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The mandate of the International Service for National Agricultural Research (ISNAR) is to assist
developing countries in brirging about lasting improvements in the performance of their national
agricultural research systems and organizations. It does this by promoting avpropriate agricultural
rescarch polisies, sustainable rescarch institutions, and improved research management. ISNAR's
services to national research are witimately intended to benefit producers and corsumers in developing
countries and to safeguard the natural environment for future generations,

ISNAR offers developing countries three types of service, supported by research and iraining:

B For a limited number of countries, ISNAR establishes long-term, comprehensive partnerships to
support the development of sustainavle national agricultural rescarch systems and institutions.

B For a wider range of countrivs, 1SNAR pives support for strengthening specitic policy and
management components within the rescarch system or constituent entities.

R For all developing countries, as well as the international dey clopment community and other
interested partivs, ISNAR disseminates knowledge and information about netional agricultural
research.

ISNAR was established in 1979 by the Consultative Group on Intemational Agricultural Rescarch
(CGIAR), on the basis of recommendations frem an international task force, 1t began operating at its
headquarters in The Hague, The Netherlands, on September 1, 1980,

ISNAR is a nonorofit autonomous  institute, international in character, and apolitical in s
management, staffing, and operations. It is financially supported by a number of the members of the
CGIAR, an informal group of donors that includes countries, development banks, international
organizations, and foundations. Of the {8 centers in the CGIAR system of international conters, ISNAR
is the only one that focuses specifically oninstitutional development within national agricultural
research systems,
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Preface

(L o

ISNAR's revicaes of agricultural vescarclt systems i deocloping countries
have repeatedfy identified problems in deceloping and nuoaging physical
resources as ai important factor amony other criticel foctors determining the
effectiveness of wational agricultural research programs. lusufficient,
inaceessible, or wnusable informatioin on mosi aspects of decclopient,
planning, design, and waintenaice of dudldings & 0 contmen constraing on
agricultural rescarch managers.

With these " Guidelines for Playving and Desigrong Agriciltural Research
Buitdings" ISNAR aims to fill that information qap. The quidelines contain
a wealth of abservations amd experience collected daring ficld visits 1o more

than 100 agricultural yesearch institutions wd universitios in six regions of

the world. During these visits, rescarch institutions in all major ecological
zones were studied wder prevailieg conditions and desirable desion features
were identified.

The followving chapters bring that experience—previously wnpublished in a
single sowrce—to managers,  scientists, administrators, and  wiwmerons

others,

The Hague, September 1993,

Buke S

Christian Bonte-Fricdleim
Director General
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FOREWORD

In the past, little information las been available o assist agricultural
research managers v the plmming amd - design of facilities such as
Iaboratories, offices, aud vescarclt support arcas. Modern teclmology in hoth
laboratory amd field cyuipment s far outpaced the desion ol research
buildings. Nany vescarch institutes occupy buildings tat are poorly suited
tor the sophisticated equipment Hiey house. That is el today, more than
ceer before, agricultural vesearcl managers are seeking professional Quidance
amd wdvice i the planiing, design, and - redesign of - buildings for
agricultural research.

These guidelines aim to provide anagers witht ideas wnd practical advice on
;)lmmin\' and designing buildings Jor agricultural vesearch. The main focus
is on offices, laberatorics, amd ancilliry support buildings in deq ulnpm\'
couniries, primarily i; the tropical regions,

The presentation of material has been nade as simple as possible, poth to
stinlate: Hiinking and imagination aid to ke dssues o desivn and
construction casily widerstood by a weide audience. These guidelines do not
itend to ausieer ceery question about public works deoclopment. Instead
thew aing to inform maiagers of what o expect in the process of facilitivs
development. The quidelines should be wsed judicionsly as an information
sonree. leas presented Derein showld be modified amd vavied o suit cach
situation indicidually. fust as agricultural research itself must renuin
flexible, these guidelines should also be flexible and not be applied as rigid
ritles,

Wiho are the intended beneficiaries?

Research imanagers, although a prime target, are not te only people woho
will benefit from the information presented. Others associated seith planning
and deve lupmﬂ facilities poragricultiral rescarcle will also benefit.
Administrators, agriculturalists, architects, engieers, builders, lenders,
overnnent plonters, ad finance agencies are just a feie of these additional
bencficiarics.

lVil/u’u the h'\'/ institutional beneficiaries are referred to as “nunnagers™ or

“managentent” as a generic term withond regand to their actual professional
capacity, Where the words “lender,” “grantor,” or “donor” appear, they are
intended to be synonymous aind refer to any external agency providing finds
Sor agricultural vescarch facilities, The term “planner” or “designer” is also
seneric and refers fo architects, cngineers, and others associaled with the
technical aspects of desien amd planning.
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Chapter One—Predesign Development

Assessing the Needs of Research Programs

Mdnagcrs of agricultural research are usually

faced with planning and design decisions
very early in the physical developnient process.
As an example, managers mav be asked to esti-
mate how much space is required to accommo-
date a specific research program or to provide
estimates of building costs long before financing,
actually becomes available to begin construction.

Determination of the physical requirements of
buildings is done by designers working in close
collaboration with rescarch managers and thein
scierdific staff. Interaction among, designers, man-
agement, and scientists can help to ensure that
the research programs and physical facilities com-
plement cach other.

Managers are urged to plan modest facilities
closely tuned to the needs of the research pro-
grams to be housed. To be most effective, lacilities
should tic inwith a national strategic plan for ag-
ricultural rescarch. This 10- to 12-vear plan
should be prepared by a working group with
representatives from the ministries of agriculture,
planning, and finance as well as from institutions
such as national agricultural research apes bodies
and the country’s main agricultural research insti-
tutes. Only by being closely involved in the pre-
paration ot the national  strategic plan can
individual institutes develop operating plans that
clearlv define how they intend to help the country
o achieve tts strategic goals.

Zimbalaee: His s an exaniple of postharoest sesearch that can be adapted by local tarmess, Tie cery meapensiee omion stovage buihding is
constructed fromesomple peles, Paodap, and a cement wasteapplied over te burlap,
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Basis for determining physical requirenients
Sin major factors determine the physical require-
ments of a particular location or research pro-
grany

B the scope and nature of the research to be car-
ried out, '

present statfing,

immediate and short-term expansion or reduc-
tion in staff,

projection of future stoff requirements,

the size and quantity of equipment to be ac-
commodated and the number and frequency
of tests to be conducted,

B in cise of modification of an existing facility, o

utilization study of the existing space,

In determining the physical requirements ol of-
fices, the number and grade level of staff or their
position within the mrganizational structure are
the primary considerations, For most laboratories,
however, physical requirements depend more on
the type of rescarch to be carried out and the
quantity and size of the equipment to be instatled.

Nigerin: Exposed stddities make fubure sodifications and repairs casy.

Planning a Building Program

Pl for expansion

Oniv a few vears ago managers were encouraged
to plan buildings for personnel expansion over a
five- to seven-vear period. In most developing
countrics, however, statt growth has not been as
rapid or as extensive as was anticipated. In many
new facilities, managers have been faced with the
immediate problem of using, extra space. Wiether
to altocate excess space or allow it to remain
cempty untib addional staif is emploved is often a
complex issue. Once llocated, however thinly
spread oul the staff may b, it can be ditficult to
unatlocate space to accommodate new statf,

The importance of making reasonably accurate
predictions of how research programs will be
strengthened cannot be underestimated. Con-
structing too much space wastes valuable finan-
cial assets. Conctructing too little space results in
overcrowded facilitics. Most institutes are now
planning buildings to accommodate slower in-
creases instatting. Overbuailding is being dis-
couraged. Buildings now must be designed to
permit extensions and additions to be made when
needed with minimal interruption of ongoing,
aperations,
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Maindain desiyn floxibility

Regardless of how well design parameters were
set in the planning stages of a project, the likeli-
hood is great that at least some parts of the build-
ings will need to be modificd once construction is
complete. Managers should be prepaied tor
change. Changes may be as simple as the reloca-
tion of a door or the redarransoment of one or wo
laboratory: benches. Ov they may result ina
complete remodeling or relocstion of a4 rescarch
program toa different binlding,.

Modifications to laboratories often reenltin utility
services being disconnected and lines being relo:
cated. Nonetheless, only very few Laboratories
have been designed to make such changes v
siple as possible with the least disruption to ad-
iacent cmstruction. Plumbing and clectrical sup-
plivs are often either buried in concrew Hoors or
built into walls covered with plaster or tile. Insta!-

Management Planning Groups

Agricaltural rescarch  managers should avoild

making unilateral decisiors in planning physical | selves

From the vers carly stages of design,
anintegrated effort involving
administration, and scientific

facilities
planning should be
research managers,

lations such as these complicate leter moditica-
tions and therefore should be avaided.

In planning buildings tor agricaltural research,
carly consideration should be given to providing,
ready access to allb atilities. Utilities -hould be
cither surface mounted or strategicadly placed in
excavated arcar, chases, tunnels, or other casily
accessible locations. Examiples ot exeellent ex-
posed utility svstems are those used at the agri-
cultural rescarch station e Palmira, Colombia
and at two international research institules: the
International Center for Tropical - Agriculture
(CLATY in Colombia and the International Insti-
tute of Tropical Agriculture (IFFA) in Nigerto.

Remember, no matter how el a tacility is ini-
tially dosivned, changes and modifications are in-
evitable  Be prepared. Modifications should be
anticipa.ed and provisions made for them in the
very early stages of design.

staft, as well as the building designers them-
Within the rescarch organization small
working groups should be formed to suppiv and
exchange information with the design service.
These groups should consist of program and

Zavmhi: - alteratice o expesaee all nddetios o rencdeanthe aoemocadde cover can e ssed eMectiecly
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commodity leaders and others directly associated
with the facilities being planned. Working group

Design Services

Any team providing design services for agricul-
tural research should aim primarilv to provide an
infrastructure suitable tor the research envisaged
to be carried out. Additionally, the infrastructure
must provide a sate shelter for its inhabitants and
be economical both in original cost and in fature
maintenance cost. Facilities should also be pleas-
ing to look at, both individoally and as an entire
complex. To accomplish these ends, management
should seek the services of individuals with as
much experience as possible in planning, design-
ing, and constructing facilities for agricultural ro-
search.

Seldom do agricultural research organizations
need to maintain as a part of thed permanent
cadre a design team capable ot producing, draw-
ings and bidding documents for the facilities pro-
posed to be constructed. More frequently an
organizalion mav have one or two staff members
capable of preparing simple drawings tor re-
madeling existing facilities. Two exceptions are
the excellent design departments that have been
maintained by Brazil's national agricultural re-
search institute (ENIBRAPAY and the agricultural
rescarch institute ot Colombia (1CA) for about the
Jast 15 vears.

Public works versus private firms

Aninstitute anticipating entering, into a develop-
ment program of even moderate size most likely
would reguest the services of a covernment
agency, such as public works, or would employv a
private firm (or individual) to assist in planning,
new buildings. There is about an even split be-
tween private and public planning for agricul-
tural rescarch facilitios.

Public agencies are chosen oy er private tirms usu-
allyv due to their accessibilitv and availability, and
tfor reasons of cconomy. Fhere is normally: no
charge tor sorvices pertormed by public works or
similar agencies, Given the opportunity, however,
most managers of research institutes preter to
have planning done by the private sector. Public
works departments normallyv have o large back-
fog of work, which tende fo cause frequent delavs
in completion of designs and Sidding documents.
During delavs construction costs are likely 1o rise
due toinflation. In the long run, there is a good
chance that any financial savings accrued by

Flanning a Bui'ding Program

should be as small as possible, preferably with no
more than four to six members,

using public works will be lost as g result of in-
creased construction costs.

A viable alternative to maintaining an in-house
design capability or having public works prepare
the bidding documents is 1o employ o private
firm to plan and supervise construction of the
project. In selecting a firmy, management should
pay caretul attention to the firm’s experience and
present workload. Preferably, a tirm with some
degree of experience in designing facil ties for ag-
ricultural research should be chosen. Managers
should be prepared to pav a total of six to 10 per-
cent of the cost of construction for design and su-

porvision services.

Incertain cases, especially tor sophisticated build-
ings such as animal diagnostic laboratories or
similar high-technology installations, the services
of a specialiood consultant should be sought,
Special technice s involving air handling, materi-
als movement, radioactive elements, and the like
also-dictate a more thorough study of the en-
pineering aspects.

Oeervicwe of design services

What type of design and planning services
should an organization seek in developing a
building program? Regardless of whether a pub-
lic agency or private firm is choserva high level of
professionalism should be expected.

First and foremost, an institute should expect the
selected desipgn service o allocate sufficient time
to become familiar with all phases ot the rescarch
envisaged to be done in the proposed buildings.
There nust be a close working celationship be-
tween the person in charge of the physical de-
sign--most appropriately an architect --and the
scientists who il be using the facilities, Designs
must be directiv related to rescarch programs as
well as to the numbers, disciplines, and levels of
staft to be accommadated. Perhaps most impor-
tanthy, to properly prepare a project the designer
must have a good estimate of how much money
is or will be available for cons saction. Anarchi-
tect or planner has a prot sionpal obligation ta de-
sign a project that can be constructed within the
budget established by the client.

Ihe design service should be expected to provide
the following professional services:
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provide the client with an analv.is of the area
required to suppor’ the proposed research and
its required stalf,

estimate the cost of consteuction,

prepare the physical desiggns of the project,

prepare technical docui, atation to allow the
client to competitively bid the project,

assist the client i receiving and evaluating
bids,

supervise the quality of materials and work-
manship during construction,

approve nodifications to the construction con-
tract and periodic payments to the contractors,

assist the client in final inspection and accep-
tance of the project once it is complete.

Steps in Developing a Building Program

Securing adequate financing to construct the re-
quired facilities is one of the most important steps
in any building program. Finanding can be pro-
vided by the country government itself or by
other  financial  assistance  agencies:  donors
making outright grants, lending agencies provid-
ing both long- and medium-term loans, and other
situations combining one or more of these op-
tions.

Betore financing is made available, however, agri-
cultural sector studies are generally made. Also,
strategic plans are usually prepared for agricul-
tural research. These studies and plans generally
define the tvpe and extent of agricultural research
needed by the country, Facilities @0 then de-
signed based on these studies and plans.

Immediately after sector studivs and strategic
plans are developed, the research organization
should solicit professional services to assist in de-
signing the facilities. By accelerating the planning,
work at this initial stage valuable time can be
saved. Time saved now will mean advanced im-
plementation of the actual  construction  and
savings later in building costs.

One of the first tasks of the sciccted design team
is the preparation of conceptual designs for the
facility. These designs reflect a rough estimate of
the space required to accommodate each research
program, as well as accurate projections of statt
expansion or reduction. Conceptual designs com-
bine tables of accommodation (sce pages 64-69)

Terms of reference

Regardless of whether a government agency or
private concern designs the facilities, terms of ref-
erence (TOR) must be prepared. The TOR clearly
describe the responsibilitios and duties of the or-
panization chosen to design and supervise the
project. If a private concern is selected, the TOR
should form a vital part of and be attached as an
annex to the contract. The sample TOR on pages
17 and I8 has been vsed for many agricultural
development projects. With suitable modifica-
tions, it should serve in atmost any situation. The
words “architects and engineers,” “a/e tirm,” and
“architect” should be changed to suit the in-
dividual situation.

and frechand sketches of floor plans, graphically
indicating the relationships of the areas required.

After financing is secured and the conceptual de-
signs completed, physical development programs
are normally carried out in five sequential stages:
preparation  of  schematic  designs,  design
development, preparation and distribution of the
construction documents, bidding, and construc-
tion.

Schematic designs

Schematic designs are single-line, scaled draw-
ings ot the proposed facilities indicating use of
space and circulation within the buildings. At this
point in the design process, major building mate-
rials are selected and a rough estimate of cost is
submitted to management. Prior to advancing to
the next phase, management should approve the
schematic presentation package.

Design developnien

Design developmient is the second stage of tie
development program. It is during this stage that
plans, facades, construction details, engineering
aspects, and finishes within the buildings begin to
be studied. No longer are drawings schematic.
Thickness of wails is shown on floor plan-, doors
and windows are indicated in their proper posi-
tions, and building cost estimates becorne more
refined to ensure that the facility is being planned
within the budget. Once approval is given to this










Bidding

Bidding a project should begin only after the con-
struction doctments are complete and approved
by management in consuttation with their legal
advisors, Prospective builders are invited by
management, cither privately or publicly depend-
ing on legal restrictions, to submit scaled bids tor
the constraction ot the project. During the bid-
ding period, normac 30-15 davs, the design
team and management jointly hold periodic mect-
ings with the bidders to clarity any questions or
doubts that may have arisen. Addenda can be
issued to cach of the bidders. These make otticial
any changes or maditications to the original bid
documents. In this wav all bidders are kept ad-
vised of dedisions or changes made during, the
bidding period. After all bids have beensieceived,
proposals should be opened publicly and tabu-
lated. Management can request specialists to as-
sist in the opening of the bids.

Fvaluation ot bids should be o completed  as
rapidiv as possible, usuallv within 30 davs after
Al bids have been received and opened. The or-
ganization in charge of design should assist in
evaluating bids and should make a recommende-
tion as to the successful bidder. The suceessful

Cote d'Teoire Quality s saontived when conerete s mived nuanally.
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bidder is not necesarily the one sabmitting the
lonvest bid, but shouid be the lowest ecaltaled bid.
Phis distinction takes into consideration: price,
construction time, contractor’s equipment, per-
sonnel, tinancial - capabilitn, and - past pertor-
mance.

Constriction

Construction mav Jast trom a few months to g
fow vears, depending on the size and scope of the
project as well as on the availability of financing,
During the entire construction pericd manage-
ment should ensure that qualitied personnel are
on hand to supervise the work being done by the
contractor. Onlyv with qualitiod supervision can
there be assurance that materials and workman-
ship will be equal to, or better than, those origi-
nallv: contracted for. Preferably, supervision is
carried out by the proup that designed the proj-
et There are no hard and tast rules as to the best
schedule for inspection of the work, Most impor-
tantly,  supervision must be o trequent and
thorough enough 1o protect the organization sign-
ing the contract trom receiving a guality of con-
straction inferior to that agreed upon.
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Use of Existing Facilities

In some aspects, planning a new research center
is casier than making decisions involving the use
o existing facilities. In developing a new researcia
compley, the major problem is how o design
buildings to accommodate the research programs
and the estimated number of staft, With existing
research centers, decisions must be made as to the
renovation or recuperation of facilitic |
ment of space, demolition and removal of tacili-
tivs, and removal and replacement of existing
facilities with new ones. The wored “facilities” can
include buildings, utilitics, or even land, lencing,
roads, and parking. However, these guidelines
focus mainly on buildings.

reassipn-

Renovation

The need for renovation, or upgrading of lacili-
tics, may result from a simple reallecation of
space or from deterioration. Mamtenance s
another reason to renovate. This caninclude
“patch and paint” work, hardware repair on
doors and on windows, replacement of broken
glass and screens, atility upgrade or replacement,
and refurbishing o furnishings and finishes that
have deteriorated through normal use. Renova-
tion work often can take advantage of modern
technology in materials and tinishes that were not
readily available at the time the facility was con-
structed.

It is sometimes difficult to separate renovations
from recuperations. Renovation should be con-
sidered to cost no more than 20-25 pereent of the
replacement cost of the facility. Contracts tor ren-
ovation  seldom attract exeept local
builders who work. primarilv on small-seale proj-
ects. The work usually s carried out under a cost-
plus type of contract. Some simple renovations
can be pertormed by the research institute’s own
labor force. This tvpe of work is often referred to
as “force account.”  Renovation can be
budgeted as o capital evpense financed with
cither local funds or with funds from loans and
grants.

anvone

Conts

Recuperation

Recuperation of a tacility is more extensive than
renovation and can easily cost 30-60 pereent of
the facility’s replacement cost, Recuperation is
best done under contract as opposed to foree ac-
count. This contract may be for a fixed sum. How-
ever, it is more often based on the direct cost ot
materials and labor plus a fixed percentage or fee
to cover the contractor's profit and overhead.

20

I'rotit and overhead normallv run no more than
2535 pereent o the cost ot Labor and materials

Adthough the builder moay be able to give a fairky
accurate estimate ot recaperation costs, the tinal
figure connon be determined until the project is
complete. ihis is due, inpart, to untorseen cir-
cumstances such as concealed utilities and vari-
ances in construction methods, The builder
should be furnished with a clear description ol
the work to be carried out to enable him to pre-
pare an estimate of cost and implementation time
as accuralely as possible. About 10-20 pereent of
the total estimated cost should be added to cover
physical  contingencies and  unknown  factors
likelv to arise during the course of construction.

Reassignnent

Prior to designing any new buitdings, an analysis
should be made of the use of the existing space.
Managers may find that by readjusting and reas-
signing space within esisting facilitios, the cost of
constructing new facilities can be reduced. Reas-
signiment of spece alwavs brings some problems.
Once an area has been assigned to a person or an
entity within an organization, that entity is usu-
ally reluctant to give the space up. However pain-
ful reassignerent may be, it is in the best interest
of the organization to establish a clear-cut policy
preventing an occupant from feeling that an area
is permanently assigned.

Demolition

Demolition is the complete removal of existing
tacilities and clearing the site of rubble. It should
be done under o Jump sum contract that stipu-
lates that all materials are to be removed from the
site and become the property of the demolition
contractor (exeept any that are specifically men-
tioned in the contract). Upon completion of
demolition the site should be left clean and ready
for new construction to begin, Most demolition
contractors do not have the organizational setup
to construct new buildings.

Removal and replacement

Where replacement of another facility is antici-
pated atter demolition, two distinet contracts
should be signed. Frequently, portions of build-
ing. must be demolished in order for new por-
tions to be built through an expansion program.
In these cases, management must clearly define
which portions of a facility are to be removed and
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insist that demolition contractors physically pro-
tect the portions expected to remain free from
damage. In the demolition contract, the contractor
should be made liable for any damage to other

Planning a Building Program

buildings or utilities. Again, the site should be left
clear of all debris and rubble after buildings have
been removed.

Chapter Two—Adequacy of Facilities Maintenance

Funds for Maintenance

Withuut doubt, it is much casier today to get

funds for new construction than it is to pet
proper funding for the regular maintenance of ex-
isting facilities. Annual funds for maintenance are
insufficient in virtually every developing country.
In most cases it is very obvious that buildings for
public-sector agricultural rescarch are not being
adequately maintained. But why not?

Are maintenance funds really inadequate or is it
primarily that appreciation of the importance of
maintenance is lacking? Inadequate funding usu-
ally gets blamed. Yet simple maintenance that
only requires labor is also being ignored. One re-
search manager explained the situation: “When
vou are accustomed to a problem, vou noe longer
see it as a problem.” How true! Managers must
begin to see lack of maintenance as a serious

Bolicar Wil proper e rescardinalidongs o020 years old Garestill ettecticely serce ancultural veseardeneed .
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problem rather than accepting it as something
that cannot be improved.

National budgets are normaliv divided into two
major sections: operating and capital (sometimes
referred to as development). Capital monies are
normally used for new consteuction and tor the
purchase of equipment. Funds trom - outside
sources to be used for these purposes also enter
the national budget in this category, Operating,
tunds, on the other hand, are used to pay tor re-
search operations including salaries, operation of
vehicles, purchase of consumables, pavment of
utilities, cleaning of faditities, and maintenance
and repair of buildings and equipment. Almost
without exception, aperating tunds for agricul-
tural  research i developing countries have
shrunk to critical tevels over the last decade.

Fo illustrate this, a rescarch manager in Brazil ve-
ported that his tived operating costs used to rep-
resent 33 percent of his toal operating budget.
he remaining 65 percent was available for main-
tenance, the purchase of inputs, travel, and sub-
sistence, Over the vears, however. this ratio has
reversed. The amount now available tor variable
operating costs is no longer sutficient to cover ex-
penses. Salaries cannot be reduced and institute-
are reluctant to reduce personnel. To compensate

Sptin

Veona! b ctes vgiane ot openating inds and naotenance,

for funding deficits, maintenance ot buildings
and equipment is usuallv the fivst budget item o
be reduced.

As a minimum, operating funds should be in-
creased in line svith the annuaal rate ol inflation. In
countries with high rates of intlation, however,
increases of less than one-halt the intlation rate
ArC Comimon.

Fo overcome the problen of decreasing operating,
budgets, one international agricultural rescarch
center, CIAT in Colombia, categorizes main-
tenanee expenses over the equivalent ot US SO0
as a capital expenditure. Projects costing less are

paid from operating hunds. Although there is
nothing magic about this figure, it does appear to
beoa reasonable Timit and a guide as to whether
repairs should be done with in-house capacity or
through outside  contracts. Fach organization
Jwould establish its own limits in accordance with
the strength of its maintenance section and - the
availability and cost of materials and Jabor in a
particular region.

What funding lecel is needed?

How much money is really needed for main-
tenance? Currently, most institutes spend only

T

!
;
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about 0.3 to 0.0 percent of the replacement value
of a facility on maintenance, This amount must
cover the cost ot physical maintenance, such as
repairs and painting, as well as cleaning and util-
ity costs, 1t is estimated that no less than two to
three percent of the present-day replacement cost
of a facitity should be spent annually o ade-
quately preserve and maintain a tacilitv, 1t there
are extensive animal facilities, such as pasture
fencing, corrals, and stables, this percentage for
maintenance, according to an institute director in
Spain, should at least be doubled.

Where does Hwe fault lie?

In an attempt to curb intlation in the construction
industry, povernments sometimes establish an of-
ticial maximum unit cost permissible for con-
struction of government buildings. Often these
unit costs are set so low as to strain and challenge
the ingenaity of both architects and contractors to
design and constriet buildings within the aceept-
able price limits. Although these official unit
prices usualhv are revised annually, they are sul-
dom brought in line with inflation. By ostab-
lishing, unrealistic constraints on the construction
industry, povernnment must assume a portion of

Security is sacrificed  when fire
compromised by missing valve lndles,

protection systens— are
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the blame for the accelerated deterioration: of
phvsical facilities. They must also realize that by
constructing tacilities of inferior guality, there
will bea need tor higher than normal funding for
maintenance.

It little work is available, builders might submit a
bid for a project with less than their normal profit
and overhead inan attempt to avoid losiag busi-
ness or causing lavotts of core personnel. They
might then try to make up the difference by re-
ducing the quality of materials or workmanship.
When such a compromise is made the qualily of
constinction sutfers, Buildings deteriorate more
rapidhy than would normally be expected and
within a few vears require extensive rehabilita-
tion. Under these conditions construction super-

vision by highly qualified  professionals s
especially important.
Finallv, lending  and  donoragendies must

strengthen their positions with regard to main-
tenancee, Already the terms of nmany grants and
loans legally oblige povernments te adequately
maintain - fadilities. specific main-
tenance procedures are seldom specitied and
maintenance obligations are rarely enforeed.

However,
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Maintenance Categories

Maintenance of facilities can be divided into three
categories: that requiring no cost other than statf

labor, that requiring minimal materials and statf

or day labor, and that requiring considerable
materials and skilled labor. The first two catego-
ries can best be described as preventive main-
tenance. It performed correctly and in o timely
manner, work of this type will signiticantly re-
duce the overall long-termv cost of maintaining
facilitios.

No-cost maintenance consists of sweeping, mop-
ping, dusting, washing windows, replacing dis-
placed roofing tiles, cleaning leaves from gutters,
and other similar tasks. These are usually carried
out by staff of the rescarch institute or by dayv la-
borers at a very minimal cost. Preor no-cost
maintenance reduces the overall cost of maintain-
ing facilitics by minimizing deterioration. For ex-
ample, leaky with tiles that are not
immediately replaced cause deterioration of inte-

roofs

rior ceilings. Gutters that are not deaned eventu-
ally collapse and fall. Floors that are not swept
and cleaned of dust soon lose their finish and are
subject to further damage. Repair of loose boards
and tightening, of hinges on doors are also ex-

amples of maintenance that can be done by labor

with virtually no investment in materials.

Mali: The need tor “no cost onamitemance 1~ demonstrated.
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The next higher level of maintenance requires
mitdimal materials with labor provided by the in-
stitute or contracted as dav labor, Minor painting
and touch-ups, replacing the occasionai broken
glass or screen, patching and repairing concrete
walks and curbs, replacing damaged window and
door hardware, and repairing toilet fistures all
fall into this category.

The highest d sgree of maditenance generally re-
quires labor with a level of skill not {found in most
rescarch organizations. Usually contracts must be
negoliated and signed with outside companies,
The kev to minimizing these often expensis ¢ con-
tracts is to establish an effective preventive main-
tenance program as soon as construction of a
building is complete.

Lot stanately, most developing countries do not
begin their program of preventive maintenance
carly enough and are later faced with costly re-
pairs and even total replacement of factlities. In
many countries, buildings no older than five to 10
vears have deteriorated o such an extent that
management now feels financially incapable of
providing, the repair that is needed.




Improving Maintenance

Preventive maintenance progranmis

Every research organization, regardless ot its size,
should develop a proventive maintenance pro-
gram. The sample preventive maintenance chieck-
list on pages 26-28 summarizes such a program,
included is a general list of maintenance activities
that most rescarch institates should carry out in
the course ol their dav-to-dav operations. For
cach item in the schedule, a frequency of oceur-
rence is suggested. This will assist management
in establishing and tailoring a customized pro-
gram. Thiv checklist is indicative only and should
be adjusted to fit each organization’s needs.

