradual build-up of confidence by those
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organications involved in the construction sector and affected by its
performance., Such confidence is a prerequisite, if implementation of
change is to be practical and the expected results achieved., Therefore,

the consideration of such changes as

- a revision of construction standards and specification
to reflect a labor/capital balance more appropriate to the conditions

in Colombia and its national goals;

- the adoption of maintenance policies for the country's
road and highway grid reflecting a balance between first costs and de-

ferred costs more appropriate to the nation's financial position; and
- new procedures for award of contracts reflecting a more
accurate quantitative definition of work scope and the avoidance of de-

lays in making progress payments;

should await the results of the analytic work involving computer-oricnted

models already described above,

b. Actions Depend on Results of Prior Actions

Examples of actions which fall into this category are the

following:

- Congideration of an import of cement through internation-
al tender, until it becomes clear that serious shortages in cement supply
for the country are imminent, and new construction of manufacturing ca-

pacity cannot be completed in time.

- The construction of new cement-manufacturing facilities
based on the Rio Nare limestone reserves. The construction should be
carried out in a manner that will stabilize cement prices and assure ade-
quate future supply. The construction should begin as soon a3 both the

demand for cement clearly justifies this and unit-train bulk-cement trans-

-8-



port is successfully demonstrated and prospective costs are known, With
these preconditions, the limestone reserves along the Rio Nare provide

the best assurance that new production capacity can employ modern tech-
nology, offer low production costs, and provide unlimited quantities to

match growing national demand.

- Consideration of a Technological Service Center for tne
Building Construction Sector that can from the point of view of data and
evaluation of systems of construction and alternative materials of con-

struction help solve some of the problem areas in this sector,

5. The concept of a single conference/seminar described in the
project statement (paragraph 4.5.3), in which all the results of the
investigations by the Ad-Hoc Group would be considered, should be modi-
fied, as should also be the intention to incorporate the results of such
a conference in the final report of the Ad-Hoc Construction Cost Reduc-
tion Project, The modification should recognize that the nature of the
technical findings from the work specifically indicate that conference
topics should be narrowly defined rather than all inclusive, and that each
topic can warrant a separate conference more or less unrelated to that for anv

other topic,

C.  RECOMMENDATIONS

We recommend as follows:

l.  That the preliminary efforts by UINF to transfer the two model-
oriented approaches to provide analytical tools for the road and highway

construction sector be supported in the following specific manner.

a, Form a working group comprising personnel representing
experience in the different disciplines required for the technology

transfer,



b, Assist this group with personnel from the different povern-

ment organizations involved in road and highway construction,

c. Arrange for the services where indicated of a consultant

firm of appropriate qualifications, and seek funds to cover the cost,

d. Designate UINF of Planeacion Nacional as the organization

responsible for the success of the effort.

2. That the specific efforts, already begun to bring the HCM com-
puter program to Colombia for adaptation to the DANE computing center,

be continued, These are

a. to request from MIT, the card deck, the user's manual,
and their final report to the U, §S. Department of Transportation. Also,

to request a set of sample input cards,

b. on receipt, to adapt this program, written in FORTRAN IV
for an IBM 360-50, for use with the DANE computer. The program requires
a 230,000 bit core, which can be reduced by the use of disks as supple-

mentary memory; or by taking advantage of the overlay structur 2,

c. to designate a staff member from the Ministry of Public
Works and from Planeacion to be responsible to manage the computer pro-
gram in the way that will be responsive to the limited application fore-

seen in the early stages of the work.

3. That the two implementation efforts already begun, namely the
equipment inventory and low-cost masonry binder cement, be continued.
For the inventory of heavy construction equipment, proceed with the re-
commendations already submitted to the Ministry of Public Works regard-
ing responsibility and finance for both the national inventory and the
study of the "Bolsa de Equipo" concept. For the investigation of a

substitute for portland cement as a masonry binder, arrange for Planeacion
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Nacional to evaluate the proposal from ICUV, to provide the supervision

of the work, and to secure the funds to cover the cost,

4, That Planeacion Nacional management exert a concentrated and
intense effort to bring the managements of Cementos Boyaca and the
National Railways together at a conference, whose objective will be
reaching formal agreement in principle to share the responsibilities
and the costs of a pilot program of unit-train transport of bulk cement
from Nobsa to Bogota. The topics to be covered at the conference should

be the following:

a. The formula by which the actual cost experience generated
by the pilot program will be translated to the rate to be charged later

for the transport service.

b. The formula for the maximum cost of transport Cementos
Boyaca will ultimately accept based on their present total cost of trans-

port by road.

c. The formula by which the total capital cost of the pilot

program will be shared,
d. The method by which the optimum single train capacity
will be established such that the capital cost of the pilot program will

be minimum while the train capacity will still be large enough for the

experience to be meaningful,

e. The schedule under which the planning, the construction

work, and the pilot operations will be conducted.

f. The cost accounting procedur: for the pilot program.

5. That Planeacion Nacional undertake a similar effort oriented

toward transport of cement clinker from Nare to Bogota.,

-11-



6. That Planeacion Nacional sponsor a technical conference for
participants who would be concerned with the design, implementation, and
operations of a cement demand monitoring group. The function of this
group will be to operate a fact-gathering system that will be capable of
monitoring cement demand at frequent intervals (perhaps monthly or quar-
terly) and to compare this demand with the actual current industry sup~-
ply position., The objective of the conference should be to determine
the manner for creating this function, Organize the conference in the

following manner:

a., Invite participants from the manufacturing industry, the
major consumers, trade or industry associations, DANE, cement distribu~

tors and dealers, architect associations, among others.,

b. Prepare papers in advance for discussion covering tech-
niques that could be employed to process facts, such as development on
an empirical simulation model, method for updating the model constants,

the kind of data that should be collected.

c. Secure from the discussions suggestions for the methods
of collecting data, the cooperation that may be expected, and who would

take tLhc responsibility for the efforts,

Use the results to design the method of operation, and consider whether
it would be useful to monitor construction-steel demand; and if warranted,

add this to the functions of the monitoring group.

7. That Planeacion Nacional sponsor a technical conference for
participants involved in the burned-clay products industry. The objec-
tive of the conference should be to determine the manner by which the
recommendations of the IIT/UNIDO study should be implemented. Organize

the conference in the following manner:



a. Invite participants from brick and tile manufacturing en-
terprises, government organizations involved in setting standards and
having interest in quality control, major building contractors experienced

in brick utilization, wholesalers and distributors, among others.,

b. Distribute the findings of the IIT/UNIDO study as the basis

for discussion,

¢. Provide a forum that encourages free exchange of ideas and

the formulation of a set of recommendations by the conference participants.,

After the conference, Planeacion Nacional should consider the conference
results, particularly the receptivity of the audience to technological

improvement, and then formulate an action plan for implementation.

8. That Planeacion Nacional sponsor a conference for the building
construction sector designed to offer a forum for the free exchange of

1deas on two specific aspects in the areas identified for investigation:

- the identification of the nature and extent of the problems

that exist in this area, and
- the solicitation of suggestions on the nature and possible
powers of an institution which could find solutions to the problems iden-

tified, and then enforce them.

9. That the work continue on an Ad-Hoc basis until such time as

1t becomes evident that a more formal organization is convenjent,
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I S UMmmMmaAidt

A. PURPOSE AND SCOPE

The construction of roads and highways in the Republic of the Philippines
is currently a mejor activity in the infrastructure development sector. This
emphasis is expected to continue into the future. Considering only the road
end highuay projects hendled by the Bureau of Public Highways, the sums to be
expended in the cominz years will be considerable, about 3065 of the total ex-

penditure foreseen for all facets of the nation's development.

The expenditures will be made in the econtext of national planning policy,
which is embodied in the eurremt Philippine Four~Ycar Development Plan (1972~
1975). Since the formulation of this Plan, one particular poliey for its im-
plementation has been given an increased emphasis. It is a greater utiliza-
tion of labor-intensive methods in’publin worl's construction in order to create
nev opportunities for the cmpleoyment of people. In addition, the potential of
another implementation policy has become clear. If reductions in the costs of
construction could be achieved, then the demand on the nation's resources to
support the road and highwey construction program could then be reduced corres-

pondingly.

With such potential in mind, on 13 November 1972 the Department of Publie
Works, Trensportation and Communications (DPUTC) formed an ad-hoc group from
personnel in its Bureau of Public Highways (B'H) to begin work in a project of
investigations aimed at identifying appropriate cost reduction onportunities.
This group, identified as the Pilot Technical issistance Project (PTAP), wAS
provided the services of the consultant firm of Arthur D. Little, Inc. of
Cambridge, llassachusetts, (ADL) by the United States igeney for International
Development (USAID). The modus operzndi of the PTAP was set forth in a pu-
blished project statement, dated 15 November 1972.

The spccifie objectives adopted by the PTAP to guide the initial efforts
of its work were:
- to identify the areas in road and highway construction on which its

efforts should be concentrated;

- to select from such areas those that promise opportunities to reduce

cost at the earliest time;

- for such cost-reduction opportunities, to recommend practical means

far narhdievine them: and



- from the overall results of the work, to recommend whether further
efforts should be undertaken in the future, the nature of these ef-
forts, and the forms of organization that could be considered to take
the responsibility for completing these efforts.

'fhus the work of the PTAP has been envisioned as the first phase of a possi-
ble further effort. However, the contents of this report have been organized

to be responsive to the objectives in the YTirst phase of the PTAP,

The specific areas on which PTAP has concentrated its work of identifying
cost-reduction opportunities are:
the Projection of the Future Construction Program of the BPH;

the Labor-Intensive Construction of Roads and Highways;
the Prolongation of the Service-Life of Heavy Construction Equipment;

an Improvement in the Distribution of Cement; and

- an Increase in the Utilization of Computers.

With respect to prolonging construction-equipment service-life, the PTAP
narrowed the area for its concentration to two types of equipment which toge-
ther account for the major portion of value of equipment in the mix for a road
construction team, ‘the reason was the need to reduce the scope of this topic
to proportions which could be managed within the allotted time and with the
steff available to the project,

B. MTTHODOLOGY

The PI'AP adopted and followed a specific set of policies to guide its
investigations, The set was selected to assure that the resvlts could be
implemented immediately in a manner responsive to the goals for economic
progress which have been identified in the current National Development Plan.

The policies have beon:

-~ to undertake and complete the work progrem for the project as the
initial effort of a longer-term effort, in vhich detailed analyses
and evaluations that were not practical to cover in the first phase

could be considered;

-~ to emphasize those features in the topics selected which can produce
cost-reduction results of immediate usefulness;



- to avoid any overlap with the work areas delincated for the longer-
term project of the Kampsax-Berger consortium (within vhose period of
scheduled activities tho PTAP schedule fell), while at the same time
taking advantage of the findings the consortium has already produced.

- to identify the immediatoly-useful cost-reduction opportunities sharp-
ly, so that the actions to achieve them are clear and enable decisions

to implement them to be takon readily;

- to recognize that costs of construction involve not only the initial
financial costs, but aiso tho effoct of the future costs which arc .880~
ciated with the maintonance of the completed facilities and which are

incurred periodically during the life of the project; and

- to recognizo that financial costs are interrelated with national €co=~
nomic costs, and that because of thas interrelationship an opportunity
to reduce a financial cost should take into account the implications
of such a cost reduction on the national economic costs which arise from
new opportunities to provide enployment to people and/or to reduce de-

mands for foreign exchange.

The PTAP began active work on 13 NHovember 1972 and its investigations
were formally completed on 30 March 1973, During this period, the work ine-
volved undertaking and managing a number of distinrct stages of activities,

which were the folloving:

- the definition of tho prospective vork topics in dotail and the incor-
poration of changes in their purposes and/or scopes as the need for
this becamo evident;

- the establishment and accomplishment of a number of vists to field
offices of the BPH to sscurc data and information which roquired the
compilation beforchand of a questionnaire covering the topics selected;

- the organization of the fiold work as a scries of one-day conferonces
in the offices of the Regional Directors of the BPH, with the local
enginocoring staff as the participants and with discussion in these con-
ferences based on the questionnaire;

- the organization and accomplishr.nt during 26-28 March 1973 af n #hwan.



