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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 staffed by 
multidisciplinary technologists whose main aim is to 
accelerate industrial growth. 

The Governments of several developing countries 
have recognized the need to establish such industrial 
research 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 initial stages of a centre's development most 
of the funds allocated to the project are utilized in 
setting up its buildings and facilities. Often, however, 
owing to the limited exper'ise available in developing 
countries, the buildings and facilities arc 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 easily be adapted 
to meet the ever-changing technologies and requirements 
of science and industry 

In recognition of this need, the United Nations 
Industrial Development Organization (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 Septem 
ber 1974. This issue of IRDN presents edited versions of 
six of the expert papers prepared for the meeting 



PLANNING AND DEVELOPMENT 
RESEARCH 

Introduction 

si  ilittkult  planning Jiul design 
outrun!    tlu    architect    in   the 

0\1- Ol the 
problems t( 
present da\ is that ot designing the industrial 

research centre .1 complex organism that must lem) 
rselt to a nnriad ot uses and he responsive to changes as 
thev occur 111 the unpredictable world ot science I he 
tacililv musi provide access te> the tundanicntal services 
and skills necessary to make it opc.ativc, hut it must also 
respond to the changing character ot those it serves for 
this reason, it is hcttei that in architect planning a 
centre acquaint himsclt with the intcrdepcndciicv. ot 
activities that takes place within such places rather than 
studv the mechanics ot a specific laboratory I his 
article, theretore. will examine the processes bv which a 
research centre can be converted from an idea into an 
operational tacilitv with the capacite to respond to the 
wide range ot research demands tiiat will be mach, upon 

It b\   diverse  sc letlces 

Location 

( noosing the location is the most sensitive planning 
decision to be made as it can, to a great extent 
determine the centre's potential for success The centre 
should lie so located that it will attract personnel of the 
highest qualm, the calibre ot the statt is critical to its 

success 
1 he choice ot geographical location is often 

determined l>\ the role the centre is intended to fulfil If 
the centre is being set up to study ocean life or 
behaviour, tor example, it should obviously be located 
on or near the sea shore It the character of the research 
programme is general, however location becomes a more 
complex issue The location ot the general facility is 
more often decided by the proximity of staff skills and 
services 1 e 111 an area where other research or industrial 
centres are situated than by the proximity ot research 
materials The proximity ot other organizations also 
provides tor healthy interchanges and competition 
among staff, and the availability ot supporting facilities 

I he author n director 0/ the research and development facilities 
and a partner of i.ruien and 'armen New Vor* dry, New 
York //is anule originally appeared as liNHM) document 
m/Wt, IKI  V 

Nearness to potential clients is one ot the least 
important criteria as the research process does not 
involve continual or intimate interaction between clients 

and research participants 
Working environment is also an important factor in 

the choice ot location. It must not place a restraint on 
the seriousness ot a scientists endeavour or interfere 
with his creativity. Distractions caused by difficult 
commuting, poor housing, lack ot cultural activities, and 
insufficient recreational facilities can significantly reduce 
the willingness ot competent personnel to locate in 
developing areas Staff are drawn tei centres where they 
believe the general atmosphere is creative, the facilities 
up to date, and the attitude ot the administration 

progressive 
I'tilities are one ot the primar) location criteria 

Most of the »erviccs required tor laboratory operation 
present problems ot scale The tremendous demand for 
electricity, tor example, can create drains on power 
equal te> those ot a small city The demand for gas, on 
the other hand, is low A fairly abundant supply of 
v iter is necessary, even it the quality is poor, it can be 
treated it there is sufficient power available 

The control ot air pollution is an impe>rtant factor 
in the siting of a centre Air currents can sometimes 
sweep pollutants discharged by a centre back 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, is strongly advised 
The treatment of sewage is not as critical as the 
treatment of pollutants from chemical and physical 

research processes 

Design factors 
Social aspects 

The centre should provide ample opportunities for 
personnel mtei action on various levels. In the field of 
science, individuals are the final measure of potential. 
Their capabilities and their willingness to co-operate and 
pool their efforts w essential to effective performance. 
Great efforts must be made to create comfortable areas 
that can be used for the social aspects of the scientific 
programme and for informal meeting! 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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CRITERIA FOR AN INDUSTRIAL 
CENTRE 

by Paul Silver 

Í.ÍJSfS 

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 
techniques au- important determining factors. In general, 
it is important to consider not simply the constr iction 
cost of a system but the life-cycle cost, the initial cost is 
not the only, nor is n the mosi important, tactor It 
modifications are going to be carried out frequently it is 
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 in warm 
countries and heating in cold ones Control of natural 
light, temperature and humidity is i requirement under 
any climatic circumstances The laboratory environment 
should be thought of for the most part as being 
"climate-free", shutting out the exterior world so that it 
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 adaptability in order to 
respond to the variety of uses to which it may be put 
(fig. I).    Systems    having    the    lowest    trequency    of 

i MOVAMI TMU LM *m.uu«H 
|OHM«CAU 
•KU «mUWTIM Mi>DHIIH 

TIME/COST RATIO 

•«•to   at   fMtftant   a*pMMMtv   trtaMarttv   ¿lows Ptfural 
— má twHatii «f •!••«•• Hly Www at 

anticipated    change    would    be    designed    with   little 

potential for modification. 
Ideally, the research areas should be modularized 

that   is,   they  should   be built  of elements that can  be 
arranged to form spaces of varying sizes, as required. 

A properly designed laboratory begins with a 
planning module, I he size and shape of this module is 
probably the most difficult single decision with which 
the planner is confronted. The module must be flexible 
enough to meet a wide range of laboratory uses and size 
requirements. Il must not be so small that it is necessary 
to group it together with other modules simply to make 
it function, conversely, it must noi be so large that it 
cannot be subdivided into smaller spaces when required 
As elaborate geometry tends to lead to plans that are 
confused and difficult to modify, simple geometry 
should be used simple rectangular geometry allows for 

easy groupings 
This concept was developed tor the (iraduatt 

Physics/Mathematics building at Stony Brook, New 
York (fig II) I he centre is so designed that the size ot 
any laboratory can be increased or reduced without 
modification    ot    the    liasic     syster Up    to    five 
laboratories   can   be   grouped   together   to   form   one 
uninterrupted serviceable area (fig. 111). 

The relationship between rV<<- office ot a scientist 
and his laboratory is an important one Proximity is ot 
the essence, it is often desirable to use part ot the office 
as laboratory space. This means that ihe 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-sue "transport 
module" At Stony Brook, the facility was developed 
around the capability of transporting the "module" an 
eight 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" 
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Fieurt II.   Gradua«* a*yti«a/ma*amati« huMtai at »eny »rook. New York 

E la valor at «rM u Mr 
vie« corridor taoHMttl 
movement      ot     eatule 

Servite corridor» ara 10 
IMI wttf* lo accommo 
data   ovtrttiM   equip 

tailing »yatJf» permit« 
Mangine of part it ioti« to 
divida a '«*> into Ihre* w 
tou' »rrtalrai «Kor* are« 

Fieurcill     Floor plin efeiniarttort ana* «arviao ooneaiM at Hony 

Construction technology and materiali 

The construction technology of a general research 
laboratory is seldom decided by the kind of experiments 
anticipated as much as it is by available construction 
systems. Laboratories with electronic sensitivity require- 
ments, however   should be constructed of materials that 
will not develop the inherent electrical shortcoming» that 
are characteristic of steel-frame buildings. As the trend 
nowadays is towards multidisciplinar 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 varwty 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 finiahes are 
not appropriate for research facilities Materials that can 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   construction   technology   that   is  mo« 
appropriate to a laboratory system (fig. IV). As the sheet 
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Fifura IV.   SpteWiMd laboratory it Stony Brook 

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

It is usually in the technical aspects of laboratory 
construction that the proof of a facility's ability to 
respond to changing requirements is indicated. The thrust 
of a design must emphasize the idea of the laboratory as 
a scries of elements, whether they be planning modules 
or furniture modules, capable of adaptation in a reasonable 
period of time with a minimum of noise, waste and 
cost. 

The materials used in laboratory 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 structural materials 
mutt be based on a careful examination of the following 
factors: elcctro-statk properties' conductivity ; resistance 
to fuel damage, resistance to breakage, loading 
capability, and changeability and adaptability. It is a 
complex problem and cannot be simply described in 
terms of a few short parameters. 

The design of the structure (and therefore the 
furniture) is closely related to the planned utilization of 
the facility. If a small number of laboratories develop a 

special set of difficult problems it is best Co isolate them 
frorr the main building. 

Laboratories are not limited to specific types of 
structure. Sometimes long-span structures arc desirable, 
at other times short-span structures are adequate. Some 
structures use interstatial spaces, others do not require 
tr-" potential flexibility that the interstatial concept 
permits. The degree of adaptability of the systems »nd 
subsystems best define the type and character of the 
structure. 

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

The external and internal finishing of the structure 
should be resistant to the chemical and corrosive 
properties generally associated with the fumes and waste 
generated by laboratories. 

The external walls are a matter of architectural 
preference, but the internal partitions, which subdivide 
laboratories into module groupings, should be highly 
adaptable. They should be capable of being moved and 
reinstalled in a minimum of time, with a min tium of 
noise and interference in the operation of the 
laboratory. Walls that enclose laborator) groupings need 
not possess this kind of flexibility. 
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LdVOUt Considerations Vilur.il     ventilation       «huh     mai     provide    largì 

quantities    ut     .in    \v il li « >n I    tooling,    IS    nut    generally 

Safety suitable in laboratory .in,is 

I he lull'     h i ii id ( tig.  V I  is the   Im us i>t < »ptr.lt n i n in 

must   IIKIIIIC.il   .mil   natural   siicim   l.ihoratorit s   lume 

IKMHI   csluusts   musi   In    grouped    together   in   orilir   ti. 

,   ,i     i  i       , ' H    ,',  ,,       ,, , i  . , prillili    lin     nii\turi     ol    substances   that    might     be 
proportions   of   the  laboratory   an   all  salciv   lonsidcra ' P 

,i ,    , i, ,   ,       i,.,,,.,,.       i       .... cxplosm.   I In   ilium   ut   matinal   anil the construction turns.   I hi  greatest need Ini satclv  planning is  of unirsi < 
.•       .i     i   i        . .H       i ,i       ,   ,,     ,   i    , i "I   'hi   illuni anil i'\h aiisr   system an  very   important    In within ttu  laboratory   itself, u hire tin greatest degni  ut - t 

keeping with  tin  flexible  appro.it. h tu laboratori  space 

tin      tu nu     hooil    siioulil     IK     I onsitliTi'tl     as    movable 

I hi planning of a laboratory involves ilt signing toi 

satcty against tin anil dangerous fumes generateti by 

experiments.   I lie irattii   (low, the egress pattern and tl 

danger   eMsts   Obviously,  researeh   invoking explosives. 

ratliatmn  or dangerous sulistanees should  In   housed  in 

appropriated    built   separate  taiihties. Sue 11   istil.n it >i i   is 

not    only   desirable   but   essential    to   the   saliti   ot   an 

institute .iii , 
, . . . , . In    addition    in    thi     main     storage    areas,    «hen 

Serious thought   must   be  given  to  the number and .   ,T    . ... 
r r ,    , i i i i ,.,.,.   ill       ill     iiti.i..     ,     i.tr i    ,,il,.,n     ,.        1...1       th..      il     Minili 

t urniluri 

St orotic 

location   ot   tin   extinguishers     ml   stand  pipe si stems. 
equipment  awaiting distribution  is held,  the availability 

.              ,               i,,,               ¡i                           i      i ot   sciond It \i I storage   S ac i lit ics.   within  the   laboratori 
and    to    the    availability     ol     sprinkler    s\ stems,    both r - 

, '. , i i       ii groupings,  is   important    (.nods   being brought  into and 
conventional    water   and   carbon   dioxide     Designing   a p        •     p '                                          p           r 

, ,     ..      . monti   nut    ot MU   icntn    must    be  protected  against 
laboratori   that   would  attorti   protection against  nerv ' t" 

pilfering    anil loss      Storage     capability     within     the 

laboratori      Uscii     should     be      limited,     closets     and 

bi Ion countc! i,linnets should be kept to an absolute 

minimum \ turn it uri system w it h endless cabinets that 

remain undi rut ih/ed is not null expensive but becomes 

a tidying away plan tor valuable matinal that is 

inntu.illv forgotten about, the result is unnecessary 

restocking 

kind   ot   hazard  would   be   almost   impossible,  the   ami 

should  he to determine the  level ol  safety   toi the most 

general    applications   and    to    proi nie    supplementär), 

Systems in areas ot higher hazard. 

Pollutants generated within the laboratory  must  be 

removed  safely,  quickly   and   efficienti).   In particular. 

toxic  or   noxious  substances  must  be removed expedí 

tiousl)    through   a   conduit    s^ stem   that    u ill   prevent 

intermingling with pollutants from other laboratories. A ( (lli¡t,r,,,ui. /,,,//, ,„„/ „„•,.,„,^ moms 

small  number of laboratories mav  be grouped together 
,    . . ,, ,   ,       ,,' . ., .   ,i A  research  centre requires facilities tor the holding 

and their exhausts of harmful pollutants run through the T .     * 
,     . . i     . i        u .of     in-house   ami   inter institute    meetings     Reception, 

same basic system, great care must !>e takn, however, to ,,  , ,  ., , 
. L       c        i  i        . i . , registration   and  dining   areas  should   he  available  and, 

make certain that  these laboratories are adiaeent to one e *• 
, j    e ii .i ideallv,    limited    overnight    acctimmodatton.    Meeting 

another  and  that   it  is possible  to control  any   process • £• •     , . r 
. . , , . t     . ii r. rooms are best dispersed throughout the facility, though 

that might produce explosive or combustible conditions ' *> , 
a   concentration is acceptable it   the 'acuity   is not   too 

If    a   centre   is   built   according   to   the   modular        . ,. , ., „     ,i ..... i 6 large. Small  conference  or assembly   rooms that can be 
concept,   the   smaller   modules  should   be  reserved   for . . .. '     ,      ,      ,, , 1 used either as lounges or tor small gatherings should t>c 
activities that  present  tire hazards.  In all eases, centres        . .       .        .    . . • 

' located within the laboratory groupings, 
should  have at  least two torms ot exit, independent ot 

oiic another and set up in such a way that access to them Reception arni telephone exchange 

is not hindered by laboratory expansion. „„   .      . . 
,    .... , , I he reception area ot lobbv   ot the centre should act 

I he     building     must     be     planned     tor security. , . 
„ ,     " . • ,     , , as    a    control    point    ,   striding    movement    into    the 
Restriction   ot   access   is   ot    considerable   mportance .   .       ,•,,.,,. 

