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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

ject 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 is 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:
 

9 	the design of a methodology suitable 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;
 

* 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 ori'sinal scope specified the
 

following:
 

" 	Identify, formulate, and carry out materials research and
 

adaptation projects which will reduce short-term costs and
 

long-term drains on national budgets.
 

* 	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. 

" 	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.
 

* 	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:
 

* 	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;
 

" 	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;
 

" 	avoid topics or efforts 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;
 

" 	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;
 

" 	include 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;
 

" 	assist the counterpart organizations in the host countries,
 

with respect to their cost-cutting capabilities, to clarify
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gaps and weaknesses in their operations, to identify priori

ties for attention, and to formulate action plans; and
 

v 	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:
 

" 	Reconnaissance. A reconnaissance before detailed 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.
 

" 	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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a 	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.
 

9 	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 construction
 

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 lo 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 barriers to
 

implementation of an alternative construction practice will arise and
 

engender conflict primarily when the technology carrying the lowest
 

national cost is 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:
 

* 	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 first step is a check of the present day aspects of the cost-reduction
 

opportunities deined in this report for each of the three countries. In
 

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 cost-reduction evaluation; technological research to
 

find methods of raising 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. This 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 construction-cost reduction projects, one in each of three
 
cooperating countries -- Colombia, Philippines, Ghana -- followed by a
 

conference in Wasington inwhich 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 (InSpanish)
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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 aade 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 1-21, 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 rev~sion and reorganization. Volume I,
 
the summary volume noted on page 2 of Appendix C, has
 

not yet been prepared.
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The organizational structure within which the experiment in each
 
host-country was conducted was the following:
 

Country Name 

Colombia Departamento 
Nacional de 
Planeacion 
(Bogota) 

Philippines Bureau of Public 
Highways* 
(Manila) 

Ghana 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.
 

Scope
 

All governmental
 
areas of professional

planning activity.
 

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

A -,nit of the Council Technical research
 
for Scientific and 

Industrial Research, 

which reports to the 

Ministry of Economic
 
Planning.
 

of knowledge in the
 
construction of
 
roads and buildings.
 

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

Colombia December 1971 - September 1972 

Philippines November 1972 - May 1973 

Ghana 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 Arthur DLittle Inc 



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 inWashington, 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.
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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.
 

1. 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.
 

" 	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.
 

" 	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.
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9 	The completion of a national 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.
 

* 	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.
 

* 	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
 

* 	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.
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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

gies 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.
 

3. 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
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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.
 

* 	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 lessons have been
 

formulated into the recommended Guidelines that ate 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. Itwas 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
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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 inmany 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 appKopriate technology.
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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 is 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 believe, be
 

Thus obstacles and
encountered in almost any developing country. 


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.
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IV. SUGGESTED METHODOLOGY: THE GUIDELINES
 

The suggested version of the Guidelines for identifying and implementirg
 

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 (Introduction) 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 selectedl 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 IV, 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:
 

e 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;
 

e 	obstacles that relate to the capability of a nation ta
 

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 recommencations 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 from a development-oriented agency which
 

provides technical assistance as a matter of course.
 

There are, moreover, a variety 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.
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The growth of cement production capacity in the country has been
 

managed to match assured market growth. The industry is privately owned
 

From the
and investment funds for new capacity are managed with caution. 


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 involves
 
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 is 
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. 
In more-developed
 
countries the conventional binder is a mortar made br 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 molten 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
 

Investigations 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. Also, the construction
 

industry finds itself to be operating as a training 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
 

30 
Arthur D Little Inc 



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 is 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,
 

e 	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 is used
 

productively in the technologies practiced in the
 

country, and
 

* 	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:
 

a 	extending cement supply by developing indigenous
 

pozzolanic materials;
 

e 	the more-intensive use locally of timber for construc

tion; and
 

e 	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 50% 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 is 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;
 

e 	a more precise knowledge of the change of particle-size
 

distribution between the initial material and final
 

calcined material for use in 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 Building 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 is 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 uned, 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 the resource in the domestic market.
 

35 
Arthur D Little,Inc 



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 the needed participation.
 

c. 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 transport 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
 

oil in a national economic sense, fuel oil may still be financially
 

cheaper. In 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 production. Discussion with the
 

36
 



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 span 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 2indings 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 personnel 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 is identified.
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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 reference 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 construction 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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* 	knowledge, anywhere, of more appropriate technologies, or any
 

aspect or component of such technologies;
 

* 	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
 

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

nologies - is being used.
 

e 


Technical assistance agencies may individually, or jointly, advance the
 

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


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
 

It appears,
labor-intensive methods prevailing in countries like India. 


furthermore, that the appropriate technology for a developing-country
 

environment almost typically falls into this intermediate region of the
 

come from concerted efforts
labor-capital mix. The answers probably will 


to innovate, through conceiving new cquipment, preferably equipment that
 

is suitable for local manufacture, or to adapt equipment t,'-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 atiy 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;
 

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

of data were obtained;
 

e 	Methods for identifying and applying low-cost technologies,
 

such methods being needed by any user who has a role in the
 

choice of technology for projects;
 

e 	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

ogies that may be more appropriate. Such t'echnologies, 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
 

Similar data on the performance of machines
is recruited and managed. 
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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:
 

9 	the national costing of alternative technologies, particularly
 

through the usa of shadow prices;
 

9 	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
 

* 	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
 

agencies 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
 

In the former, new
countries and advanced countries are sorely needed. 


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
 

The student should be required to become as facile in estimanagement. 


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 is at the graduate level, courses should emphasize such
 

In all programs, students will need
 an economics-technology interface. 


to become fully acquainted with the concepts, the design, and the imple

mentation of low-cost practices, respecting both materials and technolo

gies.
 

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 illustration of the need for training
 

Inmachine 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 eained 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
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concept of costs frr the particular situation or project.
 

Since the Guidelines are inferred from actual experiences in the
 

Their
three experimental projects, they carry empirical merit. 


application in any developing country should 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 agencies:
 

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 construction
 

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 descriptions,
 

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 Guidelines. 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 engineLring 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 identifiea 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
 

9 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. In
 

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 repair or even reconstruction, as wear
 

and tear occurs through use of all or portions of the project install

ations to maintain performance at least at 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:
 

9 	an established construction organization can produce
 

the complete installation as &pecified; and
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0 	the construction organization's cost to produce
 

the completed installation will not exceed the
 

construction budget; and
 

9 	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 considerably 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:
 

" the availability of funds,
 

" 
the ability to tolerate a measured amount of
 

deterioration before any repair is considered, and
 

" 
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. IMPLEMENTATION 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:
 

" 	the criteria for the registration of contracting
 

organizations seeking work in the public construc

tion sector;
 

* 
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;
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9 the effectiveness of the method specified for 

certifying the completion of work items of the 

construction program at the end of each interval; 

e 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;
 

9 	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 pcocurement 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;
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0 	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 financial (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 aie to 
be 	calculated.
 

(A 	third reason should be mentioned even though it is more 
likely to be
 
relevant to 
the choice of projects rather than the choice of construction
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practices: costs to society in the form of adverse environmental 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 is ordinarily attributable
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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 different 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 imported 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
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to levels above those Justified by labor productivity. Evidence of such
 
distortion is 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 ceilings 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 is 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
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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, if 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
 

1. 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:
 

9 opportunities for local construction materials to substi
tute for imported materials;
 

" opportunities for more-effective internal distribution of
 
the supply of construction materials;
 

" 
opportunities for technologies that are more labor-intensive;
 

and
 

* 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 is 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:
 

" 	the construction materials available, including qua
lity, quantity, and price, and the structure of the
 
construction materials manufacturing industry, in

cluding its distribution network; and
 

" 	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 is 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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" 	current government, academic, and private analytical and experimen
tal research on improving the properties of construction materials
 

and adapting them to new uses;
 

" 	development of the construction potential of indigenous natural or
 

artificial materials;
 

" 	the degree to which material specifications have been frozen (perhaps
 
inappropriately) into formal standards;
 

" 	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;
 

" 	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;
 

" 	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
 

" 	the possibility of devising an alternative mix of labor and capital,
 

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:
 

e 	the scopes of the conventional and the alternative
 

practices are of comparable magnitude; and
 

o 	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.
 

23
 



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 if 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 is 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 maintenance 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 cor~truction 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 comprehensive
 

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 loa.
 

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.
 



TABLE 1
 

FINANCIAL COSTS AND NATIONAL COSTS OF A CONSTRUCTION PRACTICE OR COH3INATION OF PRACTICES
 
(In Domestic Currency Units for tn, Period Covered by tha Costing)
 

Year 0 -car 
 i 
 Year n
Financial Shadow National Financial 
 Shadow National 
 Financial Shadow National
Outlays Coefficient Out' ys Outlays Coefficient 
 Outlays Outlays Coefficient Outlays
OUTLAYS TO FOREIGNERS 

1.1 Equipment (purchase or lease) xxx 
 xxx 1
 
and Spares
 

1.2 Imported Materials xxx 
 xxx xxx1
 
1.3 Personnel xxx 
 xxx 
 xxx
 
1.4 Other Operating Outlays XXX 
 xxx XXX
 
1.5 Loan or Equity Principal xxx 2
xxx 
 xxx
 

(from)/to abroad
 
1.6 Interest or Dividends xxx xxx 
 xxo
 

to abroad
 
1.7 TOTAL, FOREIGN xxxx 3 xx4 3 3 4xxxxxx ,oxxx xx xxx 
 mxx xx mx
 

DOMESTIC OUTLAYS
 
2.1 Labor, classified by xxx xx xxx xxx xx xxx 
 xxx xx m
 

skill level
 
2.2 Land Rents xxx xx 
 xxx xxx 
 xx xxx 
 xxx xx
 
2.3 Natural Resource Depletion xxx xx xxx xxx xx 
 XXX xx
xxx xx 

2.4 Equipment Use xxx xx Txx 
 xxx xx 
 xxx 1
xxx xx 

2.5 Materials, Supplies, Utilities xxx 
 xx xxx xxx xx xxx 
 xxx xx
 

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 doir-stic investors
 

2.7 Interest or D.vidends to xxx n/a n/a xxx n/a n/a 
 xxx n/a n/a
 
domestic investors
 

Z.8 Taxes, net of subsidies xxx n/a n/a xxx 
 n/a n/a 
 xxx n/a n/a

2.9 TOTAL, DOMESTIC xxxx 
 xxxx xxxx 
 xxxx 
 xxxx xxxx 
 x=
 
rOTAL FINANCIAL COSTS xxxx xxxx 
 xxxx
 
rOTAL NATIONAL COSTS xxxx 
 xxx 
 x=
 
UM OF PRESENT DISCOUNTED VALUES
 
OF TOTAL FINANCIAL COSTS5 : xxxx
 

UM OF PRESENT DISCOUNTED VALUES
 
OF TOTAL NATIONAL COSTS6 : xxxx
 

iancial 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.
 
be used as a measure of foreign exchange costs.
 

idow foreign exchange rate.
 

h year's toal to be discounted at market rate of interest at which project 
is likely to be financed.
 
:hyear's total to be discounted at national time-preference rate.
 

iot applicable to national costing. 
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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 coste, 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 is 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 shorter 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 liabilities
 

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 practicos 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 is 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 acconmodate each shadow 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. Ifunskilled
 

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 typical farm worker is 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
 
corresponding 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 absLracted 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.
 

Occasionally, 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 often
 
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 almost overwhelming; the private contractor, for
 

example, has no incentive to adopt any altered technology or material
 

unless he can thereby reduce financial costs. Any government 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
 
either 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 bias toward equipment becomes a
 
bias 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 is costly to the outside
 

world but not to the developing country itself; thus tba 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 sequetial 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 exemplifies 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 is still operable is abandoned because of the high cost of moving
 

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 lost 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 fccce.
 

Only as this basic obstacle can be overcome through adequate nutrition
 
and sanitation, can many of the otherwise promising cost-reduction
 

opportunities be 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 those 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-skLlled 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 typiial preference of the engineer for capital

intensive practices employing the most recently developed technologies
 

and the most sophisticated materi&ls. This preference becomes 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 managing men. The crucial task of motivating crews of men
 

to high levels of cooperative productivity may be particularly outside
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his preference bailiwick. All of these attitudinal characteristics
 

stand in the way bf 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. In
 
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 isby placing taxes on the principal inputs of the
 
practices that ate 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 want 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 practical 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 admin-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; tiuch subsidies and tax remissions
 

46
 

Arthur DLttle Inc 



essentially are nationally costless because they are merely transfer
 

payments. Moreover, not only do these fiscal 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 equipment. 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 always 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 enforceable and probably would jeopardize morale at every
 

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.patterns, one or more such combinations should be sufficient to
 
accomplish 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, itmay 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.
 