In addition to performing regular preventive
maintenance, an organization should make provi-
sion for statf to notify onc central office of items
requiring - immediate maintenance,  repair, or
muodification. Logically, this office is best focated
in an appropriately statfed maintenance section,
In this section, work orders are prepared and car-
ried out in order of importance or urgencey, and
secondlyin chronological order. Accurate ac-
counts of time and materials shoald be kept to
cnable management to calculate the exact cost of
maintaining the institute. Armed with this infor-

Nigeria: Lack of mamtemince has caused this very expensiie
Laborgtory Pench to detertorate beyond repair. Note also Hut the
electrical tronstormer s o a very precarions o dangeronus

oo,
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mation an institute’s annual budget reguest for
maintenance with have inereased eredibitity,

Maintenance training

One of the first steps in improving the quality of
maintenance is to improve the thinking of man-
agement regarding maintenance. This can be
most eftectively done ina short time with mini-
mal expense by training. Not only should a main-
tenance cadre be trained but also administrators
and managers should attend seminars and con-
ferences at universities, international institutes,
and in private industry where the importance of
maintenance is stressed.

In addition, personnel at higher levels of govern-
ment service, in ministries for example, should be
trained in the philosophy of maintaining facilities,
This also can be done through seminars and
short-term courses, Once an awareness of the
need for adequate maintenance has been im-
planted at the ministry level, it should easily and
effectively filter down to the level of operations,
An v\.\mplv ot this has already been seen in Sri
Lanka where the Office of the President recently
issued a standard format to all levels dc.su:bxm1

25
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Preventive Maintenance Checklist

Name of research station.
Location:
Name of building/facility:
Maintenance frequency Other
Description of mamtenance itein
Daily Wrekly | Monthly [Quarterly | Lemi Annually | Every Estaunted! Notes
annunlly d & feost
yuars
| !
1. Sweep and clea. floors X |
2. Wax and polish floors x
3. Paint all walls, ceihings, woodwork, and metal x
flashing whare required irside and outside
4. Adjust door and window hardwire x
8. Check all caramie tile and replace or regout X
as required
6. Clean and repate gutters and downspouts X
7. Check fleorng and replace loose or X
! missing tiles
j
i
Jﬂ Check, adjust, and replace poof tiles X
| |
19, Lubricate all electric rotora X i
|
' e
"10. Revise functioning and gas level of all cold
: SLOTAYE COMPressors
i
‘r 11, Check and adjust al' aircond:*nning units
f
{12 Check and repuir where nocessary ol insect
sereening on windows, doors, and ventilators X
{13, Check all faucets nd valves for broken x
handles, leaks, drips, and repair where needed
14. Examine all electric supply and distmbution X
panels tor overloads, ete
16, Chack all elrctrical outlets and switches to
ansure proper functionming X
16. Check entire seweraye systam, wncluding floor x
drains and sink traps for proper functic ing
17. Check all hight fixtures for proper functioning
and rej‘ace bulbs and tubes where missing X
or bur: 4 out
t
18. Patch and seal all paved parking areas and X
roads where cracked or damaged ‘

26
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Nume of research station
Toeation

Rama of bulding/taciity:

Leserintion of maintenance item

Check and repaur damaged concrete sidewalks
and curby

Check and repar or daspose ot all dameged
furmture

Check and replive or attach loose boards and
other whodwork tems inside amd outeids

Checr all plaster tor damig® and pateh,
replac:, and paint where necded

Check all tirse »xtnmashers too ensuee
thetr viability

Cheex sl alarm systemns and Gther warnu.g
dovices to ansure thew ability to function

AL CIeTPeaey

Checg all fire hoses tor leaks and amlity
o UL I Al ey ney

Cheern all cinergeneoy sxlety show 5 oand

s evices e laboratory ape

Chi-ck all tune s xhicist systemns tor
[ruper netiond)

Inspect all fan oo valves, and ciatofts
for lea ang proyer tunetioning

Inspect all walls and floors tor mowstirg
Penetration ans repar as necessary

Chenk entipe tact LUl dimagie ot insects,
VR, and peste, espenal'y termiten: take
action k oelannabs cause, repar damage

Checr all poumtnng
tunehonmng and g

ot proper
repliacs as 1equired

Inspect all mareers fur damaged or missing
and replacs

Wano wandows and other glass, ingside
and o itside

Guedln starr handrails for damapge and satety

Thnel tor fraye ! electiical cords and damagied
plugs and replace anmediataly

Check elovatc and vertical hitts for proper
functioning, maintain or repair if necessary

Daily

Maintenance frequency

'
Weokly | Monthly 'Qu:ntvrl 3

€X
X |
X
! :X

Semn

annuaily

> X

Planning a Building Program

Annually

Every
3t b
yoars

Other

Estimnnted
cont

Notes

27
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Name of research dtation:

Location:
Name of building/facility:

Maintenance frequency Oiher
Description of maintenan ‘e item '
Catly Wenkly | Monthly Q\mnrrly] Bemy- Annually | Every (Es Notes
i annually 3w h Jeest ‘
years I

37. Check building for uneven settling or cracks ‘
fn structure, wralls, tloors, or cellings; repair . x
as needed

36. Check entiiu Wicphone system and repair x

as required |

39 Check storm drain s
functiomng

tem for proper x

40. ciean and remove diat and detwis from the
Laps of all horrontal surfaces such as walls
that do net reach the ceiling, the tops of x
cabinats, door transoms, et

;41 Check all sun cortrol devices such as venetlan
bhinds, shades, curtains, ete, and repalr opr x
replaca as neaded

42 Start and perform routine r aintenance on ‘
all nmergency electrical genspators I x

Zambio: Chewsloospidls st be netralized and cleaned as soonas Hiey o,
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the importance and requirements of facilities
maintenance,

Currently, most developing-country rescarcn or-
ganizations have very few people in their main-
tenance  sections—-perhaps  one  carpenter,  a
painter, and a handviman. Only in a very te s in-
stances do institutes report having a crew of aiore
than about three to five people working in mair-
tenance. Fortunately, training o maintenance staff
should present tow problems, Many countries
have  vocational  education programs  where
vouths who are unable to continue their formal
caucation can receive training in electricity, car-
pentry, masonry, auto repair, and the like, Re-
search organizations are urged to employ these
vouths to fill maintenance vacancies and, alterna-
tively, to enroll regular staff members in special
courses aimed at improving their maintenance
skills,

Loans and grants to developing, countrics gener-
ally allocate substantial amounts of money to
national and international studies and training,
Training for facilitics maintenance has, for the
most part, been completely omitted from the fi-
nancing scope of these projects, Management of
internationally funded research programs should
insist on maintenance training paraliel to the

Planning a Buitding Program

training of administrators and scientists. An alter-
native to seminars and  conferences on main-
tenance is tooinclude a technical assistance
component on maintenance as a part ot the proj-

ect scope.
Alternative funding sources

In addition to requesting increases in main-
tenance funding in the annual operating budget,
research institutes should investigate alternate
sources of monies for maintenance. At some insti-
tutes, supplemental maintenance funds are pro-
vided through the sale of produce and farm
poods, However, it these and other budgeted
funds are lett unspent at the end of the fiseal vear,
they generally revert back to the national trea-
sury. Private organizations and some national
and international rescarch institutes make provi-
sion for unused funds to be placed in escrow as a
maintenance fund to be used in subsequent years,
Organizations already using this system of fund
management include the Kenva Forestry Re-
searciv Institute (KEFRD, CIAT and the sugarcane
rescearch center (CENICANA) in Colombia, and
HTA in Nigeria. Unspent funds continue to in-
crease through carned interest. They are car-
marked for maintenance and can be used as
s oneeded.

Madi: Phint tissue s qrowind tor anabysis ondside becanse the romder fnside the laboratory is imoperal e,
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Nigerin: This scene shoas ~ome ctledts o
tie Jack of spamtemance, Note tat Hie root
Teaks. plaster o~ musury o the wall, the
holloir-core door e delamonatorg. aond
Droken turmiture is ot e bach g onnd

Location of a New Research Complex

If a building program envisages construction of for the research to be carried out. For this, topo-

an entirely new agricultural research complex, 1 graphical maps or air surveys are made as a first
deciding the location may be a major task for = step in determining if land boundaries and slopes
management. First, management must be assured - lie within acceptable dimits. soil surver - also
that the quality and quantity of land is adequate | must be made to assess the suitability of the soil
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to support the proposed research. Availability of
groundwater in sufficient quantities and location
and reliability of clectrical and communication
service lines are other considerations,

Second, social issues such as the proposed site's
proximity to markets, schools, and religious and
medical facilities must be evaluated. Availability
of sutficient farm labor is also an important factor
because most ot the work on research and pro-
duction plots will be done by focal day labor.

Relocation of staff is another important issue. The
pay of voung scientists in most developing coun-
tries is traditionally low. Spouses generally work
o help support the family, Rescearch institutes
that are constructed far away from sizable vil-
lages with work opportunities almost always
have a problem recruiting and retaining qualified
e} el

permanent staft. The area where the institute is to
be built must have adequate amenities to help at-
tract and retain both staft and their families.

The proximity of cement plants and other in-
dustries using gypsum and the proximity of sug-

Planning a Building Program

arces e producing arcas to the proposed building
site also should be determined. In due time, de-
pending on the principal direction of wind, dust
from industrics working with gvpsum (including
stone crushing operations) will prevent plant bio-
logical processes and modity the ptlof the land
used tor rescarch. Evenil the pH ol the soil is not
changed, residues trom such installations settle

on buildings and e a constant. macatenance
problem.

Black ash from farmers burning sugarcane ficlds
at harvest time is another annovance, presently
being experienced by an agricultural research in-
stitute located in the Couca Valley of Colombia.
Depending on the winds this fightweight black
ash can be transported 30-1 Kilometers from the
tields. If rescarch facilities must be located in
these arcas, mechanical air-conditioning, will be
an absolute necessity, Otherwise, ash enters the
buildings and settles on laboratory bencher,
desks, computers, and all horizontal surfaces. The
slightest movement of air, even a person wilking,
will transfer the material from one surface to
. anether.

Cate d'Tvoire: Master planming incolves clearly allocating aveas for specific functions at the site of a researcl station,

|
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Finally, it should be remembered that while the
person or organization proposed to plap and de-
sign the facilities can be called on to assist in

The Master Site Plan

Once the site has been chosen a long-range master
site plan, or zoning, plan dicating how land is to
be used during the upcoriing 20-25 vears, .s pre-
pared. The master plan indicates which land par-
cels are to be designated for rescarch and which
for production. It clearly shows the placement of
existing buildings, utilities, roads, and parking as
well as property boundaries and other features
affecting, the overall institute lavout. In addition,
the plan should locate proposed buildings in rela-
tion to existing facilitics.

Proposed construction should be phased in five-
vear increments unless it is all to be included in
one stage of development. Hencee, if research re-
sulis were less satisfactory than originally en-
visaged or if staft growth were than
anticipated, the additional space might not be
constructed. 't would, however, be planned and

loss

selecting an appropriate site, the final decision re-
garding location always remains management’s
responsibility

located in relation to other components of the in-
stitute as an integral part of an overall planned
growth pattern. Management must make every
effort to see that the master site plan is followed
in order to ensure order in the physical develop-
nent process.,

Some research stations have been developed hap-
hazardly with apparent disregard for clear-cut as-
signment of arcas for specitic use. For example,
sttt housing might be constructed downwind
from an arca dedicated to animal facilities or from
a dusty, noisy crop threshing arca. Both locally
and internationally financed research programs
have contributed heavily to the physical disor-
ganization of a number of research stations. At
the conclusion of many of these programs, build-
ings especially built as o part of a project are
abandoned in a state of disrepair.

Tupical zoning plan for an institule showing areas defined for varions wses. Note that areas have been allocated to accommodate future

expansion.
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Individual Planning Elements

In developing the physical lavout for an agricul-
tural rescarch institute, the individual needs of
cach component of the proposed Lesearch must
be considered. The first of these, the scientific
laborataries, is the very nucleus and heart of a re-
scarch organization. Closely aligned with work
done in the laboratories are the field research
plots and production arcas. Others, not in order
of importance, are administration arcas, scien-
tists” offices, information scrvices, rescarch sup-
port areas, animal facilities, greenhouses, station
uperations, parking areas, field service buildings,
staff housing, recreation and sports Tields, and
utilitios.

Again, it is much casier to plan and design a new
research conples than it is to integrate good plan-
ning practices into the design of an existing sta-
tion  One of the difficultios with  planning
expansion ot an institute is that the use and re-
maining life expectaney of existing buildings
must be taken into account. The planner should
advise management on funding required to re-
place these facilitios within the long-range plan-
ning scheme.

Placement of buildings

Topether with management and scientists, the de-
signer of the proposed facilitios should choose the
land least desirable for research and production
for locating buildings. Of the land reserved for re-
search and production, sufficient arca should be
left to accommodate the needs of the researchers
and the mandate of the station. For example, a
breeder of a cereal crop needs at feast 2 ha of land
for experiments; an agronomist needs 1 ha; and a
research program ona fruit commaodity may need
anarea as large as 4 ha.

Where possible, the central building comples for
the research institute should be set back about
1004 to 2000 meters rom principal highwavs, Al-
though the actual distance may vary, separating
buildings {from maia routes helps to minimize
noise and fumes trom traffic and reduces the
likelihood of casual thett. When the central build-
ing site 1w farther than 2000 meters from principal
highways the overall building mass cannot be
seen by the general public. Relatively high visi-
bility of agricultural rescarch operations is impor-
tant from a public relations standpoint. A sign
deseribing the facility and the work being carried
out should be conspicuously displaved at the en-
trance to the institute.

Piarining a Building Program

For security reasons, it is advisable to have only
one entrance/exit road, preferably paved, leading
to the rescarch institute. One or more security
puersons should be stationed at the entrance day
and night as a protection measure. By having
only one entrance, all vehicles pass through a
security: checkpoint and pilterage is likely to be
reduced.

Research plots

Researchy plots can be Jocated on cither side of the
road leading into the main rescarch center and
can extend to the s.de boundaries of the available
land. It additional land is needed, the plots can be
extended parallel to both sides of the main re-
scarch buildings. Although some managers feel
that research plots should be seduded from pub-
lic view, research plots that are highly visible are
more accessible to scientists and in the full view
of the public. Also, pilterage of products will
probably be reduced. [t is advisable, however, to
carefully fence plot areas to reduce the possibility
of intrusion by outsiders or animals, either of
which could ruin research results.

From the standpoint ot picsenting a high profile,
research plots should be clearly and uniformly
labeled describing the research being done, In this
way the general public is kept advised of the type
of research in progress,

Production qand

Unfortunately, production of commadities has
become necessary for the survival of many re-
scarch stations. Production areas usually require
extensive land, the operation of which is normally
accompanied by considerable noise and dust. For
this reason, land used for jraduction should be as
remote as possible from the main research build-
ings. All-weather aceess to this land should be
made convenient with all-weather roads for the
movement of equipment and farming inputs to
and from the station operations arca. Storage
buildings and warehouses for farming inputs and
implements should be located convenient to both
the research and the production areas,

Laboratories

Regardless of the design chosen, laboratories, as
the heart of the research effort, should be cen-
trally located and readily accessible to each of the
other physical elements comprising the rescarch
complex. In some institutes, such as the rescarch
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center in Tibaitatd, Colombia and the Department
of Research and Specialist Services (DRSS
Zimbabwe, laboratories are located moone large
multistoried building,

tists” oftices, admmistration, support areas, and

which also contains sdien-

other sections, This stule o design s espedially
common among, older institutes, However, buld-
ings such as these rostrict and Tinut Hesoihty tor
future expansion and moditication.

Depending upon the avalabibite ot suitable Tand,
agricultural rescarch tacilities are better designed
as a cluster ot small, single-story buildings. These
can be organized in the form ot avery pleasing
research campus, such as Brazil's national coenter
tor rice and bean research (CNPAB)L or grouped
according to function and connedted by covered
pa.sagewavs, such as the animal research conter
in Cuernavaca, Mevico,

Single-story buildings are especially appropriate
for laboratories tor manv reasons. Natural light-
ing and cross ventilation are improved. Fleavy-
use arcas such as auditoriums, cateterias, or con-
ference centers can be located awayv from the
quicet, relatively tranquil laboratory environment,
Finally, this tvpe of design facilitates expansion

with minimam disruption ol ongoing work, It
also permits atilities to beinstalled and moditied
with greater Hexibility -
muodeling or expanding,.

a detinite asset when re-

Scicnlists" offices

[here are wadely diftering, thoughts as to where
srentists” othices should be located: swithin the
Liboratories themselves (as at the plant pathology
tescarch station in San Benito, Bolivia), in sepa-
rate othices opening into the laboratories (Rowett
Research Institute, Scotland), across the hatl trom
the fabaratories (as at the national conter tor rice
and bean research in Brazihim separate buildings
located near the laboratories (Colombia’s
sugarcane rescearch institute), or remotely focated
front the Laboratories (as at the animal research
[he consensus

Ve

~tatics, in Cuernavaca, NMevco).
among scientists, however, is that oftices are most
cttective when they are located as close as
possible to the laboratories in which the scientists

work.

Ottices are best located cither dil‘t't'“_\‘ adjacent to
and opening into the laboratory or immediately
across a hallway from the laboratories. Otfices

Bolivia: Combuprg lobovatories and ottices otten sesults o dutterong and st eticien! wse of spuce,
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within the laboratories are not recommended, as
they often result in an inefficient design and cre-
ate a general confusion in the laboratory. Several
schemes exploring these possibilitios are shown
on pages V=43,

hiformuation sereices

The library and intormation services section ot
the rescarch comples should be centrally tocated
and casily accessible to scientists, administrators,
and the general public. The library at CIAT in
Colombia is an excellent examy! > ot such a loca-
tion. In addition to providing intcrmation trom
other sources, rescarch results published at the in-
stitute are disseminated by this section. Builetins
are produced and distributed to assist the exten-
sion cttort. Also, stides, tilms, and videotapes can
be produced in photographic laboratories, also to

aid evtension.

In addition to pedestrian trattic, this section will
have considerable vehicular trattic bringing in
supplies and removing, produced materials, Infor-
mation services must therefore have vasy access
to roadwavs and adequate parking near the
building,

Administration

Administration personnel are in constant contact
with statt and the generai public. For this reason,
the administration section should be directly ae-

Planning a Bulding Program

cessible to both. Since administration is usually
the tirst stop for visitors. aceess should be casily
identitiable, Adequate parking is vital and should
be separated from statt parking. A covered en-
trance into the main administration building, as a
protection trom rain and sunis o welcomed de-
sign teature that trequently is overlooked.

Station operations

[he station aperations comples is the focal point
ol all field work and is theretore normally poisy
and dusty . Facilities tor these activities should be
located remote tromy clean operations such as
laboratories, scientists’ offices, and  administra-
tion. It is not uncemmon to tind fertilizer and
crop harvests stored, sceds cleaned and .\Ul‘tcd,
and even vehicle and facilities maintenance shops
headqguartered in this area. Also, the office for
Hetd daban meanagement and an area where meals
can be served to the labor force are frequently lo-
cated in the same general area.

Station operations must be casify aceessible to
Loty the rescaren plots and the production arcas
of an institute. Since there will likely be equip-
ment as well as a considerable quantity of materi-
als stored it and around the station operations
compley, this arca is best enclosed by high walls,
hidden trom the general public's view. Station
operations facilities should be well lighted  at
night and patrolled frequently by the security
lorce of the institute,
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Chapter Four—Climate-Related Design Issues

D eveloping countries in the tropics comprise

a great variety of ecological zones and cli-
matic features that must be considered in the de-
sign of rescarch buildings. The discussion here
focuses on some general climate-related design is-
sues. For a more detailed technical reference on
climatic design two books are recommended:
“Tropical Architecture in the Dry and Humid

Temperature and Humidity

Temperature in the hot dry tropics (such as the
African Sahel) can reach as much as 45-30 degrees
Celsius during the day and fall to 10-15 degrees at
night, depending upon the region and the alti-
tude. Temperatures drop about two  degrees
Celsius for every 300-meter increase in altitude.
At the higher altitudes, freezing temperatures at
night are common. In the hot humid tropies (such
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Zones,” M. Frv and . Drew (Melbourne, Florida:
Robert E. Krieger Publishing Company, 2nd ed.,
1982) and “Manual of Tropical Housing and
Building Design,” O. Koenigsberger et al. (Lon-
don: Longman, 1974), Many features deseribed in
these books also pertain to locations outside the
tropics.

as the costal regions of West Africa), tempera-
tures average 18-20 degrees Celsius, During the
warmer seasons, temperatures in the hot humid
tropics may climb as high as 38-10 degrees.

With the exception of certain areas, relative

humidity in the dry tropics seldom exceeds 50
percent  except  during  occasional  rainstorms

Cote d'Teaire: Termite lulls i the tropics commonly veacl a height
of 2010 2.5 meters above wrotind leiel.



when up to 50 mm of water can fall in a very
short time. Seldom is the annual rainfall in these
arcas more than 300-500 mm. The hot humid
tropics, on the other hand, can have a mean
humidity of Y0 percent ¢r more, with an annual
rainfall of 1500-2000 mm and higher. Frequently
rainfall in these areas is bimodal, with principal
winds reversing direction from one rainy season
to the next.

Other Climate-Related Issues

In arcas of high humidity, especially where
temperatures are also high, buildings are often
adversely affected by fungus and mildew on ma-
sonry and wood surfaces, After only 1 few vears
the exterior walls of new buildings can begin to
turn blact and appear to be seriously neglected
from a maintenance standpoint - Although this
condition does ot affeci the building's structural
integrity, it is unsiphtly and, with time, tends to
worsen and is more difficult to correct.

Fungus and mildew can be minimized by the use
of paints with special additives in their formulas.
Surfaces can also be ceaned neriodically with a
ditute solution of 1.5 pereent sodium hypochlorite

Designing the Facilties

Within these two humidity zones there are vari-
ances o “micre climates” which undoubtedly
will affect the Tocation of research stations and
also of villages and populated arcos Some factors
that affect humidity within a particuia, rore are
topography, including altitude, slope, and orien-
tation; ground surface, including permeability
and soil temperature; and objects such as trees
and tuildings, which mayv influence air move-
ment.

or a similar solution of trisodium phoesphate then
repainted as necessary, In buildings where there
is a large difference between inside and outside
temperature and humidity, insulation may be re-
quired in the exterior wall construction to prevent
the formation of moisture (see also the section on
building ventilation, pages 50-53). As little as five
centimeters of insulation is often sufficient to pre-
vent the formation of mildew or fungus.

Termites are another major problem in both the
dry and humid tropics. In unoccupied buildings
termite tunnels from floor to ceiling can appear in
only o week to 10 dayvs. Even after being re-
moved. they may suddenly reappear s if they

Cite d'lvoire: This Iuilding i the huonid tropics showes the etfects of fungus, The ditference i temperature betiveen the inside and te
antside sealls canses comdensation of moisture, bisulation aind o vapor barrier seould improze this stluation.
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Termates e damaged these oftice bookcases Use of properlu fread ieood seondd Bacee precented this deterovaton.

P temporary solution keeps ieater frong the voof frons entering the basenent,




never were removed. In addition o being un-
sightly, termites can severely damage wood por-
tions of buildings unless adeguate precautions
are taken during, construction. In some instances
termites have been known even to devour furni-
ture.

Disposal of rainwater and surface drainaye can
also be an issue. In the tropics, putters and
downspouts on buildings are often inadequate to
accommodate the raimwater that falls during
short periods. Accumulating leaves are a constant
source of worry since they tend to fill gutters and
clog downspouts. Inarcas of high humidity
where the mean rainfall is spread over tonger pe-
riods, proper drainage becomes extremely impor-
tant. Water must be carried away from the
buildings as rapidly as possible to prevent the
buildup of water pressure against walls and foun-
dations, In some cases open trenches around
buildings are a very effective method of dis-
pursing rainwater (DRSS, Harare, Zimbabwe).

Both the drvoand the humid tropics have ex-
tremes that must be compensated for in the de-
sign ot buildings. Extreme differences between
dayv and night temperatwies cause building cle-
ments to expand and contract, sometimes stress-

Designing the Facilities

ing construction materials to the point of breaking,
or cracking. Also, strong ultravielet light has been
known to damage some esterior construction
materials, especially paint and roofing,

Due to a general cloud cover, natural davlight
levels in the humid tropics is generally ower than
in the dryver areas. Since there usually is no cloud
cover in the dry tropics, heat from the sun’s direct
ravs and glare present problems that need extra
attention in building design. Although occurring,
infrequently, rainstorms are also a cause of con-
cern. Often these are accompanied by Jightning,
and high winds. Lightning hes caused consider-
able damage to roofs of buildings at the horticul-
tural research institute in Narondera, Zimbabwe.
Buildings in arcas of high lightning frequency re-
quire grounded protectiorn,

These examples illustrate just o few ot the cli-
mate-related problems that architects and plan-
ners will tace in designing buildings tor the
trapics. Management should be assured that as
many of these factors as possible have been taken
into consideration in the desipgn of facilities. Al-
though some of these problems are more common
in the tropics, many of the same or similar diffi-
culties are also found in temperate zones.

Cite d'looire This budddore, constrnced durig the colonad pevod, s adeally sisted Sor e lomnd tropacs Notice e ase ot Tronzontally
prvoted shutters, werde ocerinangs, oudsude passageacays, and cood oo contilationr at the endge. Grdles aboce aomdies penmed addibional cross

contilation to remoze hotair trapped at the cedig decel.
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Suggested Comfort Measures

Some of the best designed agricultural research
buildings are those that were constructed some
50-61 vears ago. Most of these older structures are
better saited to the climatic conditions found in
tropics than buildings veing desivned today. Be-
cause mechanical air conditioning, was unavail-
able, natural cenvironmental  conditions were
respected and buildings designed to take full
advantage of natural ventilation. Ceilings during
this period were commonly four to five meters
high and usually there were high windows and
openings near the ceiling to permit hot air (o
escape.

Natural cross ventilation

Ventilation is one of the most common deficien-
cies in today’s building designs. This is mainly
because virtually all facilities are being planned
dependent on mechanical air conditioning,. Many
buildings are constructed with fixed windows,
which ignore the possibility (and the likelihood)
that someday air conditioning will fail and natu-
ral ventilation will be needed.
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Budonesia: This sttt ousing is equipped with oude overhangs as protection from surand rain, Nole the excellent attic ventilation at the
peak of the roof.

At the national agricultural university librery at
Chapingo, Mexico, there are some 5000 students
and V00 professors asing a building with broken
air conditioning and no provision tor natural
cross ventilation. The building was designed
without operable windows and the air-condition-
ing only functioned for a short time after con-
struction was complete. There was no money to
make repairs. Fans placed to circulate the adr only
circulated hot air. The building surely would
have been better utilized with some natural venti-
lation!

In most develoying countries electrical power is
inadequate and unreliable. Therefore ¢l build-
ings should be designed as though no air-condi-
tioning would cever be installed. Air-conditioning
can then be considered an added comfort as op-
posed to anabsolute necessity.

[n libraries, computer facilities, and laboratories
where highly sophisticated scientific equipment
or optical equipment is used, nechanical air-con-
ditioning is otten necessary as a dehumidification
measure to protect books ard equipment from
humiditv-related damage. Even in these areas,



however, provision must be made for the cross
ventilation of air for times when the air-condi-
tioning fails.,

Ideally, cross ventilation enters a building low,
passes across a room, then exhausts at a height of
batween one and two meters above the level of
tne finished floor. When intake air enters low and
exhausts higher, occupants are able to feel the
flow of moving air. In drv climates, intake air
passing over a grassed arca or over shrubbery
will be naturally cooled by moisture evaporating,
from the plants.

Building orientation

Especially in the humid regions, designers must
take care to ensure that breezes are allowed to
pass through and around blocks of buildings.
Cross ventilation, or the movement of air through
a building, can be mavimized by orienting build-
ings to take full advantage of the prevailing direc-
tion of wind.

In hot dry climates, buildings should be oriented
with their long axis in an east-west direction. This
minimizes the sun’s rays falling directly on the
long side of the building. The opposite is true in

Zimbabuee: The effect of a too-narrowe hallieay is shocen. The hall
in this picture avas only 15 meters wide. A weider halliviy
factlituies vasy novement of materials
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cooler climates or at altitudes where the sun can
provide needed warmith to the building’s interior.
In these cases buildings should be oriented with
their long axis in @ north-south direction,

In some cases there mav be a trade-oft between
the cast-reest orientation o compensate for the
sun or some other orientation to capture the
breeze. In such instances, casement or vertically
pivoted windows that swing out much fike a sait
«an be used to help direct the breesze into the
building,. Glasshouses and plastic houses should
alwavs be located with a north-south orientation.

Celing heiohit and building depth
A A e

Buildings in tropical arcas should have higher
than normat ceilings and should be designed as
open and tree to the outside as possible. In humid
climates, especially, ceiling heights of 3.3 to 4.0
meters above the finished tHoor are not unrea-
sonable. In the dry climates ceilings can be lower
(3.0 to 3.2 meters above the tinished floor). Also,
buildings in dry climates can be deeper than
those in humid arcas. Again, however, care
. should be taken that buildings do not block any
: breezes that may be available.
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Corridors and passageivays

Qutside corridors and passagewayvs are prefera-
ble in tropical climates, especially the hot humid
arcas. These should be designed as open as
possible to the free air and should be protected
from the sun and the rain. Corridors should be
from 2.5 to 3.0 meters wide with deep overhangs.
In cooler climates and at higher altitudes, where
inside corridors are more practical, these should
be no less than 2.0 meters wide, 2.5 being more
desirable. When corridors are two meters or more
in width, personnel are able to pass, stop, con-
verse, and move equipment without creating an
obstruction. Today corridors are frequently con-
structed only 15 meters wide—sometimes less.
These are entirely too narrow and restrict move-
ment within the building,

In discussing this topic in Kenva, one architect
said that a corridor 1.2 meters wide would meet
international standards. However, in addition to
restricting tratfic flow, corridors that are this nar-
row and long tend to create a tunnel effect, which
is aesthetically displeasing and can be excessively
dark, hot, and psychologically confining.