.      , , ,     ,, i remainder ot the building, 
because    of    the    extremely    valuable    and sensitive .,.,       ,     , , ,    . . . 

, .    , , . I he telephone exchange may be located at whatever 
equipment used in laboratory work. , ,        ,     ,    ,. , . 

^    ' plate within  the building is most appropriate from the 

, . , technical point ot view.  In most  cases it is independent 
An conditioning and ventilation ,     ,        r , .     ,      ,    ,, .     , 

<>t    the   reception   area,    but   it   the   budding   and   the 

The air-conditioning system  for a given laboratory telephone  system are  small  they   may be combined  to 

will     probably    he    chosen    on    the    basis   of    local advantage. 

technology, local preferences and traditions rather than 

on    whether   or   not   it   is   the   most   suitable  for   the Workshops 

particular case.  A separate system for each laboratory Workshops are necessary tor the preparation ot the 

grouping is not normally required, except in cases where experimental   apparatus   used   in   the laboratory.   They 

the  experiments being performed are so sensitive that may   include   shops   for   glass-blowing,   mctalworking, 

even a slight interruption in the air-conditioning could woodworking, electronics testing and equipment storage. 

destroy their accuracy. Obviously, computers and other They   provide   the   backbone   services required by   the 

heat-ger.erating    equipment    must    be    given    special laboratory.    Some    have    specific    requirements;    for 

consideration. This can be done by supplementing the example,   glass-blowing   shops   need   excellent   natural 

basic system with a secondary system. lighting. 
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SI.IIU.IMS .m.I eliialors should be used •''> lilllr .is 
,,,,SM|iU I ill hu.lilm^s with small inoor arcas ilipiiul 

vetv luauli upon ietth.il ti.insport .ir.l are thcrctorc 
highli undcsn.iblí l-it l.iboi.Uori purposis. Small Hour 
.nus mimnn/i thi ittciliicncss ,il thi noduli system 
|,\ relating i. Mitch groups mi separate floors 
M.Hiiiniil »uhm tin building can he kept to .1 
niinimu'ii In puni.ling Inge floor areas Staircases 
should he primardi lomeivcil i>l a> tire eiits I he 
utilization ul stairi.isis t.ii intra bwldi ig ir.ittu requires 

\ el v  sulitle planning. 
Determining the required numbc o» passenger 

v levators tor a tall building is a sensitive planning 
prolilem It should IH assumeit that the arrival time ot 
the --taU will he .lui -ng a rclatiicli short period in the 
mornmg and that movement into and out ol the building 
v. ill l'i lonsistentK high during the dai. I-levators 
should not sene the dual purpose ot passenger and 
service usi. I he servici elevator must, ot course, he 
designed to accommodate the "transport module" that 

h.is heen dei ided upon. 

( n/i/ii's 

I he water supplv. both hot and cold, should be 
pure and of a rela ivclv neutral quality. It need not he 
available in distilled form at the laboratory desk, except 
in laboratories that have a consistent and high rate ot 

utilization. 
I he biggest single serv ice to prov ule tor is clcctruitv 

I he voilages should be over a sutficicntli wide range and 
the amperages sei so that the total wattage is about lour 
waits per square toot ot laboratorv area Supplementari. 
distribution capability must also be provided ill order 
that tin electrical power available in any one laboratorv 
mai  In  minase«! signitieantlv when needed 

I entrali/ed distribution systems for gas supply are 
no longer very necessari as more anil more gas systems 
arc being upland by electrical systems Cylinder sources 
are |ust as good as central systems. 

laboratories should be provided with telephone 
systems that allow interconnection with other labora- 
tories and non-laboratory areas as well as with the 
outs.de An intercom system is ven useful it it is prop 
erlv designed and in'egrated 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. VI). 

Desks 

Desks should be considered as part of the laboratory 
table system Drawers should be fully extendable 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,   capable   of   resisting 

F ASIENEH 

REMOVABLE 
DRAWER  UNI! 

RAME 

DOLI. V 4.. 

F nur« VI    Typical laboratory furnrtura »y»ton» 

chemical  damage a.id heavy   use. A good practice is to 
provide the same tops tor the laboratory desks as for the 

laboratori furniture. 

Sinks 

Sinks can l>c divided into two basic categories cup 
sinks and regular counter sinks (up sinks are highly 
suitable tor laboratory use and can be built into the wall, 
leaving the furniture system free. This makes it easier to 
move the furniture about. Sinks of cement asbestos, 
stainless steel, and "duriron" (a highly chemical-resistant 

material) are the most suitable for laboratory use. 

Water and ¡(as taps 

laps are best built in > the wall system, free of the 
furniture. This allows the water distribution systems to 
remain in operating order even when the laboratory's 

equipment is being rearranged. 

Iloors 

Deciding on the floor tmish tor a laboratory is often a 
very difficult problem for the architect, as everyday 
laboratory use does considerable damage to the surface. 
Kxpcriencc has proven most systems to be inadquatc 
(iene-rally 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 be 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. 

Wtndows and doors 

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

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

IN THIS article, an industrial research and 
development centre meant a complex of offices, 
laboratories, training and other premises and 

installations intended for the carry' ig out of applied 
research, 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-economic and 

micro-economic factors. 

From the macro-economic point of view, the aim 
should be to determine l< ation on the basis of the 
desired relationship of the centre with its potential 
clients and on the desirability of achieving close working 
contacts with related organizations. Fxperience has 
shown that it ¡s preferable to locate in areas 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 area, the most 
appropriate building site. When selecting a site, the 
following factors should be taken into consideration: 

• Size The site should be large enough to allow for 
future expansion of the centre or tor the 
construction of houses for personnel; 

Toe author is the Deputy Director of TERPLAN, the 
Ctecbotiouak Institute for Regional PUmmmg, Prague, Cucboslo 
vakia. 7k« artici* originally »ppearei « 'JNIDO document 
ID/WG.IBI/6. 

a> hi/tn¡¡nipl\ (.munii soils should have good bearing 

capacilv .nut the highest level ot underground 

water should lie more than two metres below 

the surface. 

• Silihiliini The site should be chosen with rega'd to 
the social and aesthetic impact ot the centre on 
neighbouring houses and other buildings and with 
regard to transportation accessibility. , 

• ( 'ri/i/ii'N An important ideational factor i-, the 
availahiltt\ ot drinking and othei w atei, sewerage, gas 
and clcctricitv. I o avoid the considerable financial 
outlay involved in building a separate installation, 
advantage should be taken ot the utilities offered by 
existing industrial areas. 

• liivirimmcut It is necessary, when selecting a site, 
to bear in mind the need for clean air and a quiet 

working environmen 

The micro-economi« tutors 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 some of the arguments advanced above are 

applied in practice. 

The Institute for Kescareh and Utilization of Fuels, 
which is controlled by the Ministry of Fuels and F.nergy, 
is located at Bèchovice. some 15 kilometres from Prague. 
It has a branch at Brno, the second largest city in 
Czechoslovakia, and an important industrial centre. 
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m»   knowledge    ...   ih«    lu M   >'«   pr.-cwsing  ami uscot 

 j   ,.,scous   ,n.l  lupini  tucls   .nul  l..  assist in pulling 

,h,s knowledge ...i» Pra«i.«c "u I«""«»" ^^ 
„u, Nliru.Xs n-mUrs ,xp,ii assistami lo in.luslrial 

,„,c,pr,srs .in.« .-..pna.cs «uh Ioni ami torcigli 

„scardi insinui«- ami micriiation.il oigani/ahons «m. 

in its partuulai tu Ul 
UH Institut« is composed ,.l a ninni»! ot «luisions 

which in tum ar« div.dc.l mio sections as shown in ih« 

u.nmp. umg «han   It has ahoui 41M> employees 

Ih, ,.,,,, ..« . "! 'h, su« ,s ; s h«, tar« s bui 

.„ M„u,s ,..wr i.ss il,an > p< - .<"< "t '"^ '"« 

wonsumpt.nn ..I elevi rualcn.tgv .s about 420.000 kWh 

whieh represents a power ,npu. et some O 2 MW Wale. 
...   -..i.i.     ..t,i.t...t   »*.   JIHtin   2H m    tuT 

i,[iTiiMi'*w*',*Jt'l'"',L""""r" ^ 

o.nsumpt,«.!!   troni   pulili«   utilities   is  al.oul  28" 
' .    i... i. 

consumption   troni   pumi«   unno«, s   ..  ».    -..ni    p«r 

24 hours ami the   quantity  ol waste waters discharged ' 
.     ... .1      >ll   r.i *    lA.-r    74  honl 

'4 hours ami  tnt   quaninv   ,• »«'»   "-•» -p 

ihc pubi,.   sc w agi   ss sum .s about  20 ni'  pei 24 hours 

Ih« Institute is lo« atol in a» arra srt aside tor 

research and development «entres on I hi «mtsk.rts ot the 

.,tv the Research Insinui« ol Materials Research 

Inst.lute ot Machín« < onstri.ct.on, Institute tor Mot«>r 

< ar Research and Research Institute ot Klectncal 

Hng.neer.ng, arc among other iniporla.it centres located 

m this arra 

Ih« mam advantage ot concentrating several 

industrial research and development centres in one area 

is that a high standard ot utilitv services can be achieved 

thr«.jgh investment in common interests sewage dis 

posai plant water sources electrical energy and gas A 

tuither advantage is the possibility ot pooling resource* 

tor th« « rcaiion <>t a su.talil« living and working 

environment tor the personnel «it the centres, i.e social 

and health «arc services gardens restaurants, recrea 

tional facilities and tire piote« tion. 
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EQUIPPING 
LABORATORIES 

IN 
DEVELOPING 

COUNTRIES by Helmut Maier 

Selection of equipment 

Till SU K ll(>\ ami opt t itiiatum (>t labora 
lory equipment togtthci with ih. planning .it 
span requirements toi all dcparl mento ( in« bid 

mg flexibility t..i tuturt espansioni and supporting 
sections suth as workshops darktooms pilot planto 
conferenti 10.1ms libraries administrativ. ..Hit is .«'»1 
statt tactliiics should always prend. •» at least po 

hauti m han.t with  building design 

Apart trom lh< basi, tquipmctn thai -s lound m all 
lahoratorit-s it is a I moot impossihlt u> sav «hat 
equipment is standard toi an m.tuslrial listing 
research 01 development .enti« 1 ht work bung .arm.I 
out mai vary lono.dtraliK trom .unit to «entri an.) 
from tountrv t.. .ountrv Spctiali/cd equipment an.l 
a.icssoiics thftftoit hav. to IK carefully selcimi it 
they art lo meet th. requirements ol th« intended 

laboratory prmedures 

National ami international afrmies that tötend 
support to developing «outlines in this tifiti usually 
employ experto on a short term contract basis to advist 
on the »election ot equipment Although this system has 
proved to ht successful in mam mitinees it has ont 
drawback the experts onori association with a 
particular project and his possible lack ot cxperienii ot 
local cond«K>ns ma> not »How htm to apprêtlat. tht 
many intricate problems involved in the operation and 
maintenance ot sophiMitat« d instrumento or tht 
pouiMe difficulties in .»burning regular supplies ot tht 

equipment he is recommending 

It« Mi»ut »  raw  M—«H*J IHrtuot «/ * »•#•«»/».  <#.*««** 
>aa>âWy kouu  «   tmclncè4a§,   htétfml   Ittpuhh,   <H  <•*"•»•* 

*••*••*•• .'MMMi   I*» mncU ,«gt—«v +***<"* « t'lWIM» 
émrumnl lOAm. I Ml It 

Developing .ountnes otten la.k laboratory   supplies 
an.l   equipment    u-ihnual   assistant.   ^<M^   maintenant! 
senil es       I ht     limititi    overall    markit.ng     potential 
howevn     an.)    iht     larp    variety    .it    laboratory    ami 
s, untiti,    instruments   avallatili   »rom   t. »reign   suppliers 
Mi«! nunufai turerò   mak.  11 generally  unci ononmal tor 
I.Hal   l.uoiiu somen   to   esiahlish   slot ko   ..1    f   employ 
qualified    oe.vit,     t tignicelo     Iht     probi« m     in    many 
.ountnes    10    tompouiuleil   hy    foreign    « x« hangt    ami 
„upon  résumions which otten do not orn permit tht 
tommetiial import ot spar, paris   \o » result   01 untiti. 
laii.nalorii-0 in ties eloping .ounlrieo .annoi    ot  > an only 
11.    1   limited   1 Meni    timi   lethnual   aosiotantt    loi ally 
Iht v   musi   ich    on   th.   support   an.l   ...operation  ot 
suppliers based perhaps thousands ot miles away 

Several 1 .inclusions an to In drawn troni this 
situation tin. ol them is that beton seiet ting any 

iqutpment a taretul study should t.< ma* lo 

determiiu 

U> Which ot ìli. mani possibli oupph. is and 
manutaclureto ot equipment hav« total représentatives 

01 «»Mices .apal.l« ot providing installation and 

maintenant, servîtes' 

(hl Whai c«.penen«r do potenlial suppliers have in 
dealing with «he spc.iil tondni.mo obtaining in 

tieveloping 1 outlines'1 

Anothet important conclusion 10 thai equipment 
spécifications must I« prepared very carefully and 
clearly I here are «ounllens examples id cases where lack 
ot detail 111 specifying has led 10 tht purthaar ot 
incompk-lc ut unsuitable apparatus. It «MMIM br 
underwood thai supplementary equipment m aim 
sones it not specified will noi IK quoted t«n m tht 

supplier s bid 
Most brtKhures m «ataiuajmes puMnmetl h> equip 

ment manufacturers give «inly general int.irmation 
without tompteu ««dei specif it alt.ms   A arte. (ton ha.nl 
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,„ .kv,l,¥m« .oun.iHs in.I air i-ond.lH»in| *«*"•»'«» 

,,s.4,ih .«n.rvs i,n IK .l.»p.wvl *«h Muth more th«. 

in. human ¡«-.n» -ho has Irirni w adju* r%en ... 

aiiv.rs, ilimaiu ....-.....«.H «fk«H-ii«d HrrtrtMiit «H 

,(.,„„„.«.!..«I ami analviual .««rumwu re^uirr 

p,o,«,..on »f..-' hra. humid.l> and dum «.»phW. 