C.

topics wero presented to a varied audience for discussion and argu-

mentation; and

- the formulation of action plans from the overall results of the work.

FINDINGS AND CONCLUSIONS

1. The Future Road-Building Progrem and Its Implications

Projects alrcady envisioned for the BrH, also information regarding
the futuro availability of funds for road building, show the following
forecast of tho future road-building program for the BPH between FY 1973
and FY 1980,

Total Estinated
Road Category Accomplishment Expendi ture
'TEZE%EEEEFET‘ (Millioas of Pesos)
Paved
Asphalt 5,033 836.6
Portland Cement Concrete 8,746 2,860.2
Unpaved
Feeder 21,210 959.1
TOTAL. 34,989 4,655.9

These eight-yoar totals may be compared with the four-year totals in the
current Philippine National Devolopment Plan, in which an expenditure of
slightly over 2,000-million pesos is envisioned during the period FY 1972
through FY 1975, Thersfore, the heavy cmphasis in the present plan on
road and highway construction (a 500-million peso annual average expen-
diture ovor 1972-1975) should continue through FY 1980 (a 580-million
peso annual average expenditure over 1973-1980).

The forecast of the road and highway construction program shows
that the large volume of road and highway construction can magnify the
savings from a specific cost reduction opportunity even though at first
glance the savings way appoear prosaic.

The largo volume of road-construction activity forocasted could re-
prosent u major meuns to provide tho new jobs needed to ocoupy the in-
oroasing size of the country's labor force. Statisties from the 1970



ccnaug indicatu thet from 1970 to 1975 the size of the male population
in thc 20-49 ago bracket will incrcase by about 1,120,000; distributod
360,000 in urban arcas and 760,000 in tho rural arcas, These statistioes
also indicate that tho o rresponding increase between 1975 and 1980 will
be even larger,

To support tho roed-building activity forecast, thc lot of heavy
construction equipment in tho curront BPH inventory may have to be mul-
tipliod throc timos, Spocifically, for solocted typoes of oquipment, the
following is apparent when current construction technology and sorvico

life expcctations aro baaically unchanged:

Prosent FY 1973-FY 1980
Cravler-Tractors Invontory Acquisitions
120 HP 130 527
180 HP 451 1298
Dump Trucks
4 cubic-yard 810 2985
6 cubic-yard 2100 6900

Thorefore, if labor were to bo substituted for oquipmont, and/or if
equipmont life wore to bo prolonged, a significant roduction in forecign
exchange requireoments over the poriod of the forocast could bo achieved.

The rcad construction progran forecast sho(ld consumc over tho po-
riod a total of 5.l-million metric tons of portland cemont, This con-
sumption will bo distributed over the eleven rogional arcas of tho DPH
administrative orgenization. ‘Thd consumption, distributed as en annual
average over the 8-yoar period, ropresents ubout 9% of tho eurrent ino-
talled productive capacity of the rhilippino couent industry, and about

18% of the current production of the industry,

2. Lgbor-Intengivo Construction of Roads und Highways

ue Institutionul rractice

The technology currontly used by tho BPH in tho construction of
roads und highuays omphasizes loreocly capitul-intensive technology,
vhich roquires a high input of foroign exchange and offors 1ittle



opportunity to ehploy lebor on a large scale. The reason for this empha-
sis seoms to be the combination of the offects of policies of interna-
tional dovelopment-oriented lending institutions with the large influx

of mochunical construction cquipmont to tho Philippines aftor tho libera-
tion in 1945.

On the other hand, pro-war road-construction activitios in the
Philippines were labor-intensive. But bocause of the povt-liboration
shift to capital-intonsive wothods, very little of the pro-wer experionces
remains in the BPH. The senior staff who supervisod the pro-war activi-
ties have largely retired. But, furthermore, cven if thoir cxpericnces
were roadily available, they may not be centirely applicable to the cons-
truction of proscnt-day roads with the geometric znd compacticn specifi-

cations which are suitcd to modern vechicles.

Tho DPWIC scems to have recognized this lack. Rocently, projocts
have been designated as "pilot" so that they can be organizod to dovelop
exporicnce and to accumulute a body of finanecial-cost data. Two projects
to reconstruct levecs damaged by the 1972 floods have already been under-
taken by labor-intensive means. A six-kilomctCﬁ streteh of road betucen
Capas and Botolan is schcdulcd for completion by labor-intensive tcechnology

in June 1973, but as of this writing work has not yct begun,

But for thc meantimo, the indicatioas are that almost no capability
oxists in the Byl stoaff, or cven within the DPUTC itseclf, to provide ro-
lieblc financial-cost estimates of infrastructurc projocts which could be
constructed by labor-intensive means., Hor does it eppear thet such a
capability will be availeble early cnough to pormit the BrH to implcment
offociively bt governuwent policy to encourago labor-intensivo construc-
tion,

The BPH will face two major problems in any serious attempt it mukos
to implement the government policy. ‘They are:

- to know in advanco the finoncial cost of construction of a givon

road by labor-intcnsive tochnology, ond

- if tho financiul cost is higher than for construction by capitul-

intonsivo tochnology, to calculato tho nationul cconomic cost



under each of the technologics under consideration, and then to
adopt tho .technology that indicates the lowost national oconomic
cost,

The solution to the first problem can begin with orzanizing the
pilot construction of the six-kilomcter strecteh of tho Capas-Botolan road
in a manner that produces as comprchcnaive a compilution of data as prace
ticable, which relate labor costs and luabor productivity in the major
wnit operations of road building. The indicctions arc thet roliable and
womprehengive data of these types will not be produced in this pilot
construction projoct,

The solution to the second problem lics in establishing the justie
fication for absorbing possibly highor financial costs, arising from thoe
use of a labor-intensive technology., Lobor-intensive mctnodologies that
may rosult in increases in finuancial costs nevertheless may duserve to beo
adoptod cithor because they operate to reduce national cconomic costs or
because thev carry additional national bencfits., Thusc two possibilitics
cen be expressad as one possibility by referring to national cconomic

costs per unit of benefits.

The procodure for assuring successful implementation of the govern-
mont labor-intonsive construction policy should incorporate thc following
clements:

- tho rocognition that certain government, or BPH, policies and
procedures can servo to discourage tha use of labor in road and
highwvay construction. Ixamples of these are: the Contructor's
License Law and the Brll prequalification requirenents for pros-
pective bidders which have equipment ownership and possession as
one of the factors for licensing and prequalification; and the
existing tochnical specifications for construction of roads and
bridges which are copital-equipment oricnted. Such policies or
procedures cun serve to obscure labor-employnient opportunities
which may be [inancially compctitive and technically ag accupt-
able as tho oquivalent capital machinery employment.,

- tho rocognition of good oxamples of labor-intensive appliocations
to projocts such as those wnose reuoto goographical location makos



it costly to move in equipment; those whosc size is so small that
financial costs of moving equipmont to and from tho sito are ox-
traordinarily high; and those incorporating excavation for drain-
age ditchos, or culverts, in locztions whcro considerable undor-

ground usoful infrastructure is alrcady installed,

—tho. recognition that opportunities for large-scalc omployment
of labor in road congtruction rcquircs that new social and ccono-
mic benofits bu gensratod bocause labor primarily has been vuploycd
in the construction. Onc mothod of assuring tihct such benefits
will in fact be gencratcd is to consider tho construccion of the
road as the mcans to open and dcvelop a new geographical arca
rathor than as a projcct primarily to conncct two population cecn-
tors, Then, if higher financial costs have beun incurrcd becauso
a labor-intensive construction tcchnology has becn used, the
justification to go ahead anyway will lic in rccognizing that
national cconomic cosis may bc rcduccd theroby.

- the recognition that conventional contracting procedures practicod
by the BIM may hzve to bo reconsidercd beczusc these procodures do
not fit in with undertaking a major labor-intcnsive road construc-
tion project having broad social and cconomic considerations, As
en oxamplc, the prcsent ceiling of ebout two million pesos sct for
the construction of rouds by administration (i.0., without tho
letting of a gcneral contract) is too low for any labor-intensive

road construction project loager thuan perhaps five kilometers.
b Construction lechnology

The construction of roeds and highw.ys by 100% conteint of labor, or
by labor supplied with a nouwinal quantity of hend tools, is obviously
impractical. Such an approuach loads to extraordinurily slow rates of
progress, non-compliance with specitficalions, und most likely an extra-
ordinarily high financial cost, Accordingly, the intent of the govern-
ment policy to encourage the employment of labor in road construciion
- should bo taken to mean a shift avay from the capital content of current
road construction technologies euwployed by the DPil and its contructors
toward a lover capitul contont, with lubor filling in tho gup in the


http:highwa.ys

tochnology thereby created,

The extent to which such shift should be mede is not clear, nor can
it become clear until there is a thorough analysis of tho paranctors
affecting the eppropricte size of the shift. for those instancos in
vhich the shift to a labor-intensive technology does in fuct raise fi-
nancial costs, the need is to choose the project design and the deerece
of labor-intonsiveness in a manncr that will miniwwze national cconomic
cost per unit of benefits. The additional puranetirs thul aff_.ct nu-
tional e¢conomic costs and the goncration of benelits then noed also to
bo analyzed, Illustrutions of sowec of the parancters involved in con-
pleoie analyses arc: the sizg of the labor forco avuilable to the pro-
ject; the current employment distribution in that labor forco; and the
tochnical naturo of, and thc potential cconomy for, the terrein to be

traversecd.,

An ideal procedure to determine tn2 cppropriuate size of the shift
for uny given road corg truction project 1s as follows;
- identify the alternative technically-feasible technologies tnat
ney be considered to neet the two -. in objectives ol the project
(i.e., completion of the project to schedule and cowplianee with

the construction specifications);

~ for each altcrnative technolo+y considored, analyzs the paramoters
in order to rroducc tho sot of natiomnl cconomic costs thet would
bo incurrecd to construct the project and the corrcsponding finan-

cial costs;

= gecloct the appropriate construction tochnology for the projeoct on
the basis that the national cconomic costs will be tho mininum

whon that technology is uscd;

- finelly, determine the budgctoary adjustments to bo made intcrmally
within the govermacnt agoncics affected, to accommodate an incroaso
(if any) in thc financial costa for the project which ariso from
the usu of the appropriate tcchnology, I'or cxample, savings in
financial costs uttributuple to the roduction in unomploymunt
because of the road construction projuct could be applicd to help

support thc additional fi.ancizl cost of the construction
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project itself,

A minimum content of capital equipment must be incorporated in any
construction technology thut may be considered as one of the aliernatives
in tho deturmination of tho appropriate technologys This content is:

-~ the use of a powered mechanical compaction equipment to mect the
spocifications for compaction, and tho use of motorized oquip-
ment for water transport and watering to the extent necessary

to avoid loss of produclivity from the equipment;

- the use of air compressors, pneumatic drills, and explosives
for the removal of rock formations in order to mcet coastruc-

tion schedules with the available labor force; and

~ the use of motorized equipment for the transport of laborers
10 wnd from the site, .hen distances are cxcessive, to provide
tho maximum rest and relaxation periods for the luborers in

order to encourase higier levels of productivity.

Furthermore, it is likely that tae appropriate technology, when found,
would contain & higher content of cevitlul equipment then as just noted.

Thoreforo, ideally the first step in the construction of any major
road project by labor-intensive means should be to identify the appro-
priate construction technology. 'This technology, when found, will

havo the following characteristics:

it will represent the construction of the road project at the
lovest naticnal economic cost, as far as this cost can be reason-

ably determined;

- it need not be the same for evory road construction project for

which labor-intensive methods are to be encouraged;

- 1t may require a high.v financial cost than has boen experienced
80 far in the BPH from tho technologies now employad;

- it i 11 still repraesent a blend of capital equipment and labor,
althoughlit is likoly that this blond wiil be labor intensive

compared to the blend currenktly pructiced in the Philippinos; and
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- its capital/labor contont will depend on tho state of tho national
economy and ulso on the stute of the local oconomy in the arca of
influcnce of the road at the tie the rdentirication is umado, and

will chunge as the stute of the econoumy chunges.

