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Foreword

Industrial research and development centres provide
various services to Goverments, to domestic and foreign
business enterprises, and to other bodies engaged in
industrial development. The services include: carrying
out applied research; testing and analysing raw materials
and industrial by-products to identify their industrial
uses; testing and analysing industrial products for quality
control and quality certification purposes; carrying out
techno-economic feasibility studies on the establishment
of new industries or the expansion of existing ones;
assisting industry in trouble-shooting, standardization
and quality control, selection of industrial processes,
equipment and appropriate technology, market research,
cost accounting, plant lay-out, product and productivity
improvement, and diversification of production; advising
Governments on technological matters; a~d providing
assistance related to national standardization and quality
control programmes. The centres are suaffed by
multidisciplinary technologists whose main aim is to
accclerate industrial growth.

The Governments of several developing countries
have recognized the need to establish such industrial
rescarch and development centres and attach great
importance to them. With few exceptions, the centres

are financed by the Go.ernment, which is also usually
the main client. The number of professional staff in
centres in most developing countries varies from 10 to
30, depending upon the level of development of the
country and of the centre.

At the nitial stages of a centre’s development most
of the funds allocated to the project are utihzed in
setting up its buildings and facilities. Often, however,
owing to the limited exper<ise available in developing
countries, the buildings and facitities are conceived and
planned without proper regard to their end function.
There is clearly a need to advise these countries in the
economic utilization of their funds. and to assist them to
set up buildings and facilities that can casily be adapted
to meet the ever-changing technologies and requirements
of science and industry.

In recognition of this need, the United Nations
Industrial Development Organmization (UNIDO), in
co-operation with the Kongresshaus, Innsbruck, Austria,
organized an expert group meeting on “Building and
Facilities, Design and Lay-out for Industrial Research
and Development Centres” at Innsbruck, 23-27 Scptem-
ber 1974 This issuc of IRDN presents cdited versions of
six of the expert papers preparcd for the meeting.




PLANNING AND DEVELOPMENT
RESEARCH

Introduction

NE OO the most ditticult planming and design

probioms to contron the architeer i the

prosent day i that of designing the industrial
rescarch centre a4 compley organism that must lend
el 104 myriad of uses and be responsive to changes as
they occur m the unpredictable world of science Ihe
tacility, must provide access o the tundamental scrvices
and skills necessary 1o mahke 1t opesatine, but it niust also
respond to the changmg character ot those 1t serves For
this reason, 11 s better that an architect planning a
centre acquamt hansctt with the interdependency ot
activities that takes place within such places rather than
studv  the
article, theretore, wilh examime the processes by which a

mechames of a speaitic laboratory Ihis

research centre can be comerted trom an rdea mto an
npcralmnal taciliy with the capacity to respond to the
wide range ot rescarch demands tiat will be mady upon
it by diverse saences

Location

¢ noosing the tocation s the most scnsitive planning
decision to be made as 1t can, to a great cextent
determine the centre’s potertial for success The centre
should e so located that it will attract personnel ot the
highest quahity . the calibre of the statt s critical to s
SUCCUSS

lhe chowce of  geographical
determined by the role the centre is intended to tuttil It
the centre s bemg set up to study ocean hfe or
behaviour, tor example, it should obviously be located
on or near the scashore H the character of the research
programme 1s general, however, location becomes a more
complex assuc. The locavon of the general facility s
morc often decded by the proximity of statt skills and
w an arca where other research or industrial
centres are situated than by the proximity ot rescarch

location s often

services e

materials  The proxinity ot other orgamizations also
provides for healthy interchanges and  competition
among staft, and the availability of supporting facihities

Fhe author 1y director of the research and development faciiities
and a4 pavimer of Gruzen and lurtmers. New York City, New
Vork His arncle ongmally appeared as UNIDO document
{D/WG IRIT9

Nearness to potential chents o one ot the  least
mportant ntena as the research process does not
imolie continual or intmate mteraction between chients
and rescarch participants

Workmg environment s also an important factor in
the choice ot tocation, Tt must not place a restraint on
the seriousness of a scientist’s endeavour or interferce
with his creatiaty. Distractions caused by difficult
commuting, poor housing, lack of cultaral activities, and
msufficient recreational facilinies can significantly reduce
the willingness ot competent personnel to locate In
developmg arcas. Staft arc drawn to centres where they
heheve the general atmosphere s creative, the facilities
up to date, and the atuitude ot the administration
progressive

Udihties ar¢ one of the primary location criteria,
Most of the services required for laboratory operation
present problemis ot scale. the tremendous demand for
clectricity . tor example. can create drains on power
cqual to those of a small city. The demand for gas, on
the other hand, s low A tairly abundant supply of
v oater s necessary, even it the quality 1s pooriat can be
treated if there 1s sufficient power available,

I'he control of air pollution is an important factor
i the sing ot a centre. AIr currents can sometimes
sweep pollutants discharged by a centre hack into the
facility or into neighbouring buildings or sites. When
considering a location, a wind tunnel test, using scale
models to analyse the effect of air currents or thermal
inversions known to exist in the area. 1s strongly advised.
Ihe treatment of sewage 18 not as critical as the
treatment of pollutants from chemical and physical
research processes,

Design factors

Socul aspects

The centre should provide ample opportunities for
personnel interaction on various levels. In the field of
science, individuals are the final measure of potential.
Their capahilities and their willingness to co-operate and
pool their efforts are essential to effective performance.
Great cfforts must be made to create comfortable areas
that can be used for the social aspects of the scientific
programme and for informal meetings. These areas
shou d be equipped with chalkboards and limited snack
facilities. They should have an atmosphere of comfort,
relaxation and diversion,
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Costs

It is difficult to define the advantages of one system
over another, in different localities, in terms of cost. The
availability of materia!, local economics and indigenous
techniyues are important determining factors. In general,
it is important to consider not simply the constr iction
cost of a system hut the life-cycle cost, the initial cost is
not the only, nor is 1t the most important. factor 1t
modifications are going to be carried out frequently 1t1s
important that the system be capable of adaptation at
reasonable cost.

Climate

Climate need not be a major consideration in the
design of a general research facility, apart from
determining its exterior architectural character The
climate can be construed as a factor that means certain
additional expenditures to provide for cooling 1n warm
countries and heating in cold ones. Control of natural
light, temperature and humidity 1s 1 requirement under
any climatic circumstances. The laboratory environment
shou!d be thought of for the most part as being
“climate-free”, shutting out the exterior world so that u
is possible within the laboratory to maintain a fairly
rigid set of climatic conditions

The modular concept

A centre intended for general scientific research
requires a certain degree of adaptabiiity in order to
respond to the variety of uses to which it may be put
having the lowest

(fig. ).

Systems trequency of

ALITNIBYidVYAY JO ITVIS

Low TIME/COST RATIO e

Figwe |. Sesle of grediont edaptabiiity grephieally shows
relationdhip betwesn cost snd insidenss of adeptabliity. tems ot
top of chert are highly sdaptobie st sompuretively low sost
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CRITERIA FOR AN INDUSTRIAL
CENTRE

by Paul Silver

anticipated  change  would  be
potential for modification,
1deally . the research arcas should be modularized
that is. they should be built of clements that can be
arranged to form spaces of varying sizes. as required.

A properly designed laboratory begins with a
planning module. The size and shape of this module 1
probably the most difficult single decision with which
the planner is confronted. The module must be flexible
cnough to mect a wide range of laboratory uses and size
requirements. It must not be so small that 1115 necessary
to group it together with other modules simply to make
it function. conversely, it must noi be so large that
cannot be subdividcd into smaller spaces when required.
As claborate geometry tends to lead to plans that are
confused and difficult to modity, simplc geometry
should be used simple rectangular geometry allows for
casy groupings

This concept  was developed for the Graduate
Physics/Mathematics  building at Stony  Brook, New
York (fig 11, The centre 1s so designed that the size of
any laboratory can bhe mcreased or reduced without
modificatton  of  the basic  syster Up to five
laboratories can be grouped together to torm onc
uninterrupted serviceable area (fig. 1H1).

The relationskip between e office of a saientist
and his laboratory is an important one  Proximity 1s of
the essence. it 1s often desirable to use part of the office
as laboratory space. This means that the laboratory and
the offices should be located adjacent to each other so
that both can utilize the same service system. The
arrangement should make it possible for the scientist or
researcher to move between the office and  the
laboratory without using public corridors. A conven
tional office is more appropriate to the needs of the
theoretical scientist who does not require laboratory
apparatus. The offices of such personnel are often best
grouped together and in proximity to the laboratory
facility, but not necessarily within the laboratory area,

The service distribution pattern makes it desirable
to establish, at an early stage, a minimum-s1zc “transport
module’”. At Stony Brook, the facility was developed
around the capability of transporting the “module” an
cight-foot cube weighing five tons-to any laboratory in
the building. The corridor width, height and layout, the
design of the entrance to the laboratory, and the
location of verticle transport equipment were deter
mined by the size and character of the “module”

designed  with httle
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Graduate physics/ mathematics building at Stony Brook, New York

Construction technology and materials

The construction technology of a general research
laboratory is seldom decided by the kind of experiments
anticipated as much as it 1s by available construction
systems. Laboratories with electronic sensitivity require-
ments, however. should be constructed of materials that
will not develop the inherent electrical shortcomings that
arc characteristic of steel-frame buildings. As the rend
nowadays is towards multidisciplinary scientific facili-
ties, care must be taken that the materials selected will
not| interfere with the operation of the sensitive
apparatus that is used in a varicty of scientific fields. The
choice of materials must take into account the need for
control of vibration, noise, fire, smoke and dangerous
chemical fumes. Soft materials with sensitive finishes are
not appropriate for research facilities Materials thatcan be
repaired, replaced or relocated without significant effect
upon the operation of the building are far more suitable

An examination of the Stony Brook facility shows
the kind of consitruction technology that is most
appropriate to a laboratory system (fig. 1V). As the sheet
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Figure IV, Specislized lsboratory at Stony Brook

metal interior partitions can be dismantted and
relocated, it is possible to modify the shape and size of a
taboratory quickly and simpty with little noise or debris.
The fire areas of the corridors are formcd by concrete
block. Within the taboratory itself, the floors, walls and
ceilings are of natural, relatively unadorned materials,
leaving the interior to be finished in scientific detail hy
the user.

It is usualty in the technical aspects of laboratory
construction that the proof of a facility’s abitity to
respond to changing requiremcnts is indicated. The thrust
of a design must emphasize the idea of the taboratory as
a series of elements, whether they be planning modutes
or furniture modules, capable of adaptation 11 a reasonahle
period of time with a minimum of noise. waste and
cost.

The materials used in taboratory construction are
determined more by the operations that will take place
within the laboratory than by the availability of building
materials in the area. Laboratories using chemicals
require surfaces that are capable of resisting chemical
reaction, The choice of structure and structurat materials
must be hased on a carcful examination of the following
factors: electro-static properties’ conductivity: resistance
to fuel damage; resistance to  breakage; loading
capability; and changeability and adaptability. It is a
¢omplex problem and cannot be simply described in
terms of a few short parameters.

The design of the structure (and thereforc the
furniture) is closely related to the planned utilization of
the facility. If a small number of laboratories develop a
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special set of difficult problems it is hest to 1solate them
from the main buitding,

Laboratories are not limited to specific types of
structure. Sometimes long-span structures are desirable,
at other times short-span structures are adequate. Some
structures usc interstatial spaces, others do not require
th potential flexibility that the mnterstatial concept
permits. The degree of adapuahility of the systems and
subsystems best dcfine the type and character of the
structure,

To a great cxtent, the decision regaraing the choice
of structure depends upon the resources availabie.
Structures that arc basically steel-frame may require
special consideration from the point of view of firc
safety, conductivity of materials and interference of
large quantities of steels with radio frequency and
non-shietded equipment. Concrete, of course, has the
disadvantage of weight, but concrete structures tend to
be more rigid and vibration-free than steel ones.