I
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Protection from the sun

In hot dry climates the sun should be prevented
from shining directly on exterior walls by proper
building orientation and by landscaping. In the
more humid climates, however, the sun is usually
not the principal source of discomfort since its
ravs pass through clouds and water vapor and
are ultimately diffused. Nonetheless, in all hot
tropical regions it is pood practice ta protect win-
dows from both the direct and indirect rays of the
sun. Louvers, grilles, or other window elements
can provide this protcticn, as well as decoration
(Agrarian = Rescarch and - Training  Institute,
Colombo, Sri Lanka). Protection can also be
achieved by using adjustable outside hinged or
roll-up shutters, or venetian blinds inside the
rooms. The latter, however, are a constant source
of maintenance since they are casily damaged.
Venetian blinds should be avoided whenever
possible.

Protection from dust

In the hot dry tropical climates winds frequently
blow up to 30-35 kilometers per hour across the
dry, parched earth, causing frequent dust storms
during the summer. Dust storms foree a powder-
like dust into buildings through every window

Mevico: The sw's direct vays con e shuelded very effectively with perforated seveen wealls constructed of concrete or other materfal.
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Cote d'Tvoire: This is a vwalding that provides qood verndation betieeen the veof wnd cetling. Additionally, it Tas an adequate overlang as
protection from the serand yvairamd is shaded trom He dir et sun b brees and planting.

Sri Lanka: Wide overlangs protect against st aind vaine, Light is diffused Iy ivooden eeilles over ieimndoies,




Planning ard Designing Agricultural Research Buildings

and door crack, ultimately damaging scientific
cquipment. To guard against this, all windows
and doors should be closely fitted and provided
with tight weather scals, preterably the interlock-
ing wwpe. Inarcas where severe dust storms are
frequent and lengthy,  double windows with
weather seals should be ased. Trees can be used
as a windbreak against dust storms, However,
care must be taken to ensure that breezes avail-
able for cross ventilation are not blocked.

Landscaping

Landscaping can help Keep buildings cool, espe-
ciallv in the hot dry climates. In addition to grass
or shrubbery cooling the air enfering buildings,
patios with fountains, grass, and other shrubbery
can assist in the cooling process. Patios should be
made attractive to encourage stafl to use and
enjoy. However, design need not be complicated.
A simple frame, for evample, can support
grapevines,  bougainvillea, or other climbing
plants thereby providing shade and color, A good
example is provided by Kenva's horticultural
development project for Macadamia,

Trees can be planted to provide shade on walls
that receive the sun's ravs during the hottest part
of the day. Depending upon the type of tree, a

distance of about five to siv meters from the wall
will suffice. Care must be taken to plant trees far
enough fron buildings that roots do not damage
footings and foundations.

Parking areas too should be shaded, espectaliy in
the hot dry tropics. One method of providing this
shade is to construct low sheds under which auto-
mabiles are parked. Natural vegetation, however,
is more pleasing troma - design standpoint. In
some parts of Africa, the “flame ol the forest”
(Buter fromdosad tree has been used very effectively
along, parkimg arcas aw an alternative to parking
sheds (DRSS, Harare, Zimbabwe). Farger shade
trees can be planted throughout the research com-
plevas added pootection from the direct sun and
to encourage statt to use out-of-doors areas.

[nsects and pests

Flving insects in the vicinits of the principal
Luildings of a rescarch center are not tsually a
problem unless work is being done ar night,
Housing, on the other hand, because it is used at
night, is plagued by many insect species, espe-
ciallv in the hot humid regions. In areas subject to
nightly insect invasiors all wimdow and door
openings should be scoaely sereened. Inall food
service arcas—dining rooms, Kiosks, snack bars,

Broazil: Patwos cath plants ave aselaticchy saespensive and etective means of coeli ough ecaperabion
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Zimbabive: Hus s good evample ot hoa paet s amd bualdores can be shaded simply by plastingg a roce of brees,

Mali Drees elp toreduee the tempetature ot outsude walls fa procatong shode amd also b ccaporating cooling moisture through the feoves,
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and Kitchens—all openings should be properly & To guard against damage om termites,  the
: |

protected with screens. Fine mwesh fiberglass
screens are preferable to other types and have
proven to be durable, nonrusting, and relatively
inexpensive.

One of the biggest pest problems in the tropics is
the damage caused by termites, both subter-
rancan and dry-wood species. The greatest dam-
age is caused by the subterrancan species, which
builds tunnels arross walls, floors, and other non-
wood materials in search of cellulose material.
Termite hills in many areas, especially West
Africa, have been found to reach a height of more
than two meters and infestations frequently cover
many hectares,

ground contact arca below buildings should be
poisoned according to the recommendation ot a
local entomologist or a reputable pest control
company. Provision should be made to poison the
area again on a regidar basis o prevent recur-
rence of the pest. In buildings elevated abore
grade, there is usually less of a probleny with ter-
mites, although the ground surtace should still be
poisoned. If the building has a concrete floor slab
faid directly on the ground, provision should be
made during construction to allow for future pre-
ventive treatment against termites. This is accom-
plished by installing o small-diameter perforated
pipe along the perimeter of the building. Termite
protection solution can be pumped through this
pipe periodically as needed.

Chapter Five—General Design Issues

B_\' this point it is assumed that cither public

works has become involved or an architect or
planner has been contracted by management to
design the research buildings. The infrastructure
master plan for the project should be begun, 1t is

Suitability of Land

Earlier it was said that buildings should be sit-
uated on the feast desirable land at a rescarch sta-
tion. That does not mean that buildings should be
located on land inappropriate for construction,
such as solid rock, an improperly managed land-
fill, or an arca where the water table is so high
that pilings must be used to support the build-
ings. To ensure that the land chosen is suitable for
constructing buildings a carcful survey and cate-
porization of cach arca within the general site
should be made. Results are then evaluated as to
the suitability of cach section of Tand tor its pro-
posed use,

Oiten fand that at first appears acceptable upon
closer examination will have subsurface condi-
tions making it completely unsuitable for build-
ing. Too often construction begins on sites only to
find upon excavation that the area contained hid-

48

further assumed that by now financing has been
made available or is reasonably assured. A final
assumption is that by now the research organiza-
tion should have a good idea of what buildings
need to be constructed.

den rock or was previously used as a dump. After
construction begins, removal of  unsatisfactory
material and the subsequent modifications to the
tootings and  foundations of buildings can be
costly and time consuming,

Subsurface  conditions  that difterential
setdement in buildings pose the most serious
problems for construction. Differential settlement
causes cracks in walls, floors, and even within a
concrete structure dtselt,. The most common
causes of differential settlement are uneven bear-
ing capacity or excessiee expansion and contrac-
tion of the soil beneath the construction,

Catlse

One type of soil that fits into this category and is
frequently found in the tiopics is black “cotton
SOl or “pumbo” (vertisol) as it s commonly
known in some regions. Due fo its high coefficient



of expansion, cracks "-15 em wide extend from
one to two mueters below the surtace of the
ground during the dry season in areas with this
tvpe ot soil. Before a building of even average -
portance is designed for these areas, a detatled
engineering study should be done to ensure that
the structure is designed to counteract the forees
that will be generated by the soil.

Soil surveys

In most parts of the world there are engineering
companies that are able to prepare comprehen-
sive reports on subsurface soil conditions. These
reports, based on test borings or excavations, pro-
vide information on the physical makeup of the

Single- or Multiple-Story Buildings

Notwithstanding — the  recommendation  that
single-story buildings are more practical for re-
search facilities, the question invariably arises
during building planning: “Isn’t it more economi-
cal to build multistory instead of single-story
buildings?” However, there is no standard reply.
In vach case the answer must be determined by a
detailed analvsis of construction costs for the
specific geographic arca for which the buildings

Designing the Facilities

soil and its bearing capacity. Using these data, ar-
chitects and engineers are able to design build-
ings to accommodale the physical characteristics
af the soil.

In arcas where sail engineering is not available,
the institute itsell should make pit excavations
and use any other method available to analyze
the physical characteristios of the soil. Qualified
soil scientists should be consulted to provide this
information to the design team. Under no condi-
tion should a buildiag of even average size be de-
signed without exploring, to the fullest extent
possible, the subsurface soil conditions at the
building site.

are proposed. The final decision 1o construct
single- or multistory buildings is made jointly by
the architect and management. Construction costs
and the availability of land are two factors that
must be considered.

Just to see how prices vary from one area to
another, estimates for similar buildings ranged
from a unit cost of US S50 1o $100 per square

Vemen: Dyample obcnacks an the surtace of “cotten ol Canesed by contraction due W0 dryang prior to the vanyg scason.
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meter in Zambia to US $330 in Mali. This dilfer-
ence likely would De equally pronounced be-
tween rural and uarban areas, even within the
same country. One should expect unesplainable
differences when comparing, cost estimates tor
building projects.

For multistory construction, better soil ~tructure
is needed to support the additional weight of the
building. Footings and other stractural membe s
also must be increased and reinforced. Finally,
higher scaftolaing and  vertical movement of
building materials during construction can signif-
icantly increase construction costs.

Building Ventilation

Ambient heat buildup in laboratories, offices, and
other arcas is a problem common among, research
stations in the tropics. Naturally, such situations
are more pronounced inareas without mechani-
cal air-conditioning. However, even with air-con-
ditioning, steps can be taken to reduce ambient
heat and thus increase the etficieney ot air-condi-
tioning. Universallv, ambient heat buildup within
buildings is caused Dy four major Ractors:

Malis Cvengn s oot contilitionr o Hus Daldory e onadeguat
provades ttie e e protect e Pudldoe s ande
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Aside from the cost factor, distribution and tuture
accessibility of atilities s almost alwavs more
convenient in single-story buildings. T, THon
to casing, the movement of materials into b 1a-
tories, single-story constructions ol o taalitate fu-
ture  renovation. From o the  standpoint of
expansion, installation of utilities, flexibility, and
wovement of manpower, it is highlv recom-
mended that facitities for agricultural rescarch be
limited to a single story it at all possible.

Ditterences in levels should be bridged by gently
sloping ramps instead of steps wherever possible,
This facifitates the movement of equipment. Ele-
vators, dumbwaiters, and other mechanical lifts
shoutld be avoided.

B inodequate ventilation in the attic arcas of
buildings with pitched roofs,

B lack of or inadequate insulation between the
finished ceiling and - root,

B lack of proper cross ventilation through hab-
itable areas of buildings,

B [ack of or improper design of sereen devices to

shade windows from the direct sun.

e Additionalhe e exeessice planting cuds off atial contidation: but
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Designers must caretully seek methods of reduc-
ing the temperature difference between inside
and outside areas. For example, ina research sta-
tion in Kaolack, Senegal, air trapped in an attic
space  without ventilation reached
temperature [5-20 degrees Celsins higher than
the temperature (without air-conditioning) of the
office immediately below. In some locations this
ditfference will be even higher. Extreme difter-
ences in temperature must be resolved in the de-

SigN process.

praoper

Thermal insulation and ventilation

The addition of insulation above the ceiting and
sufficient ventilation of the space between the
ceiling and the roof will make the arca immedi-
ately below more comfortable. For this at least 10
cm ol fiberglass or rock wool insulation or its
cquivalent, with a vapor barrier, is installed im-
mediately above the ceilings inall arcas. In addi-
tion, ventilation for the attic arca should  be
provided at a minimum of one square meter of
free area per 150 square meters of floor area. This
ventilation can be installed at the ridge or high
puint of the roof, in the gable wall ends, or a com-
bination of the two. Equally important is the need
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to provide tor ventilation in the soffits of the over-
hangs where fresh air can enter and be exhausted
by convection through the exit poinis that have
been proy ided.

AL ventilation devices: must be adequately
screened 1o prevent the entrance of birds and
pests. Care should be taken to ensure that the free
arca provided atter making the necessary reduc-
tion tor screening and louvers is equal to the area
required  for proper centilttion. When mesh
screening s used in buildings where adequate
louvers and other devices cannot be installed
casily, mechanical ventilation mav be needed to
exhaust trapped hot air. Mechanical ventilation
may be a simple device that is rotated or acti-
vated by wind power or it may be electrically
operated when the internal temperature of the air
i the attic reaches o predetermined level,

Ceiling, insulation and roof ventilation are also
needed in areas that are located in the tropics vet
may be cold, such as Quito, Ecuador or La Paz,
Bolivia. Buildings in these arcas need the same
amount of thermal insulation, but to hold the heat
in the building rather than to prevent heat from
entering. Incold climates also the attic area

Nigeria: Steel space tvmes attord excellent centidatiwoar beticeens oot wnd cedong and are o econonmzeal structural system.
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Indonesia: Adequade contilation al the peak of Hus coof reduces Treab retention nesude e building

Indvnesia: This conterence center illustrates redge ventdation of the space betiveen the ceiling and rovf.
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should be well ventilated, although only about
half the area recommended for the hot tropical re-
gions is required. Inall climates ventilation al-

Development of Renewable Resources

Development of methods to use renewable re-
sources is aften overlooked by planners and de-
signers of agricultural rescarch institutions, As
operating funds continue to shrink in almost all
research organizations, more importance must be
placed on reducing dependence on nonrenewable
resources. Hhe following are a fow comments on
use of four renewable resources: water, solar
energy, farm wastes, and wind.

Waler

Water is perhaps the single most important natu-
tal resource for any agricultural research station,
Development of plants as well as survival of
humans and animals depend heavily on a rela-
tively constant source of water. However, in
many developing countries, especially those in
the semi-arid regions, water is a major constraint,

Designers of facilities in these areas should work
closely with management and scientists to deter-
mine the annual water requirements for all
phases of rescarch. Availability of this amount of
water must be a vital consideration in site selec-
tion. Planning facilities for water conservation,
storage, and distribution so that it is available
even during dry periods is a critical design fune-
tion which should be integrated in the design of
the overall building project.

Emergency water is necessary primarily - for
human and livestock consumption and for main-
taining plant nurseries. Water for general con-
sumption is best stored inan elevated tank, For
nurseries, however, water should be stored below
grade in closed cisterns to reduce evaporation,
Using this method, rainwater can be casily
trapped to be used at a later date.

At higher elevations where streams and rivers are
usually prevalent, the torce of a water stream can
be used to generate ccononacal dectricity. Power
generated i this manner is usuatly limited to
small research substations in remote areas.

Solar energy
Solar energy is a renewable resouree that is being,

underutilized in many  developing countries,
probably due to the need for foreign exchange to

1
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fows the escape of humidity, which may build up
in attics and cause damage to construction mate-
rials.

purchase the solar panels. In constructions fi-
nanced with foreign exchange, the use of solar
energy is feasible. Corsiderable electrical energy
can be saved by using solar panels to generate hot
water for Kitchens, laboratories, and housing in
rescarch centers, Solar pancls are virtually main-
tenance free and are casily: mounted on almost
any type of roof structure. Designers should ex-
plore the savings that would be generated by
using solar energy and make an attempt 1o better
utilize this energy as a renewable resource,

Farn wasles

Farm wastes obtained from animals and plants
are a readily available source of fertilizer and
compost. Additionally, in the 1980s rescarch sta-
tions in many developing countries experimented
extensively with development of biogas as a
possible source of energy. Models of motors,
lights, and refrigerators were made.  However,
since this time large-scale practical use of biogas
on research stations has not advanced to any
appreciable degree.

To collect wastes, buildings  housing  animals
should be constructed with slatted floors. Such
floors allow animal wastes to fall into a holding
tank. Slurry from this tank can be periodically
pumped onto pastures and other arear as an im-
portant source of fertilizer. Residual plant mate-
rial also can be casily transformed into compost
and returned to the soil to improve its workabil-
ity and fertility. This is another important source
of renewable energy that has been overlooked at
most rescarch stations. Designers should work
closely with the scientific staff to design facilities
to better produce and utilize decomposed plant
material.

Wind potwer

As an energy source wind power has a very
limited scope in agricultural research stations.
Wind is undependable and is also more predomi-
nant in some arcas than in others. Usually wind
power is more dependable in coastal arcas and at
higher clevations, In these arcas, windmills have
long been used as a means of pumping water, Ex-
perimental - designs have becn developed  to
generate clectricity using wind power, However,
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these mechanisms are expensive and out of range
for use at most research stations, Perhaps the
most efficient use of wind power in research in-
stallations is to provide natural ventilation in hab-

itable arcas and to cool atic arcas of buildings.
Proper use of ventilation reduces the need for me-
chanical air conditioning,. (See the section on ven-
tilation, pages 50-33.)

Chapter Six—Building Materials and Finishes

Use¢ of Local Materials

S.md, gravel, natural stone, clay, gypsum, iron

ore, wood, and bamboo are all natural prod-
ucts that can comprise a major part of any con-
struction From these raw products,
building materials such as cerent, concrete,

project,

bricks, windows. doors, ceramie tLile, gquarry tile,
plaster, and rooting tiles are produced. The .
basic materials are tound to be readily avai' ole
in almost all developing countries,

In countries where sutticient quantitios ot raw
materials are available
marketing ot these products is feasible, factories
and industries usually are established to produce

and - processing and

building products. Sometimes, however, govern-
ment price controls, availability, and distribution
can be major constraints to these local industries.
Shortages frequentiy oceur, resulting in artiti-
cially inflated prices.

Nevertheless, increased use of locally produced
building materials has been tound to be advan-
tagcous in the long ran. Use of local materials can
lower construction costs, decrease construction
time, and stimulate the local economy. Using
local materials also can save valuable foreign ox-
change. Today this is an important consideration
for every developing country. Another reason to
use local materials is the likelihood of their imme-

Structures

Reinforced concrete and steel are fwo of the most
commonly used materials for the structural sys-
tems of buildings for agricultaral rescarch. Sel-
domy, if ever, is wood used as a structural material

54

diate availability. Imported materials are com-
monly delaved up to siv months in shipping and
are often more expensive than local materials, In
most countries, at least 73-80 percent of the total
project cost can usuallyv be attributed to - local
Llabor and materials.

There will be times, however, when locally pro-
duced materials are not available, This is espe-
ciallv true for items such as electric motors,
transtormers, lighting tixtures, thuorescent tubes,
plumbing fixtures and accessories, and heavy-
duty piping. It items are not manulactured lo-
cally, or not even available Jocally, the designer
must make provision for tuture replacements and
spares. This is o serious consideration in-many
developing countries. Unless adequate quantitios
of replacement parts are made available at the
time ot construction, users of facilities will begin
to rob from one location to replace a broken part
in another.

To avoid or at least minimize this piracy, archi-
tects should specity sufficient quantities of spares
to remain in storage until thoy are needed. Floor
tites, tluorescent tubes, ceramic tiles, door and
window hardware, valves, and controls are just a
fow of the items that warrant stockpiling,

for principal buildings except perhaps in larm
structures or for the roof trusses in smaller insti-
tules,



When reinforced conerete is tsed in structures tor
buildings, care should be taken to ensure that it is
properly proportioned, machine mived, carefuliv
placed, and well vibrated while being, poured. Vi-
bration during pouring causes the misture to fill
all corners of the forms and produces a smoother,
more uniform surlace, relatively free of imperfec-
tions Tight, well-titted formwork and geod vi-
bration improve the quality ot the concrete, In
most cases it also eliminates the need to add an
additional tinish, such as plaster or cement wash,
to the concrete surfaces to improve their appear-
ance. Concrete structures are often feft with their
natural  tinish.
painted, o paint specially cecommended by the
manufacturer should be used. Low-quality paints
should be avoided, as thev tend to tlake and dust
olf surfaces.

It exposed concrete is to be

Steel structures are usually delivered to the jou
site with a coat ot antirust paint already applied.
Almost alwavs this paint is domaged in transit
and the structure begins to rust even before the

building s complete. As soon as the steel strue-

Roofing Materials

Perhaps the most important element ot any build-
ing is its rool. Without a proper roof to protect its
interior, the building will be unusable. Unsuitable
rooting materials allow water to enter and dam-
age evpensive scientific equipment. Inane pres-
tigiows research center in Brazil, improper rooting,
has led to icakage. Scientists have had to fabricate
sutlers within laboratories to divert water awayv
from spectroptiotomieters and other equipment.

Materials for roofing vary depending on whether
the roof is tlat or pitched. Most reinforced con-
crete buildings use flat roofs. Other types of struc-
tures use roofs that slope; these are described as
cither hipped, gable, or shed roods,

When flat roofs are used on reintoreed conerete
buildings, thev must be waterproofed and well
flashed. One common waterproofing method is to
use several overlipping lavers of an asphalt-im-
pregnated fibrous material (felt). These are held
in place by fir. mopping the concrete roof deck
or laver of npid insulation with o laver of hat
asphalt. Aftencards, alternating, overlapping lay-
ors of hot aspialt and felt are applied until at
st four lavers have been built up atany vertical
point through tie root. Usually gravel is applied
to the op surtace to reflect the sun’s ultraviolet
ravs, provide extra weight to secure the lavers of
felt, and allow the root to be walked on without
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ture is put into place, a thorougly chieck tor rust
should be made. Any rust is then carefully re-
moved byowire broshing. S additional coat ot
rust-inhibiting paint should then be applied o
the entire structure. Normally, all steel structures
evposed o view atter construction is complete
should be painted with a good-quality finish
paint.

Use of prefabricated structures, emploving both
steel and conerete, is often the most economical
method of construction. This is especially true in
cases where inclement weather is likely to cause
construction delavs. The conceptual designs for
the rescarch center at Iskishehr, Turkey were
developed around pretabricated units due to ex-
treme weather conditions in the area duiag the
winter. Often this prefabrication can save many
months  of  onssite construction time when
weather prohibits delivery of materials or work
on the job site. Architects and planning teams
should investigate and analyze the alternative
cosls and construction time tor using, prefabri-
cated units if these are available in the area.

causing damage to the final coat of felt If prop-
erlv applicd, roofs of this tvpe should have a use-
ful dife of [5-20 vears. Nonetheless, in most
developing countries tlat roofs have not proven
satisfactory. Research institute managers and ar-
chitects alike suggest that tat roofs should be
avoided whenever possible.

Sloping roofs are the simplest tvpe to waterproof
and most countries have an abundant supply of
relatively inexpensive materials that can be used
for their construction. The  materials most
frequently used are corrugated galvanized iron
sheets, corrugated aluminum sheets, corrugated
sheets of a fibrous cement product, and clay tiles
used alone o in combination with anvy of the cor-
rugated sheets. Depending on the area, and espe-
ciallv: onits provimity 1o the ocean or other
corrosive atmospheres, which can reduce the lite
by 50 percent, corrugated iron has a useful life of
cight to 10 vears, aluminum 10-15 yvears, and
fibrous cement products 13-20 vears. Clay tiles
last virtually the life of the lnnldlm, (30-40 vears).
in addition to galvanized iron, aluminum, and
fibrous cement being supplied in the corrugated
form, these materials are also produced in the
form of channels of varving depth. Depending on
their depthy, fibrous cement channels are capable
of spanning up to tive meters or more.
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Certain precautions should be taken when using
metal roofing materials. Galvanized iron or alu-
minum should not come in direct contact with
mortar, plaster, or other lime-based materials.

Flooring

A wide variety of finoring materials suitable for
use in research buildings is available today. While
among these there is an equally wide range of
prices, the most appropriate materials are not
necessarily the most expensive. However, unless
occupants of the buildings are made to ke care
of tloors—keep them clean and polished and im-
mediately neutralize 2<id spills—no isaterial can
be evpected to cadure more than a very few
vears. The following is a list of materials com-
monly used for finished floors in research facili-
tivs and of  their and  bad
characteristics,

some Lol

Quarry tile is seldom used in agricultural re-
search buildings  except in special sitwations
specifically requiring an acid-proof floor. In these
cases a special epoxy must be used in the joints
since a strong concentration of acids can quickly
destroy cegular cement grout. Quarry tile is one
of the most expensive materials used for finished
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Aluminum roofing materials should not be se-
cured with dissimilar metal attachments or come
into direct contact with fasteners.,

flooring. It is therefore not recommended except
in highly corrosive situations.

Ceramic tile is sometimes used as a flooring mate-
rial in laboratories as well as in toilets, Again, this
material can be expensive and is not as resistant
as is commonly assumed. As with quarry tile, the
weakest part of ceramic tile floors is the cement
mortar joints. Also, being a very brittle material,
ceramiic tiles are subject to damage by dropped
items, In an average research institute unless the
material is readily available and the price is very
compelitive there can be ittle justification for use
of coramic tile in laboratories. Other materials,
such as terrizzo and concerete pavers, are equally
durable and normatly cost much less.

Vinyl tile has been used with great success in ot-
fices, confurence rooms, libraries, laboratorices,
and even toilets in research buildings all over the
world. Coved vinyl tile bases are also frequently
used, as well as sheet vinyl, which has fewer

Zimbabive: Acid Jus been dripping from these carboys for niany
years, The fume hoods wnd concrete floor e e damaged and
mist be replaced.



joints. Vinel has many advantages: moderate cost,
casy installation and replacement, and o wide
choice of patterns and colors, 1t is highly resistant
to impacts, moderately resistant to acids, needs
little maintenance, and should have a fife under
normal use of about 10-15 vears.

Asphalt tile, much like vinvl tile, has been widely
used in research buildings although its disadvan-
tages tar outweigh its advantages. Although an
inexpensive material, asphalt tile does not resist
impacts and easily deforms under loads. It is
casily broken, ditficult to mointain, does notwear
well, and has a life of only five to cight vears
under normal use in a laboratory. This material
has little resistance to acids and petroleum-based
products and is not recommended for use in
laboratories or offices except as a last resort.

Terrazzo pavers are a composite material made of
marble chips of varving sizos and cement. They
are praduced in a number of sizes, usually from
about 20 cm square to 40 em o sgquar < The thick-
ness is about five centimeters. Ferrazzo pavers
make a very pood floor with exeellent wearing
qualities and casy replacement if  damaged.
Without protwection, however, this flooring s
highly susceptible to demage from acids. There
are many excellent products on the market today
that strengthen, seal, and shine terrazzo. giving
additional pretection from wear, stains, and dam-
age by acids. Again, even with additional protec-
tion acid  spills should  be ncutralized
immediately.

Poured terrazzo is much the same material as ter-
razzo pavers with many of the same physical
characteristics. The main difference is that the
mizture of marble chips and cement is poured in-
situ as opposed to - being prefabricated  into
smaller pavers. Poured terrazzo is more difficult
to patch and repair if one expects to mateh the
original tflooring. The material is very effective in
large unobstructed arcas such as multipurpose
rooms, cafeterias, or large conference rooms.
Also, for added interest designs can be poured

Walls and Partitions

Outside walls and, in many cases, inside parti-
tions for rescarch institutes are usually  con-
structed of reinforced concrete, bricks, concrete
Dlocks, or extruded hollow clay tiles. Walls ex-
tending below grade level should have through-
wall flashing installed te block any moisture
which can “wick” upward and cause cfflores-
cence or plasier to deteriorate inside the building,
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into the floor using different colors and mintures
of marble chips and cement.

Concrete pavers are perhaps the most inexpen-
sive flooring available in many developing coun-
tries. The sizes and manufacturing technigues are
similar to those used in manufacturing terrazzo
pavers. However, because no marble chips are
used the result is a floor that is nat as durable as
terrazzo. Pigment can be added to the conerete to
produce a colored paver. Again a sealer and
hardencr should be applied to prevent dusting,
and to improve wear resistance.

Poured concrete floors are inexpensive, but gener-
ally are not considered “finished” or acceptable
for use in principal laboratories. The use of
poured concrete floors is usually limited to ware-
houses, storage areas, patios, and  sidewalks.
However, in the intarest of cost savings, poured
concrete has also been used widely in the labora-
tories and offices of manv outlving rescarch sta-
tions.

Wood has been used for many vears for floors in
offices, conference rooms, libraries, and  other
prestigious arcas of buildings. During the colonial
period especially there was considerable use of
wood for tinished floors in laboratories and in
hallways, Wood has many advantages. It adds
warmth and beauty to a building and when dam-
aged it can be casily refinished. However, short-
ages of suitable material and the high cost of
wood tlooring in most of the world now make its
use prohibitive,

Carpeting, is not often recommended for use in
agricultural research facilities. Although commer-
cial grade, stain-resistant carpeting is available in
most conntries, it is expensive and difficult to
clean end maintain. Carpeting must also be re-
placed more often than other more durable mate-
rials. Hs use should therefore be limited to only
the oftices and conference rooms of top manage-
ment in a research organization.

Normally designers specify a finish to be applied
to walls to improve their final appearance. How-
ever, concrete, bricks, and concrete blocks can be
left natural and painted. More likely than not, ex-
cept for decorative effects, walls will be finished
with plaster composed of a mixture of sand and
cement. The final texture can vary from very
smooth to rough, depending on the design and
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aesthetic appearance that the designer wishes to
achieve, Seldontis a plastered surtace left natural,
Normally paints and other finishes are applied.
Ceramic tile or other wall coverings can be used
instead of paint.