.an.I msi.um.-nu ah*, rt^uw. an vm«ffrru> frncralo« 

,,. su,?pK rk-i.ru.lv m .«* .- rW*« fwh"t "* 

flu. .uaumi 



Criteria for procuring equipment 

Procurimeli! rules »limamialinosi evetyvyhcr. that 

th. vh.ap.-M oil.is'* accepted \ppli«-.l t.. ih« pur.has. 

ot svilirti, .qu.pmcnt. stint observation,.! su. h rules 

ma> turn ..ui lo IH I virv expctixiv. « av of equipping a 

lalH.ralory As dis.ussc.1 carilo preis, sp.« lin allons ar, 

a g„o.l meai.s ot „blaming .»riel an.l relia. I. otters 

()nl\ su. h ottcis allo« a |usl , oiiiparison ot ih. s...p. "t 

delivery   uní ili.  prnes ot .litt... ni hi.ldcrs 
|,,    ,„,i,i     h'    ..Inani    .m    uiulisioil.il    pulur.    ol 

.„mpa.ahv,     -lala     only    lehimallv    , «qu n, m « ,1   an.l 

«ommcr.ially      .apal.l.      manuta. lur. rs     an.l    supplies 

should    !..     meted   to   sul.n.ii    ott.rs     \   pro...lur,    - 

rce.ni.iicn.lol whereby   onlv   a  limited numi.., ol firms 

(hat     .an    salisti    every     icquir. mein    as    t..   quality 

esperie...    m  handling  .onipr.li.nsn.   supplì.-   i< I.    " 

|,H     m    ,<mmx.«n    ve.h   .kln.iv    s.h.dul.s    n.hm.al 

ass.stan..   and maintenant,   M re..   an   i.iv.t.d t„ ., ndo 

Such   a   p,o...lur.    max    .v.n   l.a.l   t.,   individual   im»* 
tnng sck.lcd as suppliers to.  .nur.   lavoralo.,  outfits 

equipment      lots    or     spceali/ol     .nsir.im. nts    on     a 

proprietary   >i singl. tende basis 
Imitations     to     l.i.l     shoul.l     always    givi     .I.ai 

indications of th. turren, v an.l terms,., which ottusa., 

io   IK   submitted    it   indi,.dual  prue  o.   to I..   quoto) 

ix works   t ...I.   port ol  shipm.nl    .   M   oi . . t   port  «>t 

destination    it   shipnuni   is  ,kx,r«.l   hv    u.   ->•   sea   *"'* 
whclhc.  o.  no. the .osi ol  pa.k.nt! shoul.l U  intludcd 

h  ,s worth pom.inn out he,  .ha. North  vmcri.an Urn.s 

have a ditterei, mtcrpr« talion ol ih. irrm    t o.l..    ttr.t 

on   lH.ar,l   ship)   tr.mi   european   suppliers     Ih.    lattei 

obsenc   the   internationally   a.«cplcd  «Mimt.oi,   of  iht 

l(rm   avoiding to which  I oh   pruts .nclu.it tost an.) 

all   charges  of  delivery     including  pai km»,   up   ••'     «,n 

board ship'   in th. seap.»t <>i airport o) shipment   I» thi 

Untied States ot Amerita   however   "I... I> .    's normally 

understood as t o.l.   factory    an.l pnces do noi .nclutk 

packing   inland freight   loading charges  documentation 

o, export handling  all ol which arc charged separately 

If a bidder deviates from th. terms laid down in th. 

tender invitation   h,s off«, should IM .arefully examined 

a«  it   may   have  been  intend, d   to obtain  a supcrfi. .a) 

advant.fr in prier compari«»»! only   A .aretul lettini« at 

scrutiny  <»«  «h«  spécification» gtven in a bidder s ..ft«. 
and a e«»*nf>artton w'lh the iMutlra.cd literature attached 

it,   Ihr   hMl   WÄ,   m  many   caie»   eliminate  quotations 

wfciclt at fir« #•*« It*»*, cheaper   Aicessoi.es may hav. 

hrc* MUfOMty Itti o»i u. pin »" advantage over olhe. 

btéácn. *M»««Mt»« mm« bat imawrtant différences m 

performance dal« t»»** conaMÉerahk pnee variations 
Many ***** **d M**rMtiona) urganttations ins it« 

offert tro*» <*i#i*»J mem***«*«" «•> demanding that 
,hr cammmo* wwHy •*»«»«*d to ***** h* ottered as a 
«aoMMt The êmêavtmuçn u* »•»* procedure we that 

mém «w «»J«t fw^M-Krty f*e*à **»< "«*• wlMth 

nNá% KctfH thwe v<m*tmm h»t wh*rh h.«* «eiHw 
eiiperieiicc IM •#>«* '" «^ f%««h«««g i"*nu>. Ih-s 
the Mienmis m th« aVvri«*«» «««unim» a#r drnml ih. 

VatoM« VII  Ntm*~ * 

iK.utu     of    am    kin.I    ol    te. lumai    assistami     VMieii 

.„mparinKpru.ip.otat.ons   th.  off. . of an mterna.tonal 

lalH.ratory    .quipni. nt    supplier    may    -K. as.oiially     I« 

tound     I"    I«     sul.stantialK     hijiiu t     than    thai    ot    a 

mamita......   In su.h .as« s ,. «an ..nix  I«  rc.ommciH.cd 

thai   Ih.   . xp.ncni.   and  alter sal. s sen ...   incorporât..I 

in . ht   otiti should IK  .arelullt   .ons.dcred 
On.     aspc.l    of    ..luipment    pur, hast    tli.it    .auses 

p.ol.l.ms is th.   Him  pv.n •<>'   '"•   sulmussum ot otters 

,tl.n   H   is tat  loo short    It   should  I.«   real./.,! that   hmK 

|,,,s   ,,t    spi, iluati ons   pr, pared   lor   a   pro|cU   over   an 

, si, o.l. .1 p. nod ol un.«   , annoi   noimalK   I.. ipiol. «I f"" 

,,,   ,,   s(,.Hl   ,,) onlv   !»    ihr.,   vs.-.ks   tin   nmi   that 

„i^lit   I.«   leti io   i supplii,   atte.  .It lav s in mail ai.  taken 
,,,,,,     ,„„»„„       Ih,      quality      of     ott.rs    might     IK 

..„isuleial.lv     mprov.d    it    mon     unie   wer.    allowc.l. 

|)tl,s,ons   on   hid    H.cptan«.    should   not   lie   delayed 

Uvo.1,1 «h.   normal val.d.ty   ol  ot), rs   partt.ularlv  at th. 
pr,s.n,     um,    wh.n    vvo.ldwid«    intlaiiot.    n... sstiat, s 

fr. quern a,l|usiinent ot pines. 
\noth.t serious problem that  is often cm..unterei 

.«„ucrris   daniaji.   m  t.ans.t   and   th,   i usuran..   ...y crin* 

su.h   damag.    rxtensiy.   damap   and even total loss .an 

„suit  Iron, th,   rough handling ot . onsignm. tits m ports 

«her«     no   mc.han./td    means   ol    transport     su.h   as 

t„rk lift  trucks   ,s  oaiUbl.    Delays may   b. cii.o.intere.1 

,„ ilearmg.onsigtimeiits through .us.oms  and sheltered 

storage   fa, limes an   ot.«.,  absolutely  ma.kquat.   < »M-S 

..miam.ngcxpcns.y.  .q.opmeni may b«   sub).,ted to th. 

„„.s,     advers,     .liman,     londitions   humidnv      h. av v 

iropua!  rains   .xtr.ni«   h.a.  and dust   \o ,, onomi.ally 

,visi,tubl.    imihod   ot   pa.kmg   .an   pr.v.ni   damag.    n, 

, quipnunt un,In su.h .ondulons 
S.mieitnies    I» «aus.    of    «usn.nis   lornwln.es   and 

administrativ,     delays     m     having     th«     ..Hisignmenis 

unpatkedand.saniinc.l   ,usuran«,   ^nc^p   hasalrea.lv 

expired    hv    lh,     nnu     lh.     equipment    arrives    al    m 

«k-st.na...... and a claim .an  IH   hnlg.-d    I hen. mon   um« 

<nd eftor. ,s usually S»H n. on Using resp..nsihil.ty than 

on h..w th. sHuat.on m#u IK avouk.l in lut im An 

effort should I« mad« ai lh. international organi/aium 

Wvil t«, X.4V« this pr.mlen. I h, r, du. non m damag« o, 

|,*v would pay   to-  th«   .«««ssa.y   mvestmciu  in a  veiv 

sh.Hi um. 
\ final suggestion may IK m*'« "'" Kcpla«. mem 

parts required to rcpai. i.anspo.i dan.ag. shoul.l U 

oblamaW« with a minimum of «trkv and administrativ, 

red up. Restar.h and «k-yclopmcni «entres should hav« 

,h. auth.^itv m an emeTgr"'v '" fUii M,U" '"^'^ 
«kr«.i with suppliers 

W.ift m *ithou. such cmergenty ««.k-i tanliiie. 

htmever seicniiMs usually depend «w an.l pre»-. 

,„ „-rrali.* with the experiemrd and fl. xibk supfJ-e. 

who .s in regula, and not sporad.« «ontac- w.th h.s 

eu»I.H«er who extends unfiurcau« rat.« help and wh«, 

even prwtdes when rncemMiry »re, replacements an.l 

rrpa.i »»«.hue» .n orde, to eonltibul. lo th. pnm. 

,^«..v« ,n lh. .slablirtinic.il of a «lenirti, ms.,tul. 

u«.ful  and cttc.tiv.   work   and un.nl«-rrupl« d op, rat  

I < 



LABORATORY FURNITURE 
AND FITTINGS by K. Geyer 

THI     \l \|\    ,ni,na    I.M    I lu     miisti uilion    "I I altoralnrx   turnilim   toi i hcmii al and simiUi work 

I.IIMU H..I\   luminili   an   laid down in a muntici musisi» o!  a tiw  repellineunit» thai  iar\   m shape anil 

,.1    »laudani»    »ptutnaiinns   ami   pulilu annus »t\li    •»•Jl   an    unitomi   in   thru   arrangement   andl.asii 

„i,,,,,    .,.   «'„.h    m    lisi, .t    il   ili.   i ml   ot   ini»   anule, design     Ihc\   imluilr    island ' .111 he»   wall lunches anil 

KiMuul.u    nniii-M   in.n    I«    ma.li   ..I    Kiilish   Maiiilaril lumi   itipl.naid»   (tig   I)    lupl.oard»  (tig   II)    sink   mills 

I.MJ   1'is'i       I .il.,.i.non     luiniliiii    ami    tilling»     ¡14| (tig.llll     ¡.alami    desk»   MiglV)     mialion   desks,  anil 
.1.1 ,  »...       IL II ~»..rf,....    ..L.m..MtL     t.ir 

•id'li.   |.„i    , ,i ,,pv,.|  i |u   I   mini Mali» l)i paMmcnl ol 

il,.iln    l,l,ni   nul \\, It.in | 17 |    \i  lin  pusrm mm 

ih, I , ,|, i h K, pi, l.l i, ,.| (,, i n i an \ ha» a mi ml it t ot DIN 

»umlaut» iMi.,1. iugulici wilh I In ,liri,tiu» toi 

l.l|.,M.iliil\ w,.il- pi.l.lisln-il l'\ llu iti'iutsgi nossi nsiliatl 

t,,i il,, , lu mu ai nidusm ami lln Bcrutsgi no»»i n»i hati 

I.,i puhli, Inalili hau intluuui.l lln mnsltui lion ol 

I a I.oi a ( oí i   I linn I un   |.'.  I (. | 

,.-,   imi  >• 

III  111,    I SI 

<   »,,,,r,i»i    ,( ,l      i, , hnn n l orn mill< <    í.iíi'.rjlDn 

m,/    tut.mini      il    iiu    l>\\    [i.i'rmaii   Sun darti- 

Ihr    un, I,    iipiulh   jiilwtiiej ./-   (   Willi Jn,«l«f«l 

iiiiiiosmpi desk» dig \l I hi supporting elements tor 

ih. IH ni h top» mat, In eithct a strel or wooden 

ttamework in «huh thi undi them h i ompomnis i an lu 

mounted i tig» I an,I \lh oi tisnl lanass unis ot 

ditti rent l\ pr» ( tig. V I » 

li i» n lomminilnl thai miK the tirsi typt IH uscii 

ami thai a tool »pan 20 ,, ntimetrt s tin p In allow til tor 

, omtorialili »taniling ami cleaning. Ml these umis, in 

particular thi lunches with lengths ot ! metres anil 

mon ami lln ¡unii mpl.oanls w uh troni lengths ot I 2 

1 S ami I.Xnutns ami a height ot 2.8 metres arc 

»pan t mistiming item» i hai musi lu shipped dismantled, 

ilun rtasscnihleil on silt ami loineil to the piping 

svstuns ot ihi huildtng h\ skilled irattsnicn 

Fifur» I     Man* 
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IM. 