The externat and internat finishing of the structere
should be resistant to the chemical and corrosive
properties generally associated with the fumcs and waste
generated by laboratories.

The external walls are a matter of architectural
preference, but the internal partitions, which subdivide
taboratories into module groupings, should be highly
adaptable. They should be capable of being moved and
reinstalled in a minimum of time, with a min num of
noise and interference in the openation of the
laboratory. Walls that enclose laboratory groupings need
not possess this kind of flexibility.
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Layout considerations

Safety

Phe plaomng of a laloratory mvolves designing tor
satety agamnst fhire and dangerous tumes gencrated by
experments. Fhe tratti tHow | the cgress pattern and the
proportions of the laboratory are all satery constdera
tions, Fhe greatest need tor satery plannmg s of course
within the laboratory atselt, where the greatest degrec of
danger exists Olwiousty, rescarch mvolvmg explosives,
radiation or dangerous substances should ta housed
appropriately built separate tacilities, Such solation s
not only desirable but essential to the satety ot an
nstitute,

Serious thought must be given to the number and
location ot tire extinguishers
and to the

nd stand pipe svstems,
aatability ot sprinkler systems. both
comentional water and carton dioade. Designimg a
laboratory that would attord protecticn agamst cvery
kind of hazard would he atmost impossible, the m
should be to determine the level ot satery tor the most
general apphcanons and  to provide supplementary
systems in arcas ot higher hazard.

Pollutants generated within the taboratory must be
removed safely, quickly and ettiaiently. In parucular,
toxic or noxious substances must be removed expedi
tiously through a conduit «ystem that will provent
intermingling with poltutant< from other taboratories. A
small number of laboratories mav be groped together
and their exhausts of harmful polfutants ran through the
same basic system; great care must Ye taken, however, to
make certain that these laboratories are adjacent to one
another and that it is possible to control any process

that might producc explosive or combustible conditions.

If a centre i built according 10 the modular
congcept, the smaller modules should be reserved for
activities that present fire hazards. In all cases, centres
should have at least two forms of exit independent ot
one another and set up in such 4 way that access to them
is not hindered by laboratory expansion,

The building must  be  plannca for security,
Reswriction of access 15 of considerable 1portance
because of the extremely  valuable and
equipment used in laboratory work,

sensitive

Afr conditioning and ventilation

The air-conditioning system for a given labhoratory
will  prohably be chosen on  the basis of local
technology, local preferences and traditions rather than
on whether or not it is the most suitable for the
particular case. A separate system for each laboratory
grouping is not normally required, except in cases where
the experiments being performed are so sensitive that
even a slight interruption in the air-conditioning could
destroy their accuracy. Ohviously, computers and other
heat-generating equipment  must be given special
consideration, This can he done by supplementing the
basic system with a secondary system.
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Natural  ventibinon

gquanuties  ofan

which may provide darge

without generath

coolmg. v not
suttable m laboratory arcas

the tuns hood thigs Vooas the focas of operation
most chenncal and natural saencc laboratornies. Fume
hood cxhausts must be grouped together e order e
prevent tho mnture ot sabstances that mght be
exploqave. The choree of material and the construction
ot the hood and exliaust system arc very important, In
keoping with the tlexable approach 1o laboratory space

the  tun

hood should  be considered  as movable

turmture

Storage

b addinien 100 the mam storage areas. wherg
cquipment aswarting distetbution s held, the avadabifie
of second fovel storage tacdines, within the laboratory
groupings. s amportant - Goods hemg brought mto and
moved out of rhe centre must be protected agaimst

piltering and  losss Storage capability wathin the

laboratory  atselt should  be himited. closers and
bolow counter aabmets shoudd be kept to an absolute
nnmmum N furnture sy stem wath endless cabimets that
reniann underutilized as not only expensive hut becomes
a udymgaway place tor waluable matenatb that s
aventually torgorten about. the result s unnecessary

roestog l\mg

Conference halls and meeting room,

A rescarch centre requires tacilines tor the holding

ot anchouse and mter ainstitute mectings. Reception,
registration and dinmg areas should be availlable and,
ideally, homited  overnight  accommodation, Meceting
rooms are best dispersed throughout the facility, though
a concentration s acceptable it the facihity v not too
large. Small conterence or assembly rooms that can he
used cither as lounges or for small gatherings should be

located within the laboratory groupings,

Reception and telepbone exchange

The reception area ar lobby ot the centre shonld act
as a4 control point . stricting
remainder of the building,

The telephone exchange may be located at whatever
place within the building s most appropriate from the
technical point of view. In most cases it 1s independent
of the reception arca, but if the building and the
telephone system are smalf they may be combined 1o
advantage.

movement  into  the

Warkshops

Workshops arc necessary for the preparation of the
experimemal apparatus uscd in the laboratory. They
may include shops tor glass-blowing, metalworking,
woodworking, clectronics testing and equipment storage.
They provide the backbone serviees required by the
laboratory.,  Some  have  specific requirements;  for
example, glass-blowing  shops need  excellent natural

lighting,




Ny case s drnd o deators

Slitoases g clcvators should be used as hittde as
possibbe - Tall buadldimgs wath anall Vdoor areas depend
very hoavilv upen vertical ansport avd are theretore
highlv undesiabic tor Fahoritory purposes. Small tloor
dreas mimmise the cttectneness of the module syatem
Iy seliong roscarch groups onoseparate tloors
hept oo

Staircases

Movement waithin the buldimg can be

pupnmum by proveding Lirge tloor arcas
Grould e primandy corcencd ot e firc c¢ats. The
atihzaton of storcasos for e buddeg trattic requires
very subtle plimnmg.

Determimig  the number of

required passeneer

Chevators tor a tall buddding v g sensitine planning
problem Jroufd be assumed that the arrval time of
the sttt with be durng a relatively short perrod m the
mornmg and that movement into and out of the huilding
will o consstently high duning the dav. Flevators
should not serve the duai purpose ot passenger and
wriee use. The service clevator must, ot ceurse, be
designed 1o accommodate the “transport modute’” that
b been decrded upon,

{rilities

Fhe water supply, both hot and cold. should be
purc and of 1 rela nely neutral quality. It need not be
avartable i disttled form at the laboratory desk, except
i Laboratories that have a consistent and high rate of
utihvation,

I he biggest single service to proy ide tor s electnan
Fhe voltages should be over asutficrently wade range and
the amperages set so that the total wattage s aboul tour
Wt per square toat of fahoratory arca Supplementarny
distrihution capabibity. must also be provided m order
that the clectrical power available i any one laboratory
mav he mercased sngnl.’n'anll_\ when needed

Centralized distribution systems for gas supply arc
no longer very necessary as more and more gas systems
are bemg replaced by electnical systems Cylinder sources
are Just as good as central systems.

laboratories should be provided with telephone
systems that altow interconnection with other lahora-
torics and non-laboratory arcas as well as with the
cutsde AN ntercom system soavery usctul if 1t s prop:
orh desgned and nregrated into the telephone system.

Furniture and furnishings

Laboratory furniture must be sturdy in order to
withstand the heavy use to which it is put. It must also
be capable of easy modification (fig. V).

Desks

Desks should be considered as part of the laboratory
table system Drawers should be fully extendahle and
preferably self-retracting,

Desk covers and similar protective devices are not
desirable features in a laboratory. The desk top should
itself be a protective surface, capahle of resisting
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Figure VI. Typicel iaborstory furniture system

chemmical damage aad heavy use. A good practice 1s to
provide the same tops for the laboratory desks as tor the
laboratory furmture,

Sinks

Sinks can he divided mto two basic categories: cup
snks and regular counter sinks Cup sinks are highly
suitable for laboratory use and can be built into the wall,
feaving the furniure system free. 'his makes it casier to
move the furniture about. Sinks of cement asbestos,
stainless steel, and “duriron’” (a highty chemical-resistant
material) are the most suitable for lahoratory use.

Water and gas taps

Taps are best built m. > the wall system, frec of the
furniture. This altows the water distribution systems to
remain in operating order even when the laboratory’s
cquipment is being rearranged.

Floors

Deciding on the floor frmish tor alaboratory s often a
very  difficuit problem for the architeet, as everyday
laboratory use does considerable damage to the surface.
Experience has proven most systems to be inadquate
Generally speaking, it does not pay to invest in good
floor materials. A minimum-investment flooring such as
concrete will give satisfactory results, if the aesthetic
limits can he accepted (concrete shows irregular finish
markings and pathways develop in painted concrete). In
areas where more expensive tile and epoxy are desired,
the cost implications should be understood.

Windows and doors

laboratories often function poorly when natural
lighting is used. Natural light does not enter in a manner
that is casily controlled and it is generslly not uniform
throughout the room. Windows in a laboratory are not
considered an asset. For offices or laboratory-office
combinations, however, natural light may be considered.

Door matertals need not be rigidly defined; any
material that can take the heavy use normally asscciated
with a research facility may be considered. Kick plates
and bumper rails are important features. Lever handles
arc very practical for laboratories because they make it
possible to open the door with an elbow when necessary.
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LOCATING
RESEARCH
CENTRES

by J. Nekarda

N THIS article, an industrial resesrch and

development centre means a complex of offices,

laboratories, training and other premises and
installations insended for the carry’ g out of applied
resesrch, which involves the practical application of
basic research and technical and technological knowledge.
In many developing countries, research centres play an
important role in the training of personnel for research
and development work.

Location

Decisions concerning the location of a new centre
must take into account both macro-cconomic and
micro-economic factors.

From the macro-economic point of view, the aim
should be to determine lc ation on the basis of the
desired relationship of the centre with its potential
clients and on the desirability of achicving close working
contacts with rclated organizations. Experience has
shown that it s preferable to locate in arcas of intense
con entration (existing or planned) of industrial, social
and cultural activities, which means, in effect, areas in or
near capital or major port cities.

From the micro-economic point of view, the aim
should be to determine, in the given arca, the most
appropriate building site. When selecting a site, the
following factors should be taken into consideration:

o Size. The site should be large enough to allow for
future expansion of the centre or for the
construction of houses for personnel,

The eutbor is the Deputy Director of TERPLAN, the
Csechoslovak Institute for Regional Planwing, Prague, Crecbosio-
vakie, This article originlly appeared as UNIDO document
ID/WG. 181 /6.

Volume VI, Number 3

Lopograpty  Ground soils should have good bearing
capaciyand  the highest fevel ot underground
water should be more than two metres below

the surtace.

® Sitwation The site should be chosen wath rega-d to
the social and acsthetic mmpact ot the centre on
ncighbounng houses and other buildings and with
regard to transportation accessibility

e lnhnes An ymportan locatonal factor 1s the
avarlabihiy oi drinking andother water. sewerage, gas
and clectricity. o avord the considerable finanaal
outlay involved 1 building a scparate installation,
advantage should be taken of the utilities offered by
cxisting industrial arcas,

o Invrronment 1t 1 necessary, when selecting a site,
to bear m mind the need for clean air and a quiet
working environmen

The micro-cconomic twctors described above are by
no means the only ones involved in reaching a decision
regarding location; they are, however, factors which
should not be omitted when selecting a building site.

An example

The following description of a successfully operat:
ing research and development centre in Czechoslovakia
shows how somc of the arguments advanced above are
applied in practice.

The Institute for Kesearch and Utilization of Fuels,
which is controlied by the Ministry of Fuels and Energy.
is located at Béchovice, some 15 kilometres from Prague.
It has a branch at Brno, the sccond largest city in
Czechoslovakia, and an important industrial centre.