But, it is not Feusible to mate such un identificubion wless an adoquate
compilation of dutw Gspeciully relating lubor wnd cquipnent couts vith
labor und equipment productivitics is avarlable, As alreuwdy noted vbove,
tho duta for the labor aspects arc lackiag wnd will have to be especeially
compiled irom road construction projects wviich the government has desig-

nated as "pilot" or "prototype",

ce Projcct Munsgement Technicues

The project management techniques thuat would be employed in either
labor-intensive or capitul-intensive construction are voth different and
similur, For cxample:

- it is easicr to predict the productivity of machines than it is

to predict thua% of humazn lubor;

-~ the broductivity of cupital equijoment depends primarily on the
wechunical condition of the machine, wherecas the fuactors thot in-
flucnce the productivity of labor wre far wmore compblex, Some of
these factors are: voricer's physical condition and poycholoical
attibtude; conditions of coployuent, including incentives and ame-

nities; and tools and vorling methods;

= on the other hsnd, the productivity of boih equipuent and labor
depends on the planniag ond orgunisation of the work and the qualie-

ty of supervision of managenent;

- Jjust as thoughtfulness in preparing the work plan can produce a
Raximum productivity Crom machines, similar thoughtfulness with
respuct to the work plan can produce high productivitios from
the lubor,

the "paquiuo" systew, or the "tuay" basis, which is tho method
historicully employed in the Philippines for payment for accomplishment
ruther than for tiwe spent on the job, contains many culturul and anthroe
pological overtones winich cun lead o incroased productivity, Although
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its effectiveness has been demonastrated in the past, and its use whersver
labor is a factor in construction is official DPWIC policy, nevertheless even
in this system human factors are still present and these can act to prevent

attainment of sexiuwun’ productivity,

Thorefore, an ontire new discipline neceds to be identified to rolate the
expericncos of modern labor-management to historical labor practices in the
Philippino cultural environment in a way which can help to assurc that the
performance of a large construction-labor force will involve a high level of
motivation, and hence yield a high productivity, Otherwise, the use of a
labor-intonsive construction technology in the Philippines may bocome in-
efficient, tho financial costs in such construction may then be found to be
unjustifiably high, and hence not acceptable. Ultimately, the opportunity
to utilize idle labor forces in the Philippines in the appropriato manner for
infrastructure construction work will have been lost.

The personnel in the BPH (and also probably in the DPWTC) have not yet
been oxposed to such experienco. Large-scale employment of labor in road

construction would generate a need for such experience.

de Tho Marikina-Infanta Road

About 100 kilometers of alignment of the proposed Marikina-Infanta road
traverses public land and has not yot beon committed for construction. This
stretch of road represents an ideal candidate for construction as a prototype

by labor intensive means for a number of reasons. These are:

- the public lands are probably availablo for resettlement by the workers
engagod in the censtruction, and this can lead to now social and ocono-
mic benefits not normally taken into account in a road foasibility
study;

- the indications are that higher levels of unemployment exisgt in motro-
politan Manila than is the case nationally;

- the road is close to lanila where the offices of the Bureau of Public
Highways, government agencies, and university research groups, which
would poarticipate in different aspects of the project, are located;

- the metropolitan Manila area offors a large market for the new agri-
cultural production from the lands opened by the road, and moreover
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these products could have a higher value thereby allowing for smallor
farm plots to be viable; and

- other potential benefits for this road have already been idontified
in a prefeasibility study rocently issued,

Progress so far in implementing the government policy to encourags labor-
intonsive construction of roads scems to be slow, For oxamplo, the pilot pro-
Joct for the Capas-Botolan road already noted has been under consideration
for about seven months and serious work has not yet started. It is likely
that the project may have to be deferred until after the rainy season., Some
of the problems that cause delay seem to involve difficulties in coordinating
the efforts of the different agencies involved, or the efforts of persons who

8till have other commitments to fulfill,

To accomplish an effective prototype construction by labor-intensive
methods for the Marikina-Infanta road, the need exists to establish a mastor
plan for the road project, and to use such plan to direct the efforts of all
governuent agencies that could bo involved in its inplementation. The plan
should be designed to contain features which will naximize the national ocono-
nic not benefits. One aspect is the choice of road alignment, which requires
considerable advance thought in terms of the precise objective (or modifica~
tion, when conflicting objectives are involved) to be achieved, The rec: on
for this emphasis is the possible need to enlarge bonefits relative to the
national economic costs and to the financial costs., The two objectives which

may be in conflict for the Marikina-Infanta road are:

~ to provide the shortest feasible link between the two towns connectod,

which has the potential of minimum travel time; or

- to opon as much as practical publicly~ownod new land area for settle-

ment and developmont,

5. ZProlonging the Service Life of Heavy Construction Equipment

a, Incentives

It is clear that capitel equipment will remain an important factor in
the future construction activities of the BPH, and that prolonging the service
lifoe of equipment units now in the 4°H inventory could offer an opportunity
to reduce the financial costs of construction. The reasons are:
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-~ Current governuent policies to oncourage greater use of labor in
road and highwoy construction, as moted above, do not obvieto the

nood to employ substzatial awounts of heavy cupitul equipuent,

~ Tho shift from the present construction technology to tho appropriate
congtruction technolog& will take sowc tiume to accomplish, which pro-

bably could be measured in years.

~ lajovr cupitul expenditures will be required for new construction
equipmont to implement the future roud building progran presently
facing the BPH, rosulting from Governsient planniag in this scctor,

On the basis thuy current BPH ocquipuent manageuent practices romain
substantially unchanged, total future equipment purchases cun be estimated
to be the following for the period between 'Y 1973 and FY 1980 inclusive:

Sorvice Lifo Purchuses Savings
(Operating Hours) (uss) (Uss)
10,000 187.9-million -
20,000 97.7-nillion 90.2-million
50,000 65.5-million 122,4-~million

Thus, the incentive to identify and at.empt to chungo BPH cquipuent manugo~
mont practices thut cun oxtend service life igs with little doubt a powerful

ona,

b. Current Efiorts to Increase Sorvice Lifg

Some chenges to the equipuent wmunagement practices of the BPH are cur-
rontly in the process of implementation, and these can have tho effect of
increwsing service life by overcouing ineffeclive muintenance practices of
rocent years. ‘They result from the work of the Kaupsax-Berser Consortiua,
und their implomentation should be completed by 1 July 1973. ‘The changes

full into two categorics, which aro:

- the escablishment of regional mechanical depots and tho area shops,
which are to be properly equipped and orgunized ror the nocoessury
sorvicing of equipnent und the training of operators and uochanics;

and

- tho institution in these shops of a comprechensive systen of preventive
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maintenunce, designed to detect operuting problems in the oquipment

and to provide for them in advance.

Iwo ineffective practices which huve prevailed in recent years will not

be eliminated by the changes. These ure:

- Lack of standardization in the makes of the equipmont units which
have beon imported. A pattern of dcmand [or spure parts has resulted
characterized by small requirements for many different part items.
Such a pattern not only discourages local industry from investing and
undertaking spare parts manufacture, but also complicates tho manago-

ment of parts inventories.

~ Choice of makes of equipment whose manufacturers do not maintain
adequate stocks of spare parts, or provide service facilities in the

Philippines.

Some thought is currently being given to segregating differont brands
of the same type of equipment in specified geographicul locations to sim-
plify maintenance and sparc part procurcment problems. But, such a re-
allocation will require a sigmificani expenditure [or the one-time equip-

ment transport that would be involved.

¢, HNew Opportunities to Extend Service Life

Two specific technological non-destructive testing practices are
available which, if iniroduced to the regional depots and to the area

service shops, can serve to extend equipment service life. They are:

- the technique of analyzing periodically a sample of lubricating
oil taken from a Given equipment unit, to identify the trace ele-
ments present and their quantities; and then evaluating the accu-
nulated data for that equipment unit to alert the repair shep to
probable locations of deteriortion, and at tho same time to

specify the wrgency for attention; and

- techniques based on the use of radiation, ultrasonic, and electro-
magnetic analyses, and on the use of liquid-dye penetration pheno-
mena, which cun detect the extent to which metal fatigue failure
has already occured in a given equipment unit so that the replace-

ment needed can be identified and procured before major damage
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from the failure of such parts occurs in the unit.

However, no use of either of these tachniques is yet planned for the

regional service depots.

Mo specific administrative, or management, opportunities are availa-
ble for considecration in tcrus of their effects on extending sorviece life

of oconstruction equipnent., They are:

-~ evuluating tho relative merits botweon (l) providing the services of
the oporator with ihe equipuent so that the operator feels an attach-
mont to the machine, and a responsibility for its proper operation
and the prevontion of abuse, and (2) permitting the construction en-
gineor to wrovide the operator on an ad-hoc basis so that the engineer
can have contirol over the productivity of the equipuent; and

- regardless of the source of tho operator, establishing personnel
policies that compensate the operators commensurate with his abilities,
attitudes, and performancu as well as providing for the security of
his position, throusn offerin; opportunities for him to transfer to

permancnt staff when his performance justifies,

Local manufacture of spure purts cun serve to extend oquipment service
lifo, not only because they would be readily available, but also because
they could avoid equipment obsolescence when a foreign equipment manufacturer

chhanges models and ceases spure part manufacture,

The Philippine munufacturing industry aus now constituted seeﬁs to have
the capability to manufacture most of the spare parts which are needed for
heavy construction equipment. Ilecent surveys of the industry indicace that
much of the parts-manufacturing capability required for construction equip-
ment support oxists today. ‘'he only lack scems to be local forging capabi-
lity for crankshuf'ts and bulldozer struclural parts. Also, there could be
problems to be solved in materiuls and dimensional quality control.

The Metals Industry Researcn und Development Centre (MIRDC) of the
Board of Investments can be an important factor in developing the capabi-~
lity of the industry to supply a complete line of spare parts. The MIRDC
already has such a program planned, dlthough it 1s not yet funded, Also,
the NIRDC is excellently equipped phyulcally to undertalke the quality
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control aspects of such an industrial development program.

Since costs will be incurred in achieving longer service-life periods,
which would have to be rLieasured against savings in the reduction of new
equipment purchases, the need exists for the BPH and its funding agencies
in the Philippine govermzent to adopt a rational wethod of de tormining when
the service life of a isiven cquipwent unit has ended., The method should
recognize certain fuactors which have apparently not been previously recog-
nized in the past practice of deteruining service life, which as noted below

is now under reviow, These arec:

- the foreign exchange component of the maintenance costs for an equip-
ment unit is a considerably smallcr fraction or the total maintenance
cost than is the foreign exchange component of the cost of new equi. p-

ment replaceuaent unit;

- the foreign exchange component of maintenance cost can be decreased
further if more spure parts could he manufuctured locally of satise
factory quulity;

- locally uveilablc spare parts could extend service life through
1]
avoiding obsolescence because foreign manufacturers have ceased

spare parts manufacture.for a specific model;

- more intensive maintenance involves a labor-intensive technology,
vhich is attractive beceuse it has the advantage of offaering the
labor force the opportunity to raise the level of thoir skills and

training; and

- more intensive maintenance of an equipment unit is techniocally
feasible only when the user is satisfied with the productivity he
is able to obtain from thet equipment unit,

The criterion which has been fellowed by tho'Bureau of Public iHigh-
ways up to recently is to repair cquipment until a needed maintonance Jjob
costs 60 to 70% of the financial replaceuent cost of the w'it. Presently,
this guideline is under review as part of the work >f the Kampsax-Berger

consortiwn,

4, The Distribution of Cenmnt

Two opportunities exist to reduce tho cost of construction through
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reduction in the cost of cement. One is a conversion of the cement handling
operations of the BPH-from the handling in bags to the handling in bulk,
The other is through purchase of cement from decentralized factory depots

either in bulk or in bags.

a. Bulk Handling

The BPH presently purchases cenment almost entirely in bapgs, For the
cement consumption anticipated through FY 1980, the total of the individual
costs attributable to the usc of bags is about P110-million, or about 22
percent of the value of the cement. The major cost item is the cost of the
bags at about 63 percent of the total cost of handling in bags.