Two general observations should be made in
dealing with wall tinishes: First, ceramic tile has
been used excessively in many
tions, Second, paints used on both inside and out-
side walls, for the wost part, have been of low
quality and shart durability, Wilh the availability
of pood-quality enamels and other specialty
paints such as cpovies, there is Hitte to !

achieved by using ceramic tile on walls in cither
toilets or normal laboratories. It may be justifia-
ble, however, to continue to use ceramic tile in
Kitchens and other areas where trequent wash-
down is likely and tor which high-technology tin-
ishes are unavailable, Because thus far \.1p|lnl
monies have been casier to get than maintenance
tunds, institutes should discontinue using inex-
pensive paints on inside and outside walls, These
paints dust ot and begin to need replacement

rescarch institu-

Ceilings

Lay-in ceilings are very appropriate tor use in ag-
ricultural research buildings. They allow access to
wiring and utilities and make future modifica-
tions relatively casv. Lav-in ceilings are usually
constructed by using a series of interlocking chan-
nels and tees which are suspended by wires from
the structure above. The modular pattern formed
by these clements varivs but usually takes the
shape of squares or rectangles within which light
fintures can be located.

The grid formed by the channels can be tilled
with a varicty of materials. Some of these are soft

Windows

Windows are usually made from wood, steel, or
aluminum. Wood, however, is not usually recom-
mended tor a variety of reasons, Wood requires
constant refinishing, tends to expand and contract
with variances in temperature and humidity, and
is subject to danrage by termites. Aluminum and
steel are more resistant and require fess main-
tenance. [narcas where mosquitos are a problem,
inscct screening also should be installed on win-
dows in housing and in recreation and dining
facilitios. Al windows  should  be
stripped, tightly fitted, and the perimeters care-
fully caulked ta prevent the entrane: 5t rain. In
Indonesia and Kenva, rainwater entering build-

weather-
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within a couple of vears: Invest a little more on
wall finishes in the initial construction and get
better value tor the money.,

Many rescarch organizations, especially in South-
cast Asia and Latin America, have used movable
partitions extensivelv. These partitions may be
tactory produced or built on the job site. I factory
Pl(\dlltul they usually consist ot a serjes of steel
or aluminum shapes avith tiller panels ot ply-
wood, plastic laminate, or gypsum board. If con-
dracted at the job site, they ase usually made of
~ood profiles, again using fillers similar to those
A factory-produced units. The word “movande” is
a misnomer, however; rensable would be more
correck. Most partitions of this tvpe are ditficult te
dismantle, usuallv becoming partially: domazed
in the operation and difficult to reconstruct. Their
initial cost has been estimated at around 2.5 to 3.0
times the cost of normal construction using ma-
sonry materials, This means that to be economical
all partitions must be moved many times, They
seldom are. Careful thought should ve given to
the use of these partitions.

and sound absorbing, others are more durable
with holes to assist in sound absorption. Some are
even prefinished and do not require painting, [tis
up to the architect to recommend the most appro-
priate material to be used. One point has been
noted, however. Inareas where humidity s high,
care should be taken to use o tiller material that
will not absorb moisture and begin to sag atter o
few vears. Also, a backing material with insulat-
ing qualities is advantageous and will help to
regulate the temperature inside the building,

ings through poorly cautked windows has caused
severe damage inside.

Windows mav be  double  hung, vertically
pivoted, horizontally pivoted, casement type, or
nay operate by any other method that is readily
available. Windows should not protrude into the
room since this tends to interfere with the instal-
lation and operation of sun control devices such
as blinds or draperies.

Aluminum windows should be anodized if such
treatment is available. Anodization prevents oxi-
dation and darkening ot the regular aluminum
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mill finish. Aluminum windows should not come
in direct contact with masonry or mortar contain-
ing cement. Fasteners should be cadmium plated.

Steel windows should be tightly fitted and are
best if constructed from tubular profiles rather
than “T" or “Z” sections. Care should be taken to
protect steel surfaces from mortar stains during
construction. Steel also should not come in direct
contact with masonry or mortar containing ce-
ment. Chrome-plated serews should be used to
fasten steel windows.

One word of caution, windows are frequently in-
stalled using wooden plugs set into the masonry
walls to receive the screws fastening the window
frame in place. These wooden plugs are food for
termites and should not be used. Plugs used to re-
ceive screws and other attachments should be

Doors

Doors generally are constructed of wood, the
main exception being those used as security
doors. These may be constructed of steel. The
most commonly used wooden doors are fHush
panel doors, which are manufactured in what is
termed hollow core and solid core. Both are usu-
ally faced on both sides with a thin plyvwood or
plastic laminate layer.

Hollow-core doors are for interior use, away from
humidity and high moisture. They are con-
structed using an egg-crate core to which a thin
facing is attached on cithes side. These doors are
not extremely durable and will not withstand
hard use as well as solid-core doors, If exposed to

Lighting Fixtures

Except for special effects, the best lighting fistures
for use in rescarch centers are the fluorescent
type. The bottoms of these fixtures should not be
enclosed but should be opets to prevent dust, dirt,
and insects from being trapped inside. Fluores-
cent fixtures should be selected with care to en-
sure the local availability of replacement tubes.
Cannibalization of fluorescent tubes from some of
the buildings at the Institute for Agricultural Re-

Laboratory Cabinetwork

In order to maintain as much  flexibility  as
possible in the design of agricultural research
facilities, institutes  should install laboratory
benches that can be removed and reused. Too
often laboratory benches are constructed of rein-
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made ot lead, steel, plastic, or fiber and should be
resistant to termites.

Glass installed in all windows should be back
puttied. This prevents it fromy coming into direct
contract with the window frame. Clips should be
used to secure the glass in place and not the putty
itself.

Protection from theft is o problem that often must
be dealt with. Most countries have found it neces-
sary o install nonremovable bars over windows
to protect equipment. This is especially true in
laboratories and in computer installations. If bars
are to be used thev should be designed to be at-
tractive as well as atilitarian. Remember, bars are
a deterrent only. They will not stop a dedicated
thicf from entering and removing equipment.

the outside weather, hollow-core doors will tend
to delaminate and will likelv need replacement
after a few years, Solid-core doors are for use out-
side and in heavy traffic areas within a building,
They are constructed with a solid core, usually of
an exterior-grade plywood specially made for re-
sistance to the weather.

Regardless of which type is used orwhere it is in-
stalled, all sides and edges of doors should be
thoroughly sealed by varnishing or painting to
prevent the entrance of moisture. To prevent de-
terioration, doors exposed o the outside of a
building should be refinished every year or two,
depending on the severity of the climate.

search (IAR) in Zaria, Nigeria, over the past 12
vears has reduced most of the fixtures to about 50
percent of their original light potential. In this
case, the fluorescent tubes originally installed are
not compatible with those in the local market.
Foreign exchange in the country has become so
difficult to obtain that the import of replacement
tubes is now virtually impossible.

forced concrete with surfaces faced with ceramic
tile or some similar material. In addition to pro-
viding a very uneven work surface, glassware
breakage is increased with the use of ceramic tile
bench tops. When the time comes to renovate,
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Nigeria: Security of qeods side Liboratories s an ssue that
mitest D addressed i Hie desien of Sicdities.

Nigeria: Holloze-core doors deteriorate rapidly when exposed to the secather. Note the lack of mintenance on the walls and also on the
concrete iwalk, Sowd-core doors - hould Iuee been wsed and maintained to precent this deterioration,

I
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these benches must cither be demolished and re-
built or accepted and the new design developed
around their present location. The solution and
the recommendation is to purchase ready-made,
reusable laboratory cabinetwork, cither in wood
or metal.

The decision as to wood or metal cabinetwork
should be well thought out. Wooden cabinets can
present problems in areas awhere termites are
widespread. I humid arcas wood tends to on-
pand and contract with scasonal cnanges. This
sometimes makes frequent adjustment of cabinet
drawers and doors necessary, Motal cabinetwork
can be more difficult to install and to repair when
damaged. The final selection——wood or metal—
should be based on climatic conditions at the site.

If wood is chosen, it should be adequately treated
againg! termites and other wood-devouring in-
sects, The tinish should be a good-grade poly-
urethane, professionally applied, preferably in
the factory where the cabinets are made. Cabinet-
work made at the job site should be avoided.
Wood cabinets should be made in a factory where
humidity and temperature can be accurately con-
trotled. If metal cabinetwork is chosen, the finish
should be a good-quality baked-on enamel that

has been factory applied. Care should be taken in
using metal cabinets near the sea duc to the possi-
bility: of rusting. Also, corrosive chemicals must
be used with care and spills must be immediately
cleaned it cabinets are expected talast more than
atew vears,

Perhaps the weakest part of labaratory cabinet-
work s the part most trequentiy used-—the top
surtace. Materials for laboratory bench tops vary
considerably, plastic laminates being, the maost
popular and perhaps the most widely used in
projects where restricted development budgets
are a toctor. This material is adequate tor most
cases whos strong chemicals are infrequently
used. Where strong chemicals are used onca daily
basis, such as in chemical analvsis laboratories, o
more acid-resistant substance should be used. An
inevpensive material, sheet neolite, has been used
on top of the plastic laminate in certain locations
at CENICANA in Colombia. This material was
reported very satistactory. Also, several manutac-
turers make epovies and other substances that can
be applied to a variety of base materials such as a
fibrous cement product or wood. It has even been
found that solid hardwood laboratory tops that
have been tinished with polvurethane, either
colored or clear, give good service for many years

Aany companies manufactiore base cafinets with accessible space belund thenr or utilities,
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and can be refinished with excellent results at
modest cost (Chemistry and Soils Research Insti-
tute, Harare, Zimbabawe).

Many: manufacturers: construct laboratory base
cabinets with a space behind where utilities can

Designing the Facilities

be installed. These cabinets add tlexibility sinee
waler, gas, electricity, and drain ines can be in-
stulled horizontally behind the base cabinets and
made available to the user at any point. This style
of base cabinet is recommended since it can be
casilv removed to make moditications to atilities.

Chapter Seven—Building Categories and Components

ST SR RS

Thcrv are about six major categories of build-
ings for agricultural research:

B laboratories,

offices,

research support tacilities,

ancillary facilities,

housing and recreational facilities,

specialized installations.

Estimating the Space Required

One of the tirst questions ashed when a building,
is bemng designed is “How does one know how
much to allocate to the individual
building units?” There are several norms that
have been found aceeptable almost worldwide.

tloor arca

These can be used i making estimates of tloor
space requirements tor preliminary designs.

L nder normal cirenmstances, a scientist (usually
at 'hi or NS devel winn research experiencee)
werking in o private ottice requires about 113
square meters for comtortable accommodation,
This space is adequate for a desk, o desk chair, a
couple ot side chairs, a bookease, a cabinet for im-
mediate supplies, and one or two tile cabinets.

Technical personnel, including technicians and
recent university graduates, need about halt ot
the space required tor a scientist. Seven to eight
square. meters usually will In certain
cases, especially when farge amounts of informa-
tion are to be stored or when trequent interyiews

suthice.

Management, administration staff, and scientists
should be involved in determining the number
and types of cack of these arcas required by the
institute. The final determination is summarized
in a table of accommodations (TOA). A table of
accommodations lists the numbers of staff pres-
ently emploved incach capacity and section of
the rescarch institute. A projection of staff growth
i~ also included. By multiplving the number of
staft by the amount of space required for cach, a
good estimate of the total Hloor space can be cal-
culated. See pages 64-09 for a sample TOA,

or mectings are involved, even [0 square meters
per occupant can be justitiable. Occupaney for
technical personnel varies from two fo cight per-
sons per oftice, depending on the customs and
habits ot the country tor which the facility s
being planned. Seldom are private offices for
technical personnel justifiable.

In addition to providing office space for scientists
and technical personnel, desk space and - file
drawers in cach laboratory are highly desirable.,
There researchers and technicians can work while
carrving out routine laboratory duties.

Birectors of recearch stations should be provided
with about 30 percent more space than that for a
scientist. The same applies to deputy or assistant
directors at these locations. Directors of principal
rescarch institutes and second-cchelon personnel
such as deputy divectors generally require 2.5 to
3.5 times the amount of space allocated 1o a staff
scientist, This additional floor space accommo-
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Sample Tables of Accommodation (3 tables)

Table 1. Current staff and five-vear projection of stalf growth for each departiment

Administration P'ersonnel

T Total staff

I
Research Institute Disector 1 |
Assistant Director (Researchy I 1
Assistant Ditector Cxidministration) 1 1
Freculive aretarios 1 1 2
Head ¢ Finance Departiment 1 i
Head of Intermal inanee Section | 1
[nternal inance assistants 1 1 2
Secretary to nterpal Fiane | 1
PPaviasters 1 2 R}
Head of External Finance Section | 1
Paternal timance assistants 1 1
Secretary to Paternal Finanee 1 1
Head ot Personnel Department 1 1
Personnel ssistants 1 1 2
Secretary By Personnel | |
General adnuni tration tvping pool 2 2 4
Head ot Biles and Revords i 1
Liles and records assisants 2 1 i
Head ot Parchasing Department | i
Purchasig assistants ] 2 3
Searetary o Parcising | 1 2
Subtotal 17 17 M
Research Support Personnel
Present staff Proposed additions Total staff
Head ot Information & Docansentation Departioent | !
Libvanan 1 t
Library Asastant 1 1
Secretany o dntarmation & Doimentation i |
Photoyiraphe 1 1
Graphie Artist 3 1
Fotiton 1 1
'ranters 3 3
Lelephone Opetatin 1 | 2
Cind Dletense 1 1
1 warch stabon Manager 1 1
Flead o Labwr Relattons 1 1
Labor relations assistants 2 2
Stotckevpers 1 2 i
Head of Maintenance Depastzent | 1
Sccretany o Nantenanee 1 1
Velnde and tanm cquipment mamtenanee personned 2 3 5
Laabties mantenance and shops perssonnel l 5 6
Coonmdsbarpers 3 3
Floctiome cqupment repan personnel 1 1
Subtutal Lit ho v
Rescarch Personnel
timent Prosent staff Proposed additions Tutal statt
lant Breeding
SeDIOE sCentists 1 |
Tunior scentists 2 2
Techmoans 2 2
Lalaratiny assistants 2 2
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Research Personnet {continued)

Departiment

Agronany
SHOE ~entists ! 1
Junior sentists 2 2
lechoenans 2 2
Faboratory assistants -
Prant Protection
SNOE Dt 2 2
Junior s ientists 4 4
Technicnans 6 6
1abotatory asastants 2 4 6
Genetic Resoros
SNIOF ~aentists 1 1
lunior scentists 2 2
Tedhmenans 2 2
L abaratory assistants 4 4
Larmnyg Systems
STUOT SCentists 2 2
Iiemior scientists 1 4
Lechocans 6 [
Laboraton asastants —_
Soil Water,and Plant Tissue Analysis
SR ~Centists 2 2
huones scientists 4 4
ledhmaans 4 4
Labornaten assstants 3 3 6
Annnad Produchion
Senior soenbists 1 1
Humior ~cwentists 1 2 3
Tedhimaons 2 2
Laboraton assistants 2 2 4
Loanomnes
Sene soentisis t [
funror sowentists 1 1 2
lechumcian 4 4
Laboratory assistants —
Subtatal Research Personnel
Senior scientists 8 3 ]
Junior scientists 4 9 n
Technicians — 28 2
Laboratory assistants 7 15 22
Table 2. Nominal floor arca required to accommodate staff
Administration Arcas
Nameof area” i T “"Number of accupanis TToor area per persan Totalarea v m®
Research Insttite Directon | 40 n
Assestant Dhrector (Researchn 1 23 25
Assistant Director {Admunstration ! 23 25
I aecutive seaetarnes 2 10 A
Conterence room 12 15 8
Supplhies and storage 5
Head of Binance Department i 15 5
Supplies and starage tor inance Depastment 15
Tlead of Internal Fruinee Section 1 15 15
Internal finance assistants 2 7 £}
Secretary b dnternal Finance 1 10 10
[IISHEN S 3 7 2]
Tead of §stermal Linance Section 15 15
Faternal binance assislants 7 7
Seeretany to b aternal Finanee ! | o
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Administration Areas (continued)

Name of area Nombei of occupanty FHoor area per person _ lotal areainm®
Head o Personnel Department 1 0 20
Personnel assistants 2 B B!
Secretes to Personnel 1 Iy il
Generaladmuustration sy pangg pool 4 T R
supphes and storage 15
L2 onierence tooins Seawh 15 H
Head of biles and Revords 1 15 15
Files aimd revords assistants 3 7 21
Central record storae 25
Al room 7
Flead ot Parchasing Department 1 15 15
Purchasing assistants 3 7 21
Sevretary o Purchasing 2 7 14
Supplies and <tosige 5
Visitors" ot es 2 15 30
Subtatal 534
Research Support Areas
Head of Intormation & Divumentation Departiment 1 15 15
{ibraran 1 10 ]
Library Assistant 1 10 10
Secrebity o intormation & Dovumentation | 7 7
Photographer 1 10 10
Graphic Artist 1 2 20
Fiitor 1 15 15
Readims ronm 12 2 24
Stack area (FsEmate 15 books or 23 journals
por hineal meter of shelt spaced 170 (assunuxd)
Book reven g and repar 15

(2HLontenenee tooms 6 each 2 4
Feiephone Operator 2 7 14
Cutl Detense 1 15 15
Rescarch Station Manager 1 0 Rt}
Fead of Fabor Relations 1 15 i3
1 abor relations assistants 2 7 4
Storcheepers 3 (in ancillary anva)
Flead ot Maintenance Department 1 15 15
Secretary o Mantenanoe 1 15 15
Viehacle avd farm cquipment maintenance personned 5 (in ancillary area)
Factities mamtenance and <hops personned [ (inancillary area)
Groundsheepers kS (in ancillary area)
Flectrome equipment tepair personnet 1 0 0
Catetena and kitchen 12 seatimgs, 73 cachy 75 2 150
snack bar cottee, tea, and tecreation room 93
Subtotal 693
Scientific Areas
Name of area Number of occupants Total arcain m*
Mlant Breeding,
[ siclogy | aboratory A0
Storage 15
Ottices
SCNOr ~cientists 1 15
Tunio. soientists 2 15
Tedhmicians 2 15
[aboratory assistants 2 in laboratory
Subtotal 100
Apronomy
Faboratories il
Storage 15
Effices
Senior SCaentists ! 15
Junior <cientists 2 15
Techmicrans 2 15
Laboratory assistants —
Subltotal 100
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Scientific Areas (continued)

Name of area Number ot occupants lotal aeea inm®

Phant Protection | ntonmaelogy

I aboratones 0
Insect reatinyg roams A
Food preparation anea 4
Setde room 2
Favonomn colle e 15
Stetage 15
(Mtnes
NI entists 1 15
Junor <cientists 1 i5
lechng tane 2 15
Laboratory assistants 2 in laboratory
Subtotal 151
Plant Patholosy Vanelogy
Matenal receomyg anea N
Labwstatores 20
Media preparation area 20
Sterde soom 15
Glassware washig and sterthzation area 15
Stonnw 15
e
SeNEOr SCIentss ] 15
Tunion s entists 1 15
lechnnrans 2 15
Laborators assistants 2 in laboratory
Subtotal 150
Plant Pathology Mycology and Bactenology
Matetai tecen g aten X
Faboratones A0
Media preparation 0
Stenle rwm 15
Coonth pocsns aphtand dark 2
Glassw e waslnng and sterilization area I
Shtage 15
Olfies
Senior scentists
Tuner ~cientists 2 15
Lechnoans 2 13
Laboraton assistants 2 in laboratory
Subtotal 175
Gepetic Resenroes eV ateo Reseanvh
Matenal tecein g area i
Fabaratonies 2
Media preparation 0
Stetile toom 20
Classivare washung and stenbzation area 15
210t rooms a0
Storae 15
e
Semor S entists 1 15
Jinior s entests 1 15
Tedmoans 1 15
Taborators assistants 2 in laboratory
Subtatal 185
Genetie Resoutraes Germplasin Storage
Materal receivimg and preparation aieas 0
Seed drving area 15
Catadogimg and fevands area 10
20 Pregtev Tongzternm storage 0
o4 Deprec mediumetenm stotage 40
Seedleaning area toutside the bulding) X
Compressor oo 0
Stogage 15
thices
Senior saentists
Tunior ~cientists ! 15
Fechnrme 1 15
Laboratory assistants 2 in laboratory
Sublotal 210
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Scientific Areas (continued)

Farnung Systems
Ottices
SONIOF SCientists
Jumior scientists
Techmcnns [
Laboratory assistants —

1o

Subtotal

Soif Warter, and Plant Tissue Analysis
soil
Receiving and logan area
Starage area awating testing
Sample grinding and preparation- oatside building
sample deving area
Physical determmation laboratory
[ost-anmals s storage
Plant tissue
Reven nyg and login area
Storage area s b testing
Sample grinding and prepanabon room
Sampledrving reom
Post-analysis stora e
Quality Labotatiny
Chemical anabyss laboratony
Glassware washing and stenbzation area
Kethdaht room
Instrmentation room
Classware and chemiaal storage
Serage arey
Ceneral
Ottices
Senior soentists
Tumior scientists
Tevhiacins
Faboratary assistants 0

e de 2

Subtotal

Animal Production
Saniple preparation area
Phystology laboratory
Instrumentation room
Glassware washing and stenlization area
Stor e
Othces

Sermorn soentists
Junior soientists
Technicians
Laboratory assistanis

4 1 W —

Subtotal

foonomses

Computer laboratory

Storape anea

Ottes
Senior soentists
Tumor soentists
Techmicans
Laboratory assistants

bt =

Subtotat

Number of occupants

Total ar

Ll
M
K]

90

0

n
n

10

in laboratory

420

15
40
1
15
15

15
30
15

in laboratory

160

20

inm®
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Numbwer of personnd®

Admunustration personndd
Rescarch support persannel

Subtotal administration and research suppoit personnel

Area Req

ired for Laboratories, Other Scientific Areas, and Scientists” Office

Designing he Facilities

i d
Netareainm

1 il
M [
o8 1232

in square meters

Plati Breeding
\gronani
Plant Protection
Eotomolog,
Plant Pathology
Viralogy
Mucolopy and Bacternology
Genetic Resotiees
I-Viro Researdh
Cermplasin Storage
Larimnyg Systems
Sonl Water and Plant Tissue Analssis
Sl
Plant lissue
Quahts Labaraton
Ammal Preduction
I conomues

Subtotal

Subtotal for principal buildings

A prossing: lactar tor toalets, hallwav s, entranees,
and other miscella ous arcas not included inthe above tables

Total desig arca for principal buildings

Offices Labs & scientific areas
45 33
45 35
43 I
45 {158
a0 [Eh
B BIU
A 150
% —
kil 135
30 [
k] 130
ol HLY
o0 as

585 1251
3068
1074

4142 square meters

dates casual furniture and a small table with
chars where meetings with four to six persons
can be held.

General ottice space for administration and sup-
port staff should be caleulated at 13 square meters
pur person except in cases of maltiple occupancy.,
Multiple occupancy requires about 7.0 to 75
Suare meters per person,

Aninstitute will normally need an auditorium
and one harge conterence room for groups of 12
16 persons. Several smaller conference 1ooms ac-
commodating six to 10 persons should also be
provided. About one to two square meters should
be allocated in conference rooms per occupant.
An auditorium requires about one square meter
per person. This makes allowance for a small to
medium-sized stage and aisle space for easy
circulation.

Libraries are generally designed around the rum-
ber of books proposed to be accommodated. De-
signers should assume 18-20 volumes per lineal
meter of shelf space. Most stacks are six shelves
high. Some are single faced, others double faced.

Dining facilities should allow from 1.0 to 14
square meters of floor area per person, depending
on how the tables are laid out and the number of
places at cach table. The Kitchen and serving area
should have an area of about one square meter
per person being served per seativ g, This varies
with  the number of
whether the food is to be prepared and stored in
the Kitchen, and if food is to be catered and only
served at the institute. If meals are to be catered,
the kitchen area can be reduced by as much as 50
percent.

porsons being served,

Refer to the drawings and designs on pages 89-
102 for examples of designs for other building
areas,
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Laboratories

From a design standpoint, laboratories are one of
the most difticalt and critical elements of the en-
tire research complex. Phere is no simple tormula
for determining, the proper size for a laboratory.
The space required depends on the research pro-
gram(s) to be housed, the size and gquantity of
cquipmvnl, and the workload ot the scientists,
Occupancy, although fess important, also must be
considered.

The number and types of laboratories proposed
for a particular institate depend on that institute’s
operating plan, its rescarch program, and its
strategy for carrving outits mandate. To make the
final decision as to which laboratories will be de-
signed, the research programs and their reguire-
ments must be vith management,
administration, and the scientitic statf, The out-
come of these discussions should be sammarized
in a table of accommodations.

dircuseed

It is important to provide optimal tloor area in
laboratories to permit statt movement. Care must
be taken to avoid too little space, as well as too
much space. Too little space caninhibit activity,
Too much space tends to encourage visitors and
other distractions. As a general rale, about one-

half of the total floor area in o laboratory should
be altocated for equipment or laboratory benches.
Fhe other one-half is used for the movement of
personnel,

Peninsular laboratory benches have been tound to
be the most ettective from the standpoint of space
utilization. However, regardless ot their Tavout, a
space of about L30 to 1,75 meters shoubd be main-
tained between the taces of laboratory benches or
equipment where technicians will be working,
Also, i an island-tvpe lavout for laboratory
benches is used, narrow alternate roudes around
the benches are a detinite advantage, particularly
ifoccupancy is more than three or four persons.

In visits to various rescarch institutes at national,
regional, and local levels, it was found that al-
most universolly iboratories were cluttered with
nontunctional or outdated equipment. Sometimes
equipment was mosed out of the faboratory and
placed in corridors. [ is expensive and unwise to
use laboratory space to house equipment that
should be cither stored ina warchouse or dis-
posed of by some means acceptable to the tocal
government,

Turkey: Tiis poor fiboratonu des g alfowes exeesseie b eearc and swadegate and prettioent Liboratory bencly space.
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Mexico: Chenneals are e improperly stored ran wnesed space aboee Hie iloratories. Storage o'
da~ His o dangerons,

Sats font of e g areas such

Colonbia: Vvea ieundows seswally addd disiension o an area.
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Colombia: Stovage of dhemicals at the fect of laboratory techticans is hazardons and shoubd be aionded.

Zimbabwe: Chemicals should pe safely stored it closed cupboands bo reduce the risk of accident s,
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Expensive, sophisticated  analytical - equipment
should be isolated from the general public’s view
and maintained under lock and key. Rooms con-
taining this cquipment should be located so as to
discourage the entrance of anvone except the por-
son(s) actually designated to work in these areas,
To protect delicate equipment, temperature and
humidity within the arca should be maintained
within the limits recommended by the equipment
manufacturer. Where heat and offensive odors
are likely to occur, mechanical ventilation to the
owtside should be installed to avoid contamina-
tion of adjacent arcas.

Windows that can be op:aed during, clectrical
power failures are alwavs required. In addstion,
view windows should be provided  Letween
laboratories and  the adjoining arcas. Visually,
these windows create the feeling of more space
and allow the scientist in charge to supervise the
work even while outside the actual laboratory,

Doors should be wide enough to permit large
cquipment ta be casily: moved inand out of
laboratories without removing walis, One option
is to install double doors with the principal active
door 90 cm wide and the other 60 e wide. Only
the wider of the two doors is normaliy active and
should be equipped with a closer; the other door
is fixed with top and bottom devices. For safety

Laboratory doors should be wide eongh to vermit equipment to be
installed amd renoied atter the building i< completed.

reasons, both doors should swing out of the
laboratory and be recessed as shown on the floor
plan below, Hardware on the active door should
be only a pull bar outside and a push plate on the
inside. The active door can be secured with a
dead bolt operated by a Rev.

Natural lighting in an average agricaltural re-
cearch laboratory will generally be sufticient if
windows are provided equal to about 13 percent
ot the floor arca. Supplemental lighting should
be installed for night work and for davs when the
level of natural lighting is reduced due to inclem-
ent weather, Supplemental lighting is best pro-
vided by tluorescent fintures with four tubes,
cach about 1.2 meters long, One fisture for every
10-15 square meters of floor area should suftice.

All laboratories should be equipped with a safety
shower and evewash sink. These should be con-
venientlv ocated near the main exit and, for
safety reasons,  should be checked  at least
monthly tor proper functioning. A floor drain
should be instatled beneath the satety shower! Al-
though this mayv seem obvious, floor drains below
safety showers have been overlooked in many
laboratories.

Itis not necessary Lo install ceramic tile on labora-
tory walls. A good grade of semi-gloss ecnamel, if
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properly applied, will Last for many yvears without
replacement,

For rescarch buildings in normal climates ceilings
in laboratories and offices should be about 3.00 to
310 meters above the fintshed floor. For buildings
in humid arcas it is advisable to construet all
areas with ceilings 0.50 1o 0.75 meters higher than
normal.

Offices

The amount of floor space required for offices is
casily determined on an occupancey basis. Natu-
rally, the grade and the level of the person(s) to
occtpy -he space must be taken into account. The
tables of accommodation (TOA) and drawings in-
cluded on pages 89-94 give an idea of the arca
that should be allocated for cach of the different
tvpes  of offices. Administration  otfices  al
national-level institutes can be larger than those
shown for local-level research conters.

Like laboratories, offices must be provided with

natural lighting and ventilation. The same pro-
portions as those recommended for laboratories

Kenya: Anexample of a cocll organized weseardvdoector's ottice,

74

Awork room with an area of about 15 square me-
ters should be located near both laboratories and
oftizes for miner repairs and calibration of clec-
tronic equipment.

Although not wpecitically written for agricultural
research, “Laboratory: Planning, for Chemistry
and Chemical Engineering,” edited by HLE Lewis
(New York: Reinhold Publishing Corporation,
1902}, provides a number of ideas that are appli-
cable to g wide variety of taboratorices.

should suffice. Artiticial supplemental lighting at
the same fevel as for laboratories is also adequate.

Offices arranged within an open arca with work
stations or fow movable divisions about 1.9 me-
ters high allow tlexibitity and convenience. These
were effectively wsed at an animal health and pro-
duction institute in Thailand. As special-task
working groups are formed, the offices can be
casily rearranged to encourage group interaction.