The main objectine ot the Instituate s o contnibute
m the tichd ot processing and use of

indd hgquid tucls and 1o assistn putting

new  knowlodge

solud gd\(‘ﬁll\

this knowledge mto practic 1 he Institute also carmes
Ul SUneY s rendons (\p('rl assistande o |m|usl|‘|al
COteIprises md co operates with local and loregn

roscarch mastitutes and international organizations actine

n ot pmuulm ticld
The tnsfitate s composed of 4 number of divsions
divnded nto sections as shownn the

t has ahout +00 cmployees

which i turm are

Aoeumpeaving charn |

s located noan area set aside tor
rescarch and development centres on the outskirts of the

1 he  Institute

(ity. The Research Institute ol Materials, Rescarch
Institute of Machine Construction, Institute tor Motor
Car Rescarch and Rescarch  Insutute ot Flectnical
k ngineenng, arc among other important centres located
in this area

lhe man advantage of concentrating several
industral research and development centres in onc area
s that a high sandard of unility services can be achieved

Phe tolar drcd b The site s T8 hoctares bt threagh imestment an COMMON Interests  sewage dis
Leordings cener e than Soper centoofthi I'he pusal plant. water sources clectrical energy and gas. A
consumption of clecinical energy s about 420,000 kWh tuither advantage s the possibality ol pooling resources
which represents 4 power imput of some 0.2 MW Water tor the ureation of a suitable dwng and working

}
consumption trom public utilmies as ahout 28 m° per environment tor the personnel ot the centres. 1.e social
24 hours and the quantity ot waste waters discharged to and health care services. gardens restaurants, recres
3
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EQUIPPING
LABORATORIES

DEVELOPING

OUNTRIES

Selection of equipment

HE SELECHION and spuatication of labora
ton cquipment together with the planning ot
space Teguirements for Al departments tinchid
g fleabiin
sections such as workshops

tor future cxpansiond and supporting
darkioums pilot plants
conference rooms  hbranes  admimistranng ofhices and
staft tacthuies should  alwave precede oo least go
hand in hand with bhuilding design

Apart trom the basre cquipment that « found i all

laboratones, 1118 almost impossible ta sy what

cquipment standar d for an mdustrial esning

rescarch or development centic the work hemg carmad
aut may vary consderably trom centre woooentre and
from cauniny 1o cauntry \pulah/ed cguipment and
accessories theretore have 10w carctully selecred
they are 10 meet the reguirements of the itended

laboratory procedures

Natianal and internatiopal agencies thal oxtend
support 1o developing countries in this held usually
employ experts on 2 short term contract basis 1o advis
on the selection of equipment Although this system has
proved w0 he successful in many instances 1t has one
drawback  the  expert’s short assocanon with 4
particular project and his pussible tack ol cxperwence o
local conditions may not allow him 1o appreciat the
many iniricate problems involved 1in the operation and
maintenance  of  sophisticated  instruments o the
possible difficulties 1n obtawning regula supplies of the
equipment he 13 recommending

I'be author 1t the Manageng Dewector af & rcentifu technscal
supply bouse ai Buchschiag, Federal Republu of (ormemy
which 1pecines  excluswoly i equipping lebovatories m
developmg countmes Ihu avtrcie anginally appeared ay UNIDC)
document IDWG. 131713

Veolume Vil Number {

by Helmut Maier

Developing countries often lack laboraton supphies
and cguipment technical assistanee and mamtenane
hmted over all

however  and the larg

STV RCUS the mark«ting pnlvnna!

vanely  of  taboratory and
wienide nstruments avallable from toregn suppliens
and manutacturcrs make n g('ncvalh uncoononncal for
Jocal busmessmen 1o estabhish stocks or 1o employ

quahtied  sonvae probleme i many

cngneers (L0
countries v compounded i Joreign cxchange and
IMPOrE restrichions which often do not even permit the
commeraal import of spare paris Av 4 resull saentitu
taboratones m davclopimg countries cannot o van onhy
vo 4 hamted ovrent tind techniaal assistanae locally
They must ey on the support and o operation ol
supphicrs based perhaps thousands of miles away

Several conclusions are o e drawn trom this
vtuation  One ol them s that betore selecting any

cquipment o carctul dudy  should b made o

determing

(a1 Which  of the mam posshic supphios and
manutacturers ol cquipment have local representatives
ot offices nstallation  and

capable of providing

MAINTCARNLE Y ILEN”

(h) What cxpernence do potential supphiers have i
deahng  with the  speeml obtainmg  m
developing countries?

conditions

Anothar important conclusion i that cquipment
specifications must ix prepared very  carctully and
clearly Lhere are countless examples ol cases where lack
ot detarl m specitying has led 10 the purchase ol
incompletc  of  unsuttable  apparatus. 1t should be
understood that supplementary cquipment o acces
sofies. 1t not specified. will nov e quuted for in the
supphter s bud

Most brochures o catalogues published by cquip
ment  manufacturers give only .rm-u! intformation,
without complete order speaificatiom A sehedtion hased

X
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ERTIIOETRIIED e necossaty which oannae i \mpamd iy
i omgnea i The frehd T sach cases speaal iraiming
Py e shounbd ta .nun‘u! st the contic ov 4t 4
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the cgmpmon s stehvered Sudh Irsining programmes
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mvohved e nd soonmmuodation

Catra s exprditan
aned possibly other feos should he supported ont of the
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kquipment maintenance

\ p.llluuhll\ e tant aspedd o

Cquipping
Laboratones i dovetoping countnes s the imcorporation
ot tulng v gquippe A ol trcal clectronn and tine mecha
o astitutes that us snphl\luah'd

dollars 4

ical worhshops

wstuments worth - perhaps b ot

wa b Gqupped waorkshop s Cascntial o Faen mor
apoertant s e ceomaont L ghhy qualitied wiatt fon
the workshops 11 has hregaonth beon obsersod that the
gl.n!u fined o workshop e ads by oatnadt tes b
s Consuderog the  tact Thdl very oxpunsivg and
tughh oo han at nstraments must b handicd s not
Lar ton haod te s S That the status and pay attached 1o
wercdased n order o attradt

i he gMd( of  such

The se peie shoudd x
quabhhicd cngneomg g aduates
porsonnel atter haning gt guahticanion m mstrument
mattc i shoald cvanparable wih that «f an
teaintant fiend ob 4 laborpan depariment 4 not wath
that of e doparntment head o braming courses n
Sl T e nan e should be .uran'ul m sutablc
Lo 1 Gducateonal ansthitutes oo abroad under the aegas ot

it tnationgl nlganu/unm\ \um‘hux ol vqulpmcnl
somehimes pln\uh tammg on \pnlh. insMruments an
the 1t own laborarones

I hkcomes obvous that an imestment o workshop
cquipmont and welt travned  porsonnet s worth while
when o v oonsdercd Thar am maintcnanee  service
prrtmlmd bn the supphor soengneers Iwyond  the
guarantee ond has to e pand tor Fgquipment shoukd
Ix  mstaticd 1o the suppha and mamtamed tor 2
guatantes penod odup To 12 months. Quite often
howes e marntained  atter  the
guarante prriend bucaus the  saentfic insututions
concetned dao not have 4 hudget Lo pay fau Instrament
repan Lo avord such a2 situation 4 certan percentage of

the wnginal pure hase price should be set aside for service

rqulpmrm i ot

and mamtenance

A well equipped workshap m addition can produc
many speoal devices and mstruments fir the various
deparrments of the institute

tinatly  tor reasons of cconomy Womay e Ihuuﬁl
w developing countnies that e conditioning systems for
vesearch contres can In dupensed with. Much more vthan
the human bemng  who has lesrat do adjust cven 10
adverse hmatic cocditions mphmnuled electronic ot
clection uptical - and analytical  instruments  Tequine
protection ageinst heat humihity and dust Sophstt
cated instruments also require an cmergency generstor
10 supply  clecinioity n e ol power failure o
flus tuation

Iudusiresi Ressarc b and ovelnpmont Neows

e



Criteria for procuring equipment

Procurement rules demandalmost averyw here, that
the cheapest oftars be aceepred Apphied 1o tie purchase
l" ALY I"n“'“ l\lul'““('"l NI nh\('r\almn ol \ll\"\ ’u‘('\
may turn out o he @ very oxpensive way of cquipping
laboratory . As discussed carbes preos sprolications ar
A guml mears of ohtamng correda and reha 1o ottars
Onkhy such oftars allow a4 pust companson of the scepo ot
debiveny and the pnices of dittorene brdders

I ardey 1o olnarme an andstorted  protare ot
compaiative dats onh techimcaly oxpanu nocd and
commersiatiy
shoald  x
recommended wherehy onby hmued numbor ot hirme
that  can  satisfy o eveny

capabl manutacturces  and  supphers

imuated 1o submie ottors A pnuulun N
requireraent as to quality
CRpOHIenee i handhing comprohensing supphes 1ch in
Wiy o conneson with dotnoiy sohadubes tochnnal
Assistance ad o mamtenance senvioe e it d ter tonader
Such 4 pnurdun may cven bead roondiodual Beme
e g seleuied as supphiers for entire faboratory outtits
cguipment fois - or speaiahiz G nstruments ona
proprictary o angle tender hass
tmvtations  to bid shoubd

indications of the currenay and termes mwhich ofters ar

atwavs g loar

1o bhe submited ot mdnoadual prices o o ho gquoted
cx works, t o b port ot shipment &1 e t1 port ot
destnation it shapment s desin d bvoan oo sea and
whether or not the cost ot pae king should he mdduded
It s worth pomting oul here that North Amencan firme
have a difterent interpretation ot the term o g
an board shapy trom Furopean supphers The latte
obwenie the internationally accepted detimuion ot the
term. according to which 1 ob pnoees include cost and
all charges of dehivensy
board ship’ 1n the saport o airpon of shapment hir the

including packmg, up e on

Umited States of Americz however Lo b, s normathy
understood as tudi factory and pnces do not include
packing. inland treight dcading charges dacumentation
o export handiing. alt of which are charged scparateh
i 2 tudder deviates from the terms fad dawrnn the
tender invitation his oftcr should ix aarctudly exammed
as 1 may have been mtended 10 obtain a superfioa
advantagr 10 price cOMPanson only A areful techmical
swrutiny ot the speaifications given in 4 idder's ofter
and 1 compenson with the illustrated fierture attached
(o the bid will, 1n many cases chmimatc guutations
which at first glance ook cheaper Accessonies may have
bren purpasely left out 1o gain an advantage over othe
bidders. Sometimes minor but important differences in
performance dots cause conmderable price varations
Many national and weernationsl orgentzations inite
affers from originel menufacturers anly. deman ding that
the commission usually allowed to agents be ottered as 4
dacount. The dissdvantages of the procedur ar that
ordens are quite frequently placed with firme which
readily accept these conditions but which have netther
expenence I agEnts n the purchasing country. fhus
the scientists in the develuping tountnes arn dented U

Velume ViI Nuombe |

When
canpanng pric guotations the otter ot an mternational

benetin of any kand od techmcal assistana
faboratory  cquipmient supphicr may o castonally b

tound  to bosubstantiathy gher than that ol a
manutactorer dnsuch cases it can ondy b recommended
that tho oxpenenc and atter sales senag mmrpnmlul
m the ottor should bo carcrath consdered

One aspedd of cquipment punh.n« That  causes
probloms w the e given tor the submission of olfers
Wien o1 s tar 1oo short Joudd he realizad that tong
Fats of sprabicabons pre parcd for a4 projct over an
cateondod poned ol ime canitoat nol mathy bo quotcd to
o space o anhy two o thrce wecks the T that
nught b Teti o Csuppher attey dekay s mat are taken
MLo dveound 1 he ottors

quatiny ol might I

comaderably  mprovad it maorenme were allowed,
Decimions on bid acceptande Ghould not Ik dokaved
I v ot the normal validity ot otlerns parluul.nh at the
present o nnn when worbdwide anflanon necessidtes
Pro quent adpustirent ot puces