• tÜM n»miM< «n 

Ai thr earliest stage ot planning, il should In taken 
into account thai the design of the furniture nul the 
essential dimensions of length, height ami depth »ill 
largel> govern space planning, the design of the building. 
plumbing and ventilation systems and the chime of 
materials few floor and 'vail covering During ihi past 
20 years, additional laboratory furnishings sut h js tht 
plumbing cell (figs VII Vili and XI) ami moyahlt desk 
units (figy IX ¿nil X) whuh are beitei adapted i«> 
present day physuo thcmical methods <•! analysis, have 
been developed. I'hey can replat i ihi conventional 
fitted -tum il uri typt o* iiench I ht prefabricated 
plumbing cell mounted in tht ¿sis .M «HI the wall of tht 
lalMtritory includes all pipes and outlets tor the various 
services and must be connected m tht serviti piping 
system ot the building the easily demountable or in 
some caaes independent and movable desks arc plated 
adjacent to tht plumbing cells I ht se instrumentation 
desks with différent tt»p coverings may IM used as bases 
to carry special elei tritai equipment assemblies to bt 
joined to the plumbing tell Such a da pi a bit laboratory 
furniture is to IK preferred it the purpose of tht 
laboratories cannot IM- specified in tteiail at the planning 

stag« 

Volmmt VII *»•»**» t 
/"> 



tuMna and plMlic •**•» 

Four« VIII    l*nd iriumM*« MM wtth fi> wMr, 
•it MM. stMtriaal sMkats mé «u* staks 

Flaws IX 

Figura X    liislrumansation «a* on MM 

In the industrialized «ountrics a numkr > »t 

• -mpanics speualizt in lht manutaiturc, supply and 

assembly of laboratory turnituri I hey also supply the 

plans ami indicate ihi location anil size ni the piping, 

cshaust anil electrical terminals in the building I he 

increasing demands anil the modulation and ciernen 

talion of laboratory furniture has stimulated produetion, 

m scries ut limiter piasiu laminated wood aid 

cpoxy resin loateil steel carcasses (fig. XII). 

The equipment ol industrial researeh centres in 

developing niuntries should not depend entirely on 

imports transporting laboratory furnishings from 

abroad involves thi additional costs of dues, packing and 

delegation ol specialists Moreover the compiete 

installations o) laboratory furniture being produced in 

the industrialized countries may noi be necessary In 

many industrialized countries however, laboratory 

benches an still mounted on site by using the 

co ordinateli work of carpenters tile layers plumbers 

and othei i raftsmen I heir work is regarded as 

secondary building work In this cast fitters or 

carpenters build the supporting framework on top ol 

which tiles are embedded in acid-proof putty on a 

concret« base I he plumbers execute the necessary 

piping work. A furniture manufacturer subsequently 

supplies the carcasse), to be fitted into the framework ol 

the benches (fig XIII and XIV). This method ha« 

proved satisfactory for many years and COMW »Ito be 

.pplied to the furnishing of industrial research centres in 

developing countries. The contractor charged with 

constructing and equipping the building could also order 

and co ordinate the subcontract work for the laboratory 

furniture as he would have the necessary contacts wit* 

local aprvialiied tradesmen The building contractor 

could also prepari the tenders tor supply and assembly 

and supervise the progress of work on «He 

InJmtrvl Kewrtb ini tWvtlufmtni Mm» 
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essential dimensions Materials 
I In ipiniuiiii w.tikn^ * K pt h . »t tutnhis tot 

»landing w .M i. hi» In . H I. HI ml I.. lu (ill i m . li ,II ni I In 

n . >i K 11!^:   »ni i i. .     plu»   I ». IM  !. >i   'hi   ,U i . imiii.i.l.ii I. MI  . <t 

ll.ou    111 Hi |i      I   lllliiil,       sin I'       I»     ^,ls      stands       illtllli   ll 

»... ki i»    ri,i   ».h, K I S     I i.,    i,ii ii   ,i( pit,   ,.i   ;> , in   ,, 

spt.itml    ,ii   HIS   I , •'.'.'  I"7.'        I .ili. nil, IM    Humum 

luililll»       .lililí  IISIOIIS I",]    IMI       lililí      I) I   til     l   ll.llll^lll  » 

,'l   nnp,H I nil    in. inni i, Inn i»   ..I   lahoi Hi H i   tutiiituii    in 

I 111      I   i  dl I  il    Kl pilldli     ,il    (.illll.llll       I   I   llll l       I III     I   Mill il 

K inaili MU    it (.ii.il   UMI.III.   in.I   Soiihiiu   In land nul tin 

I 'i I, I S- i'. - . •' \ ¡11. ',1 o It . I! I» 111, |>. ' »I Sl.,. 1,1,11,1 

¡.'il.'       "»•>   |  '   I | ,,      ,li,,i,       ..•    ,,i,  ,    ,1.       !,  ,,,!        .1        »   ,   ,.. 

•,•'   in..»' ..'   :l',    ippn Hi,s   I   I-.UII.   \\ II   s|.,,tt » ll„   .lltlli, H. , 

i'     ' !l,        I    '1 I.   'IS', Ml»    ^   U   lì     l'I     I   I I ill      !      Il |l. H'     s|l.t. ,     (ll.l MM i Hi' 

(MisiiAiiy   ilu    lui^hl»   ||iuii   in   Lililí   I   lus   il«.us 

i.HlStd    MII1U     piotili Ills    till,HIM      ,ll     llll     UltllH    lit    111 lit II 

tops a\ nljlili I hi.i ihiikms» . arifs «uh I hi ditti uni 

lo.eiings .mil supporting basis u\nl dim tm uianm 

tiles 4 i ni Lu t'\ r.it erain f 7 , m tm nul pumi 

simien .m    mil  ? H i m Im  pl,i»iu s   I li ighl ditti li ni • » m 

lll|a l l'Il I    111  111 II    II M    ! S   i   IHM       Ml  , Mil l   Mu   Mi  i      ' , >   1 I),     ,|\i   ' 

lenders should iliiii'tnu i \pri-ssl\ nidii.m ih.u 

disk» and linuhis wnli dittili nt tourings musi hau 

unitomi in i (¡li'» I l't'i H IH i s tan !» . onipi usai, ,1 i, .i In 

¡nidi rla\ mg i In  In MI h lops I 

I alili I slu.it- modulai lincili that hau loinid 

giinial atiiplaiiti Ilu liasn Iriijlh ut I } m is 

In i|ui n i K ippl.i I ii ill 'In (in 'ùi I .' i , m s, m » a nil Ms 

multipli» hau lui il dimoi troni lins lincili in ih 

inursi ol iiianutat l uring Ialini alni \ turiinuu Ihis 

ino,tuli.» ot kngih in ((lini Mi it (M UNII alimi, 

»al ist\ tig iila pi al m- h. hu al . on.ln ..., • nul i hi ni 'h/a 

i un ' it .h nu nii ,1 uiiiu i I i£j    \ll> 

lili mil i u.il» usi il ni ihi i misti ut lu n ut lalioialni', 

I K ni tu s and tumi iiiplniaids au r t t|u irt il lo possrss a 

uiiuti ol piopiiiit» I lus n ipi m nu m applies in 

p.Hiiiiilai lo tu ..i li lop i , m imp, Ilu unions possiliih 

ins u, s, i ..m .n KS ..'o.' I'is'i | M| |„ |„,ih ih, 

I i ili ill K i pu I il n ,,! ( o i mam and I laim u i in m (ili s 

»i a i n h ss su i I l'unni mi i.i ilu i mal stun k u sisiani flat 

classi laip stonili.in piali s n siaiul.ii di/i d in 

DIS l.> »Id l'>7,> |»g| .nul pljsiu laminait,I »oodin 

pam Is an usid Um nit n lioaids iiaiiir.il si.uu inlaid 

Ii ak oi sinnlai haulu.uttl uni tun,un nmnd with 

i i i unii hi. - u. i i.lai.h i. 1II..SI , , uiiiiiii s |,,,l luiuh 

lops iliadi ni si,unless sinl Cuuuuni t u largì 

n id pinot si.uu w.u. piali s Digs I a ml VI | usua IK hau 

t.. lu imponi.! Ih. unii uiuihi.l m tianspuri insumís 

ili al mu and dihuit ian ,ius, ,, nisidi ralili del.u in 

lompiii.nji ih. «..il, ..l .quipping ili. laliotatnri 

l.ualK ai aliatili IIIHIKIS should In usi d toi tin 

iii.miitai Un. ot iiipliuauls muli i lu ni h units ,\m\ 

i au issi s 

lin sudati Unisti • .t \* muli n pans should meet thi 

s|x i i.il n quin nu ills ot laluiialuii tumilun 1 hluriiuteil 

IUIIIKI paini t.ialing' liait licititi! satisfattoti results. 

Siiti ,n, issi» spio inaliti »uh poudcu.t epuw 

usui in in i li t i insidili (ulti and suliseiiui nll\ siurcd. 

hau puiud u. in higlili i.iiu.sion usisiant Im mani 

Mais    | hi st   usuala  hau   loh.   uiipi tilt d into dt \ i loping 

.      MIMI I II s     I). .\\ (A ,   | 

Servier piping 

lin   planning ni   ilu    pluinhuig s\ sii ni ol   a  resi-uri h 

u mu     i»    gnu und    In      tin     oullils    ot    Malti     |fas 

I AHI I    .      Ht M II I,IMI Ssii is» 

"" '">"•"• 

/'/\ HS .!,,, , „ 
i.,!//«-'/ tV-ll, •» 

/      V.'.1 ..*'(' / .,/., • MI 11. i.i; li...' / *'""'' '•«»»./l i aid», ""'"" WdiJxi'i 
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< lem tk-pil, mai «III filli (llll (.III diu OiKI 
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compressed air, steam and t-Uilriiit\ used on the 

laboratory benché' and in the lupboardx I he services 

and number ut taps, cocks and valves lo he provided 

should therefore be spct died at an early stage (table 2) 

I AHI I KM OMMl-NDH) NUMBKK (It OC I I IIS   SINKS 
ANI) SIM KMS 

«.'!/( /'  I,,/is „\ II Il  II  Ti  If ui./f»1 

Srii'tiei I t:n%ih i m >     i il, 4j 4 s 

(jas ups 

Water taps 

Above cup sinks 

< ompreswd an valve« 

t-uaed electrical urinila 

! 
1 

1 

1 

! 

i 

4 

2 

1 

t 

4 

t 

with 

I'wo phaaed sockets 

three phased sockets 

4 

1 

4 

1 

4lftH 

1 

h iHW 

2 

Hi 11, h i,,p, „\ * i m uiJll 

(«as taps 
Water taps 

Above cup iinko 

Water taps 

Hot water taps 

above 

4 

4 

2 

i 

1 

4 

4 

2 

Ì 

1 

6 

H 

4 

o 

2 

6 

§ 

4 

0 

2 

Sinks with overflow 

( ompresaed air valves 

H used electrical circuits 

1 

4 

1 

2 

4 

2 

4 

2 

4 

4 

with 

1 wo phased sockets 

Hi ree phaaed sockets 

H 

2 

H 

2 
8 <I2M< 

2 (4H 4 

hume hnnd\ 

/ f*gth 1 m >     1 J 

Liât taps (troni 
controlled) 

Water taps (front 
controlled) 

(up sinks 
( ompresaed an valves 

(front controlled) 
I uaed .-lectrical 

vi valves 

Willi 

Iwtv phaaed electrical 
sockets 

three phaned electrical 
sockets 

/ * 

Jrot physical or pnvstco chemical laboratories 

The- three standard types of hench fittings i.e 

stand* wall fixing and from lontrollcd patterns, are mad« 

of bra»» In air conditioned rooms chrome plated 

surface» an usually sufficiently résinant Acid proof 

coating* art used in (.erniari laboratories carrying out 

wet chemistry work   however 

< olvHir coded lever handles and hand* heels of cocks 

and valve» facilitate tht identification of the fluids they 

control IS ÎKI2 recommends an alphabetical idem if 1 

canon system, but the position of the handle sometimes 

make» reading» difficult and, heatde». such letter symbols 

are not unrvrnalty comprrhenaiMe 

It frequently happens that mon servit piping is 

installed than is really ntiissary lor tht activities of ,1 

laboralorv Measurements earned out in sonic laboralorv 
buildings liav« proveil that 1 In lompiissid ,11 r servici 

utilization rale was not eviti npu util II mmpressed 

an must lit provided on the lunches ', m 'vis wd' ' , 

sufficient toi a gaugi press un of I I ,u .nul 11 >r ,1 1, ij simun 1 

supply of 0.1 S standard m '/mm | i | 

Vaiuiim servili for sur rum of II IS m'/min al a 

pressurt below 4O0 lorr' al en b pomi tan also be an 

expensive and uni 1 onomii il installation   Water operateti 

i lettor   pumps   and   even   m 1 opi latcil  small   rotarv 

pumps art mon prat tu at and mon efficient because 

thev deliver a vacuum In low .'ll Ion and their pressurt 

docs nm depend on tin   v .Irving load of a piping system. 