48
 

Arthur Dlttle Inc
 



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
 

piece 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
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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.
 

Almoot 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 heavily 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 national,
 

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 technologiqal
 

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 is 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.
 
Insofar 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 may they be
 

called for to insure that the technologies and materials conform to
 

lowest-national-cost criteria.
 

52
 

Arthur DLittle Inc 



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 construction 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 motIvate 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 be 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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TABLE 2
 

OUTLINE OF A TYPICAL CUST-REDUCTION PROJECT STATEMENT
 

1.0 Introduction
 

1.1 Background of the project: The mutual interests which brou-ght
 
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.
 

2.0 Objectives and Scope
 

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

3.0 Work Programs
 

A list 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.
 

4.0 Methodology
 

General policy statements covering the method 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.
 

5.0 Responsibility and Participation
 

Designation of the responsible organization, a technical assist
ande organization (ifappropriate) 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.
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A Project Statement is useful because:
 

" 	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.
 

" 	It provides all field interviewees with a basis for a similar
 

understanding of the project and thus encourages their
 

cooperation.
 

" 	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:
 

* 	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;
 

" 	evaluation of the alternative practices on the basis of estimates
 

of their financial and their national costs;
 

" 	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;
 

" 	design of actions to overcome the obstacles to the implementation
 

of less costly practices; and
 

" 	formulation of procedures for the implementation of construction
 

projects using least-national-cost technologies and materials.
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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 aL.ained outright,
 

but it is more likely to be necessary to choose intermediate goals, the
 

achievement of which constitutes progress and an bncouragement 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,
 

itmay 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
 

1. 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 sector are already structured. If the kinds of respon

sibilities that bear on construction costs are at all scattered throughout
 

the government, in intetagency 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:
 

" 	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
 

" 	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 amcng 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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TABLE 3 

FOUR AREAS FOR DATA AND INFORMATION COMPILATION 

1. 	Materials:
 

" 	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, wood, asbestos-cement, and aluminum.);
 

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

" 	the current emphasis in onsidering alternative materials on avoiding or
 
encouraging future mainLenance;
 

* 	the potential to obtain construction 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.
 

2. 	Construction Technology:
 

" the labor/capital mix employed;
 

" the design practices that influence maintenance needs;
 

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

" the productivity of capital equipment; and
 

" the productivity of labor.
 

3. 	Public Construction Institutions:
 

" 	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;
 

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

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

4. 	Cost:
 

" data for financial cost analysis; and
 

" 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
 

aid 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:
 

e 	the invitation list should include individuals from public
 

and 'rom private organizations, representing all shades of
 

informed opinion relevant to the topics in the work program;
 

* 	 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
 

* 	the conference organization should provide for subdividing
 

the conferees into groups according 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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" 	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;
 

" 	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;
 

" 	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:
 

9 	selection of the duration of the work program to allow a balance
 

between providing sufficient time to 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;
 

* 	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;
 

* 	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;
 

* 	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
 

* 	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 in the
 

work program is 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 is 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 as 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 isonly 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 still 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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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 TO FOREIGNERS 
Outlays Coefficient Outlays Outlays Coefficient Outlays Outlays Coefficient Outlays 

Equipment (purchase or lease) 496 506 2530 
and Spares 

Imported Materials 960 640 260 

Total, Foreign 1456 1.4 2038 1146 1.4 1605 2790 1.4 3906 

DOMESTIC OUTLAYS 

Labor, skilled 432 1.0 432 655 1.0 655 472 1.0 472 

Labor, unskilled 1069 0.26 278 1046 0.26 272 334 0.26 87 

Equipment Use 20 1.0 20 484 1.0 484 28 1.0 28 

Materials, Supplies, Utilities 5514 1.0 5514 4501 1.0 4501 5248 1.0 5248 
and other inputs not covered 
by items above 

Total, Domestic 7035 6686 5912 6082 5835 

Total Financial Costs 8491 7832 8872 

Total National Costs 8283 7516 9741 
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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, itwas 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%. In addition 

each of the three bridges requires routine maintenance that costs, in a 

financial sense, 0 50 per year. The timber bridge requires, in addition, 

special maintenance costing 0 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 financial cost.
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TABLE A-2
 

ALTERNATIVE BRIDGE CONSTRUCTIONS-COHPARATIVE 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 @ .09 @ .12 @ .15 @ .09 @ .12 @ .15 @ .09 Ld .12 @ .15 

Depreciation + Interesta 775 997 1244 715 905 1129 903 1242 1507 

Annual Maintenance 50 33 33 50 33 33 50 33 33 

5-yearly Maintenanceb - - - - - - 8 5 5 

Total Annual Rental 825 1030 1277 765 938 1162 971 1280 1545 

Present Discounted Value 8100 8078 8247 7509 7355 7503 9538 10039 9985 

of 25 Years Servicec 

in which r is the discount or interest rate listed in the column and n is the expected lifetime 
of the bridge
 

a Initial cost 

1 n( r


1+ r 


m+ r)5 m m + 2011 1b + + + +
Annual rental value of maintenance provided during 5th, 10th, 15th, and 20th years =L1 10 1+ r)20


(1 + r)1 
(1 + r)
+r5 


The formula calls
 
in which m is the cost of the maintenance, at the time it is performed, 0 50 if financial 

cost, and 0 33 if national cost. 


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.
 

c - Total Annual Rantal x (
-

r
 

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 lift 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 15%. In 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 inbulk, or as clinker, by rail in unit-trains
 
shuttling between source and destinations; for the long term, itwas
 
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
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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) inwall 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
 
were used 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 isvery 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 instead 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. Inmining 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. Philippines
 

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 employ 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
 
isnow (1974) under construction by labor-intensive means on an experi
mental basis, 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-oil 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
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found to be clay tiles and wood shingles. Aluminum roofing was a
 

third prospect.
 

The action plan calls for making readily available clay roof
 
':iles 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 not 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
 
project 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 thrlee experiments.
 

1. 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 .upport 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 President of the Philippines.
 
The Philippine National Development Plan (1971-1973) 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).
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TABLE C-i 

PROJECT SCOPE FOR THE COLOMBIAN PROJECT 

Title 	 Objectives 

The Colombian Cement Industry 	 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
 

The Production and Distribu- Identify alternative policies
 
tion of Burned-Clay Products within which the expansion of
 

the industry may occur, and
 
the implications of each to
 
achieve the objectives of
 
the plan.
 

Roads and Highway Construc-	 Information gathering and
 
tion and Maintenance 	 evaluation on selected
 

topics appearing to offer
 
significant potential for
 
cost reduction.
 

Technological and Cost As- Analyse actual examples of
 
pects of Vertical, Multi- urban housing construction
 
Unit Housing--A Case Study 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.
 

Technological and Cost Compile technological and
 
Aspects of Future Urban cost data concerned with urban
 
Infrastructure Construction 	 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 responsive to needs as
 

foreseen by the IOC.
 

During the reconnaissance period, discussions with personnel of the
 

IOC 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 thlrd 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 latter 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 their order of 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 inwhich the project was sited, namely the Building and Road
 

Research Institute (BRRI) of the Council for Scientific and Industrial
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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; 

" Construction Alternatives for Building Roofs; 

" Construction Alternatives for Road-Building Components; 

" The Appropriate Use of Labor in Construction; and 

* 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 Secretary of the Department of Public Works, Transportation and
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TABLE C-2 

THE CHARACTER OF THE ORGANIZATIONAL STRUCTURE 

IN THE EXPERIMENTAL PROJECTS 

Country Name Function 

Colombia Departamento 
Nacional de 
Planeacion 
(Bogota) 

Staff Planning 
Group for the 
Executive Branch 
of the Government. 

Philippines Bureau of Public 
Highways 
(Manila) 

A Division of the 
Department of 
Public Works, 
Transportation 
and Communications, 
responsible for the 
construction and 
maintenance of na
tional roads and 
highways. 

Ghana Building and Road 
Research Institute 
(Kumasi) 

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 professionial 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 extreoLs 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 obtaLneoi 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. 
Itwas 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 

PLAN FOR ACCOMPLISHMENT 

COLOMBIA 

ORIGINAL ACTUAL 

Stage Activity Location Activity Location 

1 Selection of Program Colombia Attempt to establish a pro- Colombia 
Topics ject statement to avoid a 

division of the project with 
two independent approaches. 

2 Information Gathering, Colombia Publication of a formal Colombia 
Analysis, and Evaluation; project statement and the 
Conference Design and undertaking of iitensive 
Preparation of Papers; field work by the project 

0 Schedule and Tentative team. 
Program for Conference 

3 Action Plan Preparation ADL U.S.A. Brief visit by ADL to insure Colombia 
and Review: Formal Home Office that activity was continuing 
Conference Program and that report writing 
Adoption would be completed on time. 

4 Conference and Colombia Wind up activities to Colombia 
Reporting produce action plans and 

host-country report. 

5 Follow Up of Results of Colombia Follow-up visit to assess Colombia 
Implementation the results of the Action 

Plan. 

-i 



" 	More time was required than originally was estimated.
 

" 	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
 

" 	Conducting a public conference was not practical because of
 

the sensitivity 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:
 

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

statement;
 

* 	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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TABLE C-5
 

RESPONSIVENESS OF WORK RESULTS TO COST
 

REDUCTION OPPORTUNITIES
 

Action Numbers in
 
Table C-4 


1 


2 


3 


4 


5 


6 

0supply.
 

14, 7 


8 


9 


10 


11 


12 


13 

> 


14 

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
 

Technology to increase efficiency in manufacturing.
 

Institutional structure to enable problems impeding
 

cost reduction to be identified and solved.
 

Technolot,y appropriate to employment generation and
 

to improvement in balance of payments.
 

Technology appropriate to the consideration of value
 
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.
 



" 	By 18 April 1973, formulation of conclusions and recommendations; and
 

" 	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).
 

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

its specification in the Project Statement were originally
 

conceived 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 peziod 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).
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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
 

some 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 government 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
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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.
 

* 	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.
 

" 	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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I. SUMMARY
 

A. PURPOSE AND SCOPE
 

Construction is a significant activity in Colombia by virtue of 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.
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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; 
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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.
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b. By a More Appropriate Masonry Cement
 

The Industrial and Agrarian Study Unit (UEIA) of Planva

cion Nacional has arranged to receive a proposal from Instituto de la
 

Construccion de la Universidad del Valle (ICUV), expected in September
 

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 formiula

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 (1CM), 

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 

-j'



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 attrac

tive candidate, but based on cement clinker, is the transport 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
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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-


Such shortages
tent that construction activities could be cut back. 


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,
 

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


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 (lIT) with assistance from the UNIDO,
 

technological recommendations
has produced a clear and unified set of 


whereby the efficiencies of the medium and small Colombian producers of
 

a more
burned-clay products can be increased. The result can be profit

able or stronger competitive position for the industry with respect to
 

a more effective utilization
alternative wall and partition materials, 


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 lIT 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.
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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 Progress 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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organizations involved in the construction sector and affected by its
 

perfornance. 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-oriented
 

models already described above.
 

b. Actions Depend on Results of Prior Actions
 

Examples of actions which fall into this category are the
 

following:
 

- Consideration 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 ao both the
 

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

other topic.
 

C. RECOMENDATIONS
 

We recommend as follows:
 

1. 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.
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b. Assist this group with personnie from the different govern

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 structul2,
 

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 procedure for the pilot program.
 

5. That Planeacion Nacional undertake a similar effort oriented
 

toward transport of cement clinker from Nare to Bogota.
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6. That Planeacion Nacional sponsor a technical conference for
 

participants who woutd 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 Lhc 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:
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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.
 

c. 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
 
ideas 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
 
it becomes evident that a more formal organization is convenient.
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A. PURPOSE AND SCOPE
 

The construction of roads and highways in the Republic of the Philippines 

is currently a major activity in the infrastructure development sector. This 

emphasis is e:pected to continue into the future. Considering only the road 
and highway projects handled by the Bureau of Public Highways, the surns to be 

expended in the coming years will be considerable, about 3C5 of the total ex

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

The expenditures will be made in the context of national planning policy,
 

which is embodied in the eurreat philippine Four-Year Development Plan (1972

1975). Since the formulation of this Plan, one particular pnliey for its im

plementation has been given an increased emphasis. It is a greater utiliza

tion of labor-intensive methods inpubi. works construction in order to create 

new opportunities for the employment 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 Public
 

Works, Transportation and Communications (DP'1TC) formed an ad-hoc group from 

personnel in its Bureau of Public Highways (BiH) to begin work in a project of 

investigations aimed at identifying appropriate cost reduction orportunities. 