Another senous problem that s otien cncountered
Cconcerns dantage o bansait and The insurance cavenng
such damage Fatensne damage and cven total Joss can
result from the rough handhing o consignments o ports
where no mechaned means o transpent suth as
tork hitt trucks i avartabh Dclave may b encountered
n dearnmg conspmments thiough customs and shetiered
storage tacihiies are otten absolutely madeguate Cases
COMAMING CYPCNSIve cqugunent niy b subyeated to the
most adverse chmate condiions  hunnding heavy
Tropical rams onirenu heat and dost No ceonamicalh
justitrable method ot pac kg van provent damage 1o
CQupnnt under such conditrons

Sometimes  bocause  of  customes tormahities  and

adminmistraing delays o having the  consgmments
unpad hed and cxammed nsurance coverag has atready
exprred by tho ninv the  cquipment drmves At
destinaton atd a clam can lodged  Then, motre T
and ettort s usualhy spont onn fiang rnpnnsnlnhl\ than
on how e sttuation might e avended i future An
cfiort should e made at the iternationdl organtzaton
leve ! to solve thiy problem I he reducnon i damage o
loss would pay tor e Do essaly  pnvestment an da e
short nime

A final suggestion may t made here Replacomen
parts required toorepan transport  danmag should Ix
obtainable with 4 munmum of detay and adnnistrative
ed vape Research and dey elopment centres should have
the authorily m an cmergency o place smal orders
dircot waith supphiers

With o without such cmergency arder fachue,
however,  Serniings usually drp«-ud on  and  prels
co operation with the expenenced and fexable suppl oy
who v i regula and not sporadic contad with hie
customer who oxtends unburcaucrsin help and who
cven pmvnk: when necessary  free seplacements and
repan facibties in order Lo contnibute 1o the pnme
olyective e the cstablishment of 4 soentihic imsnitui
useful and cttecive work and simnterruptod oporathion

(R




BORATORY FURNITURE

AND FITTINGS

HE MAIN cntera ton 1w

Pabortory tunmture are bnd down m s numba

constbhuchion ot
At standards spoatications and publicanon
many ot whioh e disted at the cnd ot tis arneke
Paitacuiar montion may e omade ot Bonsh Standard
tutimgs |14
and thic pat catons o the d mited States Dopartment ol
tHoaltt

IRSURER AR | aboratory turmiture and

Udacavion and Weltard 7] M the present i
i bodor Republie of Gamany bas o oumber o DIN
savdands  wheoh togaha waith o the dircctnes fon
Biboraton wonk pubhishad by the deratsgonossenschatt
for the honuoad industiy and the Berutsgenossenschaty
ton public hoatth b mflucnced the constructhion of

Laboratony tutmtare |20 46

Piee qied e o SNesve sty of the e buican Commrittes Faboraton
Vpparata. nd Faatire ot the DNA GG ermay Standards
Dsttiterion - Ahes werncle ongrmadly .:N'mrml as UNTDOY document

oW Ia)

Fogure i

isand and well Benehes, with 57 vies shebas saranvis sink unit, 200el framewerk for sarrying the boneh taps ond he wreseas

by F. Geyer

L aboratory turmture for chemical and similar work
consints of g few repetitne units that vary n shape and
sty le bat arc uniform an therr arrangement and basic
design. Fhey indude wland ' enches wall benches and
tume cupboards thig O cupboards ttig 1 sink units
g, . batance desks thg V). nmation deshs, and
microscope desks dig Vo Phe supporting clements tor
the  bonch tops may b ather steeh o wooden
tramem ork m which the underbench components can be
moanted  chgs Foand Moo tived darcass uwats ot
ditterent oy pes ctige VD

it s recommended thar onby the first type be used
and that 1 toot space 20 contimetres deep e allowed tor
comtortable standing and cleamng, Al these untts, an
3 metres and
more and 1he tume cupboards with fron lengths o 12

PSS oand L8 moties

partivular the benches with dengths of

and 4 haght of 2 8 metres ar
spacevansaming items that must be shippeds dismantled
then  reassembled  on site and jomed 1o the prping

svatems of the buldimg by skilled crattsmen

made of plastie-lamin. . ¢ timbors. Dienderd and law-beneh tume suphosrds

14
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Figure I1. Loberstery supbanrds

Figuwre |11, Laberetery sink unit with droining boerds

w)
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+

Pigure 'V Dolanes duths with bulli-in enti-vwilretisn mounting

Volume Vil Numbe

Figurs V. Desk for sitting work

Figure Vi. iotond snd wall bonshes, with servies esll on the
hock, bonoh tops of lirge scid-preet sonewere tilss meunted on
fined aarenes units

Al the earliest stage of planning, 1t should be taken
o account that the desgn of the furmiture and the
essential dimension: of length, height and depth will
largely govern space planning, the design of the building.
plumbing and ventlation systems and the chote of
matenals For Hoor and wall covering. During the past
20 years, additional laboratony furmshingy such as the
plumibnng cell (tigs. VIL VI and X1) and movable desh
units (higs. 1X and X) which are better adapted o
present day physico chemucal methods of analysis, have
been developed. They can replace tho convennonal
hitted-turniture  1ype  of  bench the pretabnated
plumbing cefl mounted m the axis or on the wall of the
laboratory mcludes all pipes and outlets tor the vanous
services and must e connected 1o the service piping
system of the bulding The casthy  dismountable ormn
some cases . independent and movable desks arc placed
adjacent 1o the plumbing cells  Fhese mstrumentation
desks with different 1op coverings may be used as bases
to carry special electrical equipment assemblhies 1o e
jotned 10 the plumbing cell Such adaptable lahoratory
furmture s 10 e preferred it the purpose of the
aboratories cannot bie specthied 1o detail ar the planning

stage




Preforicated piping system made from coppar
tubing and plastic pipes

Figure VIl

Islend plumbbing ool with ges weter comprosssd
oi taps, slostrien! souk ots and eup sinks

Figure VIlh

Figure IX  instrumentation dok

Figure X Instrumentation desk on saeters

In the industriabized number ot
Companics speaiahizc n the manutacture, supply and
Lhey also supply the
plans and mdicate the location and size of the piping,
¢shaust and clectnical terminals w the building. 1he
ncreasing demands and  the moxfulanion and clemen
tation of laboratory furniture has stimulated production,
umber,  plastic laminated wood and
cpovy resin coated steel carcasses (fig. X1,

countries. 4

assemibly of laboratory furniture

mooserres, of

I'be cquipmient of industrial rescarch centres in
developmg  countnies should not depend entirely  on
imports  lransporiing  laboratory  turnishings  from
abroad involves the additional costs of dues, packing and
delegation  of speciabsts  Morcover.  the  complete
wstallanions of laboratory furmture being produced in
the industriahized countrnies may not be necessary  In
many industrizhized  countnies. however, laboratory
Iwnches  are sull mounted  onsite by using  the
co ordinated work ol carpenters, ule layers, plumbers
and  othet crattsmen Therr  work s regarded  as
sccondary  bullding work. In this case, fitters or
carpenters build the supporting framework on top of
which tiles arc embedded 1n acid-proot putty on a
concrete base  I'he plumbers execute the necessary
piping work. A {urmiture manutacturer subsequently
supplies the carcasses 1o be fitted into the tramework ot
the benches (fig Xill and  XIV). This method has
proved satisfactory lor many years and could also be
applied 1o the furnishing of industnal research centres in
developing  countries. The contractor  charged  with
constructing and cquipping the building could also order
and co ordinate the subcontract work for the laboratory
furmiture as he would have the necessary contacts with
local specihzed tradesmen.  The building contractor
could also preparc the tenders for supply and asembly
and supervise the progress of work on site

Industrvie! Kesearch and Developmeni News




Figure X1i. teland plumbing esits for lnberstery sirvicing, housing in sdéition the vertiesl main linms, slsstrias! distribution besrds, and
waste and exhsust dusts for use with moveble instrumentation desk s
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Figee Xii. Bench ummblisn o weriow medulyr corcsms
(widths in eantimstres) Pigure NIV, Amembiing of fume suphnerds on oo
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Fssential dimensims
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standing swaore s heen tand o e 60 cny lear ot 1The
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compressed  air, steam and  electnaty used on the
laboratory benches and in the cupboards The services
and number of taps, cocks and vales 1o be provided
should thereiore e speafied at an early stage (able 2)

TABLE 2 RECOMMENDED NUMBER OF OU L1 LS SINKS

AND SOCKETS

Rencd tops of bt 0 75 m wadth

Servces Leagih cmo 3 {6 4.0 48
Gas taps
Water taps
Above cup sinks
Compressed ain valves
Fused electrical arcuits
with

I'wo phased sockets How 6 (8
Three-phased sockers 1 2

Rench topsaf 1S mwdeh

Gas taps )
Water taps 4
Above cup sinks 2
Water taps 3
Hot water taps 1
shove
Sinks with overflow
Compressed air valves
Fused electrical circwrns
with

1wo phased sockets
Three phased sockets

b ume hoods
Fengeh (m) [

Gas 1aps (troni
controlled)

Water taps (front
controllied)

Cup sinks

Compressed sir valves
(fron) comtrolled)

} used riecerical
81 valves

with

Two-phesed electricsl
socke ts

Ihree-phased electrical
sockets | ! |

kot physicsl or phvsico chemics! haborstories

I'he three standard types of bhench fitings e
stands. wall-fixing and tront controlled patterns arc made
of brass. In air-conditoned  rooms,  chrome plated
surfaces  arc ususlly sufficiently resistant  Acid-proot
coatings arc used ur German laboratories carrying out
wet chemuistry work . however

Colour coded lever handles and handw heels of cocks
and valves facilitate the wWenufication of the flunds they
control B8 31202 recommends an alphabeuical den ufi
caon system, but the position of the handie sometimes
makes readings difficult and. besides. such letier symbols
are not universally comprehensible

Velume VH Number 1

It trequenthy happens that more serviee UL
mstalled than s really necessary for the actnatres of a
laboratory Mcasurements carried out in some laboraton
buildimgs have proved rhat the comprossed air servic
utitlization rate was not ¢ven 6 percent I compressed
A must be provided on the henches, i es il
sutfraent tor a gauge prossurc ot Tharand 1or a aax imam
supply ot 015 standard m ' 7min |13

Vacunm service for suction ot 015 m’/min at a
pressure helow 400 Lorr' at ek pont aan also be an
oxpensive and nnccononucat mstallition Water operated
ciecten pumps and aven motor operated small rotan
puUmps arc mone hecause
they delinver a vacuum below 20 ton and therr pressurc

practicat and morc ctfraent

docs not depend on the varving ioad of a piping svstem.

I'he necessity ot supplving steam 1o benches and
cupboards s doubitul although steam as a4 heat souree
can certamly e helptul e evaporating inflammable
hquids. Steam heated laboratony apparatus is now rarcly
manutactured as temperature controlied clectneal apph
ances, some explosion proot arc casily avalable and ar
much more practical to us

Fhe necessity of 4 general sapply ol high-pressur
gases such as mirogen. oxvgen. hvdrogen, hebum and
carbomic acd 1o the benches  shauld be carctully
examined at the planmng stage The alternative systems
are

@) Serviec prping suning throughout the entirc
budding. trom . space tor the storage of
high-pressure gas contamers to necdle valve panels on the
reagent shelves of the benches

(b) Shon  r1ap

central

wpoes  runnmg  from  xhausted
Pp

decentrahzed storage hoxes tor hagh pressun gas bottles
on the floors to needle valve pancls on a limited numbcer
of benches {or cxample 1n chromatography laboratonies
(fig. XV).