Not all of the cement consumption is amenable to bulk handling. In
general, vhen ocement-conorete is mixed in one or two bagger mixers, bagged
cement is appropriate. Bulk cement is suited when cement concrete is mixed
in central batching plants, ‘Thus, all of the savings indicated above cannot

be realized.

Some cement is already distributed in bulk, primarily in the greater
Manila area. Interest exists currently in the cement manufacturing industry
in the concept, but the financial problems the induytry has been experiencing

can prevent serious large-scale application.

From the point of view of the Bureau of Public dighways, a large-scale
introduction of bulk handling of cement will cause two problems to arise.

These are:

~ the need to provide an opportunity for a Bureau of Public Highways
personnel to become expericnced in the technique; and

~ the need to provide new investuent to convert central cement-concrete
batching equipment to accept bulk-cement (by installing additional
silos in the batching plant, to purchase truck treilers designed for
transporting bulk cement in tanks and provided with piping for un-~
loading by compressed air, and to install devices in silos to loosen
cement to make it flow more'easily.

With respect to the method of pricing the supply of bulk cement, a need
exists to analyze the savings {rom changing from bag handling to bulk hand-
ling in a manner that can ullow the allocation of these savings in an
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equitable manner umong the participants. Thus, since the change involves
tne system of activities starting with cement in the storage silo in the
factory and ending with cement being fed into the concreto mix, the gain
should ho allocated equitably awong tnhe cement nanuwfacturer, the transpore

ter, und the consumer,

be Decentralization of Denots

It appears that significaut reductions in the delivered cost of cement
may be achieved by making better utilization of low-cost water transport
vhen a major island in the country does not have a cement panufecturing
plant, or vhen distances of trzncport by land on the same island are large.
Achieving such reductions will require that:

- storage depots for bulk cement be located at selected market centers

and be opcrated by the cewent manufucturer as an extension to his

factory;

- the depots be supplied constantly through water transport in barges

programmed to iake maximum use of the transport equipment;
~ the ceuent be transported in bulk; and

- the depots be provided with bagsing machines to accommodute the

sales mgde in bugs.

Some locations havo been identifiad where depots operated as exten-~
sions to the cement factory can act to reduce cement costs. They are:

Pasacao in Canarines Sur

Legaspi City in albay

Bacolod City in Nezros Occidental

Zamboenga City in Zamboanga del Sur, and

Tacloben City in Leyte

The scheme is technically feusible and would sorve to reduce con-
struction costs through reducing delivered cement prices, but it appears
financially difficult for the ceueni industry at this time to undertake
the investuont necessary in new facilities, Therefore, the concept merits

the attention of the Ceument Industry futhority, which currently seems to
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have tho legaul authority to act as the implementing agency.

5 Incroasing the Utilization of Couputers

as Computer Facilities und Capability

The Burecu's ISl 1440 computer, used for accounting and data handling,
is presently too suall (8 K) in core size to process any fortran progrem.
Bxpunsion to 12K or 16K would allow this, at a cost quoted by IBM in 1970
at about US$ 35,000, Other machines are locally available for rent, e.g.,
tho IBM 360 at IBM/Makati for 1,000 pesos per hour, and the IBM 1130 at the
Burcau of Telocommunication (BUTEL) for 150 pesos per hour (on weekends only),
on which Fortran programs can be run until such time in the future that the

Burcau's machine would be upgraded.

At least one BPH eumployee alr:ady has been writing Fortran programs and
running them on a rental basis on the IBlM 1130 at BULEL, but there is a gene-
ral wnawareness of this capebility and vhat it could mean to the Bureau.
IBM/Makati periodically offers two-week training courses leading to capabi-
lity in Fortren programming. These are free at IDN/Makati until January 1974,
Aftor that, there will be a fee involved,

The physical computer faciliiies available to the BPH are adequate for
its foreseable needs, Expansion of the BPH IBl 144. to 16K size (the size
needod in order to handle Fortran programming) 1s not justified at the pre=
sent time., Instead, rentnl time as necessary on external computer facilitios
should be satisfactory, When rentul costs exceed, say 1,000 pesos per week,
expansion could probably be justificd. Then almost all progrum applications

of interest to the Bureesu could be run within the Bureau's own fucility.

be Development of a Pavament Evaluator

A pavewent-evaluator computer program in the Foriran language, for com-
paring the iaitial and continuing costs for varicus alternative road and
highway pavements, has becon dewonstratod successfully on the IBM/Makati com~
puter, Tho demonstration was based on an example containing many assump-
tions for each pavement type considored, especially with respsct to road
maintenunce costs, local labor component, and the foreign component of

initial pavement instullation costs.

Results on such a basis showed thu total (global) costs were comparable
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for asphalt concrete pavement at low discount rates; but at higher discownt
rates the total cost wug Tavorable for the pavement with the lower initial
cost (asphalt, in this exauple), But the results have value only for il-
lustrational purposes.

There is a lack of reliable data with which to supply the progran, and
this lack ig sufficiently widespread to make the results culowlated by the
program unrealistic for decision making, There are ¢lear needs for the com~

prilation of data regarding:

= costs to maintazin roads actually experienced rather than costs equie
valent to annual allowances arbitrarily given the BPH highway districts
(on which the present evaluator is based);

- the allocation of the different items of cost for the initial instal-
lation of the pavement to foreign exchunge and to local labopr,

c. 0Other Applications

Data collection for use ia tha planning of the labor-intensive cons-
truction of roads and highways and for prolonging the service life of heavy
construction equipnent will require gonvenient use of high speed data proces-

sing facilities,

The Burecau of Public Highvays Computer Center is focussing its atten-
tion on matters largely of an uccounting or inventory gontrol nature, The
personnel have the cupability to undlertake work of a technical nature des~
Pite of the lack of capability of the IBM 1440 installation to accept a For-
tran compiler, 7o illustrute, the personnel rewrote the pavement-evaluator
program from its Fortran version to a machine-~-oriented language and ran it
successfully, i.e., they produced the same output results for the input
data used in the developgent of the Fortran version pavement evaluator.

6, Nature of the Cost-Redudtion Opportunities

Labor-Intensive Construction Through the multiplier effect of wagespaid
and the corresponding reduction in the use of imported construction equip~
ment, the cost-reduction opportunity here is basically the reduction in the
national economic cost of a roud cuastruction program, The financial costs
nay rise, although this is not necessarily so and possibly could be avoided
by careful implementation of any plan ol agtion designed to achieve
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labor intensiveness, In any event, the application of labor-intensive con-
struction to roads and highway requires a close and effective coordination
anong the agencies of the government concerned with economie planning, budget
allocations, and rocd and highway construction.

Equipment Service Life The extension of service life of heavy construction
equipment should have the effect of reducing simultuneously the national
economic cost, the foreign exchange cost, and the financial cost of the use

of the eguipment. Looal employment opportunities for skilled labor (mechanics)
will increase, especially if a greater demand for spare parts leads to loocal

manufacture on a wider scale.

Distribution of Cement The improved distribution of cement offers an oppore
tunity to reduce financial costs in the Bureau of Public Highways road building
activitiess The investment to improve cement distribution will be capital
intensive, and this may have the effect of increusing the corresponding na-
tional economic costs. However, the longer~term social benefits of eliminating
the unrewarding, repetitive manual labor involved in handling cement and absoxrb-
ing the displaced labor into the labor-intensive construction activities should
Justify any national economic cost inorease by making it temporary in nature,

Use of Computers The work load of engineering personnel in the Bureau of Pub-
lic Highways need not be affected by intensive couputer use because appropriate
use of such a facility will enable the personnel to explore alternatives in the
design procedures, and to handle the large masses of data that will arise, as
already noted, for which there is no realistic alternative, The ability %o
choose among alternatives allows criteria to be adopted which aim to reduca,
where practical, all threce costs simul taneously.,

D. ACTION PLANS

The PTAP recommendations incorporate detailed plans of action based on the
findings in mach of the four topics of investigation now presented,

l. Lubor-Intensive Construction of Roads and Highwayg
The PTAP recoummends that:

- immediate opportunities to increase labor employment in road construo~
tion be identified in those areas of the oonventional technology where
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the use of manual labor cun be substituted for the use of machinery at

competitive financial cost;

- the portion of the proposed nmarikina-Infunta road not yet committed
for construction be established as the protoiype for the appropriate
application of the large-scale employment of labor in road construc-
tion,

-~ & master plan be established to guide all uctivities of government
agencies which would be engaged in the implementution of the two re-

commendations above,

~ the master plan provide for the incorporation of specific procedurcs

and activities coordinated as an action plan,

First Set of Activities

The objective of the first set of activities is to identify, as far as
practicable, quantitative opportunities for immediate labor substitution

based on:

= a compilation of the expcriences frow the labor-intensive construction
of the six-kilometer stretch of the Capas-Botaelan road in a form such
that it cen have maxinum utility for financiel-cost and national

economic cost estimating work;

- an analysis of tho work tascks defined in the detailed construction
dravings prepared by the Bureau of Public Highways for the stretchos
of the Marikina-Infinta roud that are now coruittod for construction
in a conventional manner, which is to include physical observution of

work in progress; and

- the identification of the chungges to the Bureau of Publie Highways
contracting procedurcs, uecessary to remove impediments io reali-
zing those opportunities for using labor more intensively that can

be justified by competitive finuncial cocts,

The final action for the first set of activities in the action plan is
to bo the dissemination of the results throughout the Bureau of Public High-
ways district, city, and regional offices, together with recoumendations for

their implementation,
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The second set of activities is to be undertaken with several objectives

as follovs:

the demonstration that the construction of the prototype Marikina-In-
fanta road is technically feasible by labor-intansive methods;

the demonstruition thut the construction of the road by labor-intensive

mothods is economically feasible in terms of national e conomic costa;

the demonstration thut a schedule for the completion of the project
cun be estublished in advance with rezsonable expectations that it
will be wmet; and

the demonstration vhat the quality of the construction will be equi-

valent to the quality expected in current construction projaecis
involving similar terruins and environments.

Achieving these objectives is to involve also achioving a number of interim

objectives. These are the following:

the compilation of comprehensive knovledge of the resources of the
area traversed by the prototype road, especially those which were
identified in the prefeasibility study of the PES, for further in-

vestigation in relation to the road construction;

the compilation of comprehonsive knovwledge of the labor resource

available for the construction program;

the compiletion of a body of sociologically-oriented knowledge about
the Philippine laborer and of modern techniques for labor management

ained at identifying candidate methods to increase his motivation;

the identification of the labor-intensive technologies that wmay be
appropriute for the construction of the road in terms of achieving

the construction at minimum economio cost;

the estimation of both the nationsl economic costs and the financial
costs for the construction of the roed if conventional capital-in-
tensive tochnology were to be employed and when the appropriate
technology is employed;
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- a couprchensive description of the area development to be realized as

a result of the construction of the road and its capability to absorb

the labor force, and others, us permanent settlors; and

- the cutiwate of the awmount und the schedule of the employment that can

be offurud, both when tle appropriuave tuchnolozy und if the conven-

tional technolouy wore to bLe caployed in the road construction,

In ordus o achicve the overall and the interiu objeccives, ut lcust the

following spuecific work tasks are to bo widertaken:

- compilation ot experiences in other countries vhere rouds of similur
scope as the Mariliina-Infenta projicei huve been constructed using
labor-intensive methods (such an cXperience seems to be available in
Taiwan in couaection with the constr.ction by 10,000 luborers of a
300-kilometer nctwork daring 1957-1960, nov known as the Bast-West

Cross-~-Islund nghuay);

ti.e formulation of ihe project menagenent plan which anticipates the
problems to be solved related to wiaaging and supporting large numbers
of men in a worlk force loboring over a nuwber of Yyeara, including the
problemns of muaint.ini.as their motivation, their efficiency, and the

roquired construction proygress;

definition of the non-road construction activities that must be in-
corporated in the muaster plen in order to generite the new social and
oconoric benefils,  (dxearples are: constiruction of viable agricul-
tural lend; coumunity developuent incorporating health and educational
services; financiel cervices ©eiey 0 spccial bank, particularly dur-
ing the carly stoges of settleweat in new agriculturcl land, develop-

ment of minerdl reoources; und the development of industry);

incorporating in the desigus dcaling with the earthmoving operations
(purticulurly in the mowntuinous t¢rous) the prospcets for conti g
leveling the lund adjaccnt So the roud to provide additional areas
for asricul tural purposos;

giving consideration to the feasivility of incorporating such tuch-
niques for stimulating and raising motivation levels in the labor

forco as:
(e) educuting the workers tv a cloar understanding of the
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social and finuncizl aspects of the road project,

(b) providing o level of savings acceptable to the workers
such thut they will have working capital should they

eventually settle in cthe land opened by the road,

(¢) providing feeding and food ilems on the job to assuro

ndequate levels of nutrition, aside from this use as

compunsation for the work, and

(d) the educational and training needs to be incorporated
in the support services to the work force to prcparc
the workers for the problems of resettlement, or to

train them in skills and crafts for future employment.