I he necessity of supplying steam to benches and 

cupboards is doubtful although steam as a heal source 

can certainly IK helpful in evaporating inflammable 

liquids Steam heatnl laboratory apparatus is now rarely 

manufactured as tcmpciaiurc lontrollcd electrical appli 

anees some explosion proof an easily available andari 

much more practical to usi 

I he necessity of a general supply of high pressure 

gases such as nitrogen oxygen, hydrogen helium and 

carbonic acid to the benches should I« i.mtullv 

examined at the planning stagi I ht alternativi systems 
art 

dt) Ser y let piping tunning throughout thi enttn 

building Iront a central span toi ihi storage of 

high-pressurt gas containers to nei die vaivi panels on tin 
reagent shelves of the benches 

(b) Shori tap pipes running from exhausted 

decentrali/ed si or agi boxi s toi high pressure gas bottles 

on the floors to needle vaivi panels on a limited number 

of benches for example in chromatography laboratories 

(fig. XV). 

ItV Ion 1« a unit ot presnuri ci|ual in l/leMI til 411 
llmuaphm and very nearly ruual in ihr pressili! o( a tolumn of 
mercury I milkmenc high at II <   and standard graviiv 

Vnk> VM IV 



i, i li ni |>v un latmraiorv Item lu s .uni t uplioards 

loi tastiiiiiig high pressine jj.iv t\ limiers tiltetl with 

uduiiiig v.iKes this is undouhtt dlv the musi économat 

solution | S| 

Il musi IH i.iken intti i onsulcration howevci. tri.it 

allirii.invi ii> «ill mere asi tía1 load, ami e\plt>sitin 

ha/aiiK 111 wise .il tire derman guidelines tor aeiiilenl 

previ nimn rei umilienti i he removal ot high pressure gas 

luniks troni the l.ihorator\  overnight | 2. \2\ 

In an imlustrial restatili plant, sepaiatt seivmstoi 

potatili iiiivMii nnt mitustri.il water shoultl lit provided 

tot tin l.ilioulorv work anas. I he h indw heels ot vahes 

toi polalilt ami non-potable water supply must he 

ileal', distinguishable e.g. h\ eolour coding nr h\ 

t onspit nous ami iluralili laliels. I ht supph ot 

non -potatile vvatei to the ¡lemhes ian considerably 

ihminish thi lonsumptioii (water jet pumps 180-550 l/h) 

ot potable water. I ht drinking water piping system must 

also In protei teil against baikfluw resulting troni the 

i unni sum ot la I ior.it or v hose to water taps | 3, 5a. 7, I 4 

.nut I7| 

I he \iiiernan National Institute ol Health suggests 

|17| tht use ot an industrial water system serving all 

laboratory work areas Sueh a system would be 

nuli penili ut ol tht potatili ttumestu system and only 

tht ti w potatile water taps would have to he marked or 

labelled 

I he provision ot hot water through loeal eleetrie 

heaters plated above the laboratory sink units eould tu- 

more prat tual and more economical than bench taps ted 

troni a unirai system. 

I'lastii taps tor distilliti or dcmincrali/.ed water 

should not U provided tor all benches |I4, 17J. In 

general it is sutfu lent to provide tine tap, fid by a 

ietiir.il plant in each laboratory ot a certain type, or on 

each floor and this only it the activity of the institute 

necessitates a permanent supply ot distilled or 

deminerah/ed water. In all other cases, distilled water 

can lie used from bottles stored on the reagent shelf of 

the bench. 

I hi number ot gas taps on the benches and in the 

tume cupboards cannot IK taken as a criterion for the 

evaluation ot gas consumption. A 3/8-in. gas tap delivers 

I 201. V h at the usual pressure of 90 mm we.2 A Bunsen 

burner consumes about   MX) 17 h |3, 5b, 5c, 14 and I    |. 

The diversity tactor of 0.4 or 0.5 mentioned in 

BS 3202 should only be based on 100 V/h gas 

consumption and not on the maximum possible supply 

ot the tap. (ias stands or other types of gas fittings are 

installed on all benches and cupboards, although the 

utilization ot gas heated laboratory apparatus is steadily 

decreasing in lav our ot electrically driven appliances. 

'Watet allumi! 

Fiflur* XVI.   High-prMMirafM cyNnd« in txhautt •bint 

la) 
(b) 
(c) 
(d) 
(e) 
(f) 

Width of bench tops 
Width of operating area 
Width of passage way 
Thickness of partition 
Optimal distances 
For laboratories 
For offices 

0.6 m and 0.75 m 
0.45 m 
0.55 m 

depending on its structure 

3 m 3.3 m 3.6 m 

6-7.0 m 
3-4 5 m 

6.6 8 m 
3.3-5 m 

7.2 9.0 m 
3.6-5.5 m 

Fiant« XVII.   WMthof worfctflf area*and 
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Instead ni ultimum town gas (90 mm wi), natural 

gas (200 mm wi) is now Uing used in tin service 

systems ut man) laboratories. I hi higher pressure 

requires adequately designed liurners anil In neh fittings 

with grcasclcss stuffing l>o\ valves lor safety reasons, an 

outdoor location is required il high-pressure gas liottlcs 

tor propane/butane supply arc utilized. 

I he terminals of the piping system to which the 

lunches cupboards and prefabricated plumbing cells au- 

to IK lomicctcd (tig XVI) should not exceed the 

follow ing sizes 

Water 1 in. 
(•as ( town) 'i in 

das (propane/butane) '/j in. 

Compressed air 'i in 

Vacuum ' !   111. 

Waste 50 mm \K 

Copper tubing and «elded or soldered connexions 

arc used for prefabricated piping in benches and 

plumbing cells, (las, vacuum and compressed air bench 

piping, mounted on-site, are usually made from black 

steel with malleable iron banded fittings, and water 

piping from galvanized steel tubing and galvani/ed iron 

fittings. The supply line terminals should have shut off 

valves 

Cup sinks and sinks with ovcrflo'. are made of 

acid proof stoneware, fire clay, stainless steel and plastic. 

In the federal Republic of dcrmany, their dimensions 
are standardized in DIN 12 914-1973 and DIN 12 915 

1973 (Ve, 9f|. dlazed ceramic sinks of brown, white and 

gTey colour and ceramic Straps arc highly corrosion 

resistant and therefore extremely suitable for laboratory 

furniture Stainless steel sinks are less resistant, for 

example, against air containing small amounts of 

halogen, particularly chlorine, which frequently circu- 

lates in chemical laboratories, hor the waste lines, iron 

pipes with spigot and socket connexions made from 

fine-grain spun cast iron can be used [14], or PVC and 

PF waste lines with welded connexions, which 

experience has shown to be sufficienti) corrosion 

resistant and shock proof 

Bench waste lines made from acid-proof stoneware 

and glass are highly corrosion resistant, but have low 

impact strength 

(•'or research centres in developing countries, 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) measured steam, water, gas and 

compressed air consumption (figs. XVIII and XIX and 

table i) at live minute intervals in twelve laboratories ot 

Mi industrial research centre (two analytical, three 

research, two application engineering, three routine, one 

agriculture and one teaching). After reco ding the 

consumption peaks and ihe mean values tor 24 n cover 

ing also the maximum values when multiplied In 1.5 he 

came to the conclusion that exact values guara itceinw • 

solid basis tor planning in all types ot institutes muid 

not be stated, but that tt e results ot the measurements 

gave a realistic impression ol the order ot magnitude to 

be expected >n most ot the i.iscs I he measurements 

yielded the results shown in table 3. 

ABI.I-   '     (ONSl'MPIION PI K  HIM II  I INi.lll ANI) PKK 
WORM R 

1  itiiuilllpt lull 

S,.ill, r    /', , S.,1/1 
'.ing,      | u irk.'r rjHRi 

       4 •   •       - 
fri m b, in h l,n¡¿th 

Steam IKI7 2 2 kg/h 1 il ;  I V    ft. ft kg/ h        1     3.5 
watet 11.1)3 n 12 m'/h 1 4 ! (I 12-1). 3ft m'/h    1     3 
Invengas no) (I 04 m ' Ih'' I 4 ! 0.(12-0 1 I m'/lv'1 . 5.5 
(»impressed 

an II D2 (I 1 m'/h'1 I 4 I) ! 1 0,52 m ' /fi-' 1     4 H 

•'Standard m ' 

Conclusions 

When planning an industrial research centre, the 

laboratory furniture should be considered as an integral 

part of the building and its details specified in the 

project. 

In the past, planning, tender and supply of 

laboratory furniture 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 furniture can be 

co-ordinated with the progress of the construction, the 

nccessai; labour will be available at all stages to carry 

out the additional work involved in the installation of 

benches and fume cupboards and in connecting them to 

the main lines. 

If it is found at an early stage of planning that the 

contractor's engineers 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 supply and assembly on-site of 

prefabricated laboratory furniture. Because of the 

difficulties of transportation, however, only a few 

specialized companies are interested   in  such   business 
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TECHNICAL CONSIDERATIONS 
Casa history 1: Tha B.C. 

THIS \KII< I I discusses (lu technical consi 

derations involuti in the ^instruction anil 

decoration i>l HI industrial research anil 

dtvclopmcnt untre. Il does noi covet ciery aspcit but 

illusi discussed are ot particular impórtame with respeit 

m (.1) a ljl>oralor\ building fulfilling its intended 

I million, and (h) keeping initial capital and subsequent 

maintenance msts to a niimmum. 
I hi aicompatuing illustrations reter to the 

laboratory complex ot the British Columbia Research 

(.ouiuil ai Vancouver. This structure, which was 

completed in 196M (tig. I), is used to illustrate the 

various points considered important and is presented as 

one example ot an attempt to optimi»- the selection ot 

construction    materials    and    methods.    It    is   not    the 

I he julh.it ii Manager nl Systems P/annmjj /or the Hnnsh 
I nlumbu Reseanh toumtl at I'liniiinwr Rnhsb Columbia. 
(jnj.ii l/iv amele m finally appeared as tSIIX) Jneumenl 
IDMi.lHI/12 

intention here to suggest that either in» construction 

methods employed ot thi materials used are the moni 

suitable tor all lases ihe linai design ot any building 

involves a numhet ol compromises because ot the 

relationships between thi various components. Its 

ikvelopment on a sistemali! and rational l»asis, 

himeiet enables lutter prediction ot performance and 

prondes the Inst approach to an optimum solution. 

Modular concepts 

lo some, the term 'modular" used in connexion 

with building design means a dimensional programme in 

which all principal spatial dimensions are multiples or 

submultiples ot a selected modular dimension. To 

others, a module is an element of a building which may 

U used repeatedly to make up substantial sections of 

the whole structure. Both views, however, embody the 

notion ot design standardization (fig. 11). The modular 

approach  leads not only  to efficient design but to cost 

Fifura I.   Arttot't imputa« o» •£. NMHraii bullet««. The «Mir« 
OveraH «tuai therefor« net MMW. Futur« wMtttora wHI «he»    ' 

that «Mrttoiit 4a net oartrey th« orinimi «Men. Thi Interplay of euiWtna «limanti 
•ut «H BulMina ( 

aeaw variety ano i 
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CONSTRUCTION AND DESIGN 
R*Mtrch CouncN Building 
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saving* through the use ot common components. In the 
structure itielf, many components may have standard 
dimemions that can be repeated many times throughout 
the building. The fact that they ire repeated identically 
time ufter time leads to cost economy, no matter 
whether they are constructed on-site 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 interior of the 
building, repeated modular dimensions lead to common 
sizes and spacing« for partitions, millwork and 
furnishings. 

One of the most convincing arguments for the 
adoption of the modular approach in laboratory 
construction, however, is the flexibility it allows for 
future adaptation and modification. Interior partitions 
can be added without upsetting the basic module and 
mat :riik removed can be reused later. 

Typ« of rtmctuKt 

Many types of structure have been found to be 
satisfactory for research centres The simplest is a 
rectangular building having one or more storeys. Such a 
structure can be extended by the addition of wings at 
either end or at the centre. The B.C. Research structure 
features a central spine used to connect wings that might 
otherwise be separat? rectangular buildings (fig. III). The 
most significant criterion in establishing the type of 
structure is probably the need for expansion. The simpk 
rectangular building can be expanded by adding storeys 
or wingt. If independent expansion of various sections ol 
the laboratory is envisaged, a structure along the lines ol 
B.C. Research is more suitable. Generally speaking, 
maximum flexibility for change and expansion is 
obtained through the use of a one or two-storey 
building. 
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ML   i,,,,..!   inpori.ii'i Imilitiitg PI i^tiiri nttni i* ihai iht 

„ ,lk   i   .,.1   111,1 «Hutu«*   ladt H lift th» i a* an i ni iiisurt 

.„,,     ,,,K     ,,u,     ,v    .m   atiiim    liarrirt    agarnsi    ih» 

li m, im   InH jn.niik   in IIHIIMM i mininnHiu lhai i .m I« 
i.tiu*lnl imi nuinuiiit il within iksiralik  limit* 

|,i-t i- i<i. (¡iiniim nut |»ii>|iti planning mu*i H all 

i .nubili Mi * itili imi H *piin*i»i in i hanging .iriiimMan 

.,•, Il), l.ilii'Mliilv *pa.i "»i-i t» adaptalik ln "v 

Minpl, *i im m i UIMM.HI«\ mav U J siiigb '*'(» "><•""' 't 

«In,' ^|i,i, . •• imi un i'"l .niangt.t i* riijuiriil 

Mm, un il M ilk uni mimmi* *hiKilil IM *I' liHati.it a* in 

i nip. IM iiu iMiiiitiiiini •' liiiiiuinin- !•• ihangi* in spati 

H*, Mi);   l\ i 

Wallt, 

\v A Intrici ImvAivn ini internal anil esternai 
, m untimi ni* vshilt ,ii ihi sinn tim< satisfying 
ui|Uinni<iH*  ut   ipfH arami    ilurabililx   anil aneptable 

maiiiiiiian..   lunik   il«  * «Il *h.mM IN  . ..mpov il .-I l-un 
primijtal . tum »i-     i *iuu miai an In"«'    « m.ml.ram 
 ,,,,,|   M o, i   ,a|<niii    H"«     «'    iiiMiUiii«'   la\n   '•• 