Figure XV Swvien wrmingls previded for ssnnouion w the
piping system of o boneh

The o isoa wnl ol pressurc cgqual 1o T/lek) of an
simospherc and very nearly equal 1o the pressure ol a column ol
mercury | mithmetre high at 0 C and standard gravay




(o Clamps on Liboratony benehos and cuphaoards
tor tastenmyg high prossure gas avimders hitted waith
rcducmg vibves this s undoubteddy the most economic

solution | K]

1t must be tiken into consideration, however, that
Atcinarnge (o will mercase e load, and  explosion
hazards an case of tires German guidedimes for accdent
pravention recommend the removal of lugh pressure gas

botrlcs trom the Liboratory cverngght | 2012].

B ndustenl research plant, separate senviees tos
potable towmand imdusiaal water should be provided
tor the Liboratory work arcas. The hindwheels ot valves
tor potable and non-porable water sapply must be
dearts disunguishable. e
camspreuous - durabl

water to the

v colour coding o by
habels, the  supply  of
non-potable enches can consuderably
dimmish the consumption (water jet pumps 180-550 I7h)
ot potabic water. The drinking water pipig system must
abo be protected agamst backtiow resulting from the
connanion of laboratory hose to water ldps|3. 5a2.7. 14
and 17

Ihe Amencan Natronal Institute of Health suggests
{17] the use ot an imdustrial water system serving all
work Such a would be
mde pendent ot the potable domestic system and only

laboratory ATeas. system
the tcw potable water taps would have 1o be marked or

labelted

Lhe provision ot hot water through local electric
heaters placed above the laboratory sink units could be
more practical and more economical than bench taps ted
trom a central system,

Plastic taps for disolled or demineralized water
shoutd not be provided for all benches |14, 17 In
general at s sutficient to provide one tap, fod by a
central plant i each laboratory of a certam type, or on
cach floor. and this only if the acuvity ot the institute
permanent  supply ol distilled or
deninerabized water. In all other cases, distilled water
can he used from bottles stored on the reagent shelf of
the bench.

noecessitales 4

The number ot gas taps on the benches and in the
fume cupboards cannot he taken as a cnitenon for the
cvaluation of gas consumption, A 3/8-in, gas tap delivers

2004 hoat the usual pressure of 90 m we.2 A Bunsen
burner consumes about 100 ¢/h |3, Sh, 5¢, 14 and 1" |.

Fhe diversity lactor of 0.4 or 0.5 mentioned in
BS 3202 should only be hased on 100 €/h  gas
consumption and not on the maximum possible supply
of the tap. Gas stands or other types of gas fittings are
instatled on all benches and cupboards, although the
uttlization ot gas heated laboratory apparatus is steadily
decrcasing in favour ot electrically driven applianees.

waio column

2o

Figure XVi. High-pressure gas cylinder in exhaust cabinet

e —

a—+b¢Cc+bea

—

Yy

{a}  Width of bench tops
{b) Width of operating area
{c) Width of passage way
{d) Thickness of partition

{e) Optimal distances 06mand0.75 m

(f)  For laboratories 045 m
For offices 0556 m
depending on its structure
3m | 33m | 36m
670m 6.68 m 7290m
345 m : 335m 36556m

Figure XVil. Width of work ing sress snd wpass dimensiening
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Instcad of common 1own gds (0 mm w), natural
gas (200 mm wo) s now bemg used o the service
systems of - many - laboratones, The higher pressur
requires adequately desygned burers and bench fittings
with greaseless stutfing box valves For satety rewsons, an
outdoor location s required if high-pressure gas hottles
tor propanc/butane supply arc utilized.

Lhe termmals of the piping svstem to which the
benches, cupboards and pretabricated plumbing cells are
to be connected (hg XVD should not exceed  the
tollowing sizes

Water 1 in,
Gas (town) vin
Gas (propane/butance) Y2 in.
Compressed air 21n.
Vacuum L2,
Waste 50 mm NB

Copper tubing and welded or soldered connevions
arc used for prefabricated piping in benches and
plumbing cclls. Gas, vacuum and compressed air beneh
piping, mounted on-site, arc usually made from black
steel with malleable iron banded fittings, and water
piping from galvanized steed tubing and galvanized iron
fittings. The supply line terminals should have shut-off
valves

Cup sinks and sinks with overflon, are made ot
acid proof stonewarc, fire clay, stainless steel and plastic.
In the Federal Republic of Germany, their dimensions
arc standardized in DIN 12 9141973 and DIN 12 915-
1973 [9c, 9f]. Glazed ceramic sinks of brown, white and
grey colour and ceramic S-traps are highly corrosion
resistant and therefore extremely suitable for laboratory
furniturce. Stainless steel sinks arc less resistant, for
cxample, against air containing small amounts of
halogen, particularly chlorine, which frequently circu-
lates in chemical laboratories. For the waste lines, iron
pipes with spigot and socket connexions made from
fine-grain spun cast iron can be used [14], or PVC and
PE waste lines with welded  connexions,  which
expericnee has shown to be sufficiently corrosion
resistant and shock-prool

Bench waste lines made from acid-proof stoneware

and glass are highly corrosion resistant, but have low
impact strength.

l‘or research centres in developing countrics, the use
of cast iron pipes, which are available anywhere, is
recommended for the main ducts as well as for the
piping in benches mounted on-site.

Consumption of fluids

Croissant |3, p. 49] mcasured steam, water, gas and
compressed air consumption (figs. XVIll and X1X and
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table 3 at fove mmute mnmtervals o twelve laboratories ot
an mdustrual research centre (two analytical, three
rescarch, two applwcation engineering, three routine, one
agmicabture and - one teaching). Afrer recosding the
consumption peaks and the mean values tor 240 cover
mg alvo the maximum values when multiphied by 1.5 he
came to the conclusion that exact values guaraiteeing o
salid basis tor planning moall ty pes of institutes could
not be stated, but that the results of the measurements
gave a realistic impression of the order of magnitude o
be expected tmomost of the aises The measurements

vielded the results shown in table 3.

FABLE 3 CONSUMPTION PR BENCIH LENGTITAND PER
WURKER
t HH\IIHI[YIIIHI
\«.nl:'r‘ Py Soatter
Per o bewc b lengrh range | worker range
B S — .
Steam 007 22 kg/h 131019 6okgh 1 15
Water U03-012m'/h 14 ar2o036em'/h 13
Towngas 001004 m'/hd 1 4 0022011l m' /bl .55

Compressed

ar a2 atlmi/ht 14 1052 m'7hd ) 48

ASrandard m?

Conclusions

When planning an industrial rescarch centre, the
taboratory furniture should be considered as an integral
part of the building and its details specified in the
projeet.

In the past, planning, tender and supply of
laboratory furniturce and its assembly on-site started only
after  completion  of the building and resulted in
considerable additional costs and much loss of time, If,
however, the assembling of laboratory fumiture can he
co-ordinated with the progress of the construction, the
nccessary labour will be available at all stages to carry
out the additional work involved in the installation of
benches ana fume cuphoards and in connecting them to
the main lines,

If it is found at an cariy stage of planning that the
contractor’s enginecrs  are  unable to  design  the
laboratory furniture and that local subcontractors
canno: execute the work, an experienced manufacturer
of labor:tory furniture should be invited to submit
information on the supoly and assembly on-site of
prefabricatcd laboratory furniture. Because of the
difficulties ol transportation, however, only a few
spccialized companies are interested in such business
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TECHNICAL CONSIDERATIONS
Case history 1: The B.C.

HES ARTICHE dhiscusses the techmcal cons

derartons amohod n the construction and

decoration ot an industnial - research and
devetopment centre, T does not cover every aspeet, bu
those discussed are o particular importance with respea
w (@) a laboratory building  tulfilhng s mtended
tunction. and (£ keeping imitial capital and subseguent
MAMNICNANCe COSMS TO 4 manimum.

Lhe  accompanving illustrations  reter to the
laboratory complen ot the Brinsh Columbia Rescarch
Counail a1 Vancower. Phis structure, which was
completed 0 1969 (hg D s used to llustrate the
various points considered important and s presented as
one example of an attempt to optimize the seleetion ot
construction  materrals  and  methods. 1t s nor the

Phe author v Manager of Systems Plannng for the Brtsh

Columbta Research Councd at Vancouwver Britesh Columbia,
Canada. 1y arucle ongnally appeared as UNIDO document
INDM G 1R

(i a
Figure | Artist's impression of 8.C. Aesssreh building. The entire -mmummmmmmn'mw.

Over-all visusl therefore not emential. Future sdditions will change the buliding perimeters but all building sloments are arrangsd
thet l“nbmum“wmuimlw.fhmpbvdNiﬂhdmmn“v.m“m

ntention here 10 suggest that aither the construcuon
methods cmployed o the matenale used are the most
suttable for all cases. the tinal design of any building
mvolves 4 number of  compronuses because ot the
retationships - between  the vanous components. [ [T
development on a4 svstematic and  rational  basis,
however enables berter prediction ot performance and
provides the bestapproach 1o an optrmum solution,

Modular concepts

1o some, the term “modular’ used in connexion
with building design means 4 dimensional programme in
which all principal spatial dimensions are multiples or
submultiptes of 2 selectied modular dimension, To
others, 2 modul 1s an clesnent of a building which may
Ik used repeatedly to make up substantial sections of
the whole structure, Both views, however, embody the
notion of design standardization (fig. I1). The modular
approach leads not only to efficient design but 1o cost

14 .
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IN CONSTRUCTION AND DESIGN
Research Council Building

by ) E. Breeze

Figure ii. Mudwier design. The retursl deps of the grede made lpantion of the lower Hieer werksheps and neres ssonemies! and
contrel. The sress wre firapraot and mundpree!  Floors, eilings snd walls are reinferesd sonsrete

savings through the usc of common componcnts. In the
structure itself, many components may have standard
dimensions that can be repeated many times throughout
the building. The fact that they are repeated identically
ume ufter time leads to cost economy, no matter
whether they are constructed onssite or factory built. In
poured-concrete construction, for example, the modular
approach can lead to the repetitive use of high-quality
forms at considerable cost saving. In the intenior of the
building, repeated modular dimensions lead to common
sizes and spacings for partiions, millwork and
furnishings.