This group, identified as the Pilot Technical Assistance Project (PTAP), was 

provided the services of the consultant firm of Arthur D. LittlE, Inc. of 

Cambridge, Massachusetts, (ADL) by the United States Agency for International 

Development (USAID). The modus operandi of the PTAP was set forth in a pu

blished project statement, dated 15 November 1972. 

The specific 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 cont-reduction opportunities, to recommend practical means 
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- 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.
 

Thus 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 Tirst 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
 

staff available to the project.
 

B. f.0DOLOGY 

The PTAP adopted and followed a specific set of policies to guide its 

investigations. The set was selected to assure that the resilts 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 boon:
 

- to undertake and complete the work program for the project as the 

initial effort of a longer-term effort, in which 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 delineated for the longer
term project of the Kampsax-Berger consortium (within whose period of
 
scheduled activities the PTAP schedule fell), while at the same time
 
taking advantage of the findings the consortium has already produced. 

- to identify the immediately-useful cost-roduction opportunities sharp
ly, so that the actions to achieve them are clear and enable decisions 
to implement them to be taken readily;
 

-
to recognize that costs of construction involve not only the initial
 
financial costs, but also the effect of the future costs which arc sso
ciated with the maintenance of the completed facilities and which are 
incurred periodically during the life of the project; and 

- to recognize that financial costs are interrelated with national eco
nomic costs, and that because of this 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
 
now opportunities to provido employment to people and/or to reduce de
mands for foreign exchange. 

The PTAP began active work on 13 N1ovember 1972 and its investigations 
were formally completed on 30 March 1973. During this period, the work in
volved undertaking and managing a number of distinct stages of activities, 
which were the following: 

- the definition of the prospective work topics in detail and the incor
poration of changes in their purposes and/or scopes as the need for 
this became evident; 

- the establishment and accomplishment of a number of vists to field
 
offices of the toBPH secure data and information which required the 
compilation beforehand of a questionnaire covering the topics selected; 

- the organization of the field work as a series of one-day conferences 
in the offices of the Regional Directors of the BPH, with the local 
engineering staff as thu participants and with discussion in these con
ferences based on the questionnaire;
 

- the organization and accomplishmnt during 26-28 karch 1Q71 nl n 
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topics were p.resented to a varied audience for discussion and argu

mentation; and
 

- the formulation of action plans from the overall results of the work. 

C. FINDINGS AND CONCLUSIONS
 

1. The Future Road-Buildin_ Program and Its Implications 

Projects already envisioned for the BPH, also information regarding 

the future availability of funds for road building, show the following 

forecast of the future road-building program for the BPH between FY 1973 

and FY 1980. 

Total Es timated 
Road Category Accomplishment Expenditure 

(Kilometers) (,,llioas of Pesos)
 

Paved 

Asphalt 5,O33 836.6
 

Portland Cement Concrete 8,746 2,860.2
 

Unpaved
 

Feeder 21.210 959.1
 

TOTAL 34,989 4,655.9
 

These eight-year totals may be compared with the four-year totals in the
 

current Philippine National Development Plan, in which an expenditure of 

slightly over 2,000-million pesos is envisioned during the period FY 1972 

through FY 1975. Therefore, the heavy emphasis in the present plan on
 

road and highway construction (a 500-million peso annual average expen

diture over 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 may appear prosaic.
 

The large volume of road-construction activity forecasted could re

present a major means to provide the now jobs needed to occupy the in

creasing size of the country's labor force. Statl-tics from the 1970 
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ccnous indicatu thot from 1970 to 1975 the size of the male population 
in the 20-49 ago bracket will increase by about 1,120,000; distributed
 
360,000 in urban arcas and 760,000 in tho rural areas. 
 Those statistics 
also indicate that the corresponding increaso between 1975 mid 1980 will 
be ov,n larger. 

To support the road-building activity forecast, the lot of heavy
 
construction equipmunt in the current BPH inventory May have to be mul
tiplied throe timos. Specifically, for selectod typos of oquipmcnt, the 
following is apparent when curront construction technology and service
 
life expectations are basically unchanged:
 

Present FY 1973-FY 198OCraerlor-Tractors Invontory 	 Acquisi tions 

120 HP 
 130 
 527
 
180 HP 
 451 
 1298
 

Dump Trucks 

4 cubic-yard 
 810 
 2985
 
6 cubic-yard 
 2100 
 6900
 

Therefore, if labor wore to be substituted for equipment, and/or if
 
equipment life wore to be prolonged, a significant reduction in foreign
 
exchange requirements over the period of the forecast could be achieved.
 

The road construction program forecast shotl d consume over the pe
riod a total of 5.1-million metric tons of portland cement. 
This con
sumption will be distributed over thu eloven regional areas of the DPH
 
administrative organization. 
Thl consumption,distributod as an annual
 
average over the 8-year period, reprosents about 9/ of the current ins
talled productive capacity of the Ahilippino coraont industry, and about 
i8% of the current production of the industry. 

2. Lnbor-Intensivo Construction of RoadsandHighwnys 

L. 	 Institutionul I racticos
 

The technology currently used by the BIPH 
 in the construction of 
roads and highways omphasizes largoly capital-intonsive technology, 
which requires a high input of fo:loign exchange and offers little 
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opportunity to employ labor on a large scale. The reason for this empha

sis seems to be the combination of the effects of policies of interna

tional devolopment-oriented lending institutions with thu large influx
 

of mechanical construction equipment to the Philippines after the libera

tion in 1945. 

On tho other hand, pro-war road-construction activities in the
 

Philippines were labor-intensive. But because of the pout-liboration
 

shift to capital-intensive methods, very little of the pro-war experiences
 

remains in the BPH. The senior staff who supervised the pro-war activi

ties have largely retired. But, furthermore, oven if their experiences 

were readily available, they may not be entirely applicable to the cons

truction of prosornt-day roads with the geometric and compaction specifi

cations which are suited to modern vehicles. 

The DPWTC seems to have recognized this lack. Recently, projects 

have been designated as "pilot" so that they can be organized to develop 

experience and to accumulate a body of financial-cost data. Tuo projects 

to reconstruct levees damaged by the 1972 floods have already been under

taken by labor-intensive means. A six-kilometer s-tretch of road between 

Capas and Botolan is scheduled for completion by labor-intensive technology 

in June 1973, but as of this writing work has not yot bugun.
 

But for the meantime, the indicatioas are that almost no capability 

exists in the BAH staff, or even vithin the DPUITC itself, to provide ro

liable financial-cost estimates of infrastructure projects which could be 

constructed by labor-intensive moans. Nor does it appear that such a
 

capability will be available early enough to pormit the BPH to implement 

offoctively thu Governwent policy to encourage labor-intensive construc

tion. 

The BPH ill face two major problems in any serious attempt it makes 

to implement the government policy. They are:
 

- to know in advance the finoncial cost of construction of a given 

road by labor-intensive technology, and 

- if the financial cost is higher than for construction by capital

intensive technology, to calculate the national economic cost 
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under each of the tochnologios under consideration, and then to 
adopt the .technology that indicates the lowest national economic 
cost. 

The solution to the first problem can begin with organizing the 
pilot construction of the six-kilometor stretch of the Capas-Botolan road 
in a manner that produces as comprehensive a compilution of data as prac
ticable, which relate labor costs and labor productivity in the major 
unit operations of road building. The indicvtions are thr.t reliable and 
omprehonsive data of those typos will not be produced in this pilot 

construction project. 

The solution to the second problem lies in establishing thu justi
fication for absorbing possibly higher financial costs, arising from the 
use of a labor-intensive technology. Labor-intensive methodologies that 
may result in increases in financial costs nevertheless may diserve to be 
adopted either because they operate to reduce national economic costs or 
because the', carry additional national benefits. Thusc two possibilities 
can be expressed as one possibility by referring to national economic 
costs per unit of benefits. 

The procedure for assuring successful implementation of the govern
ment labor-intensive construction policy should incorporate the following 

oloments:
 

- the recognition that certain govornment, or BPH, policies and 
procedures can serve to discourage tho use of labor in road and 
highway construction. Examples of those are: the ContracLor's 
License Law and the BlI prequalification requirements for pros
pective bidders which have equipment ovmership and possession as
 
one of the factors for licensing and prequalification; and the
 
existing technical specifications for constructio, of roads and
 
bridges which are capital-equipment oriented. 
Such policies or 
procedures can serve to obscure labor-employment opportunities 
which may be financially competitive and technically as accupt
able as the equivalent capital machinery employment. 

- tho recognition of good examples of labor-intensive applications 
to projects such as those i nose remota geographical location mtkos 
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it costly to move in equipment; those whoso size is so small that
 

financial costs of moving equipment to and from the site are ex

traordinarily high; and those incorporating excavation for drain

age ditches, or culverts, in locations whoro considerable under

ground useful infrastructure is already installed.
 

-- tho. recognition that opportunities for large-scale employment 

of labor in road construction requires that now social and econo

mic benefits bu gen.ratod because labor primarily has bcon umploycd 

in thu construction. One method of assuring that such benefits 

will in fact be generated is to consider the construccion of the 

road as the moans to open and develop a now geographical arca
 

rather than as a project primnarily to connect two population can

tors. Then, if higher financial costs have beun incurred because 

a labor-intensive construction technology has boon used, the
 

justification to go ahead nyway will lie in recognizing that 

national economic costs may be reduced thereby.
 

- the recognition that conventional contracting procedures practiced 

by the BN! may hEve to be reconsidered because thuso procedures do 

not fit in with undertaking a major labor-intensive road construc

tion project having broad social and economic considerations. As 

an example, the present coiling of about two million pesos 30t for 

the construction of roads by administration (i.e., without the 

lotting of a general contract) is too low for any labor-intensive 

road construction project longer than perhaps five kilometers. 

b. Construction Technology 

The construction of roads and highwa.ys by 100o content of labor, or 

by labor supplied with a noblinal quantity of hand tools, is obviously 

impractical. Such an approach loads to extraordinarily slow rates of 

progress, non-compliance with specificaLions, and most likely an extra

ordinarily high financial cost, Accordingly, the intent of the govern

ment policy to encourage the employment of labor in road construction
 

should be taken to mean a shift away from the capital content of current 

road construction technologies employed by the JPII and its contractors 

toward a lower capital content, %:ithlabor filling in the gap in the 

http:highwa.ys
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technology thereby created. 

The extent to which such shift should be made is not clear, nor can 

it become clear until there is a thorough analysis of the parameters 

affecting the appropriate size of the shift. For those instances in 

which the shift to a labor-intensive technology does in fact raise fi

nancial costs, the need is to choose the project design and the degree 

of labor-intonsiveness in a manner that will rfiniLULze national uconomic 

cost per unit of benefits. The additional param.etrs thaL affect na

tional economic costs and the generation of banufits then nced also to 

be analyzed. Illustrations of sowo of the para~litcrs involved in corli

ploee analyses are: thu sizo of the labor force rvailablo to the pro

ject; the current employment distribution in that labor force; and the
 

technical nature of, and the potential oconomy for, the terrrin to be 

traversed.
 

An ideal procedure to determine tne appropriate size of the shif t 

for any given road corntruction project is as follows: 

- identify the alternative technically-feasible tecluologies tnat 

may be considered to meet the two =, Ln objectives of the project 

(i.e., completion of the project to schedule and oompliice with 

the construction specifica Lions);
 

- for each alternative technolojr considered, analyz) the parameters
 

in order to rroduc tho sot of natiournl economic costs that would 

be incurred to construct the project and the corresponding finan

cial costs;
 

- select the appropriate construction tochnology for the project on 

the basis that the national economic costs will be the minimum 

when that technology is used; 

- finally, detormino the budgctary adjustments to be made intcrnally 

within the govermont agencies affected, to accommodate an incruase 

(if any) in tho financial costs for thu project which arise from 

the use of the appropriate technology. Por examplo, savins in 

financial costs attributaolo to tho reduction in unomployment 

because of the road construction projuct could be opplied to help 

support the additional fi ancial cost of the construction 
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project itself.
 

A minimum content of capital equipment must be incorporated in any 

construction technology that may be considered as one of the alternatives 

in the determination of the appropriate technologyi This content is: 

the use of a powered mechanical compaction equipment to moot the 

specifications for compaction, and the use of motorized equip

ment for water transport and watering to the extent necessary 

to avoid loss of productivity from the equipment; 

- the use of air compressors, pneumatic drills, and explosives 

for the removal of rock formations in order to meet construc

tion schedules with the available labor force; and 

- the use of motorized equipment for the transport of laborers 

to tnd frofa uhe sj t, .,hen distances are oxcessive, to provide 

the maximum rest and relaxation periods for the 1.boreru in 

order to eiicourao hi,3er levels of productivity. 

Furthermore, it is likely that te ppropriato technology, when found, 

would contain a higher con tent of caoitLLl equipment then as just noted. 