- establishment of a pluan for recruiting the labor force which will
consider the feasibility of recruiting from squatter settlemonts in

the metropolitun hanila area, as well as from other sources;

~ establishment of a plan for discharging the work force as required to

take advantuge of settlement opportunities as they arise.

As the final action for the sccond set of activities, the intermediate and
final resulis, as they becowe available, are to be organized und evaluated
us a series of written guides for the selection and implementation of road
projects throughout the country which may then be found appropriate to cons-

truction by labor-intensive methcds.

Organization

The satisfactory accomplishment of the two sets of activities is to bo mado
the responsibility of a task force. This task rorce is to have the fol~

lowing charaqter

~ all members are to serve full time, and to have no assignment

carried over from their reguler employment;

- capability in all disciplines necessary to accomplish the proles-
sional content of the work is to be reprosented in the full-time
staff;

-~ separate and independent office support is to be provided; .

- careful consideration is to be ,_iven to the experience, qualificetions,
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motivation, and general capability of tne person designated to luad

and direot the task [orce; and

- the task-force leader isg to be responsible to, and receive policy
direction from, the Cubinet Coordinatinz Council for Labor-Intensive

Operutions,

The tusk force is to remain in existence until a1l its responsibili ties have

been dischuryged.

With respect to the delcg.tion of authority to the task torce, the fol-
lowing authority delegution seems to be the minimum to permit the force to

acl efficiently end to conform to its schedule:

- be autherized to tulie over the responzibility for the data woni-
toring and gathering operctions of thc pilot project to construct
the first siz-lilometers of the Capas-3otolan roszd by labor-inten-

sive methods;

- be enabled to control thc expenditure of its funds in a manner that
clearly will not hinder or deluy its Progruss;

- be given upou applic.tion, fuuds to continue 1ts operctions al pe-~
riodic intervals upon the subumission of the estimate, and the subumis-
gion of « report of its financiol operations during the provious
period; and

-~ be uuthorized to contract with loc.l Philippine firms, orgunizations,

and iastitutions guulified to undertuke investigations to preagreed-

upon terms of refcrence.

Iomediate 'faslk

As its immediate task upon creation, the Task Force is to formulate and
submit to the Cabinet Coordinatiiy Courcil the overall work progrom covering
its entire responsibility together withn the schedule for its conpletion and
an overall estimate of 1ts cost. The work program 1s to be divided into
stages, or phascs; and a detailed work program, schedule, cind coat estimato
is to be submitted ror the first stuge. rarticular emphusis is to be placed
in the work progrum tor the first stage on the immediate tuke-over of the

data sccumulation and evulunation uspocts of the Capas-Botolan pilot project.
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2. Prolonging the Service-Life of Heavy Equipmont

The PTAP recommends that:

- efforts begin now to formulate and implement additional changes in the
operations of the preventive maintenance program now being introduced

to the now regional depots, arca shops and mobile shops;

- the additional changes be goared to reduce the costs of the operation
of the preventive maintcnance program and to increase its effective-

ness in prolonging equipment scrvice life;

- initially, attention continue to focus on the two equipment types so
far considered, namely: 120 and 180 FP tractor-crawlers and 4 and 6

cubic yard dump trucks; and

-~ later, as the initial task of implementing tho recommendations eases,
of forts be undertaken to (a) bring in other equipment types in the
BPH inventory for similar treatmont, and (b) bring in other equipment-
owning agencies of the national or local governments who may be in-

terested in applying the results to their own operations.

The PTAP rccommends further that four separate action plans be adopted

in order to implement the recommendations.

Determination of Service Life (Action Plan No. 1) The objective of this Plan

is to establish a rational mothod

- for use within the lechanical Service Division of the BPH, to enable
it to determine when to rccommend that a given equipmont unit should
bo ¢inposed because its service life has reached its end; and

- for use within the planning ond funding agencies of the Department of
Public VYorks, Trunsportation, and Communications and of the Government,
to enable them to determine whether or not a replacement wnit is war-
ranted from the broader point of view of government budgeting demands

and knowledge of the forthcoming road construction program.
The method eventually selected is to operate as follows:

- all financial cost records and all technical details of preventive and
other maintonance work porformed on any equipment unit of the two
types considered are to bo supplied by tho aroca to the rosjonal shops,
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and thence to the central office of the Mechanical Services Division;

- the data in the records are to be processed during each interval of
oquipment operation (for example, after each 2000 hours of operation)
to calculate the appropriate financial cost function during that pe-
riod, in order to compare it with the criterion adopted in the method

for measuring the ond of the service lifg;

- when the criterion suggosts that tho service life of a particular
cquipment unit has ended, the Mochanical Service Division is to re-
commend its replacement to the BPH management who, in turn, is to de-
termine whother tho needs of the current construction program warrant

the replacement;

- when the BPH detormines that a replacemont is warrantod, it is to ro-
commend the roplacemcnt in the budgét plans for the forthcoming fiscal
year, by forwarding in its budget roquest the complete details of the
financial-cost analysis ané breakdowns of costs into thoso paid in
local currency, thosc paid in foreign exchange, and those paid for the

employment of labor;

~ the budget planners are thon to decide from the national econonmic
costs of the current maintenance on the particular equipment unit,
measured against the national economic ¢ost of the replacement of the
unit, whether (a) to approve the replacement, or (b) to defer consi-
deration of replacement until the request is raised again with the
submission of new data, for example, after ths next interval of opera-
tion;

- in the ovent the decision is in favor of (b) not to Treplace, appro-
priate adjustments are to be made in the budget for the BPH in order
to accommodate the higher financial cost of maintaining that particu-

lar equipment unit during the nex’. interval of operation; and

-~ if the decision is (a) to replace, the purchasing procedure is to take
account of the accumulated cost experiences from the wnit being re-
placed in order to sccure the replacement, i.e., to vse the experiences
in weighting one brand of equipmont against another during the procurg-
ment,

A technical deaoription of one metl.od which can enable the functions



30

described above to bs achieved is contained in Section V of the Report.

Transfer of Testing Technology (Action Plan No, 2) The objective of this

Plan is to transfer appropriate non-castructive testing technology, available

in advanced industrial nations, for use in the regional mechanical service
depots of the BPH as an aid to achieving a less costly and more-cffective

proventive maintenance program.
The olements to be incorporated in the Plan are to bo the following:
- tho identification of the technologies which can fit into the
operations of tho regional derots, the area shops and the mobile shops;

-~ the identification ot the methods for operation and the training
ncedod by the persormel involved in the opsrations;

- for each mcthod selected, an assessment of the potential to reduce the

cost of proventive maintcnance practicos in the various repair shops; and

- for each method identified, an estimgte of the cost of its installation

and operation.

Porsonnel Motiv-tion (Action Plan Wo, 3) Tho objective of this Plan is to re-
view the personnel practices in the Bureau of Public Highways, related to the

operation and waintenance of its equipment in order to identify those changes
which can sorve to motivate (a) the operators to take conscientious and com-
petent care of tha equipment during its operation and (b) the mechanics to per-

form conscientious and compotent maintenance work.
The elements to be considered in the review are to include the following:

- wage and salary scales including the benefits conventionally paid in
the publi. and private sectors of the country;

- relating a particular operator to a particular equipment unit to gene-
rate a pride in the operator from effective operation and avoidance of

abuse; and

- providing more intensive on-the-job troining than is presently envi-
sioned, which cen lead to promoticn to positions of increased responsgi-

bility.
Logcal Spare Parts hanufacture (Acvion Plan No. 4) The objective of this Plan

is to provide a basis for the Bureau of Public Highways to cooperate with the
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Board of Investments in the desire of the latter to encourage greater local
manufacture of spare parts through euploying the efforts of the Metals In-
dustry Research und Development Centre (MIRDC).

The cooperation is to incorporate the following elements:

- conpile from the BPH maintenance records the spare parts items that
are consumed, thuir delivered cost, the details of their design, the
specifications for the materials of fabrication, and the dimensional
tolurances; and compile these in a mannor that both describes the mar-
ket offered to local menufacturers by the BPH and describes the tech-

nical requirements of the parts to the WIRDC;

- explore the feasibility of wodifying component designs without detri-
ment to the operation of the machines, to enuble local manufacture
instead of iumport (for exauple, by the use of an alternative design
of diesel-engine turbocharger to that of the original equipnent

nanufacturer);

- formulate a purchasing policy for locally-menufactured spare parts,
whenever these are offered, which does not (a) burden the manufacturer
with extraordinary worlking-capital problems because payments may be
delayed, and (b) burden the BPH with spare parts of inadequate quality
with respect to the naterials of fabrication, the design, and the

dimensional tolerances; and

-~ identify the role of the MIRDC in the control of the quality of

locally-nanufactured spare parts.

Organization

In view of the transitory situation currently prevailing in the Bureau
of Public Highways with respect to reorganization, the PTAP is not now in the

position to recommend regarding the implewcntation agencies for the four plans.

3« [The Distribution of Ceuent

The PTAP recommends that

- the Bureau of Public Highways provide oppertunities for its personnel
to becoue exparienced in the large-scale handling of ceuent in bulk
by selecting specific roud construction projects, supplying them with
bulk cement, and peruitting thew to serve as pilot projects;
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- the Bureau of Public Highways call the attention, through official
channels, of the Cement Industry Authority to the findings and recom-
mendations that are relevant to the decentralization of factory depots;

and

~ the Bureau of Public Highways encourage actions by the Cement Industry
Authority toward such an end by cooperating with tho implenmentation
efforts undertaken by the Cement Industry Authority as far as the Bu-

reau's interests are affected,.

Only one action plan nceds to be adopted with respect to these recom-
nendations. Accordingly, the PTAP recommends further the adoption of an ac-
tion plan to deal with conversion to bulk handling from ceuent factory to road
construction projects in which portland-cement concrete is prepared in cen-
tralized batching plants. Tho Plan is to have the following ocharacter:

- the efforts are to bo recognized as a pilot operation in which the
accuniulation of duta and experience is one important objective;

- key BfH personnel are to bo given opportunity to siudy the problens
and observe the solutions as thoy become evident in the pilot projects;

- the Construction Division of the BPH is to bo given the responsibility

and the necessary funds for the iumplementation; and

~ the results nre to be evaluated and recouriendations formulated so that
a detailed plan becomes availablo to guide the BPH in the use of bulk

handling of cenent for cost savings in future road construction programs.

A list of candidates from which the pilot projects may bas chosen is the
following:

- Batangas City-~Lobo Road, Batangas City section, which will serve prima-
rily the Fortune Cument'Company which nust use this road for access to
all its markets., The PTAP understands that the cement plant management
has already offored to assist in the construction of this road by sup-
plying cement-concrote components free of cost. ‘he company already
has the bulk carriers, and also needs the road for evacuation of its
output, This project can offer the BPH the opportunity to implement
conversion to bulk handling at .low investment;

- the Layac-Mariveles Superhighway (Layac-Balanga Section) now under
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construction by tho Construction and Developuent Corporation of the
Philippines;

- Digos-Cotabato Road in Region XI which is now under construction with
Philippine rock rroducts Inc. as general contractor. ‘The cement source
for this road is the Bacnotan plant north of Davao City, Fhilrock has

already used tho bulk-transport nethod in the Greater hanila Areca;

- Gencral Santos-Cotabuto City roud in Region XI which is now in the
atage of contract negotiation; and

- Iligan City-Cazayan de Oro-Butuan City road which is now in the detailed
design stage. The cenent sources for this road are the two plants in
Iligan City, and one in hisouis Oriental., One of thesc coupanies is

already interested in the bulk handling concopt.