Onc of the most convincing arguments for the
adoption of the modular approach in lsboratory
construction, however, is the flexibility it allows for
future adaptation and modification, Interior partitions
can be added without upsctiing the basic module and
mat :rials removed can be reused later,

Volume Vil, Number 3

Types of saructures

Many types of structure have been found 10 be
satisfactory for research centres The simplest s a
rectangular building having onc or more storeys. Such a
structure can be extended by the addition of wings a1
cither end or at the centre. The B.C. Research structun
features a central spine used to connect wings that mighi
otherwise be scparate rectangular buildings (fig. H1). The
most significant criterion in esuablishing the type of
structure is probably the need for expansion. The simple
rectangular building can be expanded by adding storeys
or wings. If independent expansion of various sections of
the laboratory is envisaged, a structure slong the lines of
B.C. Research is more suitable. Generally spesking,
maximum flexibility for change and expansion is
obtained through the use of a one or two-storey
building.
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Sone and wing lsyeut of B C Rosseroh builihng

Fgure il

The budding enclosure

Fhe roost miportant tding rogurement that 1
w e o oanr ad windows Tahen togethor as an cndlosan
aguny the
feoments but provde momdoos cmvironment that can In

ot by stve s an cHoative barner
rhosied nd mamiancd within desrabk hmats

Liast o preognaminy and proqecs planming must at all
Gmes b theoable and rosponsive 1o changing covumstan
cev o the taboratony space must e adaprabh In st
wmplost torm o laboraton may b a ungdo larg coom
attange d

St ardl wals et olumne shoutd be e locatcd as o

which  space o tand ot nd a reguared

HITHY N Che g of limdations o \hlnp\ 1 spae

uN lhg AN
Walls
v 4 hainer between tho anternal and cxternal

cmponments whilc at the samc time satistyang

LENYITRLL mienis ot Al)p( dbdice

durabiliny and acceprable

Figure IV Feur lorge caen aherateries ot 8.C Romareh

marnicnance hras the w Al shonkd ho compos o of tous

princopal chomwnds g struchural an hana s membram

Voe comtred W ol s aponn Aowm  an onspglabon laver 1
comgret he o thow and e

il Cladkding e vw o the

ran g VY S watl cmplovoy the woll known

Fugure V  Rowusresn wel

‘ram wreen  prndpk an ik asembled trom mai,
combinations ot matcriabs and so long as the basic
prnaipk i adhored 1o will peform satisfac tonly,. ™
greater e ditferenc inside and outside
environment. o the greatel the contral required over the
imside cmaronment the greater the care that s needed in
designing and  constructing the cxtenor wall system
thigs Viand VD

internai partitions have different requirements, The
chiet requirement in most laboratory buildings » that
they be adaptable tor tutur space changes. They should
theretore be designed with @ mintmum of services built
within the wall cavity. in laboratory arcas surface
mounting of all electrical, water and other services 8 10
be recommended. A wide vanety of intemal parution
systems and matenials ranging from walls assembled
from conventional materials such as wood and plasier or
masonry blocks (fig. VIID 10 pre-manufactured pancis
that can be joined togetner and later separated for
rearrangement 18 available 1oday. For the B.C. Research
bullding. fouranch-thick concrete or pumice block wes
selecied 10 meet the combined cnitena of cost and
flexibility, Such walls can readily e aasembicd and
dwmantled

beiseen
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Pigure Vi, Wolt ssmsbly with inawistien iover on swterier foss

Velume Vi Numbe 1

Figure VIIL  nterier partitions 8 C Remwreh buildhing

Fleoxbehty within ¢ laboratony, can Ix achwved oo
much grester cxent At miemal wallh are non load
tearing. Such 4 reguirement of vourse has 4 agmtroant
eftect on the structure of the butkfing ettt By sobhoang

this problem a1 the outsal the Kt Research buikding

was able 1o un hghier matcrabh umphficd hoating and

venulauion and . ontrol the futun altovation of 11 space
i almoat any way other than moung the root and
cetling supports

Rooh

the rool of & butk.ang shares with the calotim walls
the function of separating the imernior and csiernon
covironments.  Because  of v normally
position  the water shedding requirements o 4 rood
system are much more severe than are those tor cvienon
wallh  Phe reguirements tor an amt water vapout flow
conrol and tor thermat flow are snvlar however A

hor rontal

varety  of oot svatems  have been tound 1o In
satisfactony i vanious chmates but alt can be rendered
inadequate through faulty comtruciion o meamplet
understanding of the pnaapkes involved

Most  laborstory  baildings  hawe
‘hutit up  flar roots A varation on this aystem the
double membrane root  has heen found 1o e veny
successful n cold chmates such av thar of Uanada
(fig. £X).

Apart from the desygn  probably the most imporiant
tactor in achieving 2 successtul  low maintenance cost
roof w the vare and superviston provided dunng the
construction of the membrane and the st llation and
caulking of the flashings A root dhould not necd
constan! maintenance

conventional
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Figuio 1% Mas! sessrmbly B ( Romaroh butihing

W nidows and doors

W ent e pieang o 1o the stk o 1he
NI oo b e use oo wabc aanciny of
Ce b 0 choy are miade o wonnd  Lhe
proon onl wglor sapeas Erahont aoross Thi
i I U TR L N S E AT At nosecenal st aln
ot it et the prehilone ot b ainiig

s i e st ol hanging water capont

et AL o an Ust iad donss and o Ldowm Trames

PRPETPTINE B 1 e wed it omamntonanee sd

Pne s o cnbnhioe Ve plasang o the amtern b the

T T T S ST simphy waoden diews e
BRIyt PO Y PR VI N L T duitrionog bnlwae e
fae Co nres s cbhicr sade b an oo partition
verst EESYRYITTRITEN s Idemes with  respaat e fha

a4 surtace timshos and doanonsional stainiinn
fooue ey Vit 1o spe s tdi Jrud pose Toomm such as
e e il ontn died eew comperatune amd rctnge

I e Al Consnderation

T N ALETRN

intenur and exterior finishey

Tt torne Vaushy Sners not ondy the matcniads

Gared e aposcd staces such s plastar ik plastn
Vs aied woesd hut 1he Tioad serface treatment of thew
dratonabh onludiag part et i the seloecinm of
tonshe s Lon o hutding tharctore host of technasl
Pttt st In Sonsndeted  Agan matenah and
tvedhes st I osefostod having regatd to the fowest
with accvptabbk

Mt A FActors  conunensurate

appearance and coml

Mamtaming suitae Ninawhos can e one of the mos!
P comsuming and costiy clements of ovel all man
ronanes Fatctnw tishes must ik seleated dor then
Barabiiity and rosintance o the ettects ol water wate)
saprun sunhght and changang temperdtane Mateniah
vl s Hied bk comorcte and corrosion resistant
mrctals have it dueabiing wiike unproteated wood
ik sy nthete marcnabs such o plastc have bittde chige X
sud N

Matcnial for witcrtion tonshes must e selected with
rogand B the setvic Cconditons in cach particulsr arca
Phe qualiy o tonsh 4 publu ofticn ates may In
agh o than thay e laboraton or workshap area Thie

2K

Pigure X Emerie Halthe ot snvones ® 8 C Nemmred

Swerir Hnighes e eeones  8.£ Resaweh

Pigeve NI

Wvelh o Amsh  yualty  were  cmployed  w e
consruction of B Research  The hghest level with
concealed  servies  and wspended  cethags,  painted
grprum  bosrd walh and  plywood pancihing, was
specitied for the Wbeary and admimstraiive office wing.
Lhe laborstures wers the acnd levet down with pami,
Dhock  wall comstruction dor sl partitions exposed
swivices and sl caposed mesonry and poured concrete
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wirtaces of wallh  columne beams and cehings panted
Vimy b asbestor floor nibing was ased thioughout most o
the admimntratn. and laboratony areas thg X 1 he

Flgure Xit  imarige fonigh  lwery

stores workshop and plor arces were given the towess
evel of  tinmk
partitiens and th fhoew wasy ot conuretn

thew ke were used av wall
AN walh and
wethingy wer pamnted b he floen was et vnpainted
For wmproved dust contiol howevet the floor in att
wrndors and working srcas i the stores and shogp
sections of the bulding arc gradualhy being panted with
an cpoxy floor pand (fig XIHHD

Conere)

Pge XHI  mtorier Halth Gugping o P SN

Matoriah for nsenar finishes should be wircied not
anly far sweviceatulity and spprarsace enviranmentsl
factan such as scuvetical cuntrol and light reflection
must br consdered. Thus, at B.C. Reararch nie and
carpeuing are uand an floars while celings snd wolks orc
pointed in hrght caloun for good ight reflection Such
wefacing meterish ss scousticsl plester and tike provede
wind shsorption where required (hg XIV)

Valume VI Numbeor 1

ieriae twgh fove

Fagure XIV

Selestion ot toushing matenials whether intoron o1
Boutd not e letr antil construction ol i
Rather  then techmual
properies must I considercd ay components of the

[ Yidsll ]
hadding » well under way

walt ll‘d“\’ and Hoor systemn at the carbest siages of
dragm o this wany
with the
adequate cnviroamental control and that will reguire

tinishes That arc most compatide
hutkding watem chosen  that will provud
minmum amount of mantenance and apkeep can i
obtained at the outset and 4t lowest com

Staircases and elevators

Starcases ane placed both 1o comemenoe of acoess
andd g omcans of coe cguired by tire codes o
Duthiings ot only twe on thier  ateweys stans an

normathy used by sttt 1o vove from foor o oo
Starways showld e well Boand have non sk treads o
hagh durabiehty Whero 4 labwatony acupies ovan than
o tloom

there n alw iy 4 need  tor ransporn:
cquipment suchoas a4 umph trewght chevator between
Hovens

Sefety considerations

| abewratony asoviated  with  industraal
icsrarch and devolopment arc wumetimes hasardous and
thes should be tahen 1nto account 8t the CORSITM Lo
sags Fuv n the o obvious hazard but most bukhing
codes provade tor the protection of tusth pereonnel and
sructufe Some aress reguino the installation ol sprnkic
satems  for others hose siandpiprs of calacts o
purtable fire cxtingushen wifice in laburstone tha
wer flammabk chemicah 1t » standard practicc 0o have
porteblc fin cxtinguishens lacsted st roguisr interveh
throughout the premnce Arcas with hgh fin potentisl
s h 86 the hatber room and trenstormer vault should b
wpsrated from the rest of e huikding by fire wall

anvities

v




Vec o iy spthing oo proside proteciion agas all

ponsbic fazands e the dosgmn ot taboratory budding
wotht beoorcowinohy ovprensivg and unwartanicd Whon
the 18t Rosarch budding was bong dosgoed o was
deordedd that or wounld mot be practaal 1oy e
mncpate l haands bt te e tor hudding that
worihd respond fhonnbhom the orvent ol any ob the
core Bikety s sichoas fire evplosion and posonous
gas leaks Lanho cithor than allow the adea to econy
woepted thar i budding provided absolute protechion
1gdInst such hazgr s projedt supenson woere given Lo
voabize that o1 was they who were princgialh responsihle
Yo assessing the degrec of hazard ot 4 particnlar acinany
ind udging whatope wen appropratt dorthe
protoction of hoth porsannel and property o this
Lason oy plosion biow cun walls tor cvamphe waer oo
etk d s part ot the dosgn ot buikding 1t was
ity pated thatl acinaties roguanng aich protection
would o b carnd out wathin the bulding withow
specaal provivien having twen made  dnoaddion a4
we weng arca outside the poon arca of 1he laboraton was
o ded where the maon hasardons expenments could

te et oup and omdietod

The ~orage ot
chemials s alwars s problem Thie should e provided
meams of external sohvent stores  and In

larg  quanties of Nammabk

towr In
rogulatioms within the faboratony aHowing only kmited
quantitics o any o olvent 1o b remaved trom the
Goes for use nam particular work og arca

Decomtion

Inteinal and ovtornal decorgnon of 4 buthding.
mcluding fandscapiug van have o groeal nfluence onats
working Copuironment Lhas v particularh important
laboratoncs whote tavourabic surroundings  assit
output of research  and

promoung he  crcaling

dovalopment groups tig YW b rnally  the appear

0

ance of the budding can In cubancod by e progwa
Chotee of amatcriais tosturos ond colours togethar with
landscapong o dusiganed that ahe ove o led 1o e
budding  cntranc andd aneh senvie todtures as parkang
arcas anvd shippmmg and roconoug din R are concealed
L ocated as it was on the campus ol the Unversaty ot
LIIENE Rescarch  probabh had g
Ictter than asrage oppartnmiy T develop a lavourabl
Appratanc deviees  Th
tandscapang shown o the Hustrations has now been

Columlna B

through  the uw ol thew

istalled tow Anppln\mulrl\ toar vears and s ctfective
wess i teamang the buitlding and 1 com (Mmg parlung
arcas » adrcady apparen g XV XV and XVHD

Pigure NV| Londusaped sntranes

Fgure XVH.  Suppremsd porking e

Pigure XVIH  Londiaping betwesn walls of sulidings
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fntennor decoration oo also an important facton
dervddopmg gnmi W orking cnuranmont Working avcas
shoubd Ik gt sl choortnd Halls statt scoms and
public arcas med not beoso boght howea thus
providing a change of mood abont e budding D he
choree of intenion deecosanion shauld e maddc with rogard
oo apperance tactors wich as ool and s ran
housckecping tactors sach s ddcanabiiiey and dus
control ivd cm o ental tactons sach gt
Wi e

matcrials such as frecd masoniy on ok are cmploved

retlecinany and aconsthical proportics vaturat
both the cofour and the tosture are porimanci teatuves
For simphe idienon partinons These matesals ave usualhy
very  cconominaal osince ona croied the wall taces