Therefore, ideally the first sep 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 

have the following characteristics: 

- it will represent the construction of the road project at the 

lowest national economic cost, as far as this cost can be reason

ably determined;
 

- it need not be the same for every road construction project for
 

which labor-intensive methods are to be encouraged;
 

- it may require a highr financial cost than has boon experienced 

so far in the BPH from the technologies now employed; 

- it ii still represent a blond of capital equipment and labor, 

although it is likoily that this blond will be labor intensive 

compared to the blend currently practiced in the Philippines; and
 



- its capital/labor content will depend on the state of the national 
economy and also on the state of the local economy in the area 	of 
influence of the road at the tie the identification is made, and 
will 	Chan!,e as the state of the economy chanCes.
 

But, it is tiot feasible to me:o such 
 an identificution unless an adequate
compilation of data epocially relating labor rnd equipment co:,ts with
labor and equipment productivlies is avuilable.. A8 already noted Lbove, 
the data for the labor aoipect i are lacking and will have to be especially
compiled fro road construction projects which the government has desig
nated as "pilot" or "pi'ototype". 

c. 	 Pro juct ihana-ement Teheo__uo
 
The project management tuchniques 
 that would be employed in either 

labor-intensive or capital-intensive construction ard zoth different Lad 
similar. For ewnample: 

- it is easier to predict the productivity of machines than it is 
to predict thett of human labor;
 

- the productivity 
 of capital equiiment depends primarily on the 
wech;.nical condition of the machino, whereas the factors that in
fluence the productivity of labor Ltre far wore complex. Some of 
these factors are: 	 worker's physicdl condition and psycholo ical 
attitude; conditions of employment, including incentives and ame
nities; and tools and worlhin: methods;
 

- on the other hand, the 
productivity of both equipment and labor 
depends on the planning o'nd orjni.zation of the work and the quali
ty of supervision of manogonient; 

- just as thoughtfulness in preparing the work plan can produce a 
maximum productivity from 	machines, similar thoughtfulness with 
respict to the work plan can produce high productivitios from 
the labor. 

'Me 	 "paquiao" system, or the "ttJcay" basis, which is the method 
historically employed in the Philippines for payment for accomplishment
rather than for time spent on the job, contains many cultural and anthro
pological overtones which cwi lead 	 tu increased productivity. Although 
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its effectiveness has been demonstrated in the past, and its use wherever
 
labor is a factor in construction is official DPWTC policy, nevertheless even 
in this system human factors are still present and these can act to prevent 
attainment of cx-Luum productivity. 

Therefore, an entire new discipline needs to be identified to relate the 
experiences of modern labor-management to historical labor practices in the 
Philippine cultural environment in a way which can help to assure 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-intensive construction technology in the Philippines may become in
efficient, the 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 appropriate manner for 
infrastructure construction work will have been lost.
 

The personnel in the BPH (and also probably in the DPVXC) have not yet 
been exposed to such experience. Large-scale employment of labor in road 
construction would generate a need for such experience. 

d. The Marikina-Infanta Road 

About 100 kilometers of alignment of the proposed Markina-Infanta road
 
traverses public land and has not yet been 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 available for resettlement by the workers 
engaged in the construction, and this can lead to now social and econo
mic benefits not normally taken into account in a road feasibility 

study; 

- the indications are that higher levels of unemployment exist in metro
politan Manila than is the case nationally; 

- the road is close to Lnila where the offices of the Bureau of Public 
Highways, government agencies, and university research groups, which 
would participate in different aspects of the project, are located; 

- the metropolitan Manila area offers a large market for the agrinew 
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 smaller
 

farm plots to be viable; and
 

- other potential bonefits for this road have already been identified 
in a prefoasibility study recently issued.
 

Progress so far in implementing the government policy encourageto labor
intensive construction of roads oeums, to be slow. For example, the pilot pro
ject 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
 
still have other commitments to fulfill. 

To accomplish an effective prototype construction by labor-intonsivo
 
methods for the INmarikina-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 
government agencies that could bo involved in its implementation. The plan 
should be designed to contain features which will maximize the national econo
mic 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 rrr on
 
for this emphasis is the possible need to enlarge benefits relative to the
 
national economic costs and to the financial costs. The two objectives which
 
may be in conflict for the Narikina-Infanta road are:
 

- to provide the shortest feasible link between the two towns connected, 

which has the potential of minimum travel time; or
 

- to open as much as practical publicly-ownod new land area for settle

ment and development.
 

3. Prolonging the Service Life ofHeavy Construction Equipment 

a. Incentives
 

It is clear that capital equipment will remain an important factor in 
the future construction activities of the BPH, and that prolonging the service 
life of equipment units now in the 1.jH inventory could offer an opportunity 
to reduce the financial costs of construction. The reasons are: 
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- Current govern ient policies to oncuurage greater use of labor in 

road and highway construction, as moted above, do not obviete the 

need to employ substantial riaounts of heavy capital equipment. 

- rho shift from te present construction technology to tho appropriate 

construction technology will take ooise tiLe to accomplish, which pro

bably could be measured in years.
 

.iajor calital expenditures will be required for now construction 

equipment to implement the future road building program presently 

facing the BPH, resulting frotu GovernmLent planning in this sector. 

On the basis that- current BPII oquipiaent manage.ent practices romain 

substatially unchanged, total future equipment purchases can be estimated 

to be the following for the period between FY 1973 and FY 1980 inclusive: 

Service Life Purchases Saving~s 

(Operating Hours) (Us$) (US ) 

10,000 187.9-million
 

20,00 97.7-million 90.2-million
 

30,O00 65.5-million 122.4-million
 

Thus, the incentive to identify and attempt to change BPH equipment manago

mont practices that can extend service life is with little doubt a powerful 

one. 

b. Current Efforts to Increase Service Life
 

Some changes to the equipment u-nagement practices of the BH are cur

rontly in the process of implementation, and these can have the effect of 

increasing service lifo by overcooling ineffucLive maintenance practices nf 

recent years. They result frop the work of the KaLpsax-Bar.er Consortium, 

and their implementation should be completed by 1 Jaly 1973. 'Tlhe changes 

fall into two categories, which aro:
 

- the escablishment of regional echanical dupots and the area shops, 

which are to be properly equipped and organized for the necessary 

servicing of equipment and tho training of oportors and Liochianics; 

and
 

- the institution in these shops of a comprehensive syste, of preventive 

http:KaLpsax-Bar.er
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maintenunce, designed to detect operating problems in the equipment 

and to provide for them in advance. 

Two ineffective practices which have prevailed in recent years will not
 

be eliminated by the changes. These are:
 

- Lack of standardization in the makes of the equipment units which 

have been imported. A pattern of demand for skere parts has resulted 

characterized by small requirewents for many different part items. 

Such a pattern not only discourages local industry from investing and 

undertaking spare parts manufacture, but also complicates the manage

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 different brands 

of the same type of equipment in specified geographical locations to sim

plify maintenance and spare part procurement problems. But, such a re

allocation will require a significant expenditure for the one-time equip

ment transport that would be involved. 

c. New Opportunities to Extend Service Life 

Two specific technological non-destructive testing practices are 

available which, if introduced 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

mulated data for that equipment unit to alert the repair shop to 

probable locations of deterior-tion, and at the same time to 

specify the urgency 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 can detect the extent to which metal fatigue failure 

has already occured in a jiven equipment unit so that the replace

ment needed can be identified and procured before major damage 



16 

from the failure of such parts occurs in the unit. 

However, no use of either of these techniques is yet planned for the 

regional service depots. 

'No specific administrative, or management, opportunities are availa

ble for consideration in tcrms of their effects on extending service life
 

of construction equipment. They are: 

- evaluating the relative merits between (1) providing the services of
 

the operator with the equipment so that the operator feels an attach

mont to the machine, and a responsibility for its proper operation 

and the prevention of abuse, and (2) permitting the construction en

gineor to irovide the operator on an ad-hoc basis so that the engineer 

can have control over the productivity of the equipnent and
 

- regardless of the source of the operator, establishing personnel 

policies that compensate the operators comensurate with his abilities, 

attitudes, and perforanco as well as providing for the security of 

his position, throuon offeri, opportunities for him to transfer to 

permanont staff when his performance justifies. 

Local manufacture of spare parts cun serve to extend equipment service 

life, not only bocause they would be readily available, but also because 

they could avoid equipment obsolescence when a foreign equipment manufacturer 

changes models and ceases spare part manufacture. 

The Philippine manufac turing industry as now constituted seems to have 

the capability to manufacture most of the spare parts which are needed for 

hecvy construction equipment. 'lecent surveys of the industry indicate that 

much of the parts-manufacturinG- capability required for construction equip

ment support exists today. 'fle only lack seems to be local forging capabi

lity for crankshafts and bulldozer strucLural parts. Also, there could be 

problems to be solved in materials and dimensional quality control.
 

The hetals Industry Researcn und Development Centre (MIRDO) 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. 'lhe MIRDC 

already has such a program planned, dithough it is not yet funded. Also, 

the NIRDC is excellently equipped phyuically to undertake the quality 
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control aspects of such an industrial development program. 

Since costs will be incurred in achieving longer service-life poriods, 
which would have to be measured against savings in the reduction of now
 

equipment purchases, the need exists for the BPH and its funding agencies 
in the Philippine goverruont to adop t a rational ii'ethod of determining when 

the service life of a -,,ven uquiph ont mit has ended. The method should 
recognize certain factors which have apparently not been previously recog

nized in the past practice of determrining service life, which as noted below 

is now under review. Those are: 

- the foreign exchange component of the maintenance costs for an equip
ment unit is a considerably smallcr fraction of the total maintenance 

cost than is the foreign exchange component of the cost of new equip

ment repla-e.ment unit; 

- the foreign exchange component of maintenance cost Gan be decreased 

further if more spare parts could be manufactured locally of satis

factory quality; 

- locally available spare parts could extend service life through 

avoiding obsolescence because foreign manufacturers have ceased
 

spare parts manufacture.for a specific model; 

- more intensive Maintenance involves a labor-intensive technology, 

which is attractive because it has the advantago of offering the 
labor force the opportunity to raise the level of their skills and
 

training; and 

- more intensive maintenance of an equipment unit is teclically 

feasible only when the user is satisfied with the productivity he
 

is able to obtain from thet equipment unit. 

The criterion which has been followed by the Bureau of Public iigh
ways up to recently is to repair equipment until a needed maintenance job 

costs 60 to 70% of the financial replacoent cost of the tu'it. Presently, 
this guideline is under review as part of the work )f the Kampsax-Berger 

consortium. 

4. The Distribution of Ceant 

Two opportunities exist to reduco 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 cement almost entirely in bags. For the
 
cement consumption anticipated through FY 1980, the total of the individual 
costs attributable to tha use 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, when cement-concrete 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. 'hus, 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 industry has been experiencing 
can prevent serious large-scale application.
 

From the point of view of the Bureau of Public Highways, 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 experienced 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 trailers 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 from changing from bag handling to bulk hand
ling in a manner that can alloiw the allocation of these savings in an 
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equitable manner among 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 concrete mix, the gain 
should b allocated equitdbly among tno cement manufaoturer, the transpor. 

ter, and the consumer. 

b. Decentralization of Depots 

Ib appears that significa~t reductions in the delivered cost of cement 
may be achieved by making better utilization of low-cost water transport 
when a major island in the country does not have a cement manufacturing 

plant, or when distances of transport by land on the same island are large. 
Achieving such reductions will require that: 

- storage depots for bulk cemient be located at selected market centers 
and be operated by the cement manufacturer as an extension to his 

factory; 

- the depots be supplied constantly through water transport in barges 
programmed to -alre maximum use of the transport equipment; 

- the ceiaent be transported in bulk; and 

- the depots be provided with bagging machines to accommodate the 

sales made in bags. 

Some locations have been identified ihere depots operated as exten
sions to the cement factory can act to reduce cement costs. They are: 

- Pasacao in CWAarines Sur 

- Legaspi City in Albay 

- Bacolod City in Ne-ros Occidental 

- Zamboanga City in Zamboanga del Sur, and 

- Tacloban City in Loyto 

The scheme is technically feasible and would serve to reduce con

struction costs through reducing delivered cement prices, but it appears 
financially difficult for the ceLlent industry at tothis time undertake 
the investment necessary in new facilities. Therefore, the concept merits 
the attention of the Cement Industry Authority, which currently seems to 
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have the legal authority to act as the implomenting agency. 

5. Increasing the Utilization of Couputers 

a. Computer Facilities and Capability 

The Bureau's Ii3A 1440 computer, used for accounting and data handling, 

is presently too suall (8 K) in core size to process any Portran program.
 