4., [The Grecter Utilization of Couputers

The PTAP recounends that the Burcau of Public Highways

- narshal its forces to provide thc capability to undertake computer
processing of the data which will arise during the implenentation

of the Action Plans;

- continue the work to develop the pavement-evaluator further with tho
objective of achieving & level of reliability from its use acceptable

to tho Burevau's road design personnel; and

- use its assets of traincd personnel to develop additional use. for

the computer fucilitics it owns, or has access to,

The PTAP rccouconds further that two action plans be adopted in order to

impleuwont the racomnendations,

Pavouent ivaluator Progggg_iégtyygjﬂéngEu_;), The objuctive of the Plan
is to improve the accuracy and sophistication of the pavement-cvaluator pro-
grem through a continual duta collection and compilation of road maintonance
experiences beyond that which is currently being undertuken. The work is to

incorporato the following cleuonts:

— quantification of the BPH actual paintenance experience (costs) with
various pevenonts as a function of traffic density and weather, and

the allocation for severul new projects with different paveuent
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designs, of the foreign oxchange and local labor couwponent; and

~ the review in torms of relying on its results, of the sophistication
of the present paveLent-ev:luator prograu when reliable data has been
accuuulated, to determine whether other paramcters should de incor-

porated, such s wecther conditions and traffic patterns,

The priuary responsibility for the data collection work is to be given
to thu Meintenance Division of tho Bureau of Public Highways, which is to be
provided the assistance of the Couputer Conter with respect to the technical

details of couputer progremuing,

Additional Usages (action Plan No. 2) The objoctive of the Plan is to iden~

tify and impleuent additional opportunities to cuploy the couputer in the
technical activities of the Bureau. The work and organization is to incor-
porate the following features:
-~ appointing a swall task force to list and cetegorize the major cal-
culation activities within the BPH, and to identify individuals who

have already had, or who might profit frou, couputer training;

- curefully selecting and sending the order of a dozen of its engineer-

ing personnel to IBM/Makati's periodioc two-weel training courses;

- carefully selecting a few areas in which incrcased use of the couputer

should be encouraged;

- including as one of tho priority areas, the computer work foresecen in

the inplementetion of the Action Plans reconuonded;

- arranging rontal contracts with whichever of the externally available
couputers is cheaper at the tine, to allow BPH personncl to run the
progrons that they may subsequently develop during the course of their
work;

- upgrading the Burcau's IBM 1440 when the external Fortran~run rentals
routinely exceed the order of, say 1000 pesos per weck, or when other
data processing loads at the Burcau dictaote expansion of the ncchine
to 12K or 16K size; and

- publicizing within the BPH the prograuning capabilities that may al-
ready exist, or which subsequently will be developed within the Burcau.
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Vol.I Summ..ry
* 2  Roads Programme
3 Housing Programme
"ou Conctruction Meterials hanufacture
5

Constiuction Industry Sfficiency

COMPIETION D..I1
Final coupletion date is egreed to as 15th October, 197k.

FORMAT FOR VOLULE I

The man-in-charge of preparation will be the Director, The
detail: will depend on the action plans as they will be
precisely defined in the remeining volumes of the report. The
conterts should also include the details of budgeting and
scheduling of the work of implementing the action plans specified.

The possible elements of the action plrns -~ Uhey were
defined furin: the meetings are included in tlhe o lines for each
volume of the Final Report.

FORMAT FOR VOLUME 2 (Roads Programme).

Th: men-in-~charge will be Dr. Gidigasu. The following is

the genaral outline of contents,

1.0  Sumwry
2.0 Deelground
2e1 Ghena's future programme (Mr. Francois' paper.
Appendix if necessary).

242 Present technological practices,
(papors by Abbey-Sam, Yeboa, Gidigasu,
Donso, Afele, .Allotey, Okycre, Riverson).

229 Geometric Design
2022 Structurel Design



2,221 Roed Bese
2,222 Bridges oand Culverts

2423 Construction Technologiss
2.2 Equipment
24232  Lpbour
2,233 listerisls

243 Ghana's Resources
2,34  BEquipnent (paper by Ok re applics)
2,32 Lobhour (Papers by Bwusi, Wright, Clcrk,
Coleman, Hammond may apply)
2.33 Hoterialc Adaptation (Paper by ZTeboe iy lies).

2l Mecsurenent of Costs

Topics
Concepts of Const
Need to Cost Present Practices,
Need to Cost Alternatives
Necd for Identiftication

Yasec for Bvaluation,

(This section m-y be ax "essay").

(Note: The Introduction shcvld contrin foctual non-cortroversial

information as backyroand for vhat follavs).

3.0 Tyres of Cost Recduction Opportunities
3.4 Present cost lovels. (Base on data, if
avtilable -~ otherwise qualitative discussion
should be enough),

Rereh . conclusion to limit to technological

matters,



3.2 Contributory Technological Factors.
3,21 Design Standards
3.212 Geometric
354213 Structur:l

3,22  Appropriate Construction and

Maintenance Technologies.

34221 Labour
34222 Equipment

3,23 Quality Control Procedures

3.3 Nature of their Dependence
3,31 Choice of Alignment
3,32 Choice of Base Design
3433 Choice of Equipment.

3.4 Coszt Measurcment Methodology.

345 Conclusion
Separctc investigation of topics as follows:-
Design Standards
Construction Technologies
No consideration of quality control

per se.

40 Design Standards
4ol Adhererce to Geometric Design Standerds
(Opportunity is in the Maintenance
of Roads by not exceeding road width
specified).

4.2 Appropriate Use of Stabilization



Le3 Altornative Bridge and Culvert Desian
he4 Effecy of Drainage Design on Maintenance.

5.0 Appropriate Construction and Maintenance
Technologies.
5¢1 Bquipment Resource Management
5¢11 Identification of the Optimum National

Spare Parts Inventory System

511 Distribution of Stocks in Jarehouscs
5¢12 Effect if equipment types erc
standardised.
512 Identification of the Optimum National
Zquipment Inventory.

513 Improvement in ZTquipment Maintenance

Tacknology.
5.2 Lobour Rosource ilenegement
5624 More cffective utilization of unskilled
labour,

5211 Compensation systems
54212 Socinl Attitudes

5e22 Allcriction of shortages of sidilled

personnel,

5221 Toremen
5.222 Craftsmen
54223 Managers

54224 Engineers.



53 Appropriste Iabour/Bquipment substitution
Toupies.

~ Avaeilabiiity of Prodvctivity Data
(1) Zabour
(2) Equipment

-~ (Cendidate substitution methods
~ Basis for Evaluating Appropriateness.

6.0 Findings and Conclusions
6e1 Bffects of Standard of Cost Reduction
List Findings
Draw conoclusion (stete so that Action Plan becomes

obvious),

6.2 Effects of Construction Technologies on Cost
Reduction,
List Pindings
Draw Conclusion (state so that Aotion Plan becomes

obvious).

7.0 Recommendation for Action.
7-1  Establish more Appropriate Design Standards.
7«11 Identify the Appropriate standards
712 Menegge the Adontion
7413 Assignment of Responsibility
7e131 Identification
74132 Adoption

7+2 Identify More~-Appropriate Construction Technology
7421 Bstablish Experimental programme.
7221 Test Alternatives
7222 Produce Productivity Data.
74223 Evaluate Results
7422 Dofiae Procedure for Adoption,
7-23 Assignment of Responsibility,



763 Define Netional Menpowcr Needs
7)1 Recapitulate Prescnt Resourcc,
7432  Estimate Future leeds
7+33 Asscss Capubility .0 Pr.sunt 'r -0, Tacilities,
7.3, DBstimate Need for new facilities.

7435  Assignment of Responsibiiity

7ot Rationalise National Equipment Resourze.,
7+41  Recapitulate Present Resource.
7.42 Tdentify Appropriate Spare Parts Supply und
Maintenance Polioy.
7e43 Estinate Future Zquipment Needs.

7ok Assignment of Responsibility.

The abcve Section 7.0 represents the organization of the aciion
pPlan. The elereats vhich were previously discussed, but which may

not nov be totally opplicable or fit the oui. 1 vire ns follows:

It appears that an Action Plan will in iv + [ design and
construction of an experimental ro.d project u. reasonable length
to pernit the elternative technologies of construction to be tried

and evalunted. The immediatc foreseeoblc berzlits cres

(1) Tt would demonstrate the erfect of proper draimmge on the

road performance for r given traffic level.

(2) It provides an onportuaity for troinin’ supervisors and
engineers on the mansgement of 1ryow 11 - construction

project.

(3) It clso provides an opportunity to determine productivity

level of labour and machinery for various operations,

(4) This would provide the guidelines needed for planning
end eosviuating for future road project in a way that can
reduce the cost of construction.



FORMAT FOR VOLUME 3 (Housing Programme)
A man-in-charge nseds to be identified.

1.0
2.0

340

4.0

5.0

640

SUHLIARY

Conclusion

Development of New Materials, e~g. brick in relation
to supply of oraftsmen, e.g. bricklayers.

Conclusion
Development of Good supply of tiles and timber to
support use of clay tile roof design.

Conolusion
Inorease in productivity of oraftsmen employed in housing

oconstruction,

CLonclusion
Local manufacture of simple handtools and equipment

ACTION PLAN

The obove outline is bricf by stating the nature of the conclusions

to be reached in each section. The elements of an action plan had
previously been identified as follows. Note that Volume &
(Construction Materials Manufacture) may contain the sction plans
erising from Section 3.

Building Construction News

ht present, o Building Construction News Survey is to be

established beginning 1st July, 1975. There is an urgent need to
plan the details of these surveys as soon as practicable, so that
the first publication can be issued shortly after 15t July, 1975.
4 budget is required for this planning work.
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1) The two alternative cendidates for agpropriric rod construction

for residenticl houses re cley tiles and wood shingles,

2) The third candidste is aluminium sheet roofing, when the

markst reaches ¢ sizs to support domestic roofing.

3) Of the two renaining candidates, clay roofing tile is essentially
more ncceptable -nd granting price variations may have universal
application in the country. The hction Flen, theici'ore, is based

on lhis sltern ‘tive,

The plan of action is to make clay tile rc-iily svailable
at .~easonable prices and tiles have already deen established

in the rescarch and development plan under bullding materials,.

Rescarch ~nd development work to identif'y the
appropri:.te naorkets for the methods of manufacturc of wood

shingles should be continued.

FORMAT FOR VOLME L (Construction Mcterials MNanufacture)
The nan-ir-char e vwill be lLr. A.K. Chatterjce. He has appointed

Dr, Amonon~Neizer to cc* for him whcen he 1s on leave,

1N SUMPARY
2N Introduction
2¢1 deope astotenent
2.2 Demund for latcrials
(411 vive materials)
2.3 The Resourcos
(Clay, limestone, bauxite tallings, timber).

5.0  CEMENT _
(hotion Plen = very end)

1. Drilling (and fuel source?)
2. Marketing (and fuel source?)

z Dermarn -



A

5.0

640

ke Cost Analysis.