Yo Quire e turthor finashang

A\t R

congret

Researeh ol non tied masomy and

surfaces wore paintod promaniy o sl
conttol but also to pnnuk colowr and 1o improve hght
retlectnity In the taboratony aicas the bask coloan
chosen for all walls and colings was an ottt white with g
symilarly o generaliy

brightening up the arcas This over all wiiee coloar was

colourcd  loor ko te assas

Volume VH Number

Broken up by a colouned ln‘hhghl stap siall patch
arcas of the samc colom m cach faboraton and alt
milbwork and honches wore gnon o pale gioen bas nd
Dlack moulded cpoxvy top A dittoront codowr taa the
hygh light

Pabowatony  wang 1o i

stripyand  patch darcas was uscd o vach
var ation throughont thi
buldig Hhe Hoors theoughont maost ol the bintding ate
conercd with a v ashostos ke of an ot white colow
viser tor good hght rctiecmame be g ko and
wiorc sobnducd atmosphore carpeting has hoeon as oo
the Tloms of the statt room the boardinom the pubti
tover and morthe tvping arca

Wth cgard 1o hghting dosigh o hght dovedof about
S tootcandles was decded upon tas the  laboraton
waorkimg arcas ard warm white Huorese o tabes wan

lgt 1 and
Paght hovoe m the (Ori .

cmplovad that provided 4 wolt natural

oo and non workng
arcas were mach fower and the hrick walls i thes arcas
sernved 1o plu\ldt 4ol wanm Appe Arande 1N conteast 1o
the bnmghta working arcas i chang o mowmd i the
decoration throughout the Duilding was also consderad
to he an smportant and desirable teature i avonding

TN OLony
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Case history 2:
The National Metrology Centre of Brazil

hy Fabwo Becker and Luiz bdusrdo Indio da Costa
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fo g decubod Capamd i mowduernis

He e htn e cerator s and G maak prosasion fon
1 ouinttoon ol uabid Satl e micet iy e w
" \.Mﬂl\l'll'llu o the are ol b o ad gua b ot
dndustonal prodiae s

b e e Plagcpnn ot S v was awandod the

NI T d aecordance with o Beaadan logilation

govviang publn htdig procadunes e make the
s ssary shndios aod propaations tos the crcatton ol a
aow national actrology cente A dract of land
rdsut g e LB nndhon syuare e and tocarad
PRt s toom B e Jancne was made avarlabl
For e prun pos

' O PP P IS L Y T g T
Neroig o Planepementc S A ar Ko de fanewn Kl t1hey

vt ety apjeared a0 UNIDO documen) 1MW, 1NN

ot it

fo ndy e vear the atadies and the doagn oo thi

ot wen mploned pnd Cdratt fam crcating g pubin

lg( [RTNRY

for Do sl antonomy and sdmmistratne flovinling fos

St gune proparod This law which promaded
the cintrc was b \'mnll\ ”\‘\ln\(\' by ¢ B3 TR
vetre s A
devcloping
oty The s hallenge st not oy trom the tact that

i ostablntiment  of 4 mctrobogy
challiage  Ton the Goverimend oam
the conec will operate o g national sale but trom the
swope ob the undertakng wheh vogquines central and
tognenal faboratones wdl cguippe don terms of wechnwal
eoed w nnfdn Taoshtes ok statiod with hyghly quatitied
P whos Cducaton and traimimg ropresent e hgh
Hitun

vied apcrationat T AN IF R RS NI IR L Y A Y

[T IR TN LI YO Y cocapinal s g tarm
l\l b'hl\q‘uil
'ugh wilh s compensatong surplus oincome o peimn
Ao b v osipronts withi comentional v
spans \ goud share o the rcturn an capital invested s
aveiccr and ditbaonh ook nnity
b o red s that o coanmries udorgomng rapad

Anothor important tact

fosbnotogical hangs industrial actnoties incrcase darly
and 4 cnnseygue e the thythm ot 'n\tlh requied of
the laboratonis G koo v warh the raprd sequence ol
IO AT IO T ossitates a4 constant rate ol Cx panston
mcompatible with the pwotu orentation of undertakigs
of this nature in the prvate swator Finally  and thie
featurte s well worth cmph‘s:uu‘ a mr"nlu‘\ centre as
cacencd i Brant goes Tar boyond the traditional rok
ol gl srcnofogy o concantiates an research and
devetopmont and oo the co otdination of pormalization
and odustrigl quality These actnataes an carned vt
not only mcontesion with pnuimls 1ot the domestin
products mtended  for the hghly

Compe itive iternational markcets

markot but fon

Planning

the planning of & nationsl metrolagy centre
presents o chalicnge e developing countries. aol only
heiause of the multiplicity of aspects to be conmdered
wome of which arc entirely new . but because of the
necessity  lor the absorption and cvalustion of ol
technical sientit pragress  The mme types of diffi
culties arme when architectural plans and layouts arc
ting propared Tor the varety of options and spproaches
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FIAT proseint Thorom hoos g g nnsegacne ot the dnoaty
of Tabordatory soruces and tunctoms osposalhy whon in
cHcar o oy made e vhicve tom the wholo coamphos

iy ol stvhe and gosthetie homoge oty Wit ongt
projudice the opcratunal srdhivdualing o tho pans
1he Dost placamg will an vitabhy b utdatod Bt

i reabisad vonstant s hange ond wdapration

TR LAY hoor e wieth b ew Sindteon

tosolting trom wrenft e oo st csnmeane sl and
puhlnal Progross Planmng shoold fe Daset o prosent
necds while tnhapating ot Chaages o e nedd
freture el b characrorizcd o a thovdabing tha wlt
prrmar b re med The constanthy cvadving roganrements
ot saath o these roasons 0w ontd heoas Mogreal oo
Creale s matrotogy contie pattornd thog the dimes o
thos i the most complorch desclapod countres 4 ol
would b e consder The mest dnmontary contie s
satintactony

The tundamental tactors motoad o the dovddop
ment of the conntry s Homust b tahen o docount e
the planning process n arder that solptions compatibile
with the state of the natwnat sconomy amd caltore ma
I tound

ftos commemby assomod that by simpia ahiscrving
the  tuncrwonmg oo Mctnhogy oo the ot
advanced s ountnes sidtoont data can be ogathored e
Propare 4 projodd edaprabie novhe condieos ot inotho
country thin hawavar has ot boea the S RRIRITN
with the Keastlan progot

No anitorne A rtcria ovast o the planneng wind
desgn ot metrology contres Iy vainy sostaneg o THe mosd
modern contres Pussess features that are adhvancod n
MM reAprols and comvintional or cven outdatat
1 hos largels

accordmg 1o the feve! ol industnal davelopment voac hed

athers TSI ULIONS M ET aatabinhad
and the avarlabihny of hrghly skolicd peosonnetin cerram
wotors in countoies where laboratonos are not up e
vandard the absenee of entienched tradinions acrually
tacilitates the mmedrate mplementation of the e
advanced solutions for cxpansion and modernization

Methodology

in planmung the national metrology centre for Wrasd
1t was found adviseble to group alf aspects 1o be studred
nto three distinet sectors cach under the control ol a
semor officer The sentor officers worked under the
sapervision ol 4 general (o ordinator who  was
responsible for carrying out the progect The wotons
were termed

A 1egsl, mstitutional and franaial economu
B Scentific and technologros)
t bngincering and architeciural

thin structure permitted the teking of  parallel
sction sad. consequently. reduced to a minimum rhe
dependency of cach sector on the nputs of the others

Velume VII Number i

Topieis were s hanm Heed throgh the gonsral oo ordinaton

b e g weapod e e ant oo o ahiscuse

sotonal naticrs the gencral conondinator A 4cenm
panicd whomcier nocessan Ly et ot the Teane ot
the codovant sooton

Lhe ghobas antogration of the studics was achioyvod
Hiveagle ~ovessive TPPEON At oo and addinons antld
the tinal phase o sunthess and proposdls was roa hod

[ ot processing i nd Pacdinagne

Cnaninabion by i coanrachor o pat tial ropeats ot thy

webols wate presentod L him as socn s thoy wan
\IIIHP‘& todd

I he mcthodology tor the cxvoontion ot the progea
wis chstingunshod autally by the stadios made by cach
Welor When those o seoten Boccachad the conddisin
sage the dlonrents necdod tor prehinanany ongrmoening
and architcotaral plans won turnished by scotor € 4 he
prodinnnay i hamizaton plans and the Tirst hiteg taral
authires were snalysod and onticezed jomthy iy the three
sctors thereby onvoring that the profects were cveonted
i oaccordance wath the notme and budgers of cachk

N KR ERL

Sector A

The s ntral objesfne ol scctor A was 1o MmN ini/e
the funcbonal capaaty ot the metrology centre so that
d could mect the technioal demands dermang from the
dovclapmont of Tho countiy Lhat olyecing required n
the tast sstance  an anabysis of gl relaning I(-p\hnul\

awtuding e consiitutionad tavis and  tho legat and

reguidtany onsegue nees stonnng therchom Simul

taneously the  conduet of rescareh on nattonal
requitements tor mettologaal sences made 1t passibic
ter shetoh ont the pnlrnhal demand which considercd an
comunation with the studies of seao B indrcared the
tuture delimcation of the faboratory anits provded that
w addition 1o the type of de mated the dara prrnmlui an
cvaluation of 1ty volun

fn the cvent 5oy found appropiate to restructur
and modernizc the mettological organ of to create a
new onge s the u'\pnn\llnhl\ ol sector A ta propos
the directives needed to establish 4 natronal metrologual
policy  The inclusion of guestions relative 1o normaliza
Hon. sertdrcation and quality contiol in the study was
of the greatost importance

Secrar A cancluded ity work by carrying out studes
on  the  cstablishment  of  speaal centres tar data
processng. human resources development and metralo
preal information dissemination and by formulating a
finan il cconomic programme for the centre

the studies contributed supporting data which
miluenced Government approval of the creation of 4
new tederal agency . the National Institute of Metrology
Normalization and industral Quahity (INME IRO) and
the creanion of the Natonal Counal of Metrology
Normajuzation and industral Qualny (CONME I RO
within the Muustry of industry and t ommarce
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Sector B

MLy oS T oS T e oS totimed by
! PR TS N
et clanning ot matieanal contre vt entirety

NIRRT TR tn Braal howava

Loy shont ncrod was ossentral
e of 1Th men obqectines of the project was o
Ciopng e aide spearticatians Toa the baborarones and
medimm o

toooo o thom s shaat fong 1arm

[ERRRI DT e chvihm ot national saenniti

vochmetoges e and pdustinai dove lopiment oy moden
Caet T ceent e hedogneal centig wall stialate byt
ot e v asbore et domamd Tor servces ossenbial o
PN st Tochnroat dovclopment ol the country )

B e essumed imphathy Tt the several opnons
cabbe solunens achabbc counld nor he roduced o
Jhoe the contiadicred the

\mgh biisie howavot

Gt o Ehe ovample e metrologreat Liboratones
Chrennd was o nd atormatine me this vespadt Fven
Phougls The masmium degrec of portection could o e
siinbntod Gy of thom and although thoy |N|\\(‘\\u|
Attt soroctnmes  thaoy abl tunctoned woelb  The
v petie e ol athor countee s W thorcton 1o sonNi
Acproe ot andonnbde vatue the seloction and chona
S by pes ol boratories most suitabile tor Braal

Pie actoction of the umts was based onthe one
Hand on the e and proasc detimtion ol e senes ot
plrding soontitic antena i on the other hand. on the
Cudduaton of the shon medium and long ierm
tppancnt and poaci demand tor menologiaal services

voothore was na obligation o tollom any ngd
whome o the devetopment ot the projeat and as it had
heca deoded to start from the prenmse ot a globhal
planning procoss that would mect the reguiements ol
Brasihan regronal diversification at was posstbic to adopt
gonoral and tleable enteria tor the organizabon ol the
fahoratones mosectors grouped homoge neoushy dccord
g o the techmgue to b utilized or 1o the predornmant
Pvpe of saentihic hnowte dgo required

Anothor very Tmpartant cnenon Was the relation
ship ot onc laboratory 1o another that s ot deading
which laboratories had common mierests or needs, such
s cguipmaont Lhis was done o oan cftort o reduce
mitial capital mvestment and to determine which
laboratories should he separate from the others, tor
technical reasons

Scctor Bowas alse responsible for establishing the
objecinves tunctions and - services, physical  arcas,
emvonmental control personnel estimates and all other
preregquisites tor ihe operation o cach laboratory,
mcludimg methods of measurement and the techniques

and speaatized equipment needed.