Expansion to 12K or 16K would allow this, at a cost quoted by IBM in 1970 

at about US3 35,000. Other machines are locally available for rent, e.g., 

tho IBM 360 at IBA/hacati for 1,000 pesos per hour, and the IBP1 1130 at the 
Bureau of Telocomiunication (BUTEL) for 150 pesos per hour (on weekends only), 

on which Fortran programs can be run until such time in the future that the 

Bureau's machine would be upgraded. 

At least one BPH employee already has been writing Fortran programs and 
running them on a rental basis on the IBI'± 1130 at BUM'I, but there is a gene

ral unawareness of this capability and what it could mean to the Bureau. 

IBM/Iakati periodically offers tiro-week training courses leading to capabi

lity in Fortran programming. These are free at IDM/akati until January 1974. 

After that, there will be a fee involved.
 

The physical computer facilities available to the BPH are adequate for
 

its foreseable needs. Expansion of the BPH IBI. 144. to 16K size (the size 
neudod in order to handle Fortran programzjming) is not justified at the pre. 

sent time. Instead, rental time as necessary on external computer facilities 

should be satisfactory. When rcntal costs exceed, say 1,00 pesos per week, 

expansion could probably be justified. Then almost all program applications
 

of interest to the Bureau could be run within the Bureau's own facility. 

b. Develop.nent of a Pavement Evaluator 

A paveent-evaluator computer program in the Fortran language, for com

paring the initial and continuing costs for various alternative road and 

highway pavements, has boon demonstratod successfully on the IBINI/Makati com
puter. The demonstration was based on an example containing many assump

tions for each pavement type considered, especially with respect to road 
maintenance costs, local labor component, and the foreign component of
 

initial pavement installation 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 discount 
rates the total cost was favorable for the pavement with the lower inital 
cost 	 (asphalt, in this example). But the results have value only for il
lustrational purposes.
 

There is a 
lack 	of reliable data with which to *upply the program, andthis lack is sufficiently widespread to make the results calculated by the 
program unrealistic for decision making. There are clear needs for the com
pilation of data regarding:
 

- costs to maintain roads actually experienced rather than costs equi
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 exchange and to local labor. 

c. 	 Other Applications
 

Data collection for use 
in the planning of the labor-intensive cons
truction of roads and 	highways and for prolonging the service life of heavy
construction equipuent will require convenient use of high speed data proces
sing facilities. 

The Bureau of Public ILig irays Computer Center is focussing its atten
tion on maIters largely of 
 -n accounting or inventory control nature. The

personnel have the capability to 
ur ertake work of a technical nature des
pite 	of the lack of capability of the IBM 1440 installation to accept a 
For
tran 	compiler. To illustrate, the porsonnel reirrote 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 development of the Fortran version pavement evaluator.
 
6. 	 Nature of theCot-Redudtion Opportunities 

Labor-Intensive Construction Through the multiplier effect of wageopaid

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 road custruction program. The financial costs 
may rise, although this 	is not necessarily so and possibly could be avoided 
by careful implementation of any plan o0 aotion 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 
among the agencies of the government concerned with economic planning, budget 
allocations, and road and highway construction. 

Eguipment Service Life The extension of service life of heavy construction
 
equipment should have the effect of roducing simultuneously the national 
economic coat, the foreign exchange cost, and the financial cost of the use 
of the ejuipment. Local employment opportunities for skilled labor (mechanics) 
will increase, especially if a greater demand for spare parts leads to local 
manufacture on a wider scale. 

Distribution of Cement The improved distribution of cement offers an oppor
tunity to reduce financial costs in the Bureau of Public Highways road building 
activities. The investment to improve cement distribution will be capital 
intensive, and this may have the effect of increasing the corresponding na
tional economic costs. However, the longer-term social benefits of eliminating 
the unrewarding, repetitive manual labor involved in handling cement and absorb
ing the displaced labor into the labor-intensive construction activities should 
Justify any national economic cost increase by making it temporary in nature. 

Use of Computerl The work load of engineering personnel in the Bureau of Pub
lic Highways need not be affected by intensive computer 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 to 

choose among alternatives allows criteria to be adopted which aim to reduce, 
where practical, all three costs simultaneously. 

D. ACTION PLAN§ 

The PTiP recommendations incorporate detailed plans of action based on the 
findings in raoh of the four topics of investigation now presented. 

1. Labor-Intensive Construction of Roads and Highways 

The PTAP recommends that: 

- immediate opportunities to increase labor employment in road construo
tion be identified in thoe areas of the conventional technology where 
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the use of manual labor cal be substituted for the use of machinery at 
competitive financial cost; 

- the portion of the proposed i-arikina-Infanta road yetnot committed 
for construction be established as the prototype for the appropriate 
application of the large-scale employment of labor in road construc

tion,
 

- a master plan be established guide
to all activities 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 procedures 
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 experiences fromd the labor-intensive construction 
of the six-kilometar stretch theof Capas-Botelan road in a form such 
that it can have maxinum utility for financial-cost and national 
economic cost estimating work; 

- an analysis of the taskswork defined in the detailed construction 
drawings prepared by the Bureau of Public Highways for the stretches 
of the 1arikina-Infun a road that are now conittod for construction 
in a conventional munner, which is to include physical observation of 
work in progress; and
 

- the identification of the changeos to the Bureau of Public Highways 
contractiirj procedures, necessary to remove impediments to reali
zing those opportunities for using labor more intensively that can 
be justified by competitive finzancial coots. 

The final action for the first set of activities in the action plan is 
to be the dissemination of the results throughout the Bureau of Public High
ways district, city, and regional offices, together with recommendations for
 
their implemen tation. 
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Second Set of Activities
 

The second set of activities is to be undertaken with several objectives
 
as follows:
 

- the demonstration that the construction of the prototype 1varikina-In
fanta road is technically feasible by labor-intensive methods; 

- the demonstration that the construction of the road by labor-intensive 
methods is economically fensible in terms of national economic costs; 

- the demonstration that a schedule for the completion of the project 
can be established in advance with re:sonable expectations that it 
will be met; and 

- the demonstration that the ouality of the construction will be equi
valent to the quality expected in current construction projects 
involving similar terrains and environments. 

Achieving these objectives is to involve also achieving a 
number of interim
 
objectives. Tese are the following: 

- the compilation of comprehensive knowledge of the resources of the
 
area traversed by the prototy-)e 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 comprehensive knowledge of the labor resource 
available for tho construction program; 

- the compilation of a body of sociologically-oriented knowledge about 
the Philippine laborer and of modern techniques for labor management 
aied at identifying candidate methods to increase his motivation; 

- the identification of the labor-intensive technologies that way be 
appropriate for the construction of the road in terms of achieving 
the construction at minimum economic cost;
 

- the estimation of boti the national economic costs and the financial 
costs for the construction of the road if conventional capital-in
tensive technology were to be employed and wheno the appropriate 
technology is omployed; 
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- a couprohensive doscription of the area development to be realized as 
a result of the construction of the road and its capability to absorb 
the labor force, -ad others, as perruanent settlers; and 

- the outiwate of the amount and the Lchodule of' the employment that can 
be offurud, both when the appropriate tuchnolojy and if the conven
tional toclmolory wore to bu employed in the road construction. 

In ordur to achievc. the ovo,-all and the iUturiu objeccives, at le~tst the 
following specific work tasks aro to be widortaken: 

- compilation of exerienceo in other c untries where roads of similar 
scope as the lMarikina-Inftjita pro oct have been constructed using 
labor-intensive methods (such wi experiunce seems to be available in 
Taiwan in coil.ictio! with the constr'.ction by 10,000 laborers of a 
300-kilomoter notwork darui , 1957-1960, now kno~n as the East-West 

Cross-Island Righimy); 

- th fornilation of *thoproject mnage,.ont pla1 which anticipates the 
problems to be solved related to iuarm:ging und supporting largo numbers 
of men in a work force labor1n. ovcr a ntuzber of years, including the 
problems of maint.,ini.i their motivation, their efficiency, and the 
required conscruction progress;
 

- definition of the non-road coistruction activities that must be in
corporated in the master plan in ordor to guner-to the new social and 
economic benofits. (Axan les are: construction of viable agricul
tural land; conmunity development incorporating health and educational 
services; financial zeorv.cos e.., a special bank, particularly dur
ing the early stages of settlewent in new agriculturt.l land, develop
ment of minural re..ources; ud thle development of industry); 

- incorporating in tue designs dcaling with the earthnioving operations 
(particularly in the motuntinous Lrvas) the prosyccts for conti ..r 
leveling the land adjacent 6o the ro~d to provide additional areas 
for agricultural purposes; 

- giving consideration to the fuo sibil.ty of incorporating such tuch
niquos for stimulating and raisin0 notivation levels in the labor 
force as: 

(a) educatijis the worke r tu a clear understndLng of tho 

http:sibil.ty
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social and financial aspects of the road project, 

(b)providingi a level of savings acceptable to the workers
 

such that they .,ill have working capital should they 

eventually settle in the land opened by the road,
 

(c) providing feeding and food itcis on the job to assure 

adequate levels of nutrition, aside from this use as 

coinpunsation for the work, and 

(d) the educational and training needs to be incorporated
 

in the support services to the woric force to prepare 

the workers for the problems of resettlement, or to 

train them in skills and crafts for future employment. 

- establishment of a plan for recruiting the labor force which will 

consider the feasibility of recruiting from squatter settlements in 

the metropolitan Ikanila area, as well as from other sources; 

- establishment of a plan for discharging the work force as required to 

take advantage of settlement opportunities as they arise. 

As the final action for the second set of activities, the intermediate and
 

final results, as they becowe available, are to be organized ad evaluated 

as 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 methods.
 

Orgranization
 

Vie satisfactory accomplishment of the tw.io sets of activities is to bo mado 

the responsibility of a task force. Tis task force is to have the fol

lowing charnotor 

- all members are to serve full time, and to have no assignment 

carried over from their regular employment; 

- capability in all disciplines necessary to accomplish the profes

sional content of the work is to be represented in the full-time 

staff;
 

- separate and independent office support is to be provided;
 

- careful consideration is to be ,-iven to the experience, qualifications,
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motivation, and general capability of tne person designated to luad 

and direct the task force; and 

- the task-force leader is to be responsible to, and receive policy 

direction from, the Cabinet Coordinating Couicil for Labor-Intensive 

Operat Lons.
 

The task force is to remain in existence util all its responsibilities have 

been discharged. 

With respect to the deliu,.tion of authority to the task force, the fol
lowing authority delegntion seens to be the minimum to permit the force to
 
act efficiently and to conform 
 to its ochoduie: 

- be authorized to tU:- over the responzibil ty for the data uoni

toeing and gathering operLtions of the pilot project to construct 

the first six-kilomuters of tile Capas-3otolan road by labor-inten

sivo methods; 

- be enabled to control tho expenditure of its funds in a manner that 

clearly will not hinder or dul,y itS progrrss; 

- bo given Ulpoi, applic tion, funds to continue its operztions at pe
riodic intervals upon the submission of the estimate, and the submis

sion of , report of its financisl operations during the previous 

period; and 

- be authorized to witlhcontract locil Philippine firms, organizations, 

and iasti butions quLalified to tundertake investigations to preagreed

upon terms of reference.
 

Immediate Task 

As its immediate task upon ceeation, the Task Force is to formulate and 
submit to the Cabinet Coordinati-i Cot.icil the overall work progrmin covering 
its entire responsibility toCother witn the schedule for its completion and 
an overall estimate of its cost. The work program is to be divided into 
stages, or phases; and a detailed work proprrmn, schedule, and cost estimate 
is to be submitted -'or the first stage. Particular emphiusis i s to be placed 
in the work progrwn for the first sta- on the iui~iediate take-over of the 
data accumulation and evaluation aspocts of the Capas-Botolan pilot project. 
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2. Prolonging the Service-Life of Heavy Equipment 

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, area shops and mobile shops;
 

- the additional changes be geared to reduce the costs of the operation
 

of the preventive maintenance program dnd to increase its effective

ness in prolonging equipment service life;
 

- initially, attention continue to focus on the two equipment types so 

far considered, namely: 120 and 180 FJP tractor-crawlers and 4 and 6 

cubic yard dump trucks; and 

- later, as the initial task of implementing the recommendations eases, 

efforts be undertaken to (a) bring in other equipment types in the 

BPH inventory for similar treatment, 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 recommends 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 method
 

- for use within the V.echanical Service Division of the BPH, to enable 

it to determine when to recommend that a given equipmont unit should 

bor.sposed because its service life has reached its end; and 

- for use within the planning and funding agencies of the Department of 

Public Works, Tr,,sportation, and Communications and of the Government, 

to enable them to determine whether or not a replacement unit 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 maintenance work performed on any equipment unit of the two 

types considered are to be supplied by the area to the roJ.onal 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 
equipment 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 end of the service life; 

- when the criterion suggests that the service life of a particular
 
equipment unit has ended, the Mochanical Service Division is to re
commend its replacement to the BPH management who, in turn, is to de
termine whether the needs of the current construction program warrant 
the replacement; 

- when the BPH determines that a replacement is warranted, it is to re
commend the roplacement in the budget plans for the forthcoming fiscal 
year, by forwarding in its budget request tho complete details of the 
financial-cost analysis and breakdowns costsof into those paid in 
local currency, those paid in foreign exchange, and those paid for the 
employment of labor; 

-
the budget planners are then to decide from the national economic
 
costs of the current maintenance on the particular equipment unit, 
measured against the national economic cost 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 the next interval of opera
tion;
 

-
in the event the decision is in favor of (b)not to replace, 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 unit being re
placed in order to 
secure the replacement, i.e., 
to use the experiences

in weighting one brand of equipment against another during the procure
ment. 