A fack of general storage space has been noted in
many research institutes. As a result, offices, hall-
wavs, and laboratories are often cluttered with
old records, broken cquipment, and a wide




variety of other objects (including motorbikes in
some cases) which should be stored out of sight.
Arvarea of at least 20-25 poercent of the space dedi-

Research Support Facilities
Library and information services

Libraries and information services units can vary
from vess simple areas where scientists can read
and research topics of interest o more comples
intormation centers with equipment for electroni-
cally locating intormation from a wide number of
sources, Any moderate-sized  research institute
should have library resources consisting of stack
area(s), casual reading arcais), a search center for
both electronic and manual scarches, odtices, and
a charging desk. Alsoa book repairarca is advan-
tageous as are one or two rooms that car be used
tor meetings ot 23-30 people. These rooms can be
subdivided by movable partitions into smaller
roons,

Consideration should be given to centealizing the
library's collection: of professional journals and
clectronically intertacing with other national i
braries to avoid duplication of subscriptions and
to provide a more etticient library svstem. As an
example, there are three libraries in the area ot

Designing the Facilities

cated to offices should be allocated 1o general
storage in an institute.

Chapingo, Mexico that are duplicating, subscrip-
tions to more than 100 professional journals and
triplicating subscriptions to more than 50 jour-
nals. Journal indeaes can be sent to outlying insti-
tutes by a central library on a regular basis with
abstracts or copies of articles furnished to the in-
stitutes on request,

Cz(ﬂ‘lt’)'m amd Kitchen

Most rescarchinstitutes operate a - cafeteria-
kitchen to serve funch to staft. Other meals are
prepared and served in cases where training
facitities are part of the institute. Often the feed-
inyg operation is contracted out and the meals are
catered without the divect participation of the in-
stitute. This form of food service reduces the
amount of Kitchen equipment needed. The size of
the dining area, however, remains abont the same
regardless of the method of food preparation.

Manvinstitutes prefer to serve lunch in two
shifts, Inthis way the phvsical size of the cafeteria
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can be reduced. However, there is one problem
with the two-shift method: after cating, people
tend to remain at their table and wlk, toking up
space needed by the second shitte This probiem
was resolved at a training institute in Zaragoza,
Spain. There coffee and tea s served after the
meal in another arca focated outside the cafeteria.
A room of about 0.3 square meters per person lo-
cated adjacent to the cateteria should be adequate
for such a “social” room where coffee and tea
would be served and some of the first shift could
visit while the second shift is cating. Addition of a
small recreation room, constructed adjacent to the
cafeteria and the “social area,” is another wav to
make the lunch period more enjovable. Fero staff
can play cards, darts, table tennis, and other
games that do not reguire excessive space.

Publications and information dissentination

Small research institutes normally have only a
very limited publications department. Printing of
extension intormation bulletins, annual reports,
and other publications is generally contracted out
to a local company. However, even if an institute
is involved with publication ona very smali scale,
a certain amount of floor arca and duplication
cquipment will be necessary.
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Every institute needs some form of printing de-
vice for making multiple copics, even if it is only
a Aerox-type capy machine. Only the very largest
institutes should attempt to maintain a full-scale
print shop with offset presses. With commercial
photographic processing available worldwide,
darkrooms at institute level are now all but obso-
lete, However, every institute will require an area
for preparation of artwork, design, and lavout,

Televiston and tape recordings are extremely ef-
fective methods of information  dissemination,
The equipment and physical space required to
prepare audio- and videotapes is minimal. Ne-
dium-sized institutes should plan to have a small
studio for preparing and editing audio- and
videotapes. About 40 square meters would suffice
for the filming studio, 10 square meters for the
control booth, 15 square meters for the work-
room, and another 13 square meters for equip-
ment storage. I is also important to ensure that
all audio and video equipment is portable and
can be brought to the field tor farmer demonstra-
tions,

Auditoriim

Many agricultural research institutes  propose
construction of an auditorium with the capacity
to accommodate the full staff contingent. Addi-




tionally, institutes may request simultancous
translation  facilities, roll-up theater
upholstered seating with folding desks, sloping,
floors, and decorative fabric-covered sidewalls
just to mention a few. Withe the present budpet ve-
strictions facing almost every nation, care should
be taken to ensure that these requests are tor utili-
tarian purposes and not purely tor show.

screens,

A multipurpose roonu with a tlat tloor that can be
used for conferences, dances, and banguets is tar
more practical than an auditorium with sloping
tfloors for most institutes. Sufticient emergency
exits must be provided to permit the evacuation
of all occupants in at least 60 seconds after the oc-
currence of an emergeney. These exits should be
clearly identitied. Emergency lighting should also
be installed.

Instead of tined seating, movable seating that can
be stacked and tables that can be tolded and
stored are practical. Ventilation is impaortant, both
mechanical and natural. Provision must be made
to darken the room tor projection and the area
should beas nearly acoustically - perfect as
possible. Incase of doubt, special assistance can
be sought in acoustical design. The auditorium at
the plant gencetic resowrces center in Gannoruw,
Sribankais an excellent example of such a multi-
purpose area.

Desgning the Faciities

Glass, plastic, and screenltonses

At least 80 percent of all mstitutes planning new
tacitities or planning o expand existing tacilities
propose the constraction ot glass, plastic, or
screenhouses, Construction of glasshouses is usu-
allv discouraged, howeser, except in special cases
such as tor work involving plant diseases. Nany
wlasshouses that were bunltas part of agricuttural
research facilities are now abandoened or under-
utilized tor o variets o1 reasons, One principal
reason is lack ot funds to operate and maintain
the heating, cooling, and humiditicalion svstems
that were thought to have been <o important at
the time of construction.

Although construction o glasshouses cannot al-
wavs be avoided, alternatives should be sought
for large plasshouses with sophisticated equip-
ment. Oneinstitute, KEERFin Kenva, used several
~mall modules ot glasshouses (four by siv meters)
in licu o large units. these are very practical and
are being eftectively used.

Plastic houses or “tunnels” have proven yery tise-
tul tor plant breeding it adequate ventilation is
provided. Also, the institute’s recurrent main-
tenance budget must be adequate to replace the
plastic covering once about every three vears,
Screenhouses have also been used very effectively
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to raise plants especially in arcas where tempera-
tures do not fall below about 10 degrees Celsius,

Instead of using glasshouses or plastic houses,
breeding research should be done under less ox-
pensive natural conditions in bird-proot screen-
houses wherever possible. Aside from the initial
construction cost being lower, the annual main-
tenance cost s also less than for other structures,
Screenhotses can be as small or as large as re-
gquired since onlv a very lightweight structural
svstem s required to support the netting,. Struc-
tural svstems vary from bamboo to reinforced

Ancillary Facilities

Ancillary facilities are those that are located out-
side the main rescarch comples or those that pro-
Ihev
consist of, inter alia, warchouses, vehide and

vide services Lo the overall research ettort.

tarm machinery storage, garages, workshops, ag-
ricultural chemical storage and preparation build-
ings, held laboratories and storage areas, animal
tacilitios, sewage treatment, water supply and
storage, and others.

Warehonses

Farming, operations at agricaltural research sta-
tions require considerable storage space tor tarm
inputs and tor crop harvests: Warchouses for
storepe are relativelv inespensiv e compared with
other tacilitios. From a design standpoint ware-
houses should blend well with the main research
comples. Rather than construct one large unit in a
centralized location, it i~ preterable to construct
several smaller warchouses which can be allo-
cated to the individual rescarch divisions, A vood
cconomical size tor warchouses is about S00 {o
SO0 square meters.

Storage arcas tor tertilizers and similar tarmy in-
puts <hould be physically isolated trom seeds,
machinery, and crop harvests. A separate buthd-
ing i~ preterable, although in some cases tloor-to-
root ma
corrosive and casily damage construction materi-
als, espeally steels Care should be taken in con-
struction to ensure that tertilizer will not come in
direct contact with any steel stractural elements

walls be adequaie. Fertilizers are

Doors into warchouses should be caretully titted
to prevent entrance of vermin L arge doors, about
35 te L meters and square, either overhiead or
rolling, are preferred to swinging Joors. The
walls inside warchouses are usaally not finished

Designing the Facilities

concrete, depending on the available funds and
supply of materiats.

Regardless ot whether an institute chooses o con-
struct large or small glasshouses, screenhouses, or
plastic houses, a work center or head  house
should be built nearby. Here, inputs are stored,
soil is prepared, pots are cleaned and retilled, and
other - miscellaneous items of - equipment are
stored and maintained. Although convenient, it is
not absolutely necessary tor this head house to be
physically connected to cach of the growing units,

with plaster. The material used to construct the
wall is left exposed but painted.

Warchouses normually have no ceilings. The
lowest point of the roof line should be about five
to six meters above the finished floor, Therm 1in-
stlation should be installed below the roofiag in
tropical  climates. Buildings  with no interior
columins are preterable and casily built using steel
or wood trusses and purlins. Steel or conerete
bents are commonly used as an alternative o
trusses to provide cconomical wide-span struc-
tures,

Light and ventilation in warchouses are also im-
portant. Skvlights installed in the roof reduce the
importance ot artiticial lighting. Ridge ventilation
is very effective. Free-air intake area should be at
least twice the area tor exhaost. Again, all ventila-
tion openings must be screened against entrance
ob msects, birds, and vermin.

Concrete is a standard material used tor floors in
warchouses. Since warchouse tloors are often
subject to heavy loads, they should be reinforeed
to prevent cracking and settling. The surfaces
should be smooth and tinished  with o metal
trowel. [his must be done as an integral part ot
laving the floor as opposed to dusting the top sur-
tace ol the Hoor with pure coment as is trequently
done to speed the tinishing process. When the
surtace is dusted, or it a separate coat ot cement s
applied to help produce ¢ smooth finish, it is only
a matter ot time betore the top laver begins to
Hlake ott and the surtace of the tloor is ruined.

Concrete loors Jor warchouses should be poured
well above grade to reduce moisture penetration
through the Hoor, It the finished toor is higher
than the natural prade outside, ramps can be con-
structed to allow vehicles to enter. Below the nor-
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mal 15 em thick slab ol reinforced concrete, a
vapor barrier should be installed consisting ot a
polvethyvlene sheet about 40 mm thick. Concrete
slabs for warchouse floors are usually poured in
sections three to tive meters square. Adjoining
sections are connected with dowels about 50 em
long made of reintorcing bars spaced at about 40-
50 cm centers. Fhis prevents one section from set-
thing more than another, causing an uneven tloor,
Provision should be made for Literal movement
Detween adjoining slabs by ereasing the dowels
or wrapping them with plostic. This prevents the
concrete from bonding and restricting, horizontal
movement.

Vehicle aind Jarnt machinery storige

Many research institutes store vehicles and tarm
machinery outside without protection trom the
elements. This is discouraged. Fyen the simplest
protection from the sun and rain adds to the of-
fective lite of equipment.

Except in special cases, tacilities tor storage ot
farm machinery need not be elaborate nor is there
need to provide enclosed storage. Simple lean-to
sheds with onlv g root and columns usually are
adequate. Sheds can have a structure of wood,

steel, or concrete depending, o e dovien and

the amount of money available tor construction,
There really is no preterence among these materi-
als. I some countries o simple thatched roof and
bamboo supports are being used very eftechively,

Crarages

Machinery repair areas and garages should be lo-
cated at a good distance from the main research
comples, such as at the West Atrica Rice Develop-
ment Assodiation (WARDA) in Cote d’lvoire.
This arca will be noisy, disorganized, and gener-
allv Tess attractive than the other research build-
ings. Depending o the climate, machinery repair
mav even be done outside o building, perhaps
under a simple shed. More usual, however, are
garages that are at least partiallyv enclosed due to
the costiv equipment that is required. Also a se-
cure location must be maintained o store spare
parts.

Like warchouses, garages should have ample
floor arca tree of columns or vertical supports.
Construction teatures mav be similar to those of
warchouses. Root trusses or beams should be de-
signed to support the Joad of removing engines
trom vehicles and agricultural machinerv, Ade-
quate natural tishting and ventilation are impor-
tant. Artiticial lighting should be provided near

Spatine Wairconee s ot e spa st s ot o ied asomdbparpee baddor s

A
ob Ko A
REES

i)

"3\
o

80




Decigning the Facilities

the arca of work as opposed to lighting the © and air-conditioning trades can share the use of

general area, one of the three main workshops, Adequate area
should be provided for storage of raw materials
Workshops used.

Agricewral - research - stations  should  have /\‘\‘I'I’('HHIH'H[ chemical storage
specific arcas allocated for workshops, Perhaps
the two most important workshops would be Agricultural chemicals should be stored, mised,
those for woodworking and sheet metal work.  and disposed of at a location remote from other
Depending on the size of the research station and - agricultural inputs. Application  equipment
the amount of equipment required, the workshop  should be stored near the chemicals, In- some
area may vary from a space no larger than 50 cases this may present the problem of one depart-
square meters o four or tive times that amount. ment using equipment belonging to another. All

cquipment should be adequately washed in a
Ceilings, it installed, should be from 3.5 0 40 me- special area adjacent to the storage area. Residual
ters high. Interior finishes should be similar to - chemicals should be properly disposed of imme-
those recommended tor warchouses. The interior diately atter use. Proper protective gear should be
depth of o typical workshop should be at least 10- Kept near the storage site, but in a separate room.
12 meters. In most cases, depending on the type Ventilation of the area is important. In addition to
and size of the equipment to be used, single- nataral ventilation, it is otten recommended that
phase clectrical service should suttice. Only in - mechanical ventilation: be connected with the
very few cases will equipment require three- lights inareas for storing agricultural chemicals.
phase electrical service. These items should be Indthis way, anv time a lightis turned on the extra
identitied carly in the planning phase of the proj- - ventilation is activated.
vct.

Disposal ot clean-up water is alwavs a problem.
The tollowing workshops are generally required  What should be done with the residual? - Opin-
at every research station: carpentry, phombing, —ions vary from putting it in a hole and covering it
and sheet metal. 1t necessary, painting, heating, — up to emptving it into an open pit that has been
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filled with gravel. One of the best wavs to dispose
of certain residuals is to designate ar uncropped
arca where the chemical may be spraved at the
same rate of application as was used on the crop.
Institutes are urged to contact a representative ot
one of the local agricultural chemical companies
for their recommendation regarding, disposal of
the clean-up liguids of specitic chemicals, Special
care must be taken to ensure that groundwater is
not contaminated. Periodic testing of - ground-
water by appropriate  authorities should  be
routine.

Field laboratories and storage buildings

Some ot the preliminary tasks now being done in
the principal laboratories of many rescarch insti-
tutes casily could be done away trom the main re-
search comples. Material samples trom research
plots, for example, could be cleaned and prepared
for analvsis i tield laboratories. Combination
tield |dl‘l)l‘.ll\\l"\, oftice, and storage lmilding\ are
very usetul both at main centers and at satellite
rescarch stations. 1 the satellite station or sub-
center is too tar from the home base to sately
make the journey and return in the same day, a
combination hostel should be added. The hostel is
simply an addition ot one to three rooms awith

beds and a toilet where workers can ~pl‘l]l| one or
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two nights. For an example of such a facility, see
the drawing on page 9.

Seteage brealnient

Depending on the tocation ot the research center,
treatment ot sewage can vary from use of a public
treatment system or pond ovidation augmented
with mechanical acration, to installation ot a sep-
tic tank with open tile drain ticlds, construction of
a simple filtration pit filled partially with stones,
or construction of a series ol treatment lagoons,
The choice depends on the soil porosity, tempera-
ture and humidity, amount ol sunlight, amount
of available land, and the occupaney factor of the
institute. Naturally, the decision will also be af-
fected by budget and by the recommendations of
a competent sanitary engineer.

[here are many reputable manutacturers of pre-
fabricated sewage treatment svstems tor maod-
erate-sized loads. Maost ot these operate on the
principal of acrobic digestion and tinal disposal
of eftluent through tile drainage ticlds,

Wastewater trom laboratories, especially those
evtensively involved in chemical analvsis, should
be Kept separate from domestic sewage. Labora-
tory wastewaters should be piped in separate col-




lectors and directed to a chemical neutralization
tank prior to entering into the domestic treatment
svstem. Such neutralization tanks, too, should be
purchased as prefabricated units as opposed to
being constructed on site.

Some types of wastewater, such as that from
facilities associated with contagious animal dis-
cases, may contain pathogens, which must be de-
stroved before being passed into any treatment
svsten For this, two holding tanks are usually
constructed, one being tilled while pathogens in
the other are being “cooked” with tive steam fora
period sufficiently long to destroy any likelihood
of further contamination. The need for such a sys-
tem at an agricultural vesearch station is rare,
however, The design of such systems must be
dealt with by specialists.

Wal. r supply and storage

Water for rescarch institutes located in urban
areas is usually turnished by the municipality.
However, because the large nmiajority of institutes
are located in more remote locations, most have
their own water supply. Of the individual supply
svstems, boreholes or deep wells are preferred.
Other sources include lakes, streams, and rivers.

Nigeria: The notice on e door acknoieledges that there s aceater
problem but does notlorg fo remedy Hie siuation.

Designing the Facilties

Some institutes have constructed cisterns to col-
lect rainwater for domestic and laboratory use,

Storage methods vary from overhead tanks {o
pressurized systems with either buried tanks or
tanks installed at grade level. Pressurized tanks
require clectrical power at all times to maintain
water pressure. Elevated storage tanks, where
water pressure is a function ot the height of the
tank, only require electrical power to fill the tank.
Water will alwavs be available in case of fire,
With clectrical power being so undependable in
most developing countries, clevated tanks are the
preferred method of water storage. Storage sys-
tems shoutd be designed to accommodate a min-
imuny of two davs’ water requirements for
domestic purposes.

Allwater for human consumption and that used
in laboratorices should be chemically treated, peri-
adically tested, and guaranteed to be free of
harmful bacteria. Water from most municipalities
and public sources is generally believed to be safe
for use without further treatment.  Institutes
should be prepared to install their own treatiment
system where water is not certified to be safe.
Small chlorination units are relatively inexpen-
sive, simple to install, cconomical to operate, and
require little maintenance. Untreated water can
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be piped through a separate svstenm to toilets as a
means of reducing the cost of chemically treating
the entire water supply.

The quantity of water used in a 24-hour period
will vary considerably depending on the type ot
rescarch that is being done, the physical make-up
of the station, and the tvpe and number of users.
One of the biggest factors atfecting quantity of
water is whether cattle are maintained at the in-
stitute, For purposes of preliminary estimates of
the daily quantity of water required for an insti-
tute, the table below can be used.

Design criteria for daily water requiremants
(liters per day per person or as indicated)

Offices and laboratories 50
Single-family residences 150)
Bachelor apartments 100
Training quarters 100
Kitchen (per person per meal served) 10
Cattle (per head) 60
Sheep (per head) 6
Swine (per head) 10

Note: Water required torirrigation and other exceptional uses
is excluded trom these estimates and depends on the arca to

b irrigated as well as climatic conditions,

Electrical supply and distribution

Every research location must be assured of ade-
quate and reliable electricity. This not only means

Housing and Recreational Facilities

Research managers differ widely in their opinions
as to where staff housing should be located. Some
feel that staff should be housed in o nearby vil-
lage. Others want statf housing to be located on
institute grounds. Regardless, the final decision as
to location is most often made by management.
All housing arcas should be located so as not to
disturb or be disturbed by the normal working,
operation of the institute. Ample outside area
should be allocated to permit recreational activi-
ties such as soceer, tennis, and basketball.

Housing can be divided into three tvpes: staft,

training, and labor. Siaff Lousing tor regular per-
sonnel can be in the form of individual houses or
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clectrical =apply from the public utility company
but also back-up or emergency power sources in
the event that the public service fails, High-ten-
sion power should be brought into the station and
distributed 1o individual areas according to the
distribution of the clectrical foad ot the buildings,
At key points the high voltage must be lowered
by transformers to the normal operating voltage
that will be supplied to the individual outlets and
lighting Disiributing high
throughout a rescarch center serves to reduce the
power Joss caused by the length of the lines used
to make the distribution,

svstems, voltage

AL cach research center emergency generators
should be installed to be used in the event of a
principal power failure. Tae importance ot emer-
geney generators should not be underestimated!
In many cases, research results will depend en-
tirelv on the power furnished by them. Gener-
ators  can be  started  cither manually - or
automatically. Thev are generally only used to
prevent loss of power to certain refrigerated
areas, plant growth rooms, germinators, storage
areas for genetic material, and other areas where
rescarch would be ade ersely affected by power
failure.

Emergency generators should at least be installed
in pairs to permit one to be naintained and
worked on while the other is on standby. All
should be tested and started at least once every
two weeks to ensure their ability to function in
case of emergencey. The actual size of the emer-
geney generators depends on the load of the
cquipment being proposed for the research cen-
ter. In most cases the capacity of the generators
vould not exceed one-fifth to one-cighth the total
racchanical load of the center,

apartments. Depending on the location of the in-
stitute and the amenities made available, staff
mav choose to live at the institute during the
week and return to towns and cities to live with
their fanilies on weekends. In this case the re-
quirements for living accommodations will be
more modest than those for permanent staff
living at the institute with their families. Staff nor-
mally require two- to three-bedroom houses with
an area of 73-100 square meters cach. These are
often constructed in the form of a smail planned
comtaunity. Special protected areas are required
for small children to playv outdoors and a social
area is needed for community gatherings.
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Apariments for sing! - staff members should in-
clude a private bedroom and bath tor cach occu-
pant. A recreation room and small Kitchen with
an adjoining arca for snacks allow the occupants
to prepare breakfast and light meals. Depending,
on the chimatic conditions, and also on the budget
available, balconies «dd another area which can
be well used by occupants. About 23 square me-
ters per occupant are required for single-staff
housing.

Housing for trainves is usually constructed in the
torm of dormitories accommodating, from two to
four persons per room. Trainees stav at the insti-
tute tor a period of one dav to two weeks while
attending, short-term courses or seminars, Trainee
facilitios should consist of furtashed bedrooms, a
lounge where trainees can watch television or
plav cards in off hours, common toilet facilities,
and sometimes a small common Kitchen. Provi-
sion should be made in the same building for
woshingy and drving clothes. Two arcas. or wings
of a building, separated by a lounge permit boih
males and females to attend training, sessions
simultancously and Tive within the same build-
g, An average of about 10 square meters per
purson should be used in estimating the area re-
quived for trainee housing accommaodations,

Dusigning the Facities

Labor housing is much more modest than any of
the above facilities. Tt usually is constructed closer
to the farming arca than housing tor other staft,
Labor housing units can be cither single-family
units, dupley units, or units hoesing multiple
tamilios. Foilets are trequently located outside the
living arca and are used by mualtiple families, A
community wash area also should be provided.
Since the actual living area in the houses is usu
ally smail, outside recreation areas are extremely
important. Depending on the number of oceu-
pantsin the labor housig area, a community cen-
ter may be a valueale asset. For planning
purposes, an area of about 20-25 square meters
per labor housing unit should be allowed.

At institutes where large numbers of staff are por-
manently housed and where numerous training
sessions are held annually, construction of a small
social club is justifiable. The ¢lub may even have a
swimming pool and other recreational facilitios
available tor members. Although it is doubtful
that a tull-tledged food service operation would
be economically feasible, a small Kitchen and food
service area should be planned where small
groups can occasionally have dinners and parties.
One word of caution, however, Many lending or-
ganizations do not favor financing recreational
facilities as a part of the research package. Insti-
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tutes should be aware of this possible restriction
in planning facilities for agricultural rescarch. Itis
highly likely that funds for the construction of

Specialized Installations

Almost ever. - search institute will require some
form of speciahzed facilities that require specific
engineering  expertise. Such facilities  include
buildings for large and small ruminant manage-
ment and housing, poultry, fisheries, arcas for
production and storage of genetic meterial, pro-
duction of liquid nitrogen, animal discase labora-
tories, radioactive facilities, and installations for
chilled water, steam, and scwage treatment. In
any of these and similar cases advice sheuld be
sought from specialists throughout the design
process,

Large and small ruminants

Facilities for research on large and small rumi-
nant management may constantly change as re-
searchers investigate new techniquees, In this case,
interaction between scientists and designers s
very important and should be constant, not only
in the design stage, but also during implementa-
tion. For designers, a good source of information
might be the equipment manufacturers them-

recreational facilities will have to be provided by
local povernment.

selves. Buildings for large and small ruminant
housing can be open or enclosed. This depends
on the climate as well as on tocal customs,

Poultry

Facilities for poultry can be designed to be more
flexible than buildings for larger animals. De-
pending on whether the bailding is for epy pro-
duction or meat production, its interior should be
casily maodified. Buildings for poultry research
are usuaily smaller than those for industrial ap-
plications. A good size for rescarch is about ecight
to 10 meters wide with a central hall. The build-
ing can be as long as needed. The distance be-
tween poultry buildings snouid be avout three to
four times the width of the building. This reduces
the risk of transmission of discase between flocks.

Two of the most important precactions that must
be taken in the design and construction of poultry
buildings is to prevent the entrance of vermin and
to design buildings that can be casily cleaned and

Mali: Rescarclon typical graive stovage facititios for-lecal favuiers is oftew an important component of posthareest research.




decontaminated. Ventilation and sanitation are
also extremely important. Under normal condi-
tions, poultry is housed in very simple buildings
subdivided inside with wire divisions as needed.
Open buildings i be casily transtormed into
closed buildings by providing drop curtains or
panels to cover openings in the outside walls.

Fisheries

Fisheries research ts done in tanks, both outside
and inside; ponds; lakes; and even the open sea.
Spedialized knowledge is required in the design
of tacilities for this tvpe of research. Again, advice
should be sought from a specialist in the field and
a very close working relationship must be main-
tained between designers and scientists,

Genetic material

Storage of genetic material, especially seed, has
become such an important factor in every re-
search organization that it is worthwhile men-
tioning some of the basics affecting building
design. The size of the seed storage facility de-
pends on the quantit of material to be stored as
well as on the length of time it will be stored.
Some centers plan o store only from one season
to another, others will need longer term storage—

P
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five to 50 years and perhaps longer. From a de-
sign standpoint, storage from one season to
another usually presents no problem as long as
the material can be hept relatively drv and free of
vermin, Longer storage requires special attention
to both temperature and humidity.

One agricultural research institute in Wagening-
en, the Netherlands uses o very efficient prefabri-
cated cold room for seed storage. Other facilities
using  prefabricated units  include Kenya's
national gene bank in Muguga, Kenva, and the
plant genetic resources center in Gannoruwa, Sri
Lanka. These three facilities are large, possibly
housing collections of 12,000 to 15,000 accessions
cach. Other rescarch centers store properly dried
and packapedd saterial in chest-type deep freez-
Where tunds are dimited, this meihod of
storage can be used to maintain small gnantities
“vin a viable state for 10-20 vears.

ers.
of s

Preferably, seeds rould enter the storage area al-
ready cleaned and tested for viability. This re-
duces the storage area required. Seeds are dried
ina room with 12 percent humidity at 16 degrees
Celsius for about two weeks. Under these condi-
tions, seeds will reach a humidity level of three to
six: percent. They are then normally vacuum
sealed in aluminum and plastic bags (sometimes

Colombia: Sieme facititios oy e tropies can be iexpenseeely constructed il castly maiitained.
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tin cans and properly sealed plastic containers are
also used), cataloged, and stored in cold rooms.
Short-term storage (10-20 vears) is at four dogrees
Celsius; long-termy storage (40-100 vears) is at -20
degrees Celsius.,

In situ construction of cold rooms using local
labor and materials should be avoided. Such con-
struction is highly technical and requires ex-
perience seldom found in developing countries,
Some research organizations have had to demol-
ish locally constructed cold rooms due to damage
by moisture and the extremely low temperatures.
In most cases these are being replaced with pre-
fabricated units,

Due to their reliability and flexibility, prefabri-
cated cold rooms, complete with prepackaged re-

frigeration equipment, are recommended for use
at all locations where the quantity of genetic
material is sufficient to warrant such an installa-
tion. Prefabricated cold rooms usually consist of a
series  of - casv-to-handle  tactory-built - panels
which are bolted together to form the final room.
Thev can be installed, free standing, in a ware-
house or other area and, if dusired, can even be
feft exposed to the weather.,

A final word of advice regarding storage of
genelic plant material—do not plan cither short-
term or Jong-term - storage  without  simul-
tancously  making  provision  for emergency
electrical generators and adequate warring svs-
tems for all refrigeration equipment.

Brazil: Prefabricated germplasm storage facilitios can be focated in warehonse areas. For log-term germplasm storage, prefabricated wnits

are more effective than cold- oo facilities constructed on site.

s SRR §
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Appendix to Part 2—Selected Designs

No fised set of desigins can be recommended for
all agricultural research buildings. For cach facil-
ity, the design chosen will reflect many things
such as mandate, rescarch programs, numbers
and types of personnel, and equipment to be
used.

Theretore the examples included in this section
were chosen to be representative and not restric-
tive in nature. Agricultural rescarch managers are
urged to use these examples as design aids and to
beimaginative in the design of facilitios.

PLANNING MODCULES FOR AGRICULTRUAL RESEARCH
INSTITUTE LABORATORIES AND ASSOCIATED AREAS

DESIGNS BASED ON A 6.50 x 6.50 METER MODULE

b MEER

LABORATORY MODULES 85
M 1 .