Sector C

Phe engineermg group of sector € was responsihle
tor the choiee of physical location, the demarcation ot

14

Atoas tho sitmvaving of g ologwcat and climatic conditions

and the avalibihtny of warer supplies, dramage and
SCMCETEC Sy stems
tn the study ot urhanization. prehnmmary wenuih

gl \)U‘\\

Characterisiies presented speaiiie location and space

cation of of actminies which by thar

rogairements was made speaial consideration heing
given to the access support and laboratories scotors,

An cttort was made through landscape plannmg, 1o
grve the site 1he atmosphere and quality of a campus,
there by improving the weltheing and consequently the
work output o the pe rsonnel of the centre.

the apphaanon ol the module concept in the
archiedtural centre provided  the
faboratories with the best operational conditians and
resulted i a reducnion i tinal capital vestments. Two
aandard modules were adopted. one tor the clecricity
othey  for

d\'\lgn ol the

and  temperatur taboratones  and  the

mechanios and opuces
I he work schedute of seetor € was as follows

Surieyig the arca where the centre was to he
estabhished

Collecting data tor engineering studies (topo-
graphy. sois water, drainage. Sewerage sys
tem clectne energy . noise and vibration)

Fnsuning  complementarity with ¢xisting sur
voundimgs

Viiting and making technreal abservations of
national and torcign laboratories, cither in
vperation or under canstruction

Making first analysis of studies and conclusions
of sectors A and B

Preparing the basic urhamization and canstruc
ton prngramm(’

Preparing the first draft of the urbanization
project

Preparing imtial outines ol the architectural
projects for the laboratory units

Preparing a revised draft of the urhanization
project

Reviewing scctor B parual reports

Consulting with national cxperts in areas of
spcnahzcd engineering climatizaton, com-
munications, fire prevention, lighting)

Preparing architectural designs for buildings to
house support activities and laboratory units

Preparing urhanization and landscaping plans

Fstimating costs

Preparing specifications and technical norms for
project execution

Undertaking  engineering,
urhanization projects

Preparing hudgets.

architectural and

rhe accompanying illustration shows the flow chart
on which the over-all planning of the national metrology
centre was summarized.
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Use of foregn know-how

P INPN dedrded 1o sebect consuluants through
publi baddimg. pornuttmg forcign Hirms to participate m
comsortium with nattonal fies Fhe purpose ot thiy
Approe Bowias o Iulng torcign expoencnc to bear on the
problem i recogmmmi of the ditticubiy of carryimg out
the projeat with onty the hnuted resonrees of the INP'M
et and ot the mespenience of domestic tirns
Senvigos de Phincjamento S, AL atter pn-lnmndr_\ \lu«l_\
ot the terms of reteremeg, ostablished an mimal worknig
hapothesis onow hrch the structure of the whole project
was based, Fhe pnm'lp.nl poimnt concemed  the maost
suitable torm ot arvanging tor \pnuh/cd know how
from abwoad the  hypotheas o establishing 4
consortim with toragn firms presented one sertous
disadvantage conditions e Braal  did not dend
themsehves to the methads and solutions customarily
used by those  tirms o tharr home  countries
Furthermore, Brazib possessed advanced engmeernng and
arehitectural know how which 1t desired 1o use as the
busie ot the progedt

Ihe problem was sohved by muiting the partiaipa
ton ot mdivddual toragn saenbists and  technicans
speciatized mctrotogieal actnaties Fhese  toregn
spectabists worked o conmunction  with Brazihan
counterparts In this way . the drawbacks ttrom both the
technotogreal and ceonomic points of view) of a simple
|m'nrpnul|0n ot lnn'lgn ('\p('fl('n(x' wre J\(Hdc(l,

Lhe combmation ot mternational cxperience, the
undenmable competence of the toregn consultants, the
actine participation ot Braztlan technicians and the
supportig data provided by the study of national and
torcign laboratories guaranteed the objectivity of the
over-all approach to the project.

Human resources

Among the factors that are fundamental to the
implementation of a national metrotogical centre n a
developing country are the education, recruitment and
traming of personnel,

In 1972, because of the small number of cxperts
avarlable at the time, INPM launched a project designed
o create an efficient reserve of human resources, The
main reason tor the shortage of personnel was the low
salary levels in effect in the public services. The project
consisted of a course in metrology of 12 months’
duration followed by an cqual period of practical
training 1n a metrological laboratory abroad. The INPM
was offered scholarships for this purpose by UNIDO, the
I cderal Republic of Germany and France,

Specialized training was offered to the following
levels

1igh-level (master and doctorate degrees)

University-level (with special courses in metro-

logy for students of engineering, physics and
chemistry)
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Muddle tevel (trammg i fegal and  applicd

metrrology)

Assistant levet  ttraning e metrology — and
cahibration, principally lor the plants)

Recrurtment and sclection for the high-level and
unnersiny fevel courses were carnied out among recent
unnersity - graduates I||ghv\chnu| students and others
wore reranted toi e mnddie-level and assistant-level
courses  Candidane from  companies mterested  an
trammg and upgrading thair 1echnical personnel were
also considered.

A unnersity body, the Co ordimation of Eagincanng
Post Graduate Programnies of the Federal University ol
Rio de Janaro, agrecd 1o assue g legally recognized
eademie certiticate Tor scholarship holders completing
spediahized courses.

Trammg ol admmistrative and clertcal personnel s
currently under way. This policy of cducating and
traring personnel m the diverse levels and fields of
metrology s closely related to the current national drve
tor scientibie and technologicai development,

In order o promote scientitic mterchange, 1t s
planncd to mite the collaboration of Toraign spccialisls.
1o establish contacts with international metrological
institutions. and to send Brazilian specialists to foreign
countrics to work as trainees or 1o collaborate in
Programmes cqun alent to those carried out in Brazil.

Market study of applied metrology services

The most dynamic clement in the diagnosis of
metrology problems in Brazil is the volume of demand
for metrological services on the part of industries using
high-level technology. In the past, indifference or even
opposition on the part of businessmen to innovations
involving costs and controls could be considered as
resistanee to industrial modernization. It was thought
advisable, therefore, to identify the attitude of the most
representative group of entreprencurs (firms under State
control, private firms with predominant foreign capital
and national private firms), vis-d-vis the new phasc into
which the system of weights and measurements had
entered.

It was considered that, to a certain extent, the
steadfastness of the implementation of fundamental
metrology (to which capital investments being applied at
the centre were linked) should be related to, and
complemented by, the flow of concrete demand for
high-level  calibration, and not only to elementary
calibration practices of a fiscal nature

Accordingly, a field survey des.gned to determine
the preliminary reactions of hundreds of entreprencurs
and technologists to the idea of a systematic provision of
services in the sector was conceived and carried out.

These markcting studies also had the following

purposes:
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(@) 1o define the sectoral structures of the
industrial and related demand.

(b) To delincate the gualitative extent of services
1o he offered, through \pccifi(ation of the diverse kinds
of services and the various types of cquipment
susceptible to calibration,

(¢) To collect techmeal and cconomic data on
Jient firms with a view to correlaung these data with
metrological demand,

(d) Vo estimate, to the extent possible, demand in
cach industrial scctor for services that might justify the
selcction and dimensioning of the technical scientific
laboratories composing the national metrology centre,

Simultancously with the marketing survey, which
involved approximately 600 industrial firms, informal
contacts were made with scores of scientists, profussors
and public officials involved in technological work. All
of them expressed opinions and presented suggestions on
the implementation of a technological development
pelicy in the areas of wmetrology. industrial quality and
normalization. The results of this work have confirmed
the validity of the imtial course of action.

Because of the cmbryonic nawre of the official
initiative, and in spite of the lack of contact hetween
sources of supply and demand. it was possihle to detect
the main types of services required, the frequency of
calibration (resulting in a great number of cases from the
technology itself) and the deep interest of the potential
clients in the formalization of the new marketr. In
addition, many cases were discovercd of plants
maintaining costly facilities for instrument calibranion or.
still more serious, being forced to pay for calibration ser
vices in the countrieswhere the equipment was produced

The main result of the survey, however, was the
technical registration of the clements that generated
demand, i.c. the instruments themselves, which were
subject to periodic calibration norms.

This registration will be continuously updated,
through direct and systematic contacts with cach of the
industrial firms selected.

Costs and projections

In whole numbers and as a provisional for cast, the
Brazilian project may be summarized as follows:

Thousands Millins

of square  of LS Per
meires dollars sonnel

Tota! area 1,000
Ares to be urhanized 700
Ares of construction 42
Lsboratory aress 1s
Programmed investment

Construction work 16

Equioment and instruments 10

Other items i
Personnel working in the first phase 1.000
Technicians and scientists 150
Other categories 830
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Achvities are divaded mio the tollowing sectors
Fundamental metrology (or scientific). Legal metrology.
Applicd metrology (or industrial); Normahzation

Fundamental metrology. Approval of programmes
and estimawes of  funds  required  are the
responsibility of the Government. Costs are
financed from the pubhic budger  and the
Government is the chent,

Legal metrology. Clients are businesses that are
obliged to submit their cquipment or p oducts
to calibration and control, paying the pace for
these services, This seetor is expected to :arnan
appreciable profit,

Apphed metrology. Vhe demand. whether voluntary
or spontancous, for this type of metrological
service is encouraged by incentive policies for
the promounon of technofogical development. A
significant part of the services is carried out by
other authon z¢d laboratones,

Normalssation, Although ot small significance as an
cement  of cost  normalization  plays an
important rolc as it meets the demand of
hundreds of arcas in the industrial cconomy
lacking the necessary normative support.

The sectors correspond to different types of activity
and to special procedures used tor hsting and meeting
demand (if demand can D considered as the simple
definiion of a need or institutional  requirement),
Through analogy. it is not difficult 1o specily those
dircctly responsible for, or those directly  benefiting
from, decisions that imply options regarding the use of
the human and material resources of the technical office,

Business structure

A measure considercd 1o be essential was the
adoption of an cconomic husiness moded for the new
entity The basis for the decision was the need toassure
direct and indirect “returns” on the resources invested in
the scctor, along with the effccine evaluation of the
legal and admimistrative structure adopted.

Within the operational scheme of the institution, it
is necessary to register and control the costs of cach
activity or project in cach sector, and to determine
periodicaliy the husiness income and expense hudget,
which show the internal transfers of balances to cover
deficits. A source of funds, in the form of puhlic
resources or surpluses from other activities, will always
be available to cover a gven item of cost, therchy
escaping the concept according to which no task should
be performed without the initial payment of the costs
involved.
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