A technical description of one metLod which can enable functionsthe 
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described above to be achieved is contained in Section V of the Report. 

Transfer of Testing Technoloky (Action Plan No. 2) The objective of this 

Plan is to transfer appropriate non-dostructive testing technology, available 

in advanced industrial nations, for use in the regional mechanical service 

depots of the BPII as an aid to achieving a less costly and more-effective 

preventive maintenance program. 

The elements to be incorporated in the Plan are to be the following: 

- tho identification of the technologies which can fit into the 

operations of the regional depots, the area shops and the mobile shops; 

- the identification of the methods for operation and the training
 

needed by the persomel involved in the operations; 

- for each moehod selected, an assessment of the potential to reduce the 

cost of preventive maintenance practices in the various repair shops; and 

- for each ,ethod identified, an estimate of the cost of its installation
 

and operation.
 

Personnel loiotir.tion (Action Plan Io. 3) The objective of this Plan is to re

view the personnel practices in the Bureau of Public Highways, related to the
 

operation and maintenance of its equipment in order to identify those changes 

which can serve to motivato (a) the operators to take conscientious and com

petent care of the equipment during its operation and (b) the mechanics to per

form conscientious and competent 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 training than is presently envi

sioned, which can lead to promotion to positions of increased responsi

bili ty.
 

Logal Spare Parts I'anufacture (Acrion 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 employing the efforts of the Iietals In

dustry Research and Development Centre (iIPDC). 

The cooperation is to incorporate the following elements:
 

- compile from the BPH maintenance records the spare parts items that
 

are consumed, thoir delivered cost, the details of their design, the 

specifications for the materials of fabrication, and the dimensional 
tolerances; and compile these in a manner that both describes the mar

ket offered to local manufacturers by the BPH and describes the tech

nical requirements of the parts to the i'IRDC; 

- explore the feasibility of modifying component designs without detri

ment to the operation of" the machines, to enable local manufacture 

instead of iport (for exaple, by the use of an alternative design 

of diesel-engine turbocharger to that of the original equipment 

manufacturer);
 

- formulate a purchasing policy for locally-manufactured spare parts,

whenever these are offered, which does not (a)burden the manufacturer, 

with extraordinary working-capital problems because payments may be 

delayed, and (b) burden the BPH with spare parts of inadequate quality 
with respect to the materials of fabrication, the design, and the
 

dimensional tolerances; and 

- identify the role of the MIRDC in the control of the quality of 

locally-manufactured 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 implewontation agencies for the four plans. 

3. The Distribution of Cement
 

'The PTAP recommends that 

- the Bureau of Public Highways provide opportunities for its personnel 
to become experienced in the largo-scale handling of cement in bulk 
by selecting specific road construction projects, supplying them with 

bulk cement, and permitting thea 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 reoom

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 implementation 

efforts undertaken by tho Cement Industry Authority as far as the Bu

reau's interests are affected.
 

Only one action plan needs to be adopted with respect to these recom

mendations. Accordingly, the PTAP recommends further the adoption of an ac

tion plan to deal with conversion to bulk handling from cement factory to road 

construction projects in which portland-cement concrete is prepared in cen

tralized batching plants. The Plan is to have the following character: 

- the efforts are to bo recognized as a pilot operation in which the
 

accumulation of data and experience is one important objective;
 

- key BPH personnel are to be given opportunity to s udy the problems 

and observe the solutions as thoy become evident in the pilot projects; 

- the Construction Division of the BPH is to be given the responsibility
 

and the necessary funds for the implementation; and 

- the results are to be evaluated and recommendations formulated so that 

a detailed plan becomes available to guide the BPH in the use of bulk 

handling of cement for cost savings in future road construction programs.
 

A list of candidates from which the pilot projects may be chosen is the 
following: 

- Batangas City-Lobe Road, Batangas City section, which ill serve prima

rily the Fortune Cement Company which must use this roaJ for access to 
all its markets. The PTAP understands that the cement plant management 
has already offered to assist in the construction of this road by sup

plying cement-concrote components free of cost. The 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-hariveles Superhighway (Layao-Balanga Section) now under 
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construction by the Construction and Development Corporation of the
 
Philippines;
 

- Digos-Cotabato Road in Region XI which is now under construction with
 
Philippine iock Products Inc. as general contractor. The cement source
 

for 	this road is the Baunotan plant north of Davao City. Philrock has 

already used the bulk-transport riethod in the Greater lanila Area; 

- General Santos-CotabLto City road in Region XI which is now in the 

stage of contract negotiation; and 

- Iligan City-Ca,ayan do Oro-Butuan City road which is now in the detailed 

design stage. The ceL,ent sources for this road are the two plants in
 

Iligan City, and one in I'iisar.Lis Oriental. One of those coLpanius is 
already interested in the bulk handling concept. 

4. 	The Gre .tor Utilization of Couputors 

The PTAP recoeuunds that the Buroai of Public Highways 

- marshal its forces to provide the capability to undertake Gomputer 

processing of the data which will arise during the implementation 

of the Action Plans; 

- continue the work to develop the pavement-evaluator further with the 
objective of achieving a level of reliability from its use occeptable
 

to the Bureau's road design personnel; and
 

-
use its assets of trained personnel to devulop additional us&;-- for 
the computer fcilities it owns, or has access to. 

The PTAP recommends further that two action plans be adopted in order to 

implement the recomr endations. 

Pavement ,'valuatorProrr kAction Plan No. 1 The objuctivo of the Plan 

is to improve the accuracy and sophistication of the pavement-uvaluator pro

gram 	through a continual data collection and compilation of road maintenance
 

experiences beyond that which is currently being undertaken. The work is to 

incorporate the following elements: 

- quantification of the BPH actual maintenance experience (costs) with 

various pavements as a function of traffio density and weather, and 
the allocation for several new projects with different pavement 
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designs, of the foreign exchange and local labor component; and
 

- the review in terms of relying on its results, of the sophistication
 

of the present paveLent-ev:.luator progra when reliable data has been
 

accumulated, to determino whether other parauctors should bo incor

porated, such as weather conditions and traffic patterns.
 

The priL.ary responsibility for the data collection work is to be given
 

to thu Maintenance Division of the Bureau of Public Highways, which is 
to be
 

provided the assistance of the Computer Center with respect to the technical
 

details of couputer programming.
 

Additional Usages (Action Plan No. 2) The objective of the Plan is to iden

tify and impleuent additional opportunities to employ the computer in the
 
technical activlties of the Bureau. Tho work and organization is to incor

porate the following features:
 

- appointing a siall task force to list and categorize the major cal
culation activities within the BPH, and to identify individuals who 

have already had, or who might profit from, couputer training; 

- carefully selecting and sending the order of a dozen of its engineer

ing personnel to IBM/Makati's periodio two-week training courses;
 

- carefully selecting a few areas in which increased use of the computer 

should be encouraged;
 

- including as one of the priority areas, the computer work foreseen in 

the implementation of the Action Plans recommended; 

- arranging rental contracts with whichever of the externally available
 
computers is cheaper at the tiLie, to allow BPH personnel to run the
 

programs that they may subsequently develop during the course of their
 

work;
 

- upgrading the Bureau's IBM 1440 when the external Fortran-run rentals 

routinely exceed the order of, say 1000 pesos per week, or when other
 

data processing loads at the Bureau dictate expansion of the machine
 

to 12K or 16K size; and
 

- publicizing within the BPH the programming capabilities that may al

ready exist, or which subsequently will be developed within the Bureau. 
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''hcsc minute- ropitsont t.. 0csis ngroed to by th., I~oj,.ct team 

membe-rsu durirg t.o steri,:., of moetin:, 
on which ts - finl - ' 'ct reports 
will bo pm- .Id, !IOV.'Xr, the lut:ails of the outliner r-.'d maj Ie 
changd as t~he writint ,"orkm.y indicate. 

OVDRALL FO...T 

The final rc;crt :Il consist of five separite volumes, titled as 
follvrs:
 

ACTIONS TO 'OST3C0IIEV3 IN GHWNA'S PUBLICR1DUCTION 
CONSTRUCTION SECTOR
 

http:I~oj,.ct
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Vol.I Summ,ry 

" 2 Roads Programme 

" 3 Housing Programme 

" 4 OonCtruction Materials hanufacture 

" 5 Oonstruction Industry 3fficiency 

COMPLETION D.2112-

Final complttion date is agreed to as 15th October, 1974. 

FOPMATI FOR VQLUI. I 

The man-in-oharge of preparation will be the Director. The 

detail3 will depend on the action plans as they will be 

preciEely defined in the remaining volumes of the report. The 

conterts should also include the details of' budgting and 

scheduling of the work of implementing the action plans specified. 

The possible elements of the action plis -'they were 

defined durin, the meetings are included in the o", lines for each 

volume of the Final Report. 

LOPWT VR 2 Programme).VOLIME (Roads 

Th) man-in-charge will be Dr. Gidigasu. The following is 

the general outline of contents. 

I ,0 Suma.ry 

2.0 Background
 

2.i Ghana's future programme (Mr. Francois' paper. 

Appendix if necessary).
 

2.2 Present technological practices. 

(papers by Abbey-Sam, Yeboa, Gidigasu,
 

Danso, Afele,.Allotey, Ocyore, Riverson).
 

2.21 Geometric Design
 

2.22 Structural Design
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2.221 Road Base 

2.222 Bridgeo and Culverts
 

2.23 Construction Technologi~is
 

2.231 Equipment 

2.232 Labour
 

2.233 Materials
 

2.3 Ghana's Resources
 

2.31 Equipment (paper by Ok3ere applies)
 

2.32 	 Labour (Papers by Errusi, Wright, Clcrk,
 

Coleman, Hammond may apply)
 

2.33 Liatorialz Adaptation (Paper by Yhbo .j,,lies).
 

2.4 Measurement of Costs 

Topics
 

Concepts of Cnat
 

Need to Cost Present Practices.
 

Need to Cost Alternatives
 

Need for Identification 

Base for Ev~aJuation,
 

(This section m-y be vux "essy').
 

(Note: Tho Introduction shcil2. contrin factual -on-cortrovwrsial 

information as blackgroun% for %I.t follcus). 

3.0 yles 	of Cost Ruduction Opportunities
 

3.1 	 Present cost :ovls. (Base on data, if 

available -- otherwiise qualitative discussion 

should be enough). 

Roch .conclusion to limit to technological 

matters. 



Contributory Technological Factors.
3.2 


3.21 	 Design Standards
 

3.212 	 Geometric
 

3.213 	 StructurcL
 

3.22 	 Appropriate Construction and
 

Maintenance Technologies.
 

3.221 	 Labour
 

3.222 	 Equipment
 

3.23 	 Quality Control Procedures
 

3.3 Nature of their Dependence
 

3.31 	 Choice of Alignment
 

3.32 	 Choice of Base Design
 

3.33 	 Choice of Equipment.
 

3.4 Cost Measurement Methodology.
 

3.5 Conclusion
 

Separato investigation of topics as follows:-

Design Standards 

Construction Technologies 

No conoideration of quality control 

per se. 

4.0 Design Standards
 

Standards4.1 	 Adhererce to Geometric Design 


(Opportunity is in the Maintenance
 

of Roads by not exceeding road width 

speoified). 

4.2 Appropriate Use of Stabilization
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4.3 A Jternative Bridge and Culvert Deoin
 

4.4 Effect of Drainage Design on Maintenance.
 

5.0 	 Appropriate Construction and Maintenance
 

Technologies.
 

5.1 	 Equipment Resource Management
 

5.11 	 Identification of the Optimum National
 

Spare PaTts Inventory System
 

5.11 	 Distribution of Stocks in J!,rehousos
 

5.12 	 Effect if equipment types Prc
 

standardised.
 

5.12 	 Identification of the Optimum National
 

E~ipment Inventory.
 

5.13 	 Improvement in Equipment Majtenance
 

Technology.
 