..„,,,,,1  i,, .i   il, .«A    m,l   ,.    . MUí.H    Inkling i-- «bul il» 

lam   '!!»(  M    S"'»1    '   ***'    i"i|<l"M"|t   lhl    »iH •iii..«ti 

Fiptr« IV    Feuf larfi ««an labaraMriM at » C 

ram screen jsnnupk un I» assemlilrd troni mai.« 
lombinations <« matinal* and «ai long a* the ha«» 
pnnuph i* atÜM-ri'il m will perform «aiusta« litrily H* 
greater ih» dtttcitiut br.v.een insitk ami outsid« 
environment <M th« gri alci th« mntrol required over ih« 
insiti«- environment tht gii ali i iht cart that is needed in 
designing ami tonstrudmg iht extent* wall system 
ttig*   \ I ant! \ Il i 

Internal parutions have different requirement» Iht 
chief requirement in mow laboratory butfding* H. thai 
ihr y tir adaptable toi tu tun sj.ace changes. THey should 
therefore br designed wilh a minimum oí .ervtces built 
within ihr wall cavity. In laboratiwry arra», surface 
mounimi oí all electrical, water and other services w to 
he recommended. A wide variety oí internal partition 
systems and materials ranging from walls assembled 
from conven tit>nat material« such as wood and piaster ot 
masonry bUscks (fig. Vili) io pre manufactured panel» 
thai can he joined togetner and later separated foi 
rearrangement is available unlay. Hot the B.» . lUteauh 
building four tnch-thK'k concrete or pumice block was 
selected to meet the combined entena oí cost and 
flexibility. Such walls can readily be assembled and 

dismantled 

,>n 
Iménslrml KtU0ríb amé iH*ti«fmm N*w% 



V« 

Fiai** Vili    MM» partM« • CM 

hWxibilm within i latmraiiwA < an I* aihwxnl >•• < 
rmu-h jrr»l«i «»inn it ill ml« mil walk jr. mm lua.l 
hrarmf. Su«h «i niauirt-mrni .d .nur« ha» ¿ Mynttiiaiu 
ttttil im ir* »iruilun .»t "h« buiklmg itse-M H\ »OIVIUJî 

this pmMrm <i ih» nutwi iru H.< Kurinti iHiiMmf 
w» *M< to u* liftil« i mat« rial". wmpMnii foaling ami 
ventilatiti» «mil non,«! ih. tulun aliotation .»t il«, »pao 
m alm«»i am *a\ .>thii than mn\mg tht ">"' o"1 

.tiling «up pnrt\ 

• * 

Ro«ft 

Ihr riHrf ni a Ituik.ittf »halt•«. *nh im oiriiiM wall* 
ih< tuiHIH* <>l «rparatinf ih« mirri.* ami UK-run 
rnvirtmmrnlv »rtau«« .1* Ms nnrmaHv. hnri/.Miial 
putition ihr waler «hriWing ret|uiremrn|t> itt a («><»! 
«yslrm art much m«if< wvrri lhan an ihm« IIM S «unni 
walk. Ih« rvt|uirrmrim li» an anil wain »apoui tiow 

llW(rnl ami tot thrrmal Hi.» an similai hnwtm \ 
vanelv <>l ««it ivslrm). hau hwn Inumi if I* 
taltstat lt>r\ m varum». . limait". l>ui all »an IH it lulrrrtl 
inatlr triait through fault«, . ..mirutliim m it» .»mp*«l. 
urHÉrrstamfcnf ut <hr pnmipko mvntvr.l 

MOM     lalwralorv      n*nklitif>    havi     . nm«-r»inwial 
huitl up     Hal   it*it>    A   variation IMI ihn, »v*lrm    ih« 

(k>uh4e m«-mhram    UH»!    ha»   hrrn   Inumi   n>   I«    ««n 
wtcetaful   m   >»>W   thmairs   su«h   a*   ihai   ..I   i ana.ta 

(fif. «X) 
Apart tr«»m Ihr design iirohaMy ih« muni imp«irtant 

lacliH in achieving a «¡utir»»rul low maintenante « 1*1 
rimi » the tare ami *upervt*uin provuk-ii during ih« 
eunatrtactiun irf ihr mrmhrane ami th« irwHiaiuMi ami 
«auMiing ii« the flaahing» A root uhoul.t nm »«•« tl 
immani maintenant« 
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Vf* 0100à Ml 

w» K*0BAHk 

r^n«   MHWIW« II  «—»««*» fc»iMim 

WMMIOW« ind »loar» 

¡•» (ht    tulMitt   -•!   » H* ,i* .      ,   ••,!    .t. '. H -    |P>  mf      M! ¡ 

,       i„      »h, HIM        ••     i     «i<t< > «f« ,v 

,,    ,|.|,   m-        I 111) III llUlll 't »i«»l I   ' 

,. ,    l    i        v» Jl,   l i^i 'Ul |P.1>IU   H' il  I Iti. 

1, i.i ml,t m.     • ...»Hull»      l'i'     .lutti MM, »Hti    mvl.itti 

,     „..I     ,.|     ..In.   I |...'     • tl.       |>|..|lll   "l»    •••     Ululiti   ltl<llt|t 

, i , i,, in   pu vi n, ,     il  . It4ii|fiiig * äli i  • 4(><>in 

,.t      ,     M,   ,     ,i    mitl.u.l   I...«»  *ii.I *    •'•»*  lunu- 

-,.    ..,.,!     t,.i      miti   -\ '. ,1    t.itiO     in«ntiiiinii      imi 

,,„,,., .„,    .i,l.ii,iv      \»  ||l<i/.nj    'H   i tu   iiilirt.«    •(   iht 

.li 

..ilK 

l„     (,.n,    ,,i\     »imply.     WIKHIíH   ili««»   in 

,1      \      i   I nil      i hi II     l<   Hi' .litt I H mi   '" i»n '' 

Ut        IIII.I.I-    H   . 'Ihn   »tili     •!   «it   irili-imi pillinoli 

,,,i       ..„MI|III uil\      pittUm»     »uh     tf>fMii     i.'     'hi 

,,,,,,!,  in,,    .1 .urlili   l.i>i«,h. » imi iltnti mutimi »ululiti. 

,|,       ,,,,     )•   ,.   lui    H.ml-   Im    -|M   .   Ü     (lu'l'iiM    IK«    sui rt   4« 

,,,.,    , ,,„    nil,     ..un  illi ,1    h»  •• ntnrnlurt   i».I ritriti 

,        i   . ,M i,,,.        M     Ji, ,   r      -|*ï  ,   1.1»   .  • »It» H li Mill Ml 

lmrn<* ind mterior fintato* 

m      i»ni\hi 

,|>.|»,,I    .iltl4> 

• tris nul ink Iht Hlilillil» 

»uil. 4» plislil Imiti plit.ll» 

ni,- in.i ».N.,1 dui it«. Im*! Mirti» i iinimfiii 'i* <h«-»t 

• 1141.1141» »..lulling HUHU n"t »141" I" lhl «itoli"*' '»* 

limoli»» 1..1 • 1.milling ilu-irt.M« à 111*1 ni ir» hm» il 

1, »•un. muti mu»! I" . ..itMitiK'l *.|»in iiiilrriilo ami 

tntishi»   mu»i   I«    »«InI..I   hiiing   nfiiil   m thi   »>>»r*l 

III4IMIKI4IHI        litl.M»       , . ttllllH llOUml»        »Uli      4<l»pliMl 

ipp« 4I4IIH    illtl   . .»l'I 

M4iiii4iitni| »urt4i. 111111*1»» .in IM .HI» .it th» m»i»i 

1 inn ..«toummg ii(«( ..«.th »Wrm-iH» ••! uvri 4Ü m»m 

I.II4II.. I MUí.« tini%hi» muoi Iw ot-kilol tin ihm 

,lui4l.ilin   mil iiMiiiiui   t..   iht   itti» 1» .il »ilei   *«ln 

4(i».«ui    »unligtii   4H.I   .hiiifmf   itiMprtiium.   «*i«rn«l* 

MI. h    1«   inni   lu H»     nimitii    4111I  .itmiwon  if»i«.l»ni 

it.ul» t.4\t IM.IH m .luiitnlii» »hit« unpnitniitl *»H»d 

III,I  o>llltt. Il,   IIUlllUlo  oli» tl   4»,   pliolli    Il4tl    lull«   itifk    X 

,11.1 Xli 

M4I1114K li« nil» inn tmt*h«o mwi IH orici Irti Wrilh 

u Hit. I 1.. ihi Minn . limiti HM»» m ii«h pâriHulii »fra 

II« ,)ii4lii\ .11 itiii«>h m 4 puMi« m .ittm 411» m#v I* 

l.iijli. 1  1I1411 1 Nüi ii' • UlMii4«iif> .» »urlmèiiip 4iri   I htr« 

J* 

Irvrb. >»t finnh «|«Mtii> wrt« rm#é«M/«-«i m <*» 

.»•iiMrui'iKNi n< *« K«»*r»h Iht haft*»« tnrel *«H» 

. .«t..»».»! «miio *«H! »uifc-ttril itibm+, fUMmé 
gvpMini buMil *•»!» »"«i ft**'**» f****t, *•• 
»(«. iticil t.M Ihr hlmu* »««1 âiiltliitlMMUV» i»«M:r wm§. 
I h» ta»M*at<mr* *w iht nr*i trwl »kn*« w«h p«MtM. 
lilixl. **ll inBUfiHiimi t«n *•• p«wiitiu«i» nfm*é 
M-rvui-t»   *nd *»l i*ê»t*r«4 m«*i«fv *««! future*>mvt*H 

Iméunrml Krumn •> 4*4! I 



surtan» '>! »allv ..»tumi»» l.raniv «nil «tilmj» panili .1 
\in\t 4-.lx-M.iv (li.,»i iiitity »a» UM.I ihi.iuyhiHii musí ..i 
lhi    aiiminiviraii»      «mi   Ul>..i.i.>f\   w»> itif   Xlli    I h< 

•II 

«jim-t *nrk«h.>,. «ml pit«»" *'<»» *'•'< #*«*'> lr** l'"*«"sl 

Irvrl i* tm«* It'mr.i. M.Kk> *<-ri UM it a» «ill 
partition» «ml ih. ti.»» * a» >t .muriti *.ll»alk«nil 
.rilinap »«•». [»mnuil IH. 'hi tin.« »a» Mi unpaintni 
••«i» Wlpr»»v<-d .haul limimi htiwrtri it»« fkNWv ir» »It 
ixmnèan. and «*.ir*ir»f a»«*» in ih< »imr* and »h.«/ 
M-UI.M1» trf (h. lnjiWinj «r« fra.iuaih heinaj paini, d »nr. 
«rt r*o*V ft»«*» (NMni <flf   XIII» 

MiMMk ft* «wnw tmwfcr» AUMU ht «rtr« wd 1»»« 
unt> rui vn*rMt«tH) and «pajearan« « »*ru—»miai 
(•«-««m a»«* M atowMtraJ  tMNtt«! §*«J Ugh« rtÄwrtt«*» 
MM   ht   itWMénriâ    riMM    «I   «I     RctMfcl»    t»k  »»«I 
etrpMM^ art uartl on nam* *Mt «**«§» and •>•*« •#« 
ptinwrf « IM^M »«tow* to« §md kpV wilt«««» *«•«•> 
wrfetM* mwmh •* ««*J«*»«-W p»«***» »me t* prm** 
......nd atokMiKton »to** matji—«Hin KIVI 

i'»«»*« Kiv    urnmm *MM* *•*•» 

SrUili.H. ..I tiimhing man rial» »tu-ihrt mitri.* .» 
.»»«not »hould «<>i h« Ift' unni ..insinuilo« .«t ih< 
hail«linf 1» »ill umtrt »*» Kathr» ihm Irihmul 
nrnftrrlM-v muH IM . nn»M(«ri .1 a» . omponrnlv .>t it« 
»aM t riltt^t an.l ti"«« »«.»nm» <i ih. carlKsi »laft» .•( 
tlrmfti Ir« ihi» «i\ tini»h. v thai ar< mi»i . .impanMi 
«uh th« l.uikiinf »»»i.m . ho*<» thai ».II proud, 
atli lattali 1 nvwi.-iiTHnUi , .mltol «nit thai »ill 1 «-quirt à 
minimum «mtnini .'t .nainli nan.t ami npfc.fl> .an In 
..I.Uim.1 11 ih«  ..KIWI «n.t -il lo»i»i >>>»' 

«nd cWvatur« 

Miir.«»i» *<< |>laint t»«lt> lot ..«mimmi .'I l.irw 
4„,l ,, .IH<M. ..I .... .iquirr.l l»\ tir, ...trv I.» 
ttuiklinajt. •* Mil. 1». <* ihm vio*.»» »lan» *>> 
n.irmalh uorti h» Matt 1. »««1 *'<•«' 0001 '•• M,MH 

Main*«»» »honed IM »IH »11 «nd ha»« »<» "*«•• "«'»»•* "' 
htft. .tunlnltiv Whrr. j laiowaitwt K.upit^ mm ihan 
,rt». fiom ih«f« i» al».vv ' "«•»•«• ,,M uan»fxw. 
• i|Uif»miiii vu. h 4v 4 vin.pt. Irrighi .Uval.« twl*eni 
t1.««v 

talriy 

lalxnai.Mi aiiivtli«^ a»«HiMeti »Uh i««*y««rial 
i.ararth anil ArvrkiajmrM ar« wHWCtHW«?» ha«a«i.Hi» and 
ihn. ittiiukl N laJirn mli. at.nuni ai tnr u»«r«Hm'ii 
viafi Im » in« nMM.i .4.n.«i» hazard bui m.»i NiiMing 
iota«-* priwid« ti» ihi prirttHlMW »4 Intlh prr»«i«iirl «ml 
virui lur. \itmt are» re tarn«. l<»r inataMslum ..í »«»nnliki 
.yilrmt fm .Kl»»t» h«« ttamtfMprt IN lâtem-n >M 