CIAY PRODUCTS

L« The Asokws/Ankuful Experience,
4.2 Basis for a 30,000 B/W Plant,
4+24 Technical changes
4¢3 Eatimates of Cost
4.31 Financial
4.32 National Economic
Lbeli Potential for Alternative Products.
441  Root' Tile
L2 Drain Pipe
4,5 Pindings and Conclusions
4.6 ACTION PLAN
LTME
541 The BsR.R.I, Demonstration Plant,
5.2 TFindings and Conclusions
5¢3 Aotion Plan
5031 Build Prototype kiln
5¢32 Produce Demonstration Samples
5433  'Perfect Production Process
5¢34  Design Commercial Project.
POZZOLANA
6e1 Previous Research work
6414 Scope
6412 Findings and conclusions
642 Cost of Production
6.21 Financial
6¢22 . National Eoonomic
6¢3 Remaining Problems

6431 Process

10



11

632 Nerket Lceuptonce

6oy nCTION I'LaM
6441 Bench=ficole Ltoge
6-1{-2 Pilot Plant 61:;.»60-

7.0 TIMB=R
741 Present supply/demand position (Asmah, Allotey)
7.2 Findings and conclusions,
Export oricntation
Uncertain supply and -u-li'y
Unclear standards
High price structure

Need to rationalize entire sector.

T3 ACTION PLAN.

Zlements of the action vlans had previousliy been identified

as follors, They may »2 adapted to the outlin. above.

CEMENT

The hizhecaleium-limeston:s in the Bongo-Da mgion appear
sufficient from the small-scale drilling programne of the Ghana
Geological survey for small-scale nroduction of cement. A
feasibility study of the production of cement frem this limestone
should be undertoken using enproprinte tcehnolos;'s The BoReRW I,
should be responsible and may seek the help of the Ghang
Geological Survey. The feasibility study should cover the
evaluation of limestone reserves, market cherecteristics, design
of manufacturing facilitics, supply and cost of forest-derived
fuel including cheracteristics of carbonizction of saw dust,
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CLAY PRODUCTS

Bricks:

The sction Plan is based on the use of the most appropriate
technology for clay and tile manufacture in Ghana which is labour-
intensive of the type used in the manufacture of bricks at nsokwa.
4n exception to the technology is that continuous firing of
kilns siould be used insteed of intermittent firing. Prototype
of such a continuous kiln is now under construction at Fumesua.
Tokoradi is selected the construction of a new factory for specific

reasons, which are:

(a) It does not compete with the sites selected by ihc Bank
of Ghana.

(b) Good morksting cree, and
(¢) Good supply of fusl.

Technical Arees:
The J\otion Plan should be supported by definitive capital cost

anc. manufacturing cost, etce, and financial analysis and national
economic cost analysis for a 30,000 brick per week tentative site
at Takoradi.

In the exccution of the project the BsR.R.I., will presznt o
couplete set of dravings and specifications and offer its services

for supervisicn during the construction.

The 3.R.R.I. will trcin the operating staff, The initial
project will be financed and menaged by the B.R.R.I. with the aim
of disprsing of the completed smoothly-operating factory by sale at a
proper time. The experience in brick quality gonerated at asckwa
will become the basis for suggesting for Ghana standard for
oommon face bricks for building - engineering projects. The work
programme for the prototype continucus kiln will be based on the
design for Takoradi Plant,





http:undurt,.ke
http:heati.ig

14

the prototype for lime production in this country with the B.R.R.I
talking tha initiative in seceking financial end other support for
its implenentation.

1+ The rced is to estoblish two factoriecs initially, one in
the northern half end the other in the southern half of the country,

2. It is proposed thet the locations of thesec factcries be at
Bongo~-Da and Oterkporlu (near Foforidua)e In choosinr the se sites,
the future development of a sand-lime brick industry i. i northern

region and a lime-pozzolana industry at Kibi have been concidered.

3¢ BsR.R.I, should tukc the initiative in getting government
to induce enterpreneurs to establish these factoriess BeReReI.
should give technicel advice and help in quality control.

L. An undertiking should be sought from the P.¥.D. that it
will purchase and use a major portion of the lime produccd for
base stabilizgsion in its road construction projects.

5. The phasc of the ection plen dealing with increcsed use of
lime in buildings will be token up as a follow up of its successful
use in road construction,

6. Attention will be ﬁaid to the production of both
dolomite and non-dolomitic limes.

7. Production of Sandlime bricks: In the Northern Region
using lime from the high-calcium limestone deposit in the Bongo-Da
Region may be a more suitable proposition compared irith production

of olay bricks from the pvoint of view of the requircment ol fuel
(fusl requirement for sandlimc bricks is about half thut Ior the
produotion of equal number of clay bricks)e It will be n.cessary
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Upon conplotion of this work the BsRsReI., will be in a
position to spceify preoisely the nature of +the pilot plant
operation. Tho expectation is that this will be rotery kiln
equipment.

The second stcee of the fiction Plan will be the acquisition
and operation of rotury-kiln pilot plant to b established at an
appropriate location. The probable locations seem to be, at the
moment, either at Lwaso or at Takoradi, perhaps within the boundary
of the Takoradi Cement Plant. The objective of che pilot plant
operation will be to cnable bankable commercizl projcecis to be
designcd. The work will include the testing of prouicts on a
large~scale among the major engineering firms in Gheana of pozzolanae~
portlani cement ané thc establishment of appropriate operating
conditions and cost estimation Tor a commercial plent.

TIMBER

Some guidclines were identified for this itum as follows:

(1) Identify o timber—inductry development pl-n th:. will
represent tic nstionel cconomic interest, Justificution of

this 1s the present nationwl self-reliance dev-:lopment plan.

(2) Suchk a study needs to include the following elements of research
to define the way the ourrent industry operates in terms of
supplying export demand and local demani:

(a) Aassess the efficiency, whereby the present industry

extracts the resource.
(b) hssess the extent of which the resource is being replasad.

(¢) Eatablish a plan for harvesting the forest resource in
the best interest of the nation in terms of regeneration
and nmoximum supply of the species of inlerest.
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(3) Identify the potentinl murlet for timbur #ithin Ghana in
terms o competition by alternative nuterials, and sale at
the finuneial price at which it can substitute compctitively,

(4) Postulste an industry structure which effectively will match
th: potential supply to the potentinl derand,

(5) Conperc the pustulation of industry st cturc with the actual

situation at present,

(6) Identify actions shich . hould be taken ‘o reach a situation of
appropri io use of the resource and supply, and full supply

of the domecstic markct.

(7) Tr. responsibility of the management o” the effort could be
g-ven to the Forest Products Rescarch Institule, together
with giving this Institute spuei dised c3sistrnce thet it
will require from othur sources such .. cl J.R.R. 1.,

Tirber hirkcting Board, etc.

BITUME! SUBSTITUTE
The objuctive of the fction Plan is to oxplore whether

wood ters have any potential to substitute for all, or some of the

uses of irported bitumen.

FORMAT i'OR VOLULE 5 (Construciion Inaustry Lificiency)

Ths non-in-charge is hr. Nohadevan. iy, sttafua 1s to act
for him while he ic on lesve., Crreful thousht needs to be given
to the contenis becruse of the scnsitivity of the topic and
the degree to which the B.R.R.I. wishus to avoid the position

of recormending chenges,



1.0

2,0
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ABSTRICT
1.1 Purpose
1,2  Soope (Extent of completion of the work),
1.3 Method of Lpproaciie
Government Side.
2.1+ Delays in project completion inofficiency due to
Financing ond sudgeting procedure,
(Unauthorisel projects).
Routin of ccertificates of payment,
2.2 induquacy of Froject Design Data and information change
crders.
2.3 Sclection of Contractors
Tender Board Activities
Busis for Reugistration to assure compe.ciice
244 ndequacy of Detailed Project Planning e.g. cinough
muterials and equipment, spare parts.
2,5 The rolc of he consultant (may be in item 2.2).
2.6  Pindings.

Cortiractor's Sice

31

Business Structure

3444 Ilegol fom

3e12 Bulrnees shect
34121 nssets
34422 ILigoility
34123 Net worth

3413 Recont prof'itability
3e14 Recent perfommance ,
3415 Findings



3.1
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Financial Managcrial Competence
3411  Accuracy of estimates for tendering
342  annlysis o' currcvnt expenditurcs,

3013 Forecast of Fund Necns {EBstimale of workin, cipital).

Technicel Cempetence

3¢31  Selection of Tuchnology

3432 Managenent of fiotivities (keeping to schedule c.g.)
3433 Supervision of vrorks

3634  Attitude or lebour force

3435 4vailability of equipment.

3.36 Findinss.

The following elemcnts of action ere presented for reoord purposess

1)

2)
3)

4)

5)

Conduct an cxcerutive session Cont'erence for Government and
private sector ncnbors of the construction industry sector

of' the cHuntry,

Sohedule such a Confercnce after the end of 1974,

Sponsorship os' thu confercnce to be by the Special action Unit
of the N.R.Ce on bchalf' of the Ministry of deconomic Planning
anc¢ the Ministry of orks and Housing.

-~ Ahcora seenw to be the appropriaste lucniion,

—~ Thres days aprears to he an - Ax-urSe 4ime,

The objective of the conferonce shall be to establish specific
recommenGations for a significant improvement of the
efficicncy of the entire construction scector through providing
an open forum for participants to identify problems and

oppose solutions.

Participants should be invited from all sectors in the
Governmont ond all scotors in Privatc inlusi: cowcernnd
with the construction of building, romus, hi hirvs nnd other
oivil engincering works included with the orpanizations and
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persons concerncd witn design plenning programning, as well
as with f'ield construction cperations. Tender Board members

of’ “he Northern Jogion should bu included.

Tupics to be prosented for discussion through prpers should

include the following:

a)
b)

&)

k)

7)

Registration practices for Contractors.
Bffectiveness of the method whercby Contracturs v registered

to be eligible for Government contracts.

Is the project definition frozen at a time project execution
begins?

How effective is Coverament policy to prepare full dctails
for projects before asking for tenders?

L the P.W.De adequatcly staffed to do the jeu wv ~ir<d an
iv, namely, complete definition of the scover 3 Lo (01 a1l

projects which is responsible for it?

How effective arc the efforts of the resident engineer in

determining actusl ouantitics of work done in the field?

Feilure to mcke payment to the Contractor in accordsnce with
the schudule of payments specified in the contract?

Does budgeting ~nd -llocaticn o funds match the progranme

of plan and AC Hoc projects?

Tondering Proczdurc: It appears that some unknown complex
adrinistrative procedurz in the Ministry of Finance causes the
work of the tender borrd to be uneven during the ycar.

This puts a lurge amounts of pressure toiards the ond of the

Tiranciul year on the Tender Boaris to award contructs quickly.
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This proccdure :1lso affects the ability of the ‘lov.uome 2t ‘o oy
Contrectors' bills on tiie, thus delaying jobc, o4:, It ¢..ms desirable
that the Confun uee should provile for its spusker lor be - inistry

of Finance lo expl dn th. situction, :nd the problems of chonge

to alleviate the situatiorn.

8) Composition of Tender Borrd Cen th: balance of nembership of the

9)

10)

1)

Tender Boerd be improved toward more professional conitent? The
effect of decentralising the tender procecdure by increasing the

maximum amount of tender in the rcgions.

Should the P.W.Ds rely more on private local consultent firms

to dlstribute their work load?

4 paper prepared by the BoR.t. I on the subj.ct ol Government
stimulation of ap ' indigenous contracting in .o lL:v, based

on the resource of the country people and the Instiiu -,

Should the G.il.1.Cs a0 o more effective job in the distribution
c¢f building materials, so that they are availsble in all regionel

centres?

alternctive elenents genersrted in a l-ter discussion wore the

following:

1)

3)

The 3ank 031’ Housing and Conslruciion csull tol ovie Lo o e the
task of colleeting payments for cortificates of comdl ion rlving

the contractor his noney on presentation of the certi:iizoto.

The stimulation of contractor growth, efficiency, and offoctivensss

by prohibiting advance payments on centracts by the P,'.L., and forcing
contractors to obtain working capital from commercial banks secured by
assets,

The role of the lManpgument and Productivity Institute in raising
the competence of the indigonous contractor firm.



4) The us:fulnues of introducing o subcontracting firm sub

in the construction sector,.

NOTE

This set of Kinutes of the meetings supericdes the

versions previously issued, which should be isuroyea.

EeO. 3bF.E
SECREV, RY

19/7/1h«
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Curtis Farrar

Curtis Farrar 15 Acting Assistant Administrator of
A.l.D.’s Technical Assistance Bureau, which is the central
staff office for research and development in agriculture,
cducation, development admunistration, science and tech-
nology, nutnition, health and the problems of the rural
poor.