5.2 Labour Re oource ianagt-ment
 

5.21 	 Moru effective utilization of unskilled
 

labour.
 

5.211 Compensation systems
 

5.212 Social Attitudes
 

5.22 AlG-tion of shortages of skilled
 

personnel. 

5.221 	 Foremen
 
5.222 	 Craftsmen
 
5.223 	 Managers
 

5.224 	Engineers.
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5.3 	 Appropriate labour/Equipment substitution 

- Availability of Prodrativiby Data 

(1) Labour 

(2) Equipment 

- Candidate substitution methods
 

- Basis for Evaluating Appropriateness.
 

6.0 	 Findings and Conclusions
 

6.1 	 Effects of Standard of Cost Reduction 

List Findings 

Draw conclusion (state so that Action Plan becomes 

obvious).
 

6.2 Effects of Construction Technologies on Cost
 

Reduction.
 

List Findings
 
Draw Conclusion (state so that Action Plan becomes
 

obvious).
 

7.0 	 Recommendation for Action.,
 

7 1 Establish more Appropriate Design Standards.
 

7.11 	 Identify the Appropriate standards 

7.12 	 Hanago thT Adoption 

7.13 	 Assignment of Responsibility 

7.131 Identification 

7.132 Adoption 

7.2 Identify More-Appropriate Construction Technology
 

7.21 Establish Experimental programme. 

7.221 Test Alternatives 
7.222 Produce Productivity Data.
 

7.223 	 Evaluate Results 

7.22 Defiae Procedure for Adoption.
 

7-23 Assignment of Responsibility.
 



7 

7.3 	 Define National Mrnppower Needs 

7.31 	 Recapitulate Present R&souroc. 

7.32 Estimate Future Peeds
 

733 Assess CapabilitL, f Pr-',nt 2r , aclties.
 

7.34 	 Estimate Need for new facilities. 

7.35 	 Assignment of Responsibi-ity 

7.4 	 Rationaliso National Equipment Resource. 

7.41 	 Recapitulate Present Resource. 

7.42 	 Idxntify Appropriate Spare Parts Supply and 

Mintenance Policy. 

7.43 	 Estiate Future Equipment Needs. 

7.44 	 Assignment of Responsibility. 

The 	abcve Section 7.0 represents the organization of the acLion
 

plan. 	 The elemeats hich were previously diucusood, but which may 

not 	nov. be totally applicable or fit the ou-_'. t::e 1-s foll.s: 

It appears that an Action Plan will in, 3A *.,- design and 
construction of an experimental road project o. rz°%sonable length 

to permit the alternative technologies of construction to be trie& 

and 	evaluated. The immediate foreseeable bci,'its are: 

(i) 	 It would demonstrate the effect of proper drainage on the 

road performance for r. given traff'c level. 

(2) 	It provides an o~port-Lity for t. ,inin supervisors and 

engineers on the management of lrborn i ' construction 
project.
 

(3) 	 It -,l.,o provides an opportunity to determine productivity 

level of labour and machinery for various operations. 

(4) 	 This would provide the guidelines needed for planning 

and ostimating for future road project in a way that can 

reduce 	the cost of construction.
 



FM FOR VOLUM (Housing Programme) 

A man-in-charge needs to be identified.
 

1.0 	 SUMiAARY 

2.0 	 Conclusion
 

Development of New Materials, e~g. brick in relation
 

to supply of craftsmen, e.g. bricklayers.
 

3.0 	 Conclusion
 

Development of Good supply of tiles and timber to
 

support use of clay tile roof design. 

4.0 	 Conclusion
 

lcrease in productivity of craftsmen employed in housing 

construction. 

5.0 	 C.on.lusion 
Local 	manufacture of simple handtools and equipment 

6.0 	 ACTION PIA 

The above 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 4 
(Construction Materials Manufacture) may contain tho action plans 

arising from Section 3. 

Building Construction News 

At present, a Building Construction News Survey is to be 
established beginning Ist 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 issueil shortly after Ist July, 1975. 

A budget is required for this planning work. 
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The 	 _Coinp_ison of Alte rnative Rooff Constructions 

I) 	 The two alternative candidates for approprit rod, conatruction 

for rosidentiEl houses c.t cloy tiles and wood shingles. 

2) 	 The third cancdidcte is aluminium. sheet roofin'g, then the 

markut reaches a size to support domestic roofing. 

3) 	 Of the two remaining candidates, olat roofing tile is essentially 

more -tcceptable --nd granting price variations may have universal 

applic,tion in the country. The Action Plcn, tha-i'i'oro, in based 

on this EItern .tive. 

The plan of action is to make clay tile rc.oIl)y ,vailable 

at .-easonablo prices rind tiles have already been established 

in the research and devulopment plan under building materials. 

Research -md development work to identify the 

appropri..te m:orkcts for the methods of manufacture of wood 

shingles should be continued.
 

FORMAT FOR VOL__f . 4 (Construction Materials Manufacture) 

The mnn-in-char;e ;ill be LMr. A.K. Chatterjae. le has appointed 

Dr. Amonoo-Neizer to ac+ for him whon he is on leave. 

10•0 	 SIM ILTY 

2.0' 	 Introduction
 

261 'co.e ztator, nt
 

2.2 	 Demand for lfttrials
 

(All f!ive materials)
 

2.3 	 The Resources 

(Clay, 	limestone, bauxite tailings, timber).
 

3.0 	 CFJFMT 

(Action 	Plan - very end) 

1. Drilling (and fuel source?)
 

2. Marlmting (and fuel source?) 
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4. Cost Analysis, 

4.0 CLAY PRODUCTS
 

4,1' The Asokwa/Ankaful Experience. 

4.2 Basis for a 30,000 BA Plant.
 
4.21 Technical changes
 

4.3 Estimates of Cost
 

4.31 Financial
 

4.32 National Economic
 

4.4 Potential for Alternative Products.
 

4.41 Root Tile
 

4.42 Drain Pipe
 
4.5 Findings and Conclusions
 
4.6 ACTION PLAN
 

5.0 L320
 
5.1 The B.R.R.I. Demonstration Plant.
 
5.2 2indings and Conclusions
 

5.3 Action Plan
 

5.31 Build Prototype kiln
 
5.32 Produce Demonstration Samples
 
5.33 'Perfect Production Process
 

5,34 Design Commercial Project.
 

6.o POZZOLANA 

6.1 Previous Research work
 

6.11 Scope
 
6.12 Findings and conclusions
 

6.2 Cost of Production
 

6.21 Financial
 
6e22 National Economic
 

6.3 Remaining Problems
 

6.31 Process
 



6.32 I>rkt .ccupt -.m e 

6.4 iiCTION PILdJ 

6.41 Bonch-,.cal. Ltag, 

6.42 Pilot Plant St,,ge. 

7.0 T3MR 
7.1 Present supply/demand position (Asmah, ALJlotey) 
7.2 Findings and conclusions. 

Export orijntation 

Uncertain supply and qu-iy 

Unclear standards 

Iigh price structure 

Need to rationalize entire sector. 

7.3 ACTI ,I PluAN. 

Elenents of the action plans had previously been identified 
as follrs. They mAxy be adrpted to the outlln.u above. 

CEMEN
 

The hi h-calcium-limestonws in the Bongo-Da rigion appear
 
sufficient from the small-scale drilling progranrie of the 
Ghana 
Geological survey for small-scale nroduction of cement. A 
feasibility study of the production of cement frcm this limestone
 
should be undertaken using appropriate tochnolo-o. The B.R.R.I. 
should be responsible and may seek the help of the Ghana 
Geological Survey. The feasibility study should cover the 
evaluation of limestone reserves, market chvracturistics, design 
of manufacturing facilities, supply and cost of forest-derived 
fuel including characteristics of carbonization sawof dust. 



12 

CULY PRODUCTS 

Bricks: 

of the most appropriateThe Action Plan is based on the use 

technology for clay and tile manufacture in Ghana which is labour

intensive of the type used in the manufacture of bricks at jLsokwa. 

An exception tn the technoloj is thct continuous firing of 

kilns should be used instead of intermittent firing. Prototype 

of such a continuous kiln is now under construction at Fumesua. 

Takoradi is selected the construction of a new factory for specific
 

reasons, which are: 

(a) It does not compete with the sites selected by tho Bank 

of Ghana. 

(b) Good marketing area, and 

(c) Good supply of fuel. 

Technical Area s: 

The Action Plan should be supported by definitive capital cost 

analysis and na-ionalanC. manufacturing coot, etc., and financial 

economic cost analysis for a 30,000 brick per week tentative site 

at Takoradi. 

In the execution of the project the B.R.R.I. will pre.ent a 

complete set of drawings and specifications arid offer its services 

for supervision during the construction. 

The 3.R.R.I. will trni the operating staff. The initial 

financed and managed by the B.R.R.I. with the aimproject will be 

of disp,.sing of the completed smoothly-operating factory by sale at a 

proper time. The experience in brick quality generated at Asokwa 

will become the basis for suggesting for Ghana standard for 

oommon face bricks for building - engineering projects. The work 

prgramme for the prototype oontinuus kiln will be basad on the 

design for Takoradi Plant. 
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Roofinf- Tile:
 

The manufacture of roofin.; tile in Ghana is a research in and
 

develtnprvnt project to be undertaken by the .A.L.. .,i-. will
 

have the follovlin: features:
 

I. _Examination of' Cl: Suitability of c.,.:' : 'f 

characteristics analysis and physical properties. 
2. 	Moulding and drying characteristics such s -;arLun 

characteristics. 

3. 	 Firin;,, Characteristics: The rate of heati.ig, _-..- inn.tion 

of temperature; time of retention. 

4. 	 Cooling Characteristics 

5Design of a do;n draft kiln for the ! -f. -

6. 	 Design a scre-,;: press for small-scal, production o" tiles. 

The research/development programme ;ill bo p1tnned w:th the
 
objectivd that ultimately a roofing-tile manufacturinL op( r.tion
 

can 	be integrated ,:ith the Takoradi Plant. 

Jltiiately, upon compl:;tion of the research and development 

progremre for the roofiing, tile, the B.R.R.I. will undurt,.ke a 

siilar progrwuse in at local production of blaze 1 nd unglazed 

cl'iv pipe. 

LI S
 
It h-s buun demonstrated by work in the _3uild-n' -rinRoad 

Research Institute thctt limue can be produced in a simple kiln 

built untirely from local materials. The operation .and output of 

this kiln are consi.1red adequate for lime production on a small-scale. 

The 'ollo-ing action plan would seek to support a recommendation 

that thu small-scale plant demonstrated by the B.R.R.I. bc considered 

http:undurt,.ke
http:heati.ig
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the prototype for lime production in this country with the B.R.R.I 

taking th3 initiative in soeking financial and other support for 

its implenentat ion. 

1. The eed is to establish two factories initially, one in 

the northern half and the other in the southern half of the country. 

2. It is proposed that the locations of thesc factories be at 

Bongo-Da and Oterkporlu (near J foridua). In choosing- the se sites, 

the future development of a sand-lime brick industry iL i:e northern 

region and a lime-pozzolana industry at Kibi have been considered. 

3. B.R.R.I. should take the initiative in getting government 

to induce enterp'eneurs to establish these factories. B.R.R.L 

should give technical advice and help in quality control. 

4. Am undert.Ldkng should be sought from the p.W.D. that it 

will purchase and use a major portion of the lime producod for 

base stabilization in its road construction projects. 

5. The phase of th, action plan dealing with increased use of 

lime in buildings will be taken up as a follow up of its successful 

use in road construction.
 

6. Attention will be paid 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 with production 

of clay bricks from the point of view of the requirurirmnt of fuel 

(fuel requirement for sandlimo bricks is about half thtt for the 

production of equal number of clay'brioks). It will be n.cessary 
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to oxrja:Le the availability of sand deposits in the region as to 

th-iAr Suit:2bil'.ty for production of st-dlime bricks. The action 

r1'cOM.1C!),JCied is that lhobor :tory work should be undertaken on such 

limes ..ni :U1 ';he .irnc. vid saild are found suitable for the purpose 

of prouction of sradlie brichs then ultii_'. .y a feasibility 

study c.overing nrarkfts, protuction vi.Athods end the cost of 

producion should be undertakun. 