LM-1 LM-2 LM-3 LM-4

LSM-1 :|

LSM-2 LSM-3

T 4

OM1 . OM2 OM-3

(] o L

N

SOM1 SOM-2 SOM-3

SMt SM-2

ASM-1 ASM:2

-t r l |j p -

CAM-1 CAM-2 CRM-3 CRM-4 CRM-5
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1.75

1 O I R
LM-1 LM-2 LFIGUAL A1 i LM-3

BE USED AS VENTILATION
OR PIPE CHASES

DESK FOR LABORATORY
, ) . TECHNICIAN
ALTERNATE PASSTHROUGH
060 WIDE
L DOORS QPEN INTO HALLWAYS
M-4 AND ARE RECESSED FOR SAFETY REASONS

LABORATORY LAYOUTS FOR THE
FOUR PRINCIPAL LABORATORY STYLES

, VIALL oroow WAL ViALL ,
WNDOW  paher VINDOV  capmeT VINDOW  hener WINDOW

[ .
P! b

DESK DESK DESK DESK

TYPICAL SECTION THROUGH LM-4 LABORATORY

99



Desanng the basetes

%
. )
e R
P ATEY LSk S
] e e [Lswn T8 (4 e
S . (St
RESR NN SR R N N ! ] ! ol o
it | TOLET froueT o2 oM ] osme (1% Chee | cAm | Asm
ST PO
.:;;i‘rl A \ £
@ E ; '
. , S
» \ p Cree
Ve '
CRHS SCI-1 | SOM-Y SCM-2 SOM3 SOM2
TOkcT ASM-2 OM1 | OM1 | SMt K2 SMt [ At | asHa

EXAMPLES SHOWING HOW BUILDING MODULES
CAN BE JOINED TO FORM ADMINISTRATION
AND LABORATORY FACILITIES

SCHEDULE OF TOILET FIXTURES
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WONEN
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TISSUE CULTURE LABORATORY

KEY TO AREAS

PHYTOTRON

INVITRO CONSERVATION

STERILE ROOM

LABORATORY

GLASSWARE WASHING STERILIZATION
OFFICES

SECRETARIES

STORAGE MISCELLANEOQUS

(e 8 il ol

SEEC LABORATORY AND GENETIC RESOURCES UNIT

GEDSIE NN

KEY TO AREAS

RECEIVING AND STORAGE

PREPARATION AREA

SEED TESTING LABORATORY

DRYING S00M

SEED MANIPUI ATION AREA 10-15 DEGREES C
SHORT-TERM STGRAGE 2-¢ DEGREES C
|.ONG-TERM STORAGE -20 DEGREES C

e A

(5]
n
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TYPICAL LABORATORY LAYOUT FOR BIOLOGICAL CONTROL OF PESTS

KEY TO AREAS

1. RECEPTION OF MATERIAL FROM FIELD
2. GLASSWARE WASHING STERILIZATION
3. LABORATORY

4. INSECT GROWTH ROOMS

5. STERILE ROOM

6.  FOOD PREPARATION

1

OFFICES
COLLECTIONS
|5 |
8
B _ _ l - |
1 4 5 7
| J -1 |- d
9 9 9 9
2|3 ‘
...... |

TYPICAL LABORATORY FOR SOIL, WATER, AND PLANT TISSUE ANALYSIS

KEY TO AREAS

SAMPLE RECEIVING AND CATALOGING
GRINDING AND PREPARATION OF SAMPLES
SAMPLZ DRYING ROOM

PHYSICAL ANALYSIS LABORATORY
CHEMICAL ANALYSIS LABORATORY
KJELDAHL RCOM

ANALYTICAL EQUIPMENT ROOM

SAMPLE STORAGE

OFFICES
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a4

BEDROOMS ARE OPTIONAL AND MAY
DOUBLE AS FIELD OFFICES IF NEEDED.
BEDROOMS ARE NORMALLY ONLY USED
IN DISTANT SUBCENTERS

2
01 —
— 3
1 1
; 4

FIELD LABORATORY MODULE

GRIDN 328 328 + 323 SKOWY DOTTED

KEY TO AREAS

1.
2.
3.

BEDROOM

TOILET

FIELD LABORATORY/OFFICE
WAREHOUSE/STORAGE



[
8 5 6
| 3
.
7 4
I —
_9I 10
o
2 16
3 gy [ )
12 |13 |14
|.‘
15
)
1 2
RERSEREET 0.1

CAFETERIA-KITCHEN COMPLEX SEATING 80 PERSONS

KEY TO AREAS

RE R =2 IS, R ORTICN G I

ENTRANCE-RECREATION AREA
DINING ROOMS

KITCHEN

FOOD PREPARATION AREA
DRY STORAGE AREA

COLD STORAGE ROOM
GARBAGE STORAGE
UNLOADING DGCHK

STORAGE

DISHVW/ASHING AREA
EMPLOYEE ENTRANCE-EXIT
CAFETERIA MANAGERS OFFICE
TOILET

TOILET

TEA-COFFEE PREPARATION
FUTURE EXPANSION

‘‘‘‘‘‘‘
----
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95
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SMALL LIBRARY FOR A RESEARCH INSTITUTE

GRID SIZE 325 « 325 S=CWN DOTTED

KEY TO AREAS 5

READING AREA 8
STACK AREA

CHARGING DESK

OFFICE

WORKROOM-STORAGE-REPAIR ! 2
MEETING ROOMS

CLEANING ROOM

TOLETS

n —

STUDY CARRELS T
STACK EXPANSION AREA
MECHANICAL ROOM j‘

— = W~ WL S W

- o

ALTERNATE SCHEME SHOWING
HOW READING AREA MIGHT
EASILY BE EXPANDED BY
RELOCATION OF STACK AREA
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AUDITORIUM AND MULTIPURPOSE ROOM COMPLEX

GRID SIZE 325 v 325 SHOWN DOTTED

KEY TO AREAS

1. AUDITORIUM-MULTIPURPOSE
2. STAGE 0.50 HIGH

3. STORAGE ROOMS

4. ENTRANCES

5. CONCESSION STAND

6. STAIRS UP TO PROJECTION AND TOILETS
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TYPICAL WAREHOUSE WITH DOUBLE ENTRANCES

KEY TO AREAS

1. GENERAL WAREHOUSE AREA
2. ROLL-UP DOORS

5. POSSIBLE EXPANSION

3 3
8 6
7
1
|
5 4
3 3

GARAGE AND EQUIPMENT WORKSHOP AREA

KEY TO AREAS

REPAIR AREA

WASH AND GREASING BAY
ROLL-UP OVERHEAD DOORS
PARTS CHECK-OUT COUNTER
PARTS STORAGE AREA
MECHANICS ROOM
SHOWERS AND LOCKERS
TOILET

@ ~1 S U LaLd PO

o3

..........
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TYPICAL SWINE UNIT
KEY TO AREAS
1. STORAGE AREA AND FEED PREPARATION
2. ROLL-UP OVERHEAD DOOR
J. FARROWING PENS
4. WIRE ENCLOSURES ~OrR SWINE CONTAINMENT
5. PASSAGEWAYS FOR FEEDING. ETC.
3
1 1
TTTTTYIT T 4
SAC
2 AN
e Y , .
1 1
3

CATTLE UN

GO SZE 355

KEY
1.

2.
3
4

# 325 S-CoN DOTTED

TO AREAS

INDIVIDUAL STALLS
CONCRETE PASSAGEWAY
CATTLE ENTRANCES
CONCRETE FEED TROUGH

T WITH INDIVIDUAL FEEDING STALLS

'GS MAY 5 VARED 10 SUIT THE
CTUATION AND CLINATE

ALLS MAY BE CCHSTRUCTED OR
o

CA YS

CONTANMENT AnD GUTS DE FEELAA

DESAED S ATTED FLOCRS ASE C!E C’nO‘J
THAY IS EASLY ADAPTED 1) CATTLE

T

T THE FACLITY
£ SHOuld

5 SLCH
EEFFEQ NTEROR LS
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BACHELOR APARTMENT MODULE
SINGLE OCCUPANCY
CRID SIZE 1.00 x 1.00 SHOWN DOTTED
5 2 3 I 3 ‘ 5
S U T B s :
| 6
PR 4 r - 1 - ‘I 4 4

TRAINEE DORMITORY MODULE

QUADRUPLE OCCUPANCY

GRID SIZE 1.00 x 1.00 SHOWN DOTTED

KEY TO AREAS

TWO PERSON BEDROOM
SINGLE BED

STUDY DESK

WARDROBE

CORNER TABLE

TOILET FOR FOUR PERSONS
SINGLE PERSON BEDROOM
LIVING ROOM

PRIVATE TOILET

DOUBLE BED

@ PO

[=4

1.
12.
13.
14,
15.
16,
17.
18.
19.
20.
21,

END TABLES
DESK

CHEST OF DRAWERS

SIDE CHAIR

CLOSET WITH SLIDING DOCRS

SOFA

OCCASIONAL CHAIRS
END TABLE WITH LAMP

COFFEE TABLE

CABINET WITH DOORS

bGIKCASE



http:cu.!u.rl

Designing the Facikties

HEAD HOUSE AND GLASSHOUSE COMPLEX

GAZSZE 115 x 103 W0 LITIED

KEY TO AREAS

CRIVE-THROUGH HEAD HOUSE WITH CENTRAL DRAIN
GLASSHOUSES

SOIL STORAGE BINS

ANTE-COMPARTMENT

POT CLEAMING. WASHING. AND STORAGE AREAS
WIXING AND STERILIZATION AREA

TOILETS

SECURE STGRAGE AREA

ROLL-UP OVERHEAD DOOR

R RT W Y N CiN

© a

NOTE:

SPACE BETWEEN GLASSHOUSES
SHOULD BE NO LESS THAN The
GLASSHCUSE WIDTH

GLASSHOUSES SHOULD HAVE THER

MAR AYIS SITUATED %
A NCATH SOUTH CRENTATION
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i

L4 +
REAGENT SHELVES LAINATE COVERED o + 4
| “
* .
2 o
+$ - © 4 T e T 10 a0 wATT FLUORESCENT TUBES
R - ' ¥ - R PLASTIC LAMINATE TOP
ELECTRICAL OUTLET AD
LIGHT SiITeH
" +
+ 4
ALTERNATE SCHEME FOR SUPPLEMENTAL LABORATORY TABLES
FOR USE IN RENOVATION OF EXISTING LABORATORIES OR WHEN
ADDITIONAL WORK SURFACES ARE REQUIRED
PLASTIC LAMNATE
: 32 mm
100 mm
NOTE:
THE BASIC DESIGN FOR THIS MOVABLE LABORATORY
TABLE WAS TAKEN FROM A DESIGN BEING USED IN
THE PROYECTO DE INVESTIGACIONES DE LA PAPA
IN TORALAPA. BOLIVIA  SEE PHOTO BELOW CF LARGE SCALE DETAIL
ORIGINAL LABORATORY TABLE. OF TABLE EDGE
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Chapter Eight—Bidding Documents and Procedures

Development of Bidding Documents

Thc first time that management becomes in-

volved in planning a new rescarch center,
they will probably have noidea which documents
should be drafted in order to ensure that the proj-
ect is completed in line with the designs that have
been prepared. At first it mav be logical to think
that drawings and a few pages of technical speci-
fications are sufficient. Not so. The legal con-
sequences of bidding documents and contracts
can be serious, The legal adviser for management
must caretully study and approve ot these docu-
ments before thev are issued to prospective bid-
ders.

Before a contract can be signed, most of the fol-
o

lowing documents are prepared and included as

part of a bidding package:

B drawings and constraction details,
B technical specitications,
an invitation to bid,
instructions to bidders,
general conditions,

special conditions,

formats tor sureties and guarantees,

a bid form,

bills of quantitics.

Other documents may also be included such as a
format for the breakdown of unit costs, overhead,
and the operating costs of equipment.

After bids have been received and the contract
awarded, the documents that were inclinded as a
part of the bidding package form an integral part
of the agreement between management and che
contracting company. Each document in the bid-
ding package is then legally binding upon both
parties to the contract.

104

Drawings and construction details

Drawings showing plans, sections through build-
ings, facades, and construction details should by
prepared o show the builder exactly what s eox-
pected and to demonstrate graphicallv how the
building components will fit together o produce
the tinal result. These must be clearly drawn and
as free of dimensional crrors as s humanly
possible. Depending on the size and complenty
of the project, drawings and construction details
vary i length fromy only a few pages to 50 or
more individual sheets.

Often both the quantity and the guality ot draw-
ings are insutticient to fullv describe how the ar-
chitect intended the tinal construction to appear.
In such cases the architect must spend innumera-
ble hots at the job site explaining his ideas to the
builder. This invariablv opens the possibility for
charges for extra work net originally envisaged
by the builder.

Technical specifications

Technical specitications are complementary to the
architect’s drawings and details. They serve to
clarifty any doubts that the bidder or contractor
might have regarding constructing and finishing
the project. It is here that the technical charae-
teristics of cach item of building material and the
waorkmanship required to install these materials
are defined in a clear, concise manner. Technical
specitications should be divided by trade sections
such as concrete, masonry, structural steel, car-
pentry, roofing, plumbing, and clectrical.

Repardless of the size of a project, three questions
should be clearly arswered in the technical speci-
fications tor cach ditterent type of building mate-
rial to be used in the work: What? How? and
Whore?

First, what is the material to be emploved in the
construction? Here a complete deseription of the



technical characteristios ot eadhy item of material
must be included. Incases where technical char-
acteristics cannot be clearlhv speditied, manatac-
turers”  trade  names by “hied”
spoecitications must be avoided by speaitvingg al

van e
least three manutacturers whose materials are ae-
ceptables IH three manutacturers are impossible to
specityv, the words “or approved equal™ can be
used. Inthis case the bidding documents should
clearly detine who has the tinal authority o doe-
termine whether an alternate material is equal to
that \P\'\‘i“l'\i.

Second, how the builder is to install cach item ot
material is described. Special care should be taken
to specits how the builder is to protect materials
and adjacent surtaces trom d.mm:.,v as the work
progresses. Special methods of attachment and
other installation devices ato should be included
here.

Finallv, where the material is to be installed is in-
dicated. In addition to being shown on the draw-
inps and details, technical specitications should
describe the exact focation ot each ttem,

Inoitation o bid

The invitation ta bid is normally prepared atier
all other bidding documents have  been
completed and the architect and management are
assurd that the project will be bid. This invita-
tion . a notice to interested bidders that the docu-
mentation is complete and that it can be either
examined or obtained at a specitic location. Nor-
mally,
the entity providing the tinancing should give its
approval prior to the invitation to hid being

on projects with international financing,

issued.

Ihe invitation to bid should clearly specify the
tollowing:

& the source of funding,

B any restrictions concerning, bidder eligibility,

B o brict description of the project being bid,

B where the bidding documents can be en-
amined or obtained,

B the costifany, of the bidding documents,

B the amount and type of bid security,

B the time and date of the bid opening,

Waragng ane Agmaestraiing the Project

Instructions to didders

The istractions
the prospective bidders st all the intormation
they will need to prepare an accurate bid tor the
proposed works This includes a complete deserip-
tion o how bids are to be submitted, how bid en-
velopes are o be o sealed marked,  the
procedure to be used tor bid opening and evalua-

bidders document provides

and

tion, the time and place where bid eavelopes are
to be delivered, and the l“\|‘l\\illl\l\ of Tate bids.
The procedure swhereby bidders will be allowed
to modity their proposals prior to the date and
time of the bid opening should also be clearly de-
tined. The methodology to be used to evaluate the
bids also must be clearhy stated. Tncinternational
bidding, the preference factor tor domestic bid-
ders should be made Known it such is to be used
in the evaluation provess,

Adist ot all documents comprising the package of
bidding documents torms an integral past of the
instractions to bidders, as does o tull description
ot the method ot claritication of any doubts which
bidders might have concerning the documents.
Brdders should be encouraged to attend bidders’
where are and
sohved. Amendments to the bidding documents
should lw sent toail bidders carlv enough to
allew them to be accounted tor i the bidders’

price proposal.

meetings issties discussed re-

Bidders must be made aware of the importanee ot
visiting the site and becoming tamiliar with the
local conditions. Thev assume full responsibility
tor any errors or omissions in their bids due to
their
[hey also must understand that the tull cost ot
bid preparation is to be borme by each individual
bidder.

tailure to understand  the site conditions.

For international bidding a definition of the offi-
cial bid lanpuage is especiallv important. Bidders
should be allowed to submit supporting docu-
mantation in another language as long as it is ac-
companicd by the appropriate translation into the
official bid language. The currenev(ies) in which
the contract amount will be paid is also specified
here.

the period of bid validity should be clearly indi-
cated. Normallvy, 30 dd\s is sutficient for projects
being bid locally. International bidding, proce-
dures usually require more time, 43-00 davs being
considered minimum in most cases.

A tulb description of the tvpe and amount of bid
security also is necessary, This security is nor-
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mally required for a period of 30 davs past the
date of opening of bids. Provision can be made
for extension if necessary. Bid security turnished
by unsuccesstul bidders should be released as
soon as possible, preferably no later than 15-30
davs after the expiration of the period ol bid
validity.

Lastly, bidders should be advised that the institu-
tion receiving the bids reserves the right to reject
any and all bids without incurring any liability,
Also bidders are informed of the time within
which the successful bidder mwust provide the
performance security and sign the construction
contract. Noncompliance with these time limits
subjects the bidder to relinquishing the bid secu-
rity.

General conditions

The general conditions set forth the rights, re-
sponsibilities, and relationships of cach of the
parties to the contract. These usually vary in com-
plexity depending on the size of the project and
its financing.  Many projects use general condi-
tions that have been prepared by an agencey of the
government such as public works. In some cases
these conditions are too general and do not fully
cover all the legal ramitications that may arise
during construction.

A standard set ot general conditions has been
developed by the Switzerland-based International
Federation ot Consulting, Fngincers (FIDIC—F¢-
dération internationale des ingeénicurs-conseils)
based on the principles of common faw. These
conditions have been found acceptable by most
international lending institutions and are in use
worldwide. The use of FIDIC standard conditions
ensures uniformity, saves time, and has been
found legally much more acceptable than having
proprictary: general conditions prepared. Where
differences occur betwveen what is written in the
FIDIC conditions and local conditions,  these
differences cancbe taken care of in o special condi-
tions section ot the bidding documents. Institutes
are urged to use the FIDIC general conditions as a
maodel tor all projects regardloss of size.

Special conditions

As stated, special conditions are used to modity
the standard terms of the general conditions. As
anrt example, if one of the clauses in the general
conditions specifios a materials-testing procedure
that is not applicable to the particular project, this
can be maditied by the addition of a clause in the
special conditions section. In other words, clauses
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in the general conditions alwavs remain intact but
may be eliminated, moditicd, or supplemented by
subsequent clatses inserted in the special conddi-
tions document.

Surclies and guarantee:

Every project must have both the bid and the per-
formance of the successtul contractor guaranteed.
It the contractor is given an advance to begin
work, this too needs a guarantee of repavment.
Usually guarantees are obtained by a letter from a
bank or an insurance company. Sometimes a per-
centage of the amount being guaranteed s re-
quired 1o be deposited i the institute’s bank
account. Certitied checks are also acceptable in
most cases. Regardless of what type of guarantee
is required, it should be in an amount sutficient to
protect the institute from financial loss in case of
nonperformance on the part of the person or com-
pany offering the services.

Bid surcties are used to protect the institute if the
successtul bidder refuses to sign a contract within
a specified time for the amount of the award. The
amount of the surety showd be no less than the
costs incurred in advertising the project plus the
effect of inflation on the project costs from the
issue date of the invitation to bid to the proposed
date of contract signing. In theory, these monies
would be used to offset the increase in the cost of
bidding the project again at o later date.

Performance guarantees should ensure that the
company signing the construction: contract will
fulfill its obligations ar, in case of failure to per-
form, that the institute will not have to pay addi-
tional monices to have the work  completed.
Performance guarantees are often only token
sums that do rot provide adeauate protection,
Again, the amount of the performance guarantee
should be caleulated based on the rate of infla-
tion, the rate of construction implementation, and
the value of the work remaining to be done,
Ideally, o performance guarantee should ensure
that the contractor or surety company would ful-
fill the terms of the contract and complete the
tacilitv as designed at no additional cost. How-
ever, institutes seldom require sufficient protec-
tion.  Contracting companices  with  financial
difficulties have caused management problems in
virtually every country.,

Bid form
Every bidding package should include o bid

form, prepared in collaboration with manage-
ment to be signed by each company making a
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price proposal. In connection with the other bid-
ding documents, the bid form constitutes a legal
and binding agreement on the part of the bidder
to complete the work as described at the agreed
price. Management must ensure that individual
bidders are not allowed to prepare their own ver-
sion of the bid form. In certain cases the wording
in a bid torm prepared by a bidder could change
the entire tramework of the bidding conditions.

Bills of quantitics

The United States is perhaps the only country
that does not require architects to prepare a quan-
tity survey of the materials that will be required
in a project. In other countries, the services of an
architect include this “take-off” or bill of quanti-

BILLS OF QUANTITIES FOR: (PROJECT NAME)

ITEM NO. DESCRIPTION OF ITEM

A ' SITE PREPARATION

Al ' Site leveling

AR Feneingl around construction site

A3 Construction of entrance road into SIU!'

A4 Temporary electeical connection at .‘:Iu"
TOTAL SITE PRFPAHATION

B EXCAVATION

B-1 ‘ Excavation of basement of bulding

B-2 Excavation of wall footings

B3 Fxvavation of tootings for columnns

TOTAL. EXCAVATION

Bidding Methodology

International versus local
competitive bidding

International competitive bidding and Tocal com-
petitive bidding are the o methods most com-
moalv used to request prices from bidders for the
construction ot tacilities, The decision to use one
form or the other is a fundtion of the project size,
the requirements ot the lender or donor, and the
availability of local companies capable of con-
structing a project of tae size desired.

Managing ang Agministrating the Pryject

ties showing a materials list tor oll elements of the
project. An example of a format otten used for a
bill of quantities is provided below.

Although the architect does not guarantee the
survey to be without errors in quantities, ac-
curacy is expected to be within five percent of the
actual quantity required to complete the facility
as designed.

Bills of quantitics are a big asset to bidders and
also to management. They ensare that all bidders
provide quotations onidentical - quantities of
materials and work. There is less guesswork on
the part of the estimators. The bids are more uni-
form and therefore casier to evaluate.

PAGE 1 OF ... PAGES

QUANTITY unIT UNIT PRICE  TOTAL UNIT COST
30,000 5M 3250 975,000.00
1600 LM 423 50 423,600 00
£00 .M 34.85 17,426.00
1 Lump Sum 6,000.00 5,000 00
1,420,826 00
2,760 oM ! 2438 01,426.00
i
234 LM | 1600 3,610.00
184 CM | 3600 644.00
|
i .
i . 75,679.00
! '
: i
- ; i
R B R

International competitive bidding procedures are
generally used for construction projects costing
more than the equivatent of one million US dol-
lars. Ininternationally bid projects, the invitation
to bid is placed in publications of wide inter-
national circulation as well as in focal newspapers
and ofticial gasettes, I aliotting time for compa-
nies 1o prepare their bids, consideration must be
siven to the likely delavs in bidders receiving the
bidding documents. Additional time should also
be allowed tor theme to request, receive, and
coordinate quotations trom subcontractors, O all
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except the most complex projects involving exten-
sive work on dams. roads, and harbors, 43-60
davs between the date of issuance ot the inyita-
tion to bid and the date of receipt of bids should
be sutficient. This is especially true where bills of
quantities are furnished as a part of the bidding
documents. Use of international competitive bid-
ding procedures may reduce the possibility of
collusion on the part of local construction compa-
nies. It also should increase the competitive na-
ture of bidding, resulting in lower unit prices and
shorter construction time.

Local competitive bidding procedures are used
for smaller construction projects or for projects
that are so widely dispersed ina country that
there ds little reason for companies outside the
country to become involved in the construction.
Normally 30 davs between the issuance of the in-
vitation to bid and the date of bid opening is
sufficient time for local competitive bidding pro-
cedures. Unless the fender or donor has more
stringent  requirements, the invitation 1o bid
should e advertised in a local newespaper of
wide circulation for three davs: Advertising a
project to be bid using local competitive bidding,
procedures definitely should not restrict toreign
firms from submitting a quotation for consiruct-
ing the project.

Bills of quantitics—uuit prices

As pointed out, bills of quantitios can form a use-
ful and vital part of the bidding documents. Bil's
of quantitics show the estimated quantity re-
quired for every jtem propuosed to be installed as
a part ot the construction project. To prepare a
bid as accurately as possible, every bidder should
be able to justifv the cost of every item included
in the bill of quantities. This means that the bid-
der nat only must indicate the unit cost, but aiso
must be able tojustify direct and indirect costs for
all componerts of the project.

Calculation of this breakdown sounds simple.
However, the simplicity depends on the material
or process being calcalated. For example, a simple
wall made of concrete blocks could involve the
following clements:

B labor to fav the blocks,

purchase and transporaation of blocks to the
job site,

mortar,

horizontal joint reinforcing,

plaster finish for both sides of the wall,
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PPerhaps the most comples part ot the cost-osti-
male breakdown is the cost of Jabor to construct a
single unit ot work. A caleulation of the direct
cost of labor takes into account davs lost due to
vacations, weekends, national holidavs, and re-
ligious holidavs. Social benetits also must be con-
sidered. Fasily, the cost of a worker who s on the
pavroll of an organization can add up to double
the salary that the worker actually receives.

Some  workers—especiallv: masons—work —in
teams. There is a master mason and a couple of
apprentices or others to assist in the preparation
of mortar and o deliver the materials to the
master mason. To accurately caleulate the labor
cost per square meter of wall, the company must
have a pood idea of the productivity of an in-
dividual or team.

The mortar and the plaster <shown in the break-
down above seemy simple enoagh to cost until
again labor enters the equation. Estimates of labor
costs must be added for the preparation of the
materials as well as their application. The prep-
aration of the mortar involves the purchase of ce-
ment, sand, and water. Labor is again required to
transport the mortar and, later, to prepare, trans-
port, and apply the plaster to the wvall,

Another important clement i o breakdown of
costs is the operating cost of equipment. In the ox-
ample above a mortar miser is required. The per-
hour operating cost of  the miner must be
caleslated and its per-hour production ale esti-
mated. Also, the lite of the equipment must be
estimated so that its cost may be ameortized. The
opurating cost ot other equipmoent such as cranes,
carth-moving equipment. trucks, and automo-
biles should be budgeted into every project.

As the simplified example above illustrates, bid-
ders must carefully prepare the details of unit
costs and be in a position Lo justify them to the ar-
chitect or management during the evoluation of
the bids or for future modifications to construc-
tion.

Fixed-price versus cost-plus coittracts

Construction contracts generally: fall into two
geneial classifications: fixed price and cost plus a
fee or percentage to cover profit and overhead.

Contracts for tixed prices are signed cither for a
single lump sum for the entire construction or for
a fixed unit price for cach item entering the proj-
cet. hncase of a single lump sum for the total con-
struction, cach bidder must individually caleulate
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the amount of material and labor that will enter
the project. Bills of quantities are not furnished by
the architect as a part of the bidding documents.
Any error in caleulating the quantity of material
is the responsibility of the bidder making the
quantity survey. The single Tump-sum contract is
mainly used in the United States. Other countries,
including most developing countries, use a con-
tracting svstem in which the contract price is
based on price gquotations tor the actual units of
work done by the contractor. Either systenu is ac-
ceptable, depending on the customs o the
country,

I case of a fixed price tor cach unit of work en-
tering a project, cach bidder is furnished with an
estimate of the quantity of work that will be re-
guired as retlected in the bills of quantities. Al-
though the total amount of work can vary, the
unit prices will remain fized for the period of the
contract {except tor increases due to government
decrees). The construction company is paid for
the actual quantity of work done multiplied by
the unit price that was quoted for cach item of
work. Periodicatly the architect verifies that the
quantity of work billed was actually done.

Cost-plus contracts are based on the actual direct
costs of materials and labor plus a fee or pereent-

Managing and Admunistrating the Project

age to cover the builder’s profit and overhead.
Here the contractor must produce substantioted
bills for alt labor and materials employed in the
project. These bills are verified by the architect
and presented to management on a periodic basis
for pavment. In using cost-plus contracts, man-
agement assumes the risk of cost overruns due to
the undeterminable nature of the project scope.
Therefore, this form of contract should be limited
to very small projects, preferably projects which
involve remodeling or similar work where a sur-
vey of the quantity of materials or scope of work
is impossible to determine in advance. Construc-
tion under this tvpe of contract is not subject to
price adjustments for inflation since materials are
purchased as needed at market prices

In cost-plus contracts, management should re-
quire the contractor to furnish a detailed justifica-
tion of the percentage or fee being charged for
profit and overhead. Also purchase of materials
must be accurately: controlted to ensure that all
materials for the project are purchased at com-
petitive prices and actually enter into the project.
To carry out this control, the architect should re-
ceive additional payment for performing these
extra services for management'’s protection.,

Chapter Nine—Managing Construction

Rcscnrch institutes should insist on having the

person or firm responsible for designing the
facility  provide construction supervision and
monitoring during the full period of construction,
It is during this time that careful professional at-
tention to quality and cost control can help to en-

Implementation Acceleration

Projects that move forward toward completion at
a steady pace, without delay, are looked upon
more favorably than others that drag on for
months, sometimes even vears, past the proposed
completion date. There are innumerable reasons
to accelerate a project toward completion, not the

sure that funds are well spent and that rescarch
organizations receive full value for the contracted
obligations. Delays in implementation are invari-
ably costly. A well-prepared supervision team
should be able to ensure quatity construction at a
reasonable cost, implemented in a timely manner.

least being that the client would like to begin to
use the facility as soon as possible. Another excel-
lent rcason, and a very important one, is the ad-
verse effect inflation will undoubtedly have on
the final construction cost. Other reasons are to
make more space available for rapidly expanding

109



Planning and Designing Agricultural Research Burldings

research programs, to provide more modern
facilities for research, o coordinate space with
equipment due to arrive, and many others, some
ot which might even be political.