(MtuMr flfr r.lii^uaJMT» «»«*t In i«Av*»l«irw« lhai 
uar fl«mii»W» incHMtak, 11 1» »unifarU pracli«. i.. ha*. 
•wrtaM« lift ruli»^*»»"«*» kH'»«««l al rapii« inlrrva*» 
1hr.Ht9h.w1 ih« p«*«»»«» *«-«« la-Mh Nffc hi» p.«rniial 
MM h a» ihr h««lri r.».»w «mi iramr.*»«* »anil »h«»»»W I« 
M-f»atiirtl »f»Mn lh« rr»i n4 1»« Ituikhn» »»V « »•« **" 

vu 
iv 



I,, -., i,IK   vp, iking    m provili.   (Mollinoli  UMIUM •»" 

,...»v.|,l,      h.l/al.l»    IP    lili     .ilMfll    "I      ,     lall.lfal.lM    llUll.llll(f 

»otllil   l>.    .i.lNWlh   I V|H IM»    (int   im» manu .1    »Ah.n 

ihi 8< Ki M.in li tniililiii(( « <- i«"n¡ iiiM(r"iil 'i **» 
.k.uh.l ilm 'i «"»li' '«*' •»< pra.ti. al '" "> '•' 
minimali ili lisant» Imi n. Mtm toi i huiLling thai 

« M,1,1 iivpom! Hiourihl» m 'h' 'M'" "• <"v "' '"* 
,,,r, likih "!• •> vinti '- '"' ^('loMon im( poivonoii» 

^a» lukv »,ii Um 'Hi»' >o-*n ilio« «ht lilla lo IHI olili 

illl(,i,,| ihn ihi huiLliug piovuti.I ihsoluli protrinoli 

tonisi Muli ha/ai i* propu «u(i«rn«iri »tu giviii lo 

„ih,,   ih.n  .«  »a»tlii\ »homi,  prnmpalK n »p.«n»ihl> 

(.Il     IIVIAIII >»¡ ih. ili|pi.  ot ha/ai.lot ,i pam. „la, atituix 
imi     lu.t^iiitl    *h.,i p»    »in     appropnai.     toi    «h. 
proli, lion ot Imiti prrsonm' ami prupcrlx lui ihn 

,,ix,,ii , xplosioi. lilo« ...H «¿Ih l.Hi vampi- »>' "'" 

,.,l„.k.l .» p.nt oi ih. .i. vini. ..t ih. huiMinu li *a» 

,ni,,,pat..t thai iiimiuv nqu.rui)! vu. li prot«. li.>n 

«ou M noi !.. ,.im,.l OHI within I hi t>uililni|t V. ithoui 

xp.i.al pioMM.ii. ha» mg Ix.ii mail« In a.liliii.m .« 

«,. Knig irò ..ilvi.l. ih. pil.u ar, aot th. lalmralor» *av 

pi..M.I«,l »h«'«. ih. mor. ha/.mini» .xp.nm.nl» , nulli 

t«   MI  ü(> ami , omlu« l« il 

Ih. »lorag« ni largì iiuaiitilit'v <rf tlanimabl« 

, h, mualv iv al»a»v i pri.bknt I hiv should I« provili«.! 

tor l.\ muti» it ixurnal Milvtni vtor«v ami b\ 

n ^talion- within t hi lal'orai.wv atll.»«*in# only limit«.I 

iiuanntif» ot am '>,„ voK.nl i.i IK um.wnl troni ih« 

,I„I,. to. us.  •nam (»annulai ».irking ana 

Dr common 

liitiiiial ami .»limai ,lt. orai.on ol a liulklm». 

„.lud.ng laiulxiapmg .an ha», a ijri at inf'lurmt un it» 

».Hkmg uniroiim.ni I his i» paitiiularK importati! in 

lal.oraiorii v »hai, lavnuriiilt surTouiulmf. asMM in 

promoting ¡h. man». output ot r.stauh ami 

«ItAilMfntrni   group»  ,h*   XV *    * *-«» «""»''V    th«   apenar 

a,,,, ,,l ih, I,ml,ling .an l>« . iihan.t.l l>\ th« pi «»Ito 
ihi.i.i ol malina;» ti vliir. » «ml . nlour» toglili, i with 

lamls.aping »,. .k »ign. .1 thai ilu IM •» I« .1 "• «h« 

l.uiltlmg «•una«»« <»•* MI. h »«un. t, .Mur.» tv parking 

ma» «ml »hipping MHI n i. iMitg .lo« kv i«. ,oiu«al«.l 

lo.ati.1 a» H «a» on ih. .amp»i».'l th« Iniurxitv ot 

Krilixh < olunihta K < H.stai.l. pr..l«llil\ ha.t a 

IH tut than a».ran« opp.wlumlv '" 'I'»«'''»!1 •< lavi»ur»l»h 

appiarant. tht..u|j[h ih« >'« "• '•«« .!<».««» Ihi 

latitivi apntn vhovkii in ih. illustration» ha» not* Urn 

invulli.l l<» i (»pi ox miaul» lout »iar» anil itvith.nvt 

ms» in trammg ih« huiiilmg anil in . on.« »Itny parking 

arta.» i» alica.U appar.nl llif»   XVI   XVII anil XVIII» 

IHIMWXVH 

# A.  H, • f. 

•«» 

KVIM     Lt>a*H*«MMMatMrf; 

t«at|nlr*li   WriM.,*' J"«l imrlupmtmi  Wtn»> 



Inniioi    ,t,.oiali..ii    ,s   (Ko    m   importan!   la.loi   "> 

.iixilnping   i  g 1 working . nviroiiiii.nl    \*i»rkm|(   m A- 

shoul.l I« Loghi m.I . h.irtul Halls -ufi M ...ms ami 

puhli. mas ,.,,.1 »..I I« so Lugli" ho«,v,i '•"'" 

proxi.lmg J thing» .* moo.1 .IL.MII in. huil.lmg Ih. 

,-h.iKi .i» ml.rin, .lnot.il ion sh.ml.l I« nuil, »uh .. g«r.l 

lo >W. .um. ti. mrs su. I« «s ...loin in.I I. sum 

houstkttping tat lors su. h is . I. anahililx ami .tusl 

...nir.il m.l < m nonni, mil ti.loi suit« is light 

„tlt.tivilx »n.l i, oust,,al pioptrti.s Wh, r. natural 

manuals su. li i- tm .1 in.is..m \ • •> Links o< ,mplox..l 

Lolh tin .oloui not lli> l<stni> i" (urniíiu in I. Jlur.s 

I ,.t sunpk mtiMoi parliti««is Ih.s, nunrMls.ii. ustiallx 

mi ,,,i„onu,al sun. mi., .(..i..i ih' »•"•' '•("v 

r. t(iiir. no turtln i finishing 

\i    K(       Ki-H4t.li      ill    non (m.l     mas.mix     mil 

...ntitti     surtans    wtr,     paini,.!     pnniinlx    Im    .Lisi 

o.iili.il Imi  ils provi.tt  .oloui an.I to improv.   lt|[hi 

ullnlivitx Li ttu ULoratoix mas th, Lasi. lol.uii 

thovin to« ill «»ills .411.1 mlings »is in ott »hit. with .i 

vimilirlx rolour, .1 »loor Ilk t.. issisi m gxiurillx 

Irrighi« mug up th.   if» is    I his .m r «II « hit.   .oloui  » is 

t.rokin up L\ a ml.Hin .1 highlight snip m.l smill pit. h 

ir. is ot th, sim, .oloui m i4.li lahoralotx ami ill 

millvxork in.I IM n. Il« s « . r. gix. n i pili ||i. ' " has. m.l 

hlgtk moultk.l <p<.VX "op \ .IIH.I. m ...loin toi ih. 

highlight strips iii.l paliti ir. as »as „sttl in , ii h 

l.,L.*.iton »inj. io »fis- ..ir anon irnouglmuí th. 

I,,,,I,|,,,K Ih, II.Mirs ihioiighoui iiiosi ot ih. Iiuil.liii|i ir. 

, ,,,, ,, ,1 «Uh  .1  .uni ìSIM slos ni.   ,.l  an ott M hin   .oloui 

,U,.   toi   (i I   light   oII«.mux      lo  gm    >  .piMl.i   m.l 

m,,r, SIIIHUI. .1 nmosph. r. . arp. Ini|| has I... n UM I "• 

ih, H.H.IS .1 ih, siiti loom ih. tioar.lrooni ih. puhli. 

lo\i i  uni in i h.  ixping an a 
VA n h it gii.I lo lighting .ksigti    i light I« x. I nt il'oui 

SII t.K.l.in.ll.s   wis   ,ki.,k.(   upon    tor    t hi     lilnirali.iv 

»orkmg   mis   nul tx «ili «hin   Huons,   ni   uihesvx.t. 

,mplox..l    thai    pi.» i.It.I    a    sod    ligi i   ami      natuial 

, oloui     I ighi   l.o's   in   th.    nini.. >•     m.l  non working 

an as xx.i.   mut li lo* « i   !"'• th.  Lruk »ills m trust  au as 

st-rxt.l lo piovuti  a soti  vx aim ipfu aranti   m t.mirasi to 

ih»    lirighni  working artas    I his , hingt   ut mo.Ml in tht 

,k , orinoli  ihiotighoui   ihi   Imililitig »as also nmsiik r. .1 

lo   tn    in   importali!   ami    It siral.k   ttaturt    in   avoiding 

monoionx 

VU 
II 



Cat« history 2: 
Tha National Matrotogy Cantra of BrazH 

by »••»»«» Hrtker and \mi t-du«rdo inatti d* <««• 

M 
I, •('. 

I. >  .1- 

\» 

I    I K( II   I M    \ .'i.        •'     Hi.      iSV nli 

,|,  ,1     '.,        ,IM 'UHI     l     -IL.  i.lfl     '•       ' 

,.,   .     |,  , , l.i|>ni, ni    p,,|i m  .il     Sin I'     i   • ' 'li "" < 

,,l i  i,,,      i ii|. '        ni,      'I    l Hi     l.ijilu 

•   ,.. i In       «     Till      M".I     «   'Hi  I<     I' I''      l'Hill  I 

,    ,.,   ..I,    i   il   \l'i   i>i..u.   i.    .i   'i  I    ''n    " * 

I,. I,   MM    ..I     '     -.       ,.     .   n. i     ••' 

,,»,       -       ,.(,,„     -'  '., ,   .1,,.   ,1. -, i-T 

I,,   ,     •    ., ', , i '.. -I .  nil, H   ,',-.- 

„   ,.   i ,        .,,,,     .ij.,    ..  .    • h,      , •   ii 

 ••)!•>   i1        T<' •"      • '•••»I-«'"- 

, '"      » '"      "t" 
••'<•'* •     -  •"' 

.      ,        ,1      i,   .   In,ni. y,,   I Ml'n,   n, . I   In 

.     ,|       II,   ,   , ,,,.M       imi       '(¿ll in, .       I 

'•' 'I- J 'I"'""-. ' 

I- '   Ï   "•        ' li...-1-.^'v 

|, 
'•" |M,I       HI,    IMI'-' "M' 

i, , ,,       ! . .|.i ni.dk,   ' 

,        !       ill,        ,1     fill Mill.   I -       Mil' ,'t, >|t V 

i    , „      ...     ,i    il.     ...   m ili/il I. 'I'    .(Ililll \    .. UHI I'I 

,,.,., i    ,| imiiy     ,    .    ml ninnili      i'    «  4*    H'    it"* 

, ,h,        \ II     "I        InMillil. 'I      »i ttfltl^      <">' 

ISI'M i     tin      \inn*li\       'I     ln.lin.ln      m.I 

, ,,MH«¿ ih.   in,    .1 Ki I/IIIJI. ,l< ii Inpni. in 

,    Mill,  .1 i l\   MlllHMIi        >  tljl  1,1,1  l-l I. 'I 

ni,, . I, .  i, li ,i . * ll.i I lil    I n.t   mi nil 1 in/i 

4,,lii„        HI,I    , il„,t.|l   m H -    HI.I   I. •   tllAi    |III,IIMIHI   Im 

I,        -   ., 

M,  , .m 

,i I.,. I i.l 

I,   I..,.,,I 

UT 

•I' .1     ,|iuliliiil    *liH in    imii     il*    m» 

, ^...IIMI.IIIU. - ,11 11»   i" i •'! ' i-'1, <|!"" «ml .pulii« "t 

MI.IUM, ..il |H.ulu. i i 

*., i,,v,.,   ,1,    l'Un, HUI. ni,    SX «^    4» ii itili   ih. 