POZZOL AS: 
The tecl-nical feasibility cf ad-,ixing Pozzolana made from 

bauxit t.ilings .ith importud clinker to produce cement concrete 

erjuiv:ilcnt to those conventionally used is estrilished. The 

indict ions .,je t] t the adnmiture may be :-s high&i ,! 50-50. The 

econoric inccntiv to undertake such i.,nuij.ua'c: cci.crcially is 

strong. The remAining technical probhm iL, h- choice of a process 

for coT,!,rcial manufacturte that can be de-Aim:tr f1- d on a pilot 

scale. One primazr need for n pilot-scale operation is to 

,stablish z1rkut acceptance for pozzolana-poftland cements. Before 

such pilot plant con be -aorked out there is a need to know 

conclusively the attrition characteristics cf the bauxite tailings 

as prodIuced :t A.mso during rotary-kiln calcination. Such 

charact,,ri.ics car.x be best detrmined through the construction cf 

a snall-scale iunit at the B.R.o, I., the design of which is to be 

lovelop~d ,"hich Aill be operatAd for a period of time to produce 

the fcllov.ini infoivation: 

(I) The tciiperature/ti:e ca.)xacturiz'ic: to produce pozaolana 

mn-tril equivalent to those pro,,u :e in the research 

7ork at U.o.T. 

(2) 	 Knowledge off the change of pCticIO-size distribution 

between the initial material and -the final after 

calcination is complete. 

http:Suit:2bil'.ty
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Upon completion of this work the B.R.R.I., will be in a 

position to speify preoisely the na.ture of the pilot plant 

operation. The oexQctation is that this will be rotary kiln 

equipment. 

The second stage of the Action Plan will bo the acquisition 

and operation of rotary-kiln pilot plant to b established at an 

appropriate location. The probable locations seem to be, at the 

moment, either at U~iaso or at Takoradi, perhaps within the boundary 

of the Takoradi Cement Plant. The objective of 6hc pilot plant 

operation will be to enable bankable commercil projccts to be 

designed. The work wil. include the testing of procucts on a 

large-scale among the major engineering firms in Ghana of pozzolana

portlani cement and the establishment of appropriate operating 

conditions and cost estimation for a commercial planto 

TflAER
 

Some guidlelines were identified for this item as follows: 

(i) 	 Identify a timber-industry development p]rn ti:. will 

represent the national economic interest, Justification of 

this is the present nation.l self-reliance dev0,.lopment plan. 

(2) 	 Such a study needs to include the following elements of research 

to define the way the current industry operates in terms of 

supplying export demand and local demand.: 

(a) 	 Assess the efficiency, whereby the present industry 

extracts the resource. 

(b) 	 Assess the extent of which the resource is being replaed. 

(a) 	 Eatablish a plan for harvesting the forest resource in 

the best interest of the nation in terms of regeneration 

and maximum supply of the species of interect. 
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(3) 	 Identify the potential mxrk-t for timbur aithin Ghana in 

terms o;.' competition by alterntive materials, rand sale at 
tho 	fLnLncial prico at which it 
can substitute competitively.
 

(4) 	 Postulcate an industry structure which effectively will match
 
th3 potontial supply to t;- potential dem~and. 

(5) 	Coaperc the pustulation of inuatr 3t: .cturo with the actual 
situation at present. 

(6) 	Identif, actions ahich hould be talcon to reach a situation of 
kppropri to use of the resource and supply, and full supply 
of' the doriostic markut. 

(7) TL- rusponsibility of the management o' the effort could be 
g-ven to the Forest Products Res-rxch institute, together 
w-th giving this Institute sp;ci .lisoJ csz3istnnce that it 
wi.ll re ruire from othur sources such - ch', 3.R.R.I., 
Til:ber hrrkc-ting Board, eto. 

Thu 	 objjctive of the Action Plan is to explore whether 
wood tvar; lzve any potential to substitute for all, or some of the 
uses of Lnported bitumen. 

FOW, AR 
 (Construc Lion Inaustry lfficivncy) 
Thj man-in-charge is ,r.Mathadev~ai. hr. Attafua is to act 

for him while he is on leavG. Coreful thoujht needs to be given 
to the contents beccuse of the sensitivity of the topic and
 
the 	degree to which the B.R.R.I. wishus to avoid the position 
of reconmending changes.
 



1.0 	 ABSTRACT
 

1.1 	 Purpose
 

1.2 	 Scope (Eiktent of completion of the work).
 

1 .3 	 Method of Approach, 

2.0 Government Side.
 

2.1. 	 Delays in project completion inefficiency due to
 

Financing ond udgoting procedure.
 

(UnauthoriseC. projects).
 

Routin of certificates of payment. 

2.2 	 Aduquacy of F:oject Design Data and information change
 

orders.
 

2.3 	 Selection of Contractors
 
Tender Board Activities
 

B,asis 	 for Rogistration to assur- c'xapc :ce 

2.4 	 udequacy of Detailed Project Planning e.g. enough
 

materials and equipment, spare parts.
 

2.5 	 The role of the consultant (may be in item 2.2).
 

2.6 	 Findings.
 

3.0 Conlractor's Sio
 

3.1 	 Business Structure
 

>,11 kitg-,J form
 

3.12 	 , .rnce shoot
 

3.121 	 issets
 

3.122 	 Lijbility
 

3.123 	 Net worth
 

3.13 Recent 	profitability
 

3.14 Recent 	performance,
 

3.15 Findings
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3.1 	 Financial Manag(.rial Competence 

3.11 Accuracy of estimates for tendering 

3,12 -alysis of currunt expenditures. 
3.13 Forecast of Fund Necr.s (E.timate of wvrkin caital). 

3.3 	 Technicel Ccmptence 

3.31 Selection of Technology
 
3.32 Management of Activities (keeping to schedule e.g.) 

3.33 Supervision of works 

3.34 Attitude ofC labour force 

3.35 ,vailability of equipment.
 

3.36 Findings. 

The following elements of action are presented for rpoord purposes.
 

1) 	 Conduct an oxenutive session Conference for Govornment and 

private sector members of the construction industry sector 

of the ciuntry.
 

2) Schedule such a Confercence after the end of 1974. 

3) Sponsorship o: thu conference to be by the Special Action Unit 

of the '.R.C. on behalf of the Ministr- of Economic Planning
 

and the Ministry of 'Jork and Housing.
 

- Acora seem, to be the approl)riatJ lcrtion.
 

- Three days appears to be an -i'~ time.
 

4) 	 The objective of the conferoncu shall be to establish specific
 

recommendations for a significant improveient of the 

efficiency of the entire construction sector through providing
 

an open forum for participants to identify problems and 

oppose solutions.
 

5) 	 Participants should be invited from all sectors in 'ho 
Governmont and all sector,, in Privatu inlus' 2. co-icernld 

.7ith the con3tniction of building, roacts, hifr;ryo and other 

civil engineering itorks included with the organizations and 
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persons concerned with design planning programning, as well 
as with field construction operations. Tender Board members 

of the Northern :Ogion shoulc1 bo included. 

6) T.,pics to be presented for discussion throueh prpars should
 

include the following:
 

a) Registration practices for Contractors.
 
b) 	 Effectiveness of the method whereby Contracoe.,3 
 ±- registered 

to be eligible for Government contracts. 

c) 	 Is the project definition frozen at a time project execution 

begins? 

d) 	 HcrA effective is Government policy to prepare full dtils 

for projects before asking for tenders? 

e) 	 In the P.W(.D. adequately staffed to do the jcl r., 'ir d on 
i-G, namely, complete definition of the sco.- ) ..o'1 or all 
projects which is responsible for it? 

f) 	 How effective arc the efforts of the resident engineer in 

determining actual quantititzs of work done in the field? 

g) 	 Fai:ure to nake paynont to the Contractor in accordcnce with 

the schedule of payments specified in the contract? 

h) 	 Does budgeting ,ncL .!location of funds match the programme 

of plan and AC Hoc projects? 

7) 	 Tendering Procdur,: It appears that some unkmown complex 

adninistrativ -,rocedu.-,. in the Ministry of Finance causes the 
work of khe tender bo-xd to be uneven during the year. 

This puts a lcrL:c amounts of pressure to-:ards the end of the 
firancial year on the Tender BoarCs to award contracts quickly. 
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This 	procudure .,Iso iffects thu ability of the i nt Vav° rj 

Contractors' bills on tiine, thus delaying jobc, ./;. ItL .rms desirable 

that the Confo; '. nc s'.hould provide for its spLoi1ir :' J},.' ,in.Ltry 

of Firnnce to oxrpl in th,. situ, tion, ,wn th,. problems of chl-.:e 

to alleviate the situation. 

8) 	 Composition of Tender Bor~rd Cen the balance of uembership of the
 
Tender Board be improved toward more professional contents The
 

effect of docentralising the tender procedure by increasing the
 

maximum amount of tender in the reGions.
 

9) Should the P.1.D. rely more on private local consultant firms
 

to distribate their work load?
 

10) A paper prepared by the B.R.i.I. on the subj, ct o£ Government 

stimulation of an I ind!:;enous contracting in i -::, based 

on the resource of the country people and the InstiLu . 

11) Should the ;.N.I.C. do a mon, effective job in the distribution 
cf building materials, so that they are available in all regional 

centres?
 

iltern7tivo elements gener;,ted in a liter discussion wore the 

foll wing: 

1) 	 The 3ank of Housing and Construction c3uls1 tbL. o'-± - : the 

tabk of collecting payments for cortificates of cxnipl in rxvinj

the contractor his noney on presentation of the certi~iloto. 

2) 	 The stimulation of contractor growth, efficiency, and effoctiveness 

by prohibiting advance payments on contracts by the P. ;.D., Pnd forcing 

contractors to obtain working capital from commercial banks secured by 

assets. 

3) 	 The role of the Management and Productivity Institute in raising 

the competence of the indigenous contractor firm. 
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4) 	 The us~fulnu s of introducing a subcontracting firm sub sector 

in the construction sector. 

NM2E
 

This set of 1-inutos of the rmeetings 3qIrLdLZ the 

versions previously issued, which shoulOl bc 0 ;3,j,,,oyd. 

E.O. SEFAJi 

I01717b 
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Curtis Farrar 

Curtis Farrar is Acting Assistant Administrator of 
A.I.D.'s Technical Assistance Bureau, which is the central 
staff office for research and development in agriculture, 
education, development administration, science and tech-
nology, nutrition, health and the problems of the rural 
poor. 

Prior to joining the Technical Assistance Bureau in 1973, 
Mr. Farrar spent ten months as a Fellow with the Urban 
Institute. At A.I.D.,he has been aDeputy Assistant Admin-
istrator of the Bureau for the Near East and South Asia; a 
Special Assistant to the A.I.D. Administrator; and Deputy 
Assistant Administrator of the Bureau for Program and 
Policy Coordination. Mr. Farrar joined A.I.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. Old 

Dr. Old isa 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 in the Navy, research strategy in 
the Department of Defense and criteria 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 Coin-
mittee. 

Dr. Old is a member of the National Academy of Engi
neering and serves as its Foreign Secretary. He isalso a 
member of the Advisory Committee 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.I.D.'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.I.D. programs in developing countries. At the 
Office of Science and Technology, he coordinates A.I.D. 
relationships with other government, private and inter
national agencies concerned with science and technology. 

As Deputy Director of A.I.D.'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. 

Mr. 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 in many countries having developing economies 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 aprofessional engi
neer in Massachusetts and New York. 



Conference Chairmen: 	 Mr. Curtis Farrar 
Acting Director, Technical Assistance Bureau 
U.S. Agency for International Development 
Washington, D.C. 20523 
Dr. Bruce S. Old 
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 i'rom their implementation. 

Since 1971, three countries, 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 identify 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 dralt. 



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? 

* 	 Flow can one best manage the utilization of materials and the application of 
construction technologies? 



TUESDAY, 12 NOVEMBER 
SESSION ONE 

8:00 - 9:30 a.m. Coffee Hour 

8:00 - 10:00 a.m. Registration 

10 am. - 12 Noon Topic: Introduction 

1. 	Welcome - Conference Co-Chairman - Curtis Farrar, Acting Director, 
Technical Assistance Bureau, Agency for International Development

2. 	 The Context of Conference - Henry Arnold, Director, 
Ofilce of Science and Technology, Agency for International Development

3. 	 Three Experiments - Conference Co-Chairman Bruce S. Old,-
Senior Vice President, Arthur D. Little, Inc. 

4. 	The Purpose of the Conference - Charles Bliss, Director, 
Cost-Reduction Project, Arthur D. Little, Inc. 

12 	Noon - 2 p.m. Lunch 

2 p.m. - 5 p.m. 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 0. 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 

c. 	 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 

3:30 - 4:15 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 I 

1. 	Introductory Remarks - Session Chairman - John Naranjo 

2. 	Panel Presentation 
a. Construction Equipment Utilization Experiences 

" 	Philippines - Antonio Garcia, 
Department of Public Highways, Manila, Philippines 

* 	Colombia - Fernando lsaza, 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 

2 p.m. - 5 p.m. 	 SESSION FOUR 

Topic: Identification of Alternative Construction 
Practices - Construction Technology - Part II 

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 

2 p.m. - 5 p.m. 	 SESSION SIX 

Topic: Organization of a Cost-Reduction Project 

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 