To help accelerate a job to completion the plan-
ning team should carry out the tollowing tasks:
H sclecta competent contractor,

B review the performance history of the pro-
posed contractor,

| investigate the financial stability of the pro-
posed contractor,

ensure adequate equipment and manpower,
require a well-designed implementation plan,
secure carly purchase of vital materials,

store materiols at the job site,

pav for stored materials,

M pav partial billings promptly.

Undoubtediy notall of these will be incorporated
into every construction project, but where local
conditions permit, as many of these items as
possible should be done by management.

Select a compelent contractor

In evaluating bids, cach company submitting a
bona fide bid should be caretully screened as to
their overall competence. Although there is no
100 percent guarantee as to a particular com-
pany’s competence, bid evaluation should never
be done on price alone. Be extremely cautious of
selecting companios with a reputation for sub-
contracting major portions of the work. I such
cases the contractor becomes just a broker or
middle man with no substantial interest in
developing a solid reputation in the building, in-
dustry.

Review the contractor’s past performance

The company’s performance on past projects
should be an imiportant consideration in the eval-
uation of contractors, This is best done by talking
to clients who have used the company. Ask them
confidentially company - performed
during the construction period. Were there
delays, cost overruns, problems with securing
materials or labor, and was the guality of the
finished product as good as had been anticipated?
In addition to clients, tatk to architects, engineers,
and even other contractors. Often rumors, even

how  the
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within the same profession, can provide valuable
intormation not to be overlooked.

One good guide to a company’s performance on
past projects is to check the value of their billings
to clients during the middle third of the construc-
tion period. [t is during this time that the greatest
rate of monthly progress should normally be
made.

Investigate financial stability

Perhaps the most important tactor to be studied
in selection of a construction company is its finan-
cial stabilitv. Regardless ot how well the construe-
tion company has performed or what tvpe of
puarantee it has provided, if a contracting -
pany declares bankraptey, mplementation will
be delaved and completion of the project will be
complicated bevond belief,

The financial stability of a company is not only a
function of how well it is managed, but it can also
be affected by certain restrictions that may be im-
posed through government decrees or other ac-
tions taken to lower the construction inflation rate
in a country. Ensure that the selected company
has quated fair and reasonable costs for materials
and that it has incloded adequate costs for labeor.
Alsaensure that an aceeptable overhead and
profit has been included. Beware of a company
that is willing to sign o contract with very fow
overhead and virtually no protit just to maintain
staft continuity until some future date swhen busi-
ness mightimprove.

One final point regarding the financial capability
of anv company alwavs demand adequate sure-
ties and puarantees as protection against the
possibility of the contractor's financial difficulty
or failure to perform according to the terms of the
contract.

Ensure adequate equipment and nmnpozoer

Construction companies have been known toin-
clude in their list of equipment proposed to be
used in the construction items of equipment that
are not in first-class operating condition. Such
cquipment is useless and should not be accepted
as a part of the contractor's implementation plan.

Much Tike equipment, pessonnel are often indi-
cated in project proposals as oving key members
of the implementation team vet their role in the
actual implementation is minimal. In evaluating
the manpower proposed to be used, care should
be taken to see that sufficient personnel with ade-
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quate experience has been specitied and that all
the indicated manpower will form a part of the
actual implementation team.

Require a well-desicied implericatation plan

To begin a long journey without a map or plan of
how to reach vour destination would be a mis-
take. The same applies 1o constraction of every
project regardloss of its <ize. Today, with comput-
ers forming a part of evervdav life, it is inev-
cusable not to have a detailed plan of just how the
project is to e constructed. There are many good
computer programs available to assist in the man-
agement o0 manpower and naterial resourees.
These programs are capable of describing to the
last detor! how resources are to intertace with the
time constraint specified in the contract. Bar
araphs (GANTT charts), program evaluation and
review  techmque  (PERT) and - critical - path
method (CPND) are all techniques for detailed
planning that assure the minimum loss of calen-
dar time. Years back when CPAL PERT, and
GANTL charts were propared without comput-
ers, cach became o time-consuming, chore that
otlen took more time to prepare end maintain
than the benetits derived from their use. Such s
not the present case,

Management and planners jointly should insist
on a detailed plan showing esactly how the cos-
tractor intends to manage the project to ensure
that the construction is completed iy the time
frame indicated in the contract. This plan can be
prepared usmg CPM, PERT, GANTT, or am
other acceptable format. [t must be constantlv up-
dated with accurate, meaningful information re-
garding project status. The work plan includes
details of how human and financial resources,
puirchase of materials, and use of equipment will
enter into implementation of the job to ensure
completion in a timely manner.

Secure early purchase of utal materials

For some reason there is otten a reluctance on the
part of contractors to purchase building materials
carly in the implementation period. Advance pur-
chase of building materials should be a high pri-
ority. Bricks, sand, gravel, reinforcing steel,
cement, and other items that are normally used
during the tirst few months of construction
should be purchased by the contractor immedi-
ately after signing the contract, To speed up proj
ectimplementation,  aichitects and - planners
should stress the requirement of having adequate
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materials on the job site within 30 davs after sign-
ing the contract.

Store malerials al the job sife

Adequate storage facilities must be made avail-
able at the job site as part of the job mobilization.
These facilities must keep materials dry, secure
trom thett, and readilv available for use. A
storekeeper is normally required to ensare that all
materials removed from storage enter into the
construction. Sometimes the storage building will
have a room attached or located nearby where a
pight watchman can sleep. Used surplus sea
shipping containers make good secure storage
buildings.

Pay for stored malerials

After urging contractors to secure building mate-
rials carly in the implementation period and in-
sisting  that adequate storage  facilities  are
provided, what incentive is theie o encourage
contractors 1o actuallv purchase the materials?
The answer is simple. Prompt payment for mate-
rials that are adequately stored and accounted for
is the surest way to stimulate the contractor to
purchase materials carly.

Materials normally account for about 63-70 per-
cent of the cost of a project, labor being the re-
maining 30-35 percent. It is then casy to see how
prompt payment for the full cost of materials that
are adequately stored will accelerate implementa-
tion. Once materials are installed in the construc-
tion, only labor remains to be paid. In contracts
where increases in cost are allowed for intlation,
these stored materials will not suffer an increase
since they will already be paid. Only the labor
component will need w be adjusted.

Pay partial bitdings promptly

The key to stimulating the contractor and en-
couraging him to purchase materials and to accel-
erate work is to ensure that all bills are paid
promptiv. Delaved pavments tic up the contrac-
tor's operating capital, a condition that most
likelv was not considered in the original proposal.
This is one complaint that otten is voieed by con-
struction companies involved in work for the
public scctor. They sav that most government
agencies delay paviment for work done and, as a
result, bid prices must be inflated to cover this
dt']d}'.
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Cumulative Reporting

One of the best wavs for management to monitor
the progress of implementation is through effec-
tive combined reporting by both the contracting,
company and the supervising architect, Fhese re-
ports normally should retlect both prhysical and
financial progress measured against the schedule
of anticipated progress that was prepared at the
start of the project. Repoits should deariy state
the cumulative pregress in each of the major divi-
sions of work (excavation, structure, plumbing,
clectrical, finishes, otc), rather than stating only
the progress that was made during the reporting
period. In this way management needs only to ex-
amine the last report to tind out the complete his-
tory of the project trom its beginning to the
present. Changes and maodifications while  the
work progresses must be clearly identified and
described in the reports to management, as these
often amount to as much as 15-30 peceent ot the
final project cost.

Progress of a normal construction project, con-
sisting, primarily of construction of buildings as
opposed to highwavs or power lines, should fol-
low an “S” curve (shown below). Progress usu-
ally amounts to about 12-13 percent in the first 25
percenc of the construction period. Cumuiative
progress in the first 75 percent of the construction
period should amount to about 88 percent, with
50 percent cumulative progress having been ac
complished at the mid-point of the contract time.
Progress during the middle one-third ot the proj-
ect time should be lincal. Major variations from

Progress of a vormal construction project should closely follow a normal “S
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these norms should be monstored cavefully since
they might predict o delav in project completion,
Faclk implementation management
should include the proposed progress curve and
a superimposed cuve indicating the actual pro-
uress to dates These charts should be supple-
mented with copies o the proposed PERT (or
similar chart) and the actual PERT progress dia-
aram.

report to

Problemns and issues arising
duriing construction

During construction, problems and issues arise
that only can ko resolved with management’s in-
tervention. These should be kept to an absolute
minimum since management looks to the special-
ist, the architect, to resolve as many of these is-
stes as possible [t is the architect’s obligation to
keep management advised of all issues and how
they might attect or have aftected the overalt im-
plementation.

With regard to reporting, issues can be divided
inte three major categories: past, present, and fu-
ture. Past issues are those which have been re-
solved. Only their etfect on implementation oand
project cost needs to be reported. This action is
more a record or history of the situation than it is
a call for management intervention. Present and
future issues, on the other hand, require more
detail in their reporting,

‘eurve.

3 "

14 14

CONSTRUCTION TIME
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Present and future issues must be clearly iden- | problem with a best estimate of how the im-

tified as soon as they become evident. Reports
should contain a clear, concise description of the
problem and its likely effect on implementation,
whether it be in terms of time or extra cost. The
architect in charge of implementation should con-
fer aith the contractor and any others who may
be involved inor atfected by the issue. The archi-
tect should then Tist all possible sc'utions to the

Quality Control

Perhaps the most important facet to be con-
sidered during the implementation of a project is
that of safeguarding the owner’s investment by

plementation might be atfected, both i time and
morey, by cach solution. Finally, recommenda-
tions should be made as to the action that should
be taken to resolve the issue. Management will
then be apprised of all problems, their possible
solutions, and the action recommended by the ar-
chitect. With this information, a final decision can
be made by management.

generally attract better qualified workers. This is
due partle 1o the higher pay available in cities
and also to a more attractive labor market. Rural

assuring that quality materials and workmanship | areas normally retain only a few qualified jour-

are used in construction.

Workmanship

Control of the quality of workmunship is done
mainly through supervision. Depending on the
size and scope of the project, supervision of a
project can require from one to 20 persons or even
mare in some special cases. Quality of workman-
ship depends heavily on the geographical loca-
Hon of the project as well as the training received
by personnel in cach of the constraction trades.
I'rojects being constructed in or near large cities

nevmen who often are emploved in the agricul-
tural sector during prowing svasons and only
seek construction work during erf-peak periods
In rural arcas extra care musi be token i oversee
ing the quality of workmanship.

The labor or workmanship used to prepare and
install materials is a critical factor that needs al-
most constant atteation at every job s te. For ex-
ample, nearly ail projects involve the use of
reinforced concrete to some degree. The use of
this material requires more supervisory attention
than any other material entering the project. Al-

Zambiae [mpropesy propased o ook alloceed syt deah sond eace tins beanr on a substardard simd aeabened condition. Note the

capesed renttoramney rds
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though most facteries producing reinforcing steel
have their own methods of quality control, how
and where this material is placed in the column
or beam can serivusly affect its strength. Simi-
larly, concrete is a minture of predetermined
quantities of stone, sand, cenent, and water that
produces a certain bearing, capacity. Varving the
proportions of any one of these materials can
casily invalidate the design strength of the final
product. Proper curing, of the conerete is also im-
portant. Curing is the process used to delay the
evoporation of moisture trom the conerete for the
first 28 davs after pouring. Conerete that is not
properly cured loses a percentage of its design
strength, thereby reducing its final Toad capacity.,

It is the responsibility of the architect or engineer
in charge of supervision to see that builders con-
form to the technical specifications and other con-
tract terms, Supervision of construction cannot be
effectively managed by the architects making,
once monthiy visits to the work site.

Materials

In most cases, the physical testing of individual
materials s not as important as ensuring that
materials are properly installed. The quality of
materials is usually controlled in the factory
where the materials are made. This does not

mean, however, that materiais such as pricks,
steel, and cemant cannot or should not be tested if
the person in charge has doubts as 1o their
quality. It the testing of materials is required, it
should be done by anindependent laboratory or
in special Llaboratories approved by government.
Almost all materials have minimum standards es-
tablished by government by other
gualitv-control ageney and aceeptable to o the
national construction industry.,

or sonme

All materials used in the construction should be
cqual in quality to those that were described in
the technical specifications section of the bidding
documents. If recessary, matettals should be ap-
proved by the proper authority well in advance of
their scheduled ase. They certainly: must be ap-
proved betere being installed. Delays in selecting,
materials cre frequently causes of delavs in im-
plementation. Contractors should decide exactly
which materials t oy intend to use no later than
230 days after being awarded o contract. Many
ctimes companies shop around  secking lower

prices for materials. Shopping for lewer prices
after the award of a contract delavs timely cor, -
mencement of work and sheuld be aveided

" possible.

How does one know which materials the con-
struction company anticipates furnishing for a

Indlonesia: Suthicient constrcton supercraon s especally puportat nn e placement of senitore ang steel
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project? What guarantees that the contractor will
not substitute materials once they have been ap-
proved?

Physical samples of the materials planned to be
used should be submitted to the architect for his
written approval prior to purchase and delivery
to the job site. In some cases samples are not
available. In these cases, manufacturers’ pub-
fished technical information in the form of bro-
chures and pamphlets should be submitted to the
architect for approval. The materials delivered to
the job site can then be checked against the litera-
ture that was found acceptable. Samples and

__ Managing and Administrating the Project

printed literature are maintained on file until the
project is o« mpleted and found ecceptable.

In addition to samples of certain materials being,
furnished for aporoval it has become almost o
standard praciice for architects to require the con-
tractor ta construct a model wall, column, section
of floor, wind. -, or other installation at the jols
site. Incaddition to displaving materials that have
already been found aceeptable, this method of
presentation also indicates the quality of work-
manship that will be expected for the entire proj-
ect.

Changes and Modifications to Scope of Work

No matter how well a project is designed or how
much detail has gone into planring, changes
during construction are inevitable, Changes may
be as simple as relocating a door or electrical out-
let. Or they may involve a much greater scope.
For example, managetaent may decide that a
building should be enlarged to accommodate a
new program not eartier envisaged. Changes in
an average construction project normally amount
to 15-30 percent of the criginal contract price. This
percentage excludes increases in price due to
government authorizations as a result of inflation,

Cote d'lvesoe: Sample sealls wsing matertds proposed o be
inchided ina project e adeantageous, The aealls <hould be
manlstited as a stamdazd of quality of materads amd worknanship
wntd the construction s been completed.

Changes or madifications in scope are requested
through change orders, which deseribe th work
to be done and authorize the contractor to modify
the scope and terms of the contract. A request to
make chanpes can be initiated by management,
the contractor doing the work, or the architect.
This initiation is nothing more than a description
of the work desired. I management or the archi-
tect is the initiator of the request, the builder is
asked for an estimate of cost and how the final
completion date of the project will be affected. If
the builder is the originator of the request, the
cost and time required to complete the work is
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generally included as a part of the request. Re-
member, the architect as interlocutor should be
involved in all phases of project management in-
cluding  preparation and approval of change
orders.

Depending on the complenity of the request, the
entire process of preparing change orders and
formalizing the contract modification can take
from a fow davs to even weeks or months, The
motto, “the simpler, the better,” in addition to
pertaining to the design of the facilities, is cor-
tainly applicable in the case of changes or modifi-
cations while construction is underway!

Estimating the cost of clange orders

It should be tirmly pointed out to management
that except in one situation no extra work should
be commenced by the builder without first deter-
mining the cost of such work. Only in situations
that can be defined as extraordinary circam-
stances is it permissible to commence work
without first establishing the cost. Extraordinary
circumstances cover emergencies that endanger
or might endanger the lives of workers, occupants
of the zacdility, or other persons in the vicinity.
Also, if a situation arises that might endanger the
stability of the facility or of the surrounding facili-
tics, these might also be considered emergencies.
In these cases work might be authoerized to begin
without delay and the cost calculated sater.

The cost of moditications to the scope of work is
usuallv calealated using one of two standard
methods: bills of quantities or market prices.

When the original contracts were signed using
bills of quantitics, moditication costs are casy to
calculate. In this case, the builder is paid agreed
urit prices for the actual quantity of work per-
formed. The same process can be used to estimate
the cost of modifications if the m derials involved
in the modification are the same as those antici-
pated in the original contract. However, should
the materials or tne installation process vary from
those originally quoted, the contractor must pre-
pare another quotation using fair market prices of
materials plus charges for labor, protit, and over-
head.

If the original contract was signed for a single
lump-sum amount, there is normaliy no base
from which the costs of the modification can be
estimated. In this case the contractor should pre-
pare a detailed cost estimate tor the moditication
using fair market prices of materials and a rea-
sonable amaount for labor, profit, and overhead. A
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lump-sum amount for the moditication should be
Juoted.

In addition to these two standard methods for
estimading costs, three alteraative methods are
sometimes used: competitive bidding, work by
administration, and authorization to perform the
work on a cost-plus basis. None of these are rec-
ommended under normal circumstances.

Competitive bidding, whereby other companies
are allowed to provide quotations for the maoditi-
cation or extra work, should be approached with
extreme caution, There is alwavs the risk that the
main contractor will not be the fowest nor the
most convenient bidder. In that case there is the
litelihood of having two or more companies
working in the same project area. Contlict is sure
to arise.

Work pertormed by administration, whereby the
supervising architect takes on the task of sub-
contracting the various divisions of work to be
performed, is even more involved and more com-
plex than competitive bidding, Here, in oc¢dition
to working at the same project site as the prime
contiactor, other trades must be organized and
managed by the architect. Payrolls also must be
maintained. The extra time involved in the man-
agement of the project and the conflicts that are
likely to arise in the course of the work make this
indeed a very poor alternative.

Work done on a cost-plus basis is the most attrac-
tive of these three alternatives. Fere the prime
contractor maintains receipts for afl materials and
labor and presents these to the architect for v erifi-
cation.  Onee approved, the contractor’s pre-
viously agrecd-upon percentage or fee is added
for profit and overhead. Although additional
work is invelved i veritication of materials and
labor, there is no conflict between labor forees
since all labor is that ot the prime contractor. In
emergency situations especially and in the ab-
sence of bills of quantities or fair market pricing,
as described above, a cost-plus method s con-
sidered the most appropriate means of perform-
ing evtra work.

Delays and extension of construction tine

Major construction projects are almost never
completed within the time agreed upon and
specifivd in the contract. Although the terms of
the contract may clearly permit penalties to be
imposed against the contractor tor delays, some
delays may be justifiable, thereby negating, the
penaity clause.



Probably four of the most common couses for
delays in project implementation are increases or
changes in project scope, inclement weather,
delavs in receiving materials, and failure of sub
contractors o perforny in a timely manner. ¥ he
first two may be adequate justitication for an ex-
tension of time without penalty provided they are
adequately substantiated. Control of the latier
two, however, should be within the full suthority
of the prime contractor. Delavs as o result of
cither or both should subject the contractor to
sanctions.

Each construction contract should make provision
for delavs as a result of force majeure—conditions
that are bevond anvone’s control. This category
includes earthquakes, floods, storm damage, civil
strife, and similar occurrences. [t is impossible to
predict or counteract the delavs caused by force

Payments to Contractors

Construction companies -hould receive periodic
paviients as work progresses. They should not be
expected to finance constraction costs themselves,
The law of many countries authorizes and may
even regrire that construction companies receive
an advance before work is begun. This amount
can vary from 20-30 percent of the value of the
total contract. Advances, when given, should o'
ways be adequately guaranteed by some form of
acceptable surety.

Advances shonld be given onlv awith the stipata-
tion that thev will be vscd to purchase materials
or to secure the subcontracts that are needed to
start the work. Prior to being given the advancee,
contractors should be required to present to the
architect for his approval a list of materials (indi-
cating, both quantity and cost) that they propose
to purchase with the advance. Otherwise there is
the risk that the funds will never be used in the
project for which thev are intended. Note that the
amount given as an advance could easily be equal
to the contractor’s profit and perhaps even a por-
tion of his overhead.

Construction companies periodically present bills
for materials and labor that have been incor-
porated into the project. Normatly such bills are
prepared ona monthly basis for work done up to
the last day of the previous month. Depending on
the type of contract, billings ¢+ based either on a
measurement of the individua 1 components such
as walls and floors (bill of quantitics tvpe con-
tracts) or on an estimate of the percentage of the
total contrace amoeunt performed during the bil-
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majeure. Therefore, when the delay is clearly at-
tributable fo force majeure, construction compa-
nics are not penalized,

It should be noted that the imposition of sane-
tions against contractors is never ecasv. In
developing countries less than one-hall of the
projects suffering delavs have had penaltivs im-
posed against the prime contractor,

A daiiy journat containing a log of the weather,
number of workers, material  defiveries, and
orders and observations of the architect and the
contractor should be kept at the job site, The jour-
nal should be sighed by representatives of the ar-
chitect and the contractor at the end ol each day.
In this way there is a permanent record of events
during the entire period of construction.

ling period (lump-sum contracts). Bills for addi-
tional work that has been approved  through
change orders are paid separately from normal
billings or are incorporated in regular billings as
aramount that increases or decreases the original
contract amount.

i inal paymen: to the contractor, totaling, 100 per-
cent ot the contract amount plus anv approved
modifications, is due when all the contract condi-
tions have been fultilled. One of the conditions for
final pavment should be that the owner s
satisficd that all bills for the materials and tabor
incorporated into the work have been paid. This
condition varies depending on the country. In
most developing countries such a requirement is
not vet routine since laws do not permit suppliers
and subcontractors to place a lien against the
completed facility. Sappliers in these countries
cannot Jegally recover an item that has been in-
stalled but not paid for. This system is likely to
change in time. Although not now a requirement,
it 1~ strongly recommended that a release be re-
quired frony all materials suppliers as well as sub-
contractors betore final pavment is made o the
prime contractor,

Amortizalion and relention

As a further guarantee of satisfactory perfor-
mance, it is good practice to withhold a portion of
cach payment made to the contractor. Many times
management feels that this places undue financial
strain on the builder. Flowever, the strain on the
builder is nothing compared to the strain that will
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be put on management it the builder declares
bankruptey or abandons the project.

It is likely that during construction there will be
times when the builder will beg and plead with
management to make advance pavments against
what is owed in the overall contract. I there
could be one word of warning to management re-
garding advance  pavments  for work  not
completed it would be, “Pay only for work
done—never make advance payments except
against 100 percent guarantee.” There is nearly

alwavs a wide gap between promises and per-
formance.
Even if a builder furnishes an irrevocable

guarantee of satistactory performance on a proj-
cet, it is wise to withhold an additional amount
from cach of the partial pavments made as the
work progresses. This amount should be in the
range of five to 10 percent of cach payvment. As
soon as the construction has advanced about 50
percent and if the builder is performing, satisfac-
torily, one-halt of the amount retained sometimes
can be released to the builder. After this point
only half of the original amount should be re-

tained from cach pavment (2.5 10 3.0 percent).

In cases where anadvancee svas made to a contrac-
tor to start construction, provision should be in-
cluded in the contract whereby management can
amortize the advance. Although the advance may
be guaranteed, it still is dangerous to release these
monies without a specified plan to recover them
at some point betore the final pavment is made to
the contractor.

There are two scenarios to recover advances that
have been used with excellent results. The first in-
volves giving an advance and not paving the con-
tractor for materials delivered and satistactorily
stored at the job site. In this case the advance
shauld be amortized over the life of the contract.
Care should be taken to see that the entire ad-
vance is progressively recovered prior to comple-
tion of the project. The second scenario assumes
that an advance has been given and also that pay-
ment is being made to the contractor for building,
materials satisfactorily stored at the job site. In
this case, management  should  withhold an
amount from cach pavment to the contractor to
ensure total amortization of the advance by the
time the project is 50 percent complete. The
advantage of having receiv d an advance and
also being, paid for stored materials warrants an
carlier amortization of the advance,
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On projects where cither of these methods of am-
ortization have been used, reputable contractors
have not appeared to have had financial ditfi-
culty. Onlv when companies were abready in ti-
nancial ditficulty did ecither of these systems
cause problems, [n these cases management cer-
tainly needed to thoroughly protect their invest-
ment by ensuring that the builder did not receive
pavment before doing the work.

Government cost increases during
implementation

Construction contracts in most developing coun-
tries have some provision whereby the ariginal
unit prices can be increased or decreased in line
with  variations in - government-approved  in-
creases or decreases in the market cost ot labor
and certain basic materials such as cement, rein-
forcing steel, structural steel, petroleum products,
and wood. Each country probabiy has its own ad-
justment tormula. The one shown below is a very
simple example that was taken from an agree-
ment between the World Bank and Mevico (Cuer-
navaca Agreement). The tormula shows how a
contract base price can be altered as the project
progresses. Other mode!s are available that func-
tion on similar principles of equitable pavment
tor authorized increases in certain construction
materials and labor. Short-duratien construction
projects—usually those of 12 months or fess—do
not normally: make provision for price adjust-
ments.

ME
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Key to terms in adjustment formula:

Al = percent cost (A)djustment for the
period being analyzed

A, B,.C, ... N =percent influence that cach of
the basic components of the project has
on the total project
A = machinery and construction

equipment

B = labor
C = materials
N = input “X”
A+BrC+. .+ N=100

ELLF = indices of machinery and construction
(E)quipment applicable to the contract
date and the date of adjustment,
respectively

L1 LF = indices of (L)abor applicable to the

contract date and the date of adjust-
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ment, respectively
M ME = indices of construction (NDaterials
applicable to the contract date and the
date of adjustment, respectively
indices of (Inputs “N” applicable to the
contract date and the date of adjustment,
respectively
Vaviables A B, CoL L L N are determimed by cach
bidder and included in the break of costs that is
submitted with the bid. Indices shown in the ad-
justment formulo are usually determined by one
of the central povernment agencies or one of the
professional organizations associated with the

nim=

Guarantees and Sureties

Nermally, over the life of a project four tvpes of
puarantees are required: bid guarantees, perfor-
mance guarantees, suarantees for any advances
that the contractor receives, and  maintenance
puarantees. Some ot these have already been
mentioned: however, due to their importanee it is
worthwhile to mention them again in more detail.
Again, bidding  documents should clearly de-
scribe the tyvpes of puarantees and surcties that
will be required and their limits, In licw of bonds,
puarantees, or sureties, a certitied cheek or cash
caqual 1o the stipulated amowunt of the bond is nor-
nallvacceptable.

Bonding in developing countries usually ties up
the financial the contractor since
projects are usually guaranteed by local banks,
Surety fevels that are set too high, while protect-
ing a project better, can casily cause tinancial
hardships tor the bailder. Management, on the
other hand, must set the limits high enough to
provide adequate protection against potential fi-
nancial losses.

resourees of

Standard types of Qinrantees

First, to puarantee that the bidders will sign - a
contract for the amount of their proposal, a bid
bond i~ required. The amount of the bid bond
varies depending on the country, two to five per-
cent being the normal acceptable range. The pe-
riod of validity ot a bid bond should be equal to
the period ot validity of the bid plus 30 davs, This
period can be extended by mutual agreement ot
the bidder and management. As soon as a con-
tract has been sipned the bid bond is released.

At the signing of the contract, a performancee
bond is furnished by the builder. This bond is to
ensure that the project will be completed, cither
by the contractor or by the entity issuing, the
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construction industry. These indices normally re-
Heot anaverage market value of such items avail-
able within the country.

This tormula is periodically applied to adjust the
cost ot the work remaining to be done at a specitic
puintin time. Work already done is not subject te
any price adjustment. W th this in mind, it can be
casilv seen how an advance to the contractor
specitically for the purchase of materials and their
delivery to the job site can save the owner sub-
stantial cost increases on that portion of the work.,

bond, at no additional cost to the institute. The
amount most developing countries require for a
performance bond is usually extremels fow and
theretore cannot fully provide the necessary pro-
tection. It is recommended that the pertormance
bond be for an amount equal to no less than 20
puercent of the contract amount with o period of
validity equal to the full implementation period.
Fven a 20 percent bond will not afford complete
protection in all cases, but coupled with other
suarantees and methods ot facilitating implemen-
tation, it will be better than what is now required
N some countries.

It is not uncommon to find that Tocal customs,
and even lepal requirements, stipulate that con-
tractors be given an advance to begin construc-
tion. This advance varies from 10-30 percent of
the total contract price and is usually secured
with a bond guaranteving that the contractor will
repay these monies within a designated period.
The guarantee or bond that the contractor fur-
nishes management at the time of receiving the
advance should be for the total amount of the ad-
vance.

Additional guarantees

Since the value of pertormance guarantees is rela-
tively modest and trequently does not fully pro-
tect the institute aainst financial toss, it is highly
advisable that management seck some additional
type of guarantee. One guarantee that has been
used very etfectively is the cquipment of the con-
tractor. All the contractor’s equipment entering
the construction site should remain on the site un-
less specitic permission is given by the architect
tor it to be removed. The value of this equipment
then becomes a tvpe of supplemental guarantee
to ensure the performance of the contractor. If a
contractor has tinancial problems and it becomes
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obvious that it will be impossible for him to
complete the construction, legal action can be
taken to dispose of the equipment and to use the
funds to complete the construction.

Along these same lines, contractors have been
known to deliver construction materials to one
job site, then to transter them to another site. All
matuiial entering the job site should remain there
and, paid tor or net, should be considered a part
of the project. Only in isolated cases should the
architect give permission to remove materials not
destined to be incorporated into the project but
stored on the site.