Prior to juiming the Technical Assistance Bureau in 1973,
Mr. Farrar spent ten months as a Fellow with the Urban
Institute. At A.L.D., he has been a Deputy Assistant Admin-
istrator of the Bureau for the Near East and South Asia; a
Special Assistant to the A.l.D. Administrator; and Deputy
Assistant Adminustrator of the Bureau for Program and
Policy Coordination. Mr. Farrar joined A.l.D.in 1963, after
having been with the Asia Foundation in Pakistan,
Cambodia and the U.S. for eleven years.

Mr. Farrar received a B.A. degree in Political Philosophy
from Yale University and a Ph.D. in Economics from the
London School of Economics.

Bruce S. Oid

Dr. Old is a Senior Vice President of Arthur D. Little,
Inc. Since joining the staff in 1946, he has been responsible
for several novel developments in iron and steel manufac-
ture, employment of radioactive tracers, and engineering
applications of atomic energy.

Dr. Old has undertaken a number of studies of research
management including studies of numerous industrial lab-
oratories, basic research 1n the Navy, research strategy in
the Department of Defense and critena for project selection
for NASA. He is the inventor of the jet tapper used for
tapping open hearth furnaces and also headed the project
which developed the use of high-top pressure operation of
blast furnaces.

Dr. Old is the former President of Cambridge Corpora-
tion, formerly a subsidiary of Arthur D. Little, where he
was concerned with the transistion engineering and fabrica-
tion of cryogenic equipment. From 1953-1956, he was a
member of President Eisenhower's Science Advisory Com-
mittee.

Dr. Old is a member of the National Academy of Engi-
neering and serves as its Foreign Secretary. He is also a
member of the Advisory Commuttee to the Office on Emer-
gency Planning and the Board on Science and Technology
for International Development.

He received a B.S. degree in Chemical Engineering from
the University of North Carolina and an Sc.D. degree in
Metallurgy from the Massachusetts Institute of Technology.

Henry Arnold

Henry Arnold is the Director of A.LD.'s Office of
Science and Technology. He is directly involved with the
development and implementation of means to incorporate
science and technology for the support and increased effec-
tiveness of A.L.D. programs in developing countries. At the
Office of Science and Technology, he coordinates A.LD.
relationships with other government, private and inter-
national agencies concerned with science and technology.

As Deputy Director of A.LD.'s Office of Science and
Technology, Mr. Arnold was specifically responsible for
projects and programs relating to industrialization and engi-
neering technology.

For nine years, he served as Assistant to Chief Scientist,
United Aircraft Corporation, Hartford, Connecticut, where
he was engaged in the long-range planning and implementa-
tion of advanced technology.

Mr. Arnold, a graduate of the U.S. Naval Academy is a
retired, U.S. Navy captain. He has a B.S. and M.S. degree
from the Massachusetts Institute of Technology.

Charles Bliss

Since joining ADL in 1960, Mr. Bliss has undertaken
projects in two main areas. One concerns the technological
fields of energy utilization and conversion, iron and steel
manufacture, chemical process development, and industrial
operations analysis. The other involves economic develop-
ment internationally among the lesser developed countries.
Prior to 1960, Mr. Bliss was employed by Foster Wheeler
Corporation.

M. Bliss has headed the Agency for International Devel-
opment project to develop a methodology for identifying
and achieving opportunities to reduce costs in public con-
struction in Colombia, Philippines and Ghana. He has
worked 1n many countries having developing economues in
the development of new industrial techniques.

Mr. Bliss is a graduate of Cooper Union Institute of
Technology in New York City, where he received a B.Ch.E.
and Che. E. degree, and is licensed as a professional engi-
neer in Massachusetts and New York.
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Acting Director, Technical Assistance Bureau
U.S. Agency for International Development
Washington, D.C. 20523
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Senior Vice President
Arthur D. Little, Inc.
Cambridge, Massachusetts 02140

Background

Public construction projects in developing economies consume a large pro-
portion of national resources. Thus, if costs can be reduced, available resources
can be stretched to cover construction projects that might otherwise be deferred.
Alternatively, resources freed through cost reduction can be diverted to projects
in other sectors. For these reasons, the United States Agency for International
Development (AID) is interested in helping organizations in developing countries
identify opportunities to reduce the cost of public construction, and ultimately to
achieve the benefits promised irom their implementation.

Since 1971, threec countnies, Colombia, Ghana, and the Philippines, have
hosted representatives from Arthur D. Little, Inc. (ADL), who were conducting
experiments on behalf of the U.S. Agency for International Development (AID).
These experiments had a twofold objective: (a) to identity useful, implementable
cost reduction opportunities in each country and (b)'to find a methodology for
achieving cost reduction in the public construction sector and generalizing the
methodology as a set of Guidelines for wide use throughout the world.

Why A Conference?
The conference’s three objectives are to:

®  Acquaint officials of governments and institutions interested in construction
technologies with the cost-reduction project and its results.

® Stimulate discussion and exchange of viewpoints on the Guidelines, espe-
cially with respect to the variations among the three host countries; and

®  Generate feedback of information and opinion to revise and improve the
Guidelines, and to enhance their usefulness:

Conference Approach

The conference will be organized to facilitate maximum discussion and
interaction. A copy of the current draft of the Guidelines is included in the
conference folder for participants. Each session of the program will present a brief
summary of the relevant issues from the Guidelines. The papers presented at the
session will describe specific experiences from the three experiments, while also
presenting concepts appearing useful to the subject. A discussion period will
conclude each session in which participants will identify useful revisions to the
Guidelines dratt.



What Will The Conference Cover?

The Guidelines and the conference cover the total spectrum of activities in

the public construction sector and will address questions in such areas as:

Materials Application

What are the predominant materials and the current pattern of availability
and usage within a country?

What is the current state of research in government, academic and private
organizations into improvement of properties and adaptation to new uses?

How can value engineering be employed (i.e., seeking the proper balance
between long-term and short-term costs) in selecting from alternative mate-
rials?

Are there potential uses for indigenous construction materials that may not
yet have been exploited?

What is the state of standardization of formal material specifications and
appropriateness of the standards employed?

What is the demand for Foreign Exchange in the current usage pattern of
construction materials?

Appropriateness of Construction Technology

Is there a proper balance between capital and labor-intensiveness?

Is there a proper balance between first cost and maintenance cost (or
between short-term and long-term costs)?

Are construction activities supervised so that anticipated quality is achieved?

What is the pattern of utilization of capital-intensive construction equip-
ment?

Public Construction Institutions

What factors are most significant in ultimate implementation of cost-reduc-
tion opportunities?

How can one best manage the utilization of materials and the application of
construction technologies?



8:00 - 9:30 a.m.
8:00 - 10:00 a.m.

10 a.m. — 12 Noon

12 Noon - 2 p.m.

2p.m.—-S5pm.

3:30-4:15

TUESDAY, 12 NOVEMBER
SESSION ONE

Coffee Hour
Registration

Topic: Introduction

1. Welcome — Conference Co-Chairman — Curtis Farrar, Acting Director,
Technical Assistance Bureau, Agency for International Development
2. The Context of Conference — Henry Amold, Director,
Ofiice of Science and Technology, Agency for International Development
3. Three Experiments — Conference Co-Chairman — Bruce S, 0Old,
Senior Vice President, Arthur D. Little, Inc.
4. The Purpose of the Conference — Charles Bliss, Director,
Cost-Reduction Project, Arthur D. Little, Inc.

Lunch
SESSION TWO

Topic: Identification of Alternative Construction Practices — Materials

1. Introductory Remarks — Session Chairman — E.Y.S. Engmann,
Technical Director (Works), Ministry of Works and Housing,
Accra, Ghana

2. Panel Presentation
a. Cement Supply and Distribution

® Colombia — John Naranjo, Deputy Chief,

Department of National Planning, Bogota, Colombia
® Philippines — Leoncio O. Limjuco,

Department of Public Highways, Manila, Philippines
® Ghana — J.W.S. de-Graft Johnson, Director,

Building and Road Research Institute, Kumasi, Ghana

b. Cement Substitution
® Brick (Colombia) — John Naranjo
® Brick and Timber (Ghana) — J.W.S. de-Graft Johnson

¢. Brick Manufacture
® A Small-Scale Approach — (Ghana) — J.W.S. de-Graft Johnson
® The Industry in Colombia — (Colombia) — John Naranjo

d. Indigenous Materials
® Synthetic Pozzolans — (Ghana) — A.A. Hammond,
Building and Road Research Institute, Kumasi, Ghana
® Blast Furnace Slag — (Colombia) — John Naranjo

Coffee Break

3. Panel/Audience Discussion



9 a.m. — 12 Noon WEDNESDAY, 13 NOVEMBER
SESSION THREE

Topic: Identification of Alternative Construction
Practices — Construction Technology — Part 1

1. Introductory Remarks — Session Chairman — John Naranjo

2. Panel Presentation
a. Construction Equipment Utilization Experiences
o Philippines — Antonio Garcia,
Department of Public Highways, Manila, Philippines
e Colombia — Fernando Isaza, Chief, Unit of Infrastructure,
Department of National Planning, Bogota, Colombia
® Ghana — E.Y.S. Engmann

b. Housing Roof Construction Alternatives in Ghana —
J.W.S. de-Giaft Johnson

c. Alternative Bonding Techniques in Building Wall Construction —
The Use of Sulfur — David Black, Southwest Research Institute,
San Antonio, Texas

d. Highway Bridge Design Alternatives in Ghana — J.W.S. de-Graft Johnson
10:30 - 11:15 Coffee Break

3. Panel/Audience Discussion

12 Noon - 2 p.m. Lunch
2p.m. —5pm SESSION FOUR

Topic: Identification of Alternative Construction
Practices — Construction Technology ~ Part 11

1. Introductory Remarks — Session Chairman — Leoncio Limjuco

2. Panel Presentation

a. The Labor-Capital Resource Mix Question — Peter Thormann,
Office of Policy Development and Analysis,
Agency for International Development

b. The World Bank Project — Mr. Clell Harral, Chief,
Transport Research Division, International Bank for Reconstruction
and Development, Washington, D.C.

c. The World Employment Programme — Geoffrey Edmonds,
International Labour Office, Geneva, Switzerland

d. The Philippine Capas-Botolan Project — Carlos Rivera,
Department of Public Highways, Manila, Philippines

e. The Pick and Shovel Program in Colombia — Fernando Isaza

3:30-4:15 Coffee Break

3. Panel/Audience Discussion



9 a.m. — 12 Noon THURSDAY, 14 NOVEMBER
SESSION FIVE

Topic: Evaluation and Implementation of Cost-Reduction Opportunities

1. Introductory Remarks — Session Chairman — Robert C. Snell,
Office of Engineering, Agency for International Development

2. Panel Presentation
a. Evaluation of Alternatives
® The Use of Computers — Edwin L. Field, Arthur D. Little, Inc.
® Methodology - John H. Reedy, Arthur D. Little, Inc.

b. Design of Implementation — Charles Bliss

c. The Implementation Plans for:
Colombia - John Naranjo
Philippines — Leoncio Limjuco
Ghana — J.W.S. de-Graft Johnson

10:30 - 11:15 Coffee Break

3. Panel/Audience Discussion
12 Noon - 2 p.m. Lunch
2p.m. - 5pm. SESSION SIX
Topic: Organization of a Cost-Reduction Proje(;t

1. Introductory Remarks — Session Chairman — Charles Bliss

2. Panel Presentation
a. The Organization in Each Country
® Colombia — Fernando Isaza
® Philippines — Antonio Garcia
® Ghana — J.W.S. de-Graft Johnson

b. Project Outlook in Each Country
® Colombia — John Naranjo
® Philippines — Leoncio Limjuco
® Ghana — E.Y.S. Engmann

3:30-4:15 Coffee Break

3. Panel/Audience Discussion

4. Concluding Remarks
Conference Co-Chairmen - Curtis Farrar
— Bruce Old