Maintenance period

It is customary in many countries to require o
maintenance guarantee from the contractor. Such
a guarantee goes into effect as soon as the project
is complete and is found acceptable by the archi-

The Need for “As Built” Drawings

Many small components go into the final as-
sembly of a facility for agricultural research. Once
installed, most of these components are covered
with plaster, ceiling tiles, finished flooring, and a
myriad of other finishes. Electric wiring, plumb-
ing and drainage piping, and other installations
that were so visible during construction are no
longer in view onee the buildings are completed.
However, to know the exact Tocation and the size
of utilities i~ important for architects, planners,
and the institute’s maintenance department.

One part ot the contract for the construction of
facilities should specity that the builder will pre-
pare “as built” drawings for all buildings. These

tect and management. A maintenance period s
specitiod during which the contractor guarantees
materials and workmanship to be free of defects.
Usually this period is one year from the pro-
visional acceptance ot the comploted project.

In addition to the normal maintenance guarantee
or surety that the contractor provides, it is also
advisable to withhold o portion of the contractor’s
final pavment. Usually a combined total retention
andd guarantee cqual to around five percent of the
value of the project s sufficient. These monies
plus the guarantee are used to make repairs and
to correct detects occurring during the puarantee
period. It is recommended that no less than one-
half of the total guarantee be in the form of cash
retained from the amount paid to the contractor—-
the balance can be in the form of an irrevocable
guarantee issued by a bank or insurance com-
pany.

drawings indicate the oxact locations of walls,
clectrical outlets and feeder tines, plumbing and
drainage lines, and any other information that
would be useful for future renovations and main-
tenance. These drawings should be well detailed
and normally are prepared as the building is
being erected. Photographs should be included to
more clearly indicate the exact location of most of
the utilities. A dist of materials, their manufac-
turers and trade names, as well as their sizes,
colors, and testures is also included. Final pay-
ment should not be made to the contractor until
reproducible copies of the as built drawings are
turned over to management.

120


http:Ctillolllltrt.ts

Managing and Adnuinistrating the Project

Chapter Ten—Estimating Project Costs

LR

Requirements of International Agencies

Sincc the construction of facilities for agricul-

tural research in developing countries will
most likely involve international funds, it is ap-
propriate to include a tew words related to the
project costing and financing required by most in-
ternational agencics.

The costing of a project in the ecarly planning
stages is at best only a rough estimate of the total
final cost. Estimates must be restudied and up-
dated periodically until the time that a loan or
arant is received for the work. Available market

Unit Costs and Phasing

Cost estimates tor construction should be based
on the costof cach unit of the building being, pro-
posed multiplied by the area to be constructed.
The “unit cost per square meter” normally s tsed
in these measurenents. Roads, power lines, atili-
ties, tencing, and similar items are usually esti-
mated on a cost per lineal unit, Fairly standard
unit costs tor buildings and other ulilities are
readily available in most countries or might be
casilv abtained from similar projects in the area.
Architects and builders are also exeelleat infor-
mation sources regarding construction costing,

Unit costs for buildings often vary considerably
from country to country and from region to re-
gion within the same country, Price differences
between regions are often as high as 25-30 per-
cent. The cost of construction also varies depend-
ing on the quality of materials and workmanship
of the buildings being planned and on the phas-

ing ot construction.
The index approacl to costing
With so many variables, the best method found

so far for making preliminary estimates of con-
struction costs on a worldwide basis is one that

pricing data are used for updating estimates.
Once a commitment for funding is made by an
agency, the estimate of cost usually is thought of
by the institute as that project’s “budget” rather
than as a realistic cost estimate. To prevent this
“budget” from becoming a major constraint, the
final cost estimate must include all factors affect-
ing the cost of construction, such as inflation, de-
valuation of local currencies, delavs in project
implementatin, and similar problems that would
affect the rate of disbursement of the funds.

uses an index factor for various tvpes of buildings
excluding purchase of land. The base cost index
of 100 is assumed o be the cost per square meter
of a modest residence or office in an area readily
accessible to a medium-sized city. It is assumed
that at least 8090 percent of the construction
materials are locally available. Using the indes
approach, the table on the following page relates
the costs af some of the components of agricul-
tural research facilities to the cost of a modest res-
idence or office in a similar geographical area.
Projects in rural areas are likely to be as much as
10-25 percent more expensive than projects in
urban locations. Again, the unit cost depends on
the availability of materials, transport conditions,
and other factors such as weather and labor
availability.

The indices are used to arrive at an estimate of the
base unit costs of construction. To estimate the ef-
fect of phasing on the final cost, management
must carefully plan the probable dates of bidding,
signing the contract, commencing construction,
and completing the project. Contingencies and
the eftects of inflation are then estimated as accu-
rately as possible,

121



Planning and Designing Agricultural Research Buildings

Cost Comparisons Using the Index Method

Name of Facility

Cost Index

Scientists” offices
Administration offices

Auditorium/multipurpose room

Library

Scientitic laboratories
Wiarchouses/storage
Garages

Open sheds

Seed drying vards

Plastic houses
Glasshouses-—-cooled
Glasshouses—cooled/heated
Screenhouses

Kitchen

Cafeteria

Exceutive housing

Senior staff housing
Junior stadt housing
Trainee housing

Labor housing

Enclosed animal buildings

Enclosed animal buildings—wire divisions
buildings-—shated  Moor

Enclosed animad
Antmal sheds

Animal sheds—wire divisons

Aninud sheds—-shatted  tloor

100
100
110
HO
150
S0
80
ol
20
75
160)
190
05
150
110
115
Ho
100
90
70
90
120
130
70
100
110

The table shows the cost of some of the components of agricultural rescarch facilities compared with

the cost of a modest residenc
or office is 100,

Contingencies

Regardless of how accurately one feels that a proj-
ect size has been determined, differences will in-
variably occur. For example, it is casy to decide
that a scientist will need 12-15 square meters of
space or that about 20 ki of electrical distribution
line will be required to service aninstitute. In re-
ality, however, the amount of space o distribu-
tion line actually needed will be more or less than
these preliminary caleulations, In normal projoects,
a physical contingency factor of 10 percent should
be added to the cost estimate. In projects where
planning deiails are shetchy, 153-18 percent she'd
be added to cover physical contingencies.

Price contingencies must also be caleulated 1o
cover the effect of inflation on - the final project
cost. Some lender and donor agencies add o
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soffice in a similar geographic area. The cost index of such a residence

single percentage to the bose cost estimate. As is
shown later in this section, this practice is danger-
ous, as it can lead to shortfalls in financing or a
severe underestimate of project cost.

Most internationally financed  agricultural re-
search projects estimate the project implementa-
tion period to beo sin vears, The
construction portion, Fowever, uswally is accom-
plished in the tirst four to five vears. To show
how using a single percentage tor price contin-
goncies may produce erroneous results, examine
the following hvpothetical example,

to cight

A construction project with a base cost equal to
US SL25 million is phinned for o developing
country where the local annual rate of inflation is



estimated at an average 23.5 pereent uniformly
over a six-vear project period. The toreign ox-
change component is estimated al about 25 per-
cent of the full project cost. The annual toreign
inflation rate averages 6.5 percent. Construction is
planned to occur during the tirst five vears of the
project.

I'rice contingencies are calculated separately for
local and foreign components. To determine the
effect of annual inflation on the overall cost of g
project, one must take into account delavs be-
tween project preparation, appraisal, and project
siart-up as well as the length of time for construgc-
tion to be completed. For the purpose of this exer-
cise it is assumed that the cost estimate had been
updated to the start-up date and, theretore, no
additional intlation factors svere reguired.

In caleulating price contingencies, it is assumed
that expenses are to be incurred  continuousty
over the year. Expenses at the end of the vear
incur a higher rate of inflation than those incurred
during the fiest part of the vear. Fo adjust for var-
iations in inflation during the vear, oniv 50 per-
cent of the inflation rate for the vear is used plus
100 percent tor all preceding vears.,
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Toarrive at the foreign inflation weight for Year,
the tollowing formula is used:

PV DY OUHEY Y L (e FY )2y = 1Y,

1Y, = foreign intlation rate for (Y)ear one
1Y = toceign inflation rate for (Y)ear two
I'\\‘ foreign inflation rate for (Y)ear three

Iy, = foreign inflation rate for (Y)ear “n”

Caleulation of the inflation weight for the foreign
exchange component in the third vear of this pro-
jectis as tollows:

(I+PY U +EY 1+ Y 2y = 1Y,

Similar calculations are used to determine the in-
tHation weight for the local LY, compo.et of the
project.

Finally, to «determine the phased project cost, the
above weights are maltiplicd by the project base
cost including physical contingencies. For the hy-
pothetical example introduced on page 122, caleu-
lations arce illustrated on pages 123 and 124,

Calculation of physicai contingengies

Project base cost
1070 phvsical contingencies

Subtotal

Caleulation of forcign inflation weights
B B

1,250,000

__ 125,000

1,375,000

Year | (1+0.065/2) 1,033
Year 2 (1+0.063)(1+0.005/2) 1.100
Year 3 (1+0.063)(1+0.065)1+0.065/2) 1.172
Year 4 (1000631 1+0.065)1+0.065)(1+0.065/2) 1.248
Year 5 C(1+0.063)0140.065) 140,065 T+0.0651 1+0.065/2)  1.329
Calculation of lacal intlation weights
Year | (1+0.235/2) 1118
Year 2 CE+0.2350140.235/2) 1.381
Year 3 (1402350 140,235 140.235)2) 1.705
Year 4 C1+0. 2350140235 1+0.235)(1+0.235/2) 2,106
Year 5 CHHO2I5)0E+0235)01+0.235)140.235)(1+0.235/2)  2.601
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Caleulation of phased base cost plus physical contingencies

Total project cost including all contingencies

Year # (% Phasing) Local (7570 Farcipn (2360 Total

Year T (10t 103,125 RER YA 137.500

Year 2 (254 237813 S5.037 33750

Year 3 (354 00037 120,314 481.250

Year 4 (254 237813 N3.937 AR50

Yeur 5 (340 51363 17,187 08,750

Total (1005 ) 1,031,251 343,749 1.375.000

Phased project cost including physical and price contingencies
Local Component
Base Inflation Total

Year | 103,125 12,169 115,294
Year 2 257813 08227 356,040
Year 3 RICIORY 254401 015,398
Year 4 257813 NS4 5420954
Yeur § 51563 N2.532 [RENEA
Total 1.031.251 732,550 1.763.801

Foreign Component

Base Inflation Total
Year | 34.375 1,134 35,509
Year 2 85,937 hRDA] 91531
Year 3 120,313 20,094 141.007
Year 4 85037 21312 10727
Year § 17.187 5.655 22842
Total 343749 57,389 01,138
Bise Inflation Total

Yeur | 137.500 13,303 150,803

Year 2 43,750 106,521 450,571t

Year 3 AN1.250 275155 750,405

Year 4 343750 306,433 630,203

Year 5 ON.750 88207 156,957

Total 1,375,000 789939 2164939
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As can be seen, inflation can casily amount to o
substantial part of the total project cost. Intlation
costs are normally included as an infegral part of
the financing for construction In the case pre-
sented here, intlation on the locat component
amounts to 710 percent of the base cost and 16.7
percent on the foreign component. For the overall
project, physical  contingencies and  infation
amount to 57.5 percent of the total project cost.

Financing Plan

Every project should have some proposed plan of
how it will be financed. If funds are not available
and they are being sought, a proposed financing
plan serves as a target. If funds have already been
made available, in all probability a financing plan
has been agreed upon by the agencies involved.

The preparation of a proposed financing plan
usually does not involve the management of the
research institute. This task is usually performed
by isigher government officials, normally in plan-
ning or treasury. The “magic” percentage of proj-
cet financing, 50 percent by the borrower and 50
percent by the lender, is a general target that has
been used by most countries for many vears. The
exception to this figure is countries that receive
donor funding or those in line for “soft” loans
with long grace periods and a - to 30-vear pav-
back periad. In these cases, cach situation is
judged onits own mwerits,

One word of caution—in preparing a project cost
estimate do not min project cost with project fi-
nancing. As simple as it may sound, this is a com
mon crror. Prepare the schedule of  physical
requirements, estimate the cost taking into con-
sideration all the contingencies, phase the project,
and make an estimate of the local and foreign cost
components, then tie the financing to these esti-
mates. If the project must be reduced in scope to
fit the financing, make the cuts,
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Many projects are hesitant to include such a large
amount when the inflation factor is expressed as a
single percentage. As a rule, when a single figure
is included in preliminary cost estimates, no more
than 25-30 percent of the total base cost is used.
For many projects this has left signiticant short-
folls which must be compensated for by increases
in counterpart tunding or by a deerease in project
scope.

Disbursement plan

Disbursement plans are important both to local
government and to the donor or lender. The esti-
mated disbursement plan is a schedule of how
the funds are anticipated to be made available to
the project as work progresses. The phased esti-
mate of cost, if carefully prepared, can be a rough
guide to how the construction funds should be
disbursed. This disbursement, however, is by the
institute to the contractor. Other disbursement
plans guide the donor or lender as to when the re-
cipient country proposes to draw on the funds
that have been commiitted. Frequently there can
be a lapse of two to three months between the
date bills are submitted by the contractor and the
date that reimbursement is requested from a
donor or lender. In exeeptional cases, six to 10
months have elapsed. But these cases are rare. In-
stitutes should ensure that bills are paid promptly
and that reimbursement is requested  without
delay.

In planning a disbursement schedule, advances
and special accounts authorized by donors or
lenders must be taken into consideration as well
as any normal delays between the date contrac-
tors are paid and the date reimbursement is re-
quested. On - the following, page is a typical
disbursement schedule for the aforementioned
hypothetical project. Notice that disbursements
have been calculated on a quarterly schedule.
This is not to say that only quarterly disburse-
ments should be made. They may be made as
often as needed, but should not be in amounts so
small as to cause undue clerical work on the part
of the donor or lender.
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Sample disbursement schedule

Year

Year

Year

Year

Year

Year

n

Ist Quarter

2nd Quarter

3rd Quarter
Jth Quarter

Ist Quarter

2nd Quarter

Ard Quarter
Sthe Quarter

Ist Quarter

2nd Quinter

Ard Quinrter
4th Quarter

Ist Quarter

2nd Quarter

Ird Quarter
4th Quarter

Ist Quarter

2nd Quarter

Ird Quarter
4th Quarter

Ist Quirter

Disbursement Cumulative
32,500 32,500
43,300 75.800
54100 129.500
75.800 205,700
75.800 281,500

140,700 422.200
140,700 562,900
162,400 725.300
173.200 898,500
184,000 1.O82.500
184.000 1.266.500
173.200 1,439,700
162400 1.602,100
140,700 1. 742.800
140,700 1.883.500
75.800 1.959.300
75.800 2.035.100
54,100 2.089.200
43.300 2,132,500
32,500 2163000
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A FINAL WORD

These quidelines have covered a wide range of issues concerning the
planning, desien, and construction of buildings for agriculivral
research. Information has been vresented on w’al should be done to
design more functional buildings, to avoid costly mistakes in the
actual construction plase, to reduce operating costs, and fo iciease
the wseful life of facilities through proper maintenance. These are all
imiportant considerations in times of fiscal restraint. In this seuse, the
guidelines should contribute to enlancing  the sustainability  of
agricultural researcl institutions.

The information gatlicred here is the result of pooled experience from
wimerons agricultural vesearch institutes, and all the participating
institutions are again thanked for their assistance. I¥ the guidelines are
ased extensively by those in national  agricultural research
organizations, ISNAR will have achicoed its prime objective, For
managers, administrators, scientists, and many  others  these
guidelines can serve as a starting point i their search for creative
solutions to the problems of providing appropriate research facilities
and for the contined sharing of such experieuce.
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Index

Accommodation tables
Acoustical design
Administrating the project
Administration areas

location of

space required for
Advances

legal requirements

recovaery of
Advertising
Agricultural sector studies
Agronomist

space reguired for
Air-conditioning,
Amortization

63-09
77
103-126
a3

35

69
117-118
119

M8

18, 108
16

33
42-43, 50-51, 81
108, 117-118

Ancillary facilities 79-84
Animal facilities 33, 80-87
Anodization 59
Apartments 85
As built drawings 120
Auditoriums A, 76-77

space required for 69,7

B

Bankruptey 110, 118
Bearing capacity 48-49, 114

Beneh tops
see cabinetwork
Bid form
Bid guarantees
Bids
evaluation of
opening of
validity of
Bid security
Bid sureties
Bidder cligibility
Bidders” meetings
Bidding procedures
instructions
internatios ai
invitation
lacal
sureties and guarantees
Bidding documents
amendments to
Bidding package
Billings
partial
pavment of
verification of
Bills of quantities
accuracy of
unit prices
Biogas
A% AN energy source
Bonds
Budgets
Building categories
Building components
Building depth
Building materials

104, 106-107
1Y

19, 105, 108, 110

105, 108

105

105-106

106

105

105

16-19, 104-109, 116
105-106

105, 107-108

105, 107-109

107-108

106-107

104-309, 114, 119

105

104

110,117,125

111

1m

109, 116

104, 107, 109, 116-117
107
108

53
14
121

63-K8
63-88
43, 81

54-63, 79, 104, 114-116, 118, 120

costs of 111
imported 54
installation of 105, 116
local industries 54
pavments for m
purchase of 1t
quality of L4115, 121
quantity survey I8
samples of 15
storage of i
tosting of 114-115
Buildings
categories 63-88
multistory 49-50
orientation of 434
placenent of a1

single-story 34, 49-50

Cabinetwork 6U-63, 70
bench tops 02
metal 62
prefabricated 62
woud 62
Cafeterias M,75-76
space required for ]
Capital funds 22
Cuiling height 13
Cuilings 59
Change orders 18, 115-117
approval of 116
estimating the cost of 116
preparation of 116
Chemicals
disposal of 81-82
storage of 81-82
Climate-related problems 39-41

Cold rooms

see penetic malerial
Commencement of work F14, 121
Common faw 106
Competitive bidding

see bidding; bidding procedures

Compaost 53
Computer facilities 42
Conceptual designs 16, 55
Conerete, reinforeed 55
Conference rooms
space required for 69
Construction 16, 19
accelerating ingplementation 109-111
cost estimates 50
costs of 49-50, 54
duration of 19
mana-ement of 11W-120
progress of 12
supervision ot 18-19,23, 109, 113-114
Construction documents 16, 18

see also bidding, documents
Construction time

evtension of R
Contingencies 20, 121, 122-125
caleulation of 122-125
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physical
price
Contractors
competence of
financial stability of
past performance of
Cuontracts
cost-plus
!'i\cd—pricc
Corridors
Cost adjustment formula
Cost adjustments
Cost estimates
Costincreases
government-decreed
Lost overruns
CPM
Cross ventilation
secalso ventilation

122
122

1o

Lo

[y

104, 108
108-109
108-109, T6-117
44

(RE

1y

121-125

Y, FIR-119
110

i

M, 42-43, do, 50

Curinyg, 14
D
Daity journal 1z
Delays 109-110, 114, 116, 121
COmMmmon causes 17
penalties for 1o
secalso construction time
Demaodition 20
contracts for 20
Design development l6
Design flexibility 34, 50, 60
importance of 14
Desipgn issues a8
climate-related J8-48
peneral 4854
Design modules 89-12
Desipgn services 15-18
costs of 15
duties of 15-18
private firms 15
see alse public works; terms of reference
Desipning the facilities a7-102
Designs RY-102
Details 104
Differential settlement 48
Dishursement 121
Disbursement plan 125
Dormitories 85
Doors 60,73
finishes of)
hollow-core o0
solid-core 60
wood 60
Drainage 41
Drawings e
Dust
protection from 44, 46
E
Electrical power 42,53, 84
distribution of 4
high-tension 81
supply of 84
see alsasolar eonergy; wind power
Hevators 50
‘mergencies 116
Emergency exits 77
Emergency generators 84, 88

.. Index

capacity of 84
Emergency lighting i
Equipment H0-111

protectivn ot PR
Existing facilitios

use of 20-2)
Expansion 13-14, 33-34, 50
Extraordinary circumstances ilo

F
Facades 104
Fair market pricing 116
Farm wastes 53

collection of 53

seecailso Diogras
Fertilizer 53,79
FIDIC 106
Field laboratories 79,82
Final project cost 12

seealso pavinents, final
Financing

16, 48, 105, 121, 125

Financing plan 125
Finishes 34, 120
cement wash 55
plaster 55,57
Fisheries 87
Flooring, 53, 56-57
asphalt tije 57
carpeting 57
ceramic tile 56
concrete pavers 57
poured concrete 57
poured terrazzo 57
quarry tile 560
terrazzo pavers 57
vinvl tile 56-57
wood 57
Food preparation
see cafeterias; kitchens
Footings 46, 48, 50
“Foree account” 20
Force majeure 117
Foreign exchange 54, 60
Foundations 16, 48
Fountains 46
Fungus kG
G
GANTT charts m
Garages 80-81
General conditions 104, 106
Genetic material 81, 86-88
storage of 87-88
Glass 60
Glasshouses 43, 77-79
Greenhouses a3
Grilles 4
Groundwater
contamination of 82
Guarantees 18, 104, 106, 110, 118-120
contractor’s equipment 119-120
H
Heat buildup
causes of K|
in laboratories 50
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inotfices

seealsoventilation
Housing

for laborers

for scientific stafi

for trainces

tocation of

space required tor
Humidity

80

33,46, 53, 59, b4-So

85

84-83

85

84-86

84-80

36-39, 53, 59, 62, 73, 82

Implementation plan

sealso construction

Implementation tasks

Indes method

Intlation

Information services
lecation of

Infrastructure master plan

mn

10

{20

1o, 109-111, 115, 121-123, 125

33,35, 73
35
30-35, 48

sec s master plan; master site plan

Insects
Instructions to bidders
fnsulation
fiberglass
1ock wool
International apencies
requirements of
Invitation to bid
issuanee of

Jo-48

103-106

Y, 50-51,53, 79
51

5)

103, 106

121

105, 107-108
108

Kitchens 53, 75-76
space required for oY
L
[abor
availability of 13
Labor costs 108
Laboratorics 3334, 42,33, 73
design of T0-74
location of i3
space required for 70
land
availability of 49
settlement of buildings 4544
subsurface conditions 8-49
suitability of 18-49
Landscaping H, 40
Libraries 42,75
location of 35
space required tor (3]
Lighting fistures 6l
fluorescent ol), 73
Lightning H
Local materials
tse ol 54
see-also building materials
Louvers 44, 51
M
Machinesy repair areas 80
Maintenance 21-30,57, 539,77, 79, 83, 120
budgeting of 2
calegorivs of 24

180

N

funds for 21-23,29,59

ne-cost 24
preventive naintenance checklist 2328
preventive maintenance program 25
statf 2y
training 23,
Aaintenance puarantees Hy
Maintenance period 120
Managing, the project 103-120
Manpower HO-111
Market prices 16
Master plan 17

sevalsointrastructure master plan; master site
plan

Master site plan 0,2
sec alsoinfrastructure maser plan; waster plan

Materials quantity survey Hs
seealso Dills of quantitios

NMechanical lifts St

Mildew R

Model installations 15

Maoditications 14,59, 112, 1153-117

costof 112, 115-116
provision for 4
secalso change orders
Modules BY-102
Movable partitions 5,75
casts of 59

Multipurpose rooms 77
Multistory buildings 49-50

O

Natural lighting, 34,41, 73-74, 79-80

Odors 73
Offices 3335, 74-75
location of 3135
space reguired for 03
Orficial unit prices n
Operating costs
of equipment 104, 108
Operating funds 22,53
Operating, plans 70
P
PParking a3, 46
Partitions
see movable partitions; walls
Passageways H
width of +
Pathogens 83
PPatios 46
Pavments I8, 117-119
advances, recovery of 118
tinal 17,120
partial 18
Pavrolls o
Performance guarantees 10n, 119
Pertormance security 106
PERT 111112
Pests Jo-48, T4
IPhasing 32, 128120
Physical requirements 13-14, 125
determination of 13-14
Planning o building program 1833



Reporting

Rescarch support arcas
space required tor

Research plots

Planning clements 33-33
Plamning groups 11-15
Plant breeder
space required for i3
Plant breeding n
I'lastic houses 43, 77-74
Pollution 30-31
Poultry facilities BO-87
Preaesign development 12:21
Prefabrication 55
Preventive maintenance checklist 2628
Printing s
Problems 112-113
Production arcas 33,35
l’rn);r«.w arve 112
Project costing 121
Putslic works 1516, 48, 106
Publications 76
Quality control 113-115
materials H4-115
reinforeed concrete 13
workmanship 113
R
Rainmwater
disposal of 41
Reading room
~er libraries
Reassignment 20
Recording studios
space required for 76
Recreation 33, 84-85
tinancing tacilities for 85
Recuperation 20
contracts for 20
cost ol 20
Redease trom supplicrs 117
Relocation ol statt 31
Remodeling 10y
Removal and replacement 20-21
conlracts for 20:21
Renewable resourees 533-34
Renovation 20, 50,60, 120
buadgeting of 20
contracts tor 20
Replacement parts 54, 60

18, 112-113
RAVS IV
0y

33, 35,82

Retention 117-118, 120
Routing 53560
thal roots 55
materials for 55
sloping roots 53
waterprooting 55
Rust 55
S
"8 enrve 12
Safety 73
Sanctions 17z
Sanitation 87
Schematic designs 16
Scivintists
space required for 63

Sereenhorses
Screening
Securitivg
Security
Seed storage
see genelic material
Settlement of buildings
Sevage treatment
prefabricated systems
Sheds
Site seled on
Secial ¢l
Social issties
Soft loans
Hoil survevs
Solar energy
Space requirements
estimation of
Spare paris
storage of
Special conditions
Specialized installations
fisheries
penctic materials
poultry
ruminants
Station operations
acation of
Storage
of farm machinery
of chemicals
space required for
Strateg ic plans
Structural systeme
prefabricated
reinforeed conerete
steel
wond
Subcontracting
Subcontractors
Sun
protection from
Supervision

Index

77T

31,59

I8

33,35, 00,73

A8-40
79, 82-53, S0
82

Ll
3032, 53
K5

3

125

m

53

12

6304

54, 80

14, 106

Bo-88

87

87

86

&6

33

35

33, 70,74, 79, 82

%
=
g1
i}

5
54-5
7
5.

1o
107, 117
50

4

~ee construction, supervision of

Suretics

104, 6, 110, T19-120

Fables of accommodation
Technical personnel

space required for
Technical specifications
Television
Temperate zones
Tender

16, 64049, 70, 74

63
HH-105, 114
76

41

see bids; bidding; bidding procedures

Temperature
Termites
treatments for
Toerms ofieference
TOR
for architect tirm
I'rade names
Training facilities
Trees
Tropics

IR, 59,02, 73, K2

W41, 59, 62
N
17-18

17-18

103

75,85

46

38-39, 41-42

Unil costs
varanees in
Unn prices

121-122
121

108
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Litilities

33,50, 39, 603, 120-121

Venetian blinds

44

Ventilation 39, 42-43, 3033, 7374, 77, 79, 81
arca required for 51
devices 51
see also cross ventidation

Vertisol 48

1Y

Walls 57-59
ceramic tile 9
finishes 57
materials tor 57
warehouses AN 7Y9-80
doors )
tloors T80
walls 7

Waste water

Water

S sewage treatment

annual requirements 53
chemically treating 84
conservation of 53
daily requirements 84
distribution ot 53
emergency supplies 53
from laboratories 82
storage of 53,79, 83
supply of 79, 83-84
vapor +H
Wind 43
Wind power 51,53-54
Windows 42-44, 46, M), 5Y-600, 73
aluminum 59
instalfation of ol)
stevl 59-61)
wood 54
Work plan 11
Workmanship 13115, 120
quality of 13,121
Warkshops 79, 81
space required for 81
Z
Zoning plan n
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1993 132 pages
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PUBLISHED: October

This volume provides professional guidance on the
planning, design, and redesign of buildings fcr agri-
cultural research. It contains more than 50 photo-
graphs and 18 pages of drawings illustrating key
components of building design and maii>nance.
The main focus is on offices, laboratorivs. and ancil-
lary support buildings in developing couniries, par-
ticularly in the tropics.

Data collection and analysis for the book was
done through visits to more than 100 agricultural re-
search institutions and universities in six regions of
the world. During these visits, observations were
made and interviews conducted with policymakers,
research managers, and architects, as well as with
scientists and support staff.

The guidelines contain 10 chapters: predesign
development, facilities maintenance, the infrastruc-
ture master plan, climate-related design issues, gen-
eral design issues, building materials and finishes,
building categories and components, bidding docu-
ments and procedures, management of construc-
tion, and estimation of project costs.

The preseritation of information is simple and di-
rect, aimed both at stimulating thinking and imagi-

nation and at making issues of design and construc-
tion easily understood by a wide audience.

Research managers are a prime target audience,
although they are not the only people who will
benefit from the information presented. Others asso-
ciated with planning and developing facilities will
also benefit. Administrators, agriculturalists, archi-
tects, engineers, builders, lenders, government plan-
ners, and finance agencies are just a few of these
additional beneficiaries.

Order information

Single copies of this publication are available free of
charge, at ISMNAR'’s discretion, to individuals and in-
sti.itions working in developing countries in agri-
cultural research or in related areas of policy,
organization, and management. Others may pur-
chase copies from ISNAR for US $20.00. Use the
form below to request information about how to
purchase copies. Requests from developing-country
institutes for a free copy should be made on that in-
stitu’2’s letterhead and addressed to ISNAR Publi-
cations Services, P.O. Box 93375, 2509 A] The
Hague, The Netherlands.

Please send this form (or a photocopy) to

ISNAR Publications Services

P.O. Box 93375, 2509 A] The Hague
The Netherlands

[ Please send me further information about how to order Guidelines for Planning and Designing
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