,.    ,,   i ,,, i, , i.lilill.i Milli        Hli/lllill        II Ululili'", 

uni ii muy    (iiililii     tiuliluiy    pimiiluii*      I"     mitn     lln 

u, ..MWIII   -.until *  -in«! pu |t^id i* t.n  ih.   , inumi ni  .< 

„, »      mi .il     nuliul,y\     .iiili.        X     Hill     '•<     limi 

itiiiMiiitiy   MUH.    I  Munitimi   *«(itin    nulli*  imi   Inuliil 

' ( kilnii li, -  limn   Hm  ,1«    Um ii"  *»»*  Huit'   iiiilil'li 

I..I    II,.     |HII,...M 

,       ,„,, ,.,        ,N.»/I,I«,     i«   il;    i.,i»rmm,Hi   Jrfwtmtm 
\, ..*,..     ,i.    flamtam.Ml,    s  4     jl   Km Jr   /uncirn    Hmld    l**u 
,./,.;,     .»tgi-i.ilïi    iffM'il u     IAH Mi  Jknmmrm   li»*"     IMIH 

|i,     ,,,K      .11,    Mil     lili    Mll.l'«*    imi   'In    lit -»t|ft l   ni   Ihi 

,„ ,   », ,,   . ..nipli i, ,1   nul   i •••<•*<  li»   , I, il,ll|| i pillili, 

ipn, i • i ,i,i>.ii.i.1 pupil..! Mu* li« »hi. h pimul«,l 

lui lill.lllilil ililiilli'll» nul i.loiiniMiiliM tl« \ ilutil \ lui 

ihi   , ,niu    « .i* *ul'si i(ii< m l\   i(ipii'M il lu < niipi s* 

|hi , *ulihslim> m ni i mttrnlint\ mir« i* i 

,hillnii¿« Im H* l,m l'nmi ni ni Jin ,t<\< lnpuif 

,,,niui\ Ih« . hill, iifp *ii m* mu milv Immilli lid ihü 

it« .inn. «ill upuii. ••" i iiiiiniiil *4il« luit tmm th« 

s,,,p, ,1 ili. inulti til« my «hull iiquiii* «mirai imi 

urinili I lit...i ii. « ii* *,ll muipfMit in urm*«il UihiiKil 

,,,,| „ ., nuli, t«, .Im.* in.I *titti.l »Uli hifhli miililu.l 

,„,,.... i, ' «Ii..s. , .lu. i i.mi imi iinnii»(e " P" «'" * '"f*1 

i, . . • ,i m., vini, m Kimm .i, vipilil '* i linif li-ini 

pi.,p,iM.„,i ni,i .pi ' il imii! nul minili Hin.. , UM* Hi 

hitfh   wiili un . .»rnpi tt%niiii(l *uiplu* m min"« tu (Himii 

,„„,,,,,.,     .m, Mimili*   « uhm   , um niti.mil   unii 

.pili* \ ninni *tiif "I ih« '«tulli ,"i .ipilil im«-«.lnl i* 

untili,! uni ilitl.iiili m ni« nuli \ mnh« i inipmliin 111 ' 

,,    |«   ,,in*i.t.i..l  i- ihii   m mi.innu* untitnj«» rtf tapi.1 

I. , 1,11.'llalli!    , llil^«     lllltll*Hlil   illHIII«-   mill*«*    itiiK 

«ini ii i ..m« qui in. ihi ilulhm ni Jnwth riquM-c«! ni 

iti, lihiHiini «* (•• kn(i (Mu «uh ih« rifinì wquttm ni 

mil,,villini* m,,**ilili* i . niiMani lil« ni . »panwnii 

uuiuiipiiilili wild ih« |H..lii nnt nliinin ni umlrrukilf» 

,il (hi* iiiiun m ih« piníi« «ili» t nulli imi ihi* 

Iriiun ,* »«lì «««ih «-mphaoi/iii« i iwiml««f\ uni" i« 

, muni« il m Hii/il (¡«Hi lii IK \.mil ih« liidlli«»n«l r«>t« 

ut I, «il imiinh^i H .,.minimi* .«u n«*t«h imi 

,1, w Inpm. ni  imi ""  Ih«   inniiliiwlinn ,"l  nm m*ll/il l«m 

ill.l    ill.luMllil    .(Uillll       IhfM     illIVIIH*   ir«    .*rn««l   nut 

um mili ni ..Mim MUH »uh ptiHltHis !«• ih« il«>mr«.ii« 

nwrliit hul tni pj.iiluil* miriittrii I«" ih« h»§M\ 

iiuii|Hiili«i miti imi IOIVII m*rkrii 

Ih« péinning «M » n*iM.ia»l n»«rukny irWr« 

pi.«ni* a ihâlttufr n< «tx-vrki^inf «IMHHWW* o« only 

lu i »UM ii< ihr mutlifèHHv «»» »tprtl» lo be nmmétrré 

«mi« .it wHuh it. cniirrlv new but betm* o< rln 

iirtt-oMi) I«M itu »btorpuon tntl rv»t«â«H»n «•« êH 

ii-.hni«»linriililH pr«ife«ii Ihr HIM ly«r» o» lillfi 

.uliMi ifitM »vhrn art-hHrt-ioral •*•«• and ta>€nntii ar« 

Umii impair«! Im ih« vanviv »» «HP«•»»•«* «m- »pfroaih»* 

lnAm.tii  »r»«»,»' dnd hev*i»t>m»»i \*MH 



I 1)4 1     (IH «  IH    II»   HIM   II •   -     l'I    Ml|illllil     'I'     't'I     it" '   I Ml» 

• it    Uhi II 4 I. MX    Minn'    I'"I   Itili. I "'"s     . spi .  ulll    win  II   I" 

, (I v  I., nip   ni.(.I.    i,     uhm.    Im   ih,   «»hud   ...tnpl. - 

U„,U ,.l stilt nul uphill. Ii.ini.^i m m «uh. mi 

pupilli.,   i.   < tit  ,ipt i Ui.uul imiti i.lualiii  "I   'hi   p.nis 

I ht    h, M    plummy   « ill   Hill 1I4LU    I"        Ul.Uli il   U l-Ui 

,1       ,x     114I1/11I ,.ri\Uili      . Il.lil|ft        nut      iilaplalum      '- 

m , i SSÍIX      I.        klip     (>-"      «,lh      ,h'       '" w "",  '"'" 
n Milling '"'"i  «n nut ii    ii.luiiiil     ""*     s... uluul 
pollili .il pinoli ss I'lannin^ sh.iul.l I" I..IM.i .'i. pi. M m 

neufs «hill ini.npaiing pi..Imi-I. • »uu|<. s .H 'h- '" J' 

tintín mil lu .hiM.iiiiMil Li i Hi Mt-ilin thai «ill 

peiniii ii !•• um' i hi . ..iisi.uillx .M.lung n mim nu ni- 

ni      siiti        lui     I hl M      U4S..IIS        I     «     -111.I    I»       I-     >ll.'glial     'i' 

mali i mitinl.igi .min pulí i ni.I ilmig i tu lim- "* 

ihuv in ihi musí . niiipti ii l\ .Imi..pul , .'unii u ^ i- !l 

«nullt IM i.. . i'iiMitii lin nii'^i ' intimi "Lu x .imi' i" 

sal istai In» \ 
Iht    lun.latmnul   Ijiim-   -iiM.li.it   .n   ih«   .liMl.ip 

nn ni  ut   ih,   , i ninni   .1« Il musi  I»   ukin   m.. 4. , mu  

ihi planning pi.'.o- m •"••«' <h*< M'UiiH'ii- .iinipjiil.l. 

»ilhthi sin. .-I "I" IMII.HMI ' > .iiu.im uni , «iliiin nui 

IM   t.iuntt 
p ,s , umili.inl\ isMiini.l 1 h<«i h\ simplx .«lisi ix iii(( 

ih« tini, imnmg il .m u..l.i(¡\ .intus ,t, i tu illesi 

a.iiaiui.t   ...uiilriis    suiti,M m   «Uli   .in   h.    (¡aihiit.I   i.. 

pupari   i  pi.i|iti  a.lapialili   i.. 'hi   . .nul - .it   iiiiiihn 

...unlrx      this    h..xA.in    lus   noi   Inni   ili.       -pi " 

v» uh thi  Hia/iliaii puni . ' 
Ni. unitimi, .iitnia . xisl lui ih. planning ui.l 

tksipfi.it metrology ti mus In main uisianiis i In ni,.si 

modelli .nuits possisi IHIUKS inai ari attiann.l m 

vimt nsp«ils ami t orni nliunal m mu .nudatili m 

..theix I ht si institutions »eri largtlx t si ahlishi .1 

atiuiding m ihi Ititi ut industrial ttmlopnit ni i.athnl 

ami ih« axailahiliix "I highll skilled pus«.miei in .triam 

srtturs In munlries »her« laliorarutus art imi up in 

si«miniti ih« iliMiui ut ununified irailitnuis a. lually 

(aníllales ihi immédiat« imptrmeniaiuin ••• ihi nmsi 

advanted siilultims (m es pansu MI and monte) tu/at imi 

lupins ut it   i lu n in Ut .1 'im, tigli  Hi.   gì u. ni  li nal .H 

In    niiiiut((s     tningi.l     MI!     ih.       "inn '   .tistvis- 

si,inni iiulins iht (¡IIIIIII , i. .inlin.il .i »ix iti-.m 

panini «hiimii mussali l'\ iiiiiiil.ii' -.1 'tu lui'"'1 

ih,   H h t un si i i m 
(In      g|..ll4;     Hill (¿141 H -Il    .Il     'II.      sin.til-     «4-     Itili,  L'I 

ihunigL     ut.issu,    ippn.s muí mus   in,!   -i.l.ln ,.  n-    until 

il,,    tin.il   |ih,is,     il   s\ tutu sis imi  piMpusdls  «i-  lu. Imi 

| .,     ,t,, H 11 i,     pi,.. t ssui(!     i mu      i n, 

In planning the national metrolog} unii« lui Hra/tl 

it wat found advisable to group »Il aspeéis tu b« studied 

imo three «listtmt «retors each umler thr ,«Mitr«>l ut a 

senio« officer Ihr seni«» .rfficrrs worked umici ibi 

supervision ut a general «o-or dumo» *hu was 

responsible t« carrying '»ut th« pr«>«cil Ih« se« tors 

werr termed 

\   legai,  institutional   »mi  finam tal ««onomi« 

M   Sdentiti« and trihnolofii»! 
(     y rvjtnrciing and architectural 

Ihn strut turc permirted ih« tekinf <>» p»ralkl 

•vtion »»d ioi«e«4?»'rMly rrduccd !«• « minimum iht 

deperulnuy «>« rai h *«-«I«H on ihr inmit* «»• ihr othrr» 

i,l    i.     tj, ii.i.iii 

uniiu.i    I'x    ih,    .mini.im     IM1"'1   •! p.."-   -'t   'I" 
il,.i-    «it,     pit si mi,I   i.     him   i-   stHUi    i-   ihtx    mi. 

, i.mpi, ti ,1 
Ih, mi I lu .tinIt .(¡X I.H ih. , xt t tilinii ni iht pt,i¡it' 

« t- .lisiintjiiishul mil MIIX I'X 'ht xlmliix nuili I'X ' n I' 

suini Whin ih..s, ,.| st.li.i M ii4thitl I hi IOIHUIMM 

si,i(i, iht ,Unit nls m i ilt il Im puliniiiuix n>|iint t r inij 

in,I in hili , I1114I plins »1 1, liiitiisht ,1 li\ sttluit Iht 

¡ut hnniuix uilMiu/4tinn pUns in.I iht Inst 411 hili t IUMI 

,,u ihm - «t i. , tu I x si .1 -mil ti it H 1/i ti |t H ni l\ l'\ I hi ihm 

stttuis ihntlix 1 nsunn(l that ih« punii Is x»t it txiiulnl 

m    m nu UHU     »it h    1 hi     mums   .mit    lnitt|(«ls    .it    1 4i h 

Sector A 

Iht   , sst mul ,iti|n m.   .it  suini   \ »as m tiuximi/i 

tht   luntiituul tjpjiilx   .'t  ili«   mitruli>jt\   until   su  that 

,1   ,uulil   nun   thi   iiihnujl  .Iniuiitts iliiix iil|¡ tumi  ihi 

ilmlupnuni  nt   tht   ...mitri     that  tiiip-iiix« rt-uuur.t   m 

Iht   lust   msunn     in   itulxsis  ,.t   4II   irUin.   I«'(¡islat um 

iiutudiri|t    il-    , UIISI1IUI111114I    twsis   .uni    iht     lt-|i¡il    'i«! 

uUulainn     ,uimi|uiini"x    sti niminji   thtulmni     Smiul 

tjn.iiuslx        ihi      Hindu« 1     •'!     ustanh     un     lutiuiwl 

11 quin nu nls h«   niclrolitatudl   «rum  nud«   u   (inssilili 

m sWn.h mil th«  pnlrniia! ,It numi «hu h   , unsultu ti m 

tiiniunilinii  »uh   th«   siuiim  .il   v.tui H    induüHit ih« 

tuturt  d(lin«*liun ni thi lahuMlni 1 units   pmxidi'.t lhal 

m ¿diluitili m ihi  tvp« ni .limami   'ht <'»'» JH-rmitt«-d 411 

ixaluatioii nt Us xutunit 
In thi nun H is Inumi appiiipiial« m rtsir ut tun 

4n.t muihrni/« ih« mt-tiol«>f|i«'al urp»n m m mat« A 

IH* mi« H is Ih« iispmisitillill nt st-il.« A In propuv 

th« dirtilms ni.dcd In tsialilish a nalu'ual mt-irulofual 

pnln\ Ih« imluMun nt «4Ut«iniis relativ« lu normali/* 

linn ii-rtilualinn and iiunlili mnttiil m lh« slud\ was 

oí the |T«-atfsi impiHtiru« 
Stitor A inniluiiVd its work li> «arryinu oui studit-s 

,m th« e»uMi«hmrnt 01 spe« ial «entres toi «tata 

procrwMng. human reMwrers development and melrolo 

guai information ditsemination and liy formulating a 

linamial e««inomu pro(pamm« for th« «entre 

Ihe stuiiiex lontrtbuted supp«»rlm|l 'lata m hu h 

inlluemed (.ovemment approval ot ih« ireatum ni * 

ne«* trik-ral ajyniy th« Natmnal Institut« of Mettoli»fy 

Normalualion and Industrial (Jualuy lINMi-IRO) ami 

ihr irealion ni lh« National tnuiuil of Metrulofy 

Normalisation and Industrial Huai it y KONMHKOI 

within the Ministry of Imiustry and < .minimi 

if 
Vu VII 



Sei-tor H 

M.,,  ,, ,j.x   an¡„.  m  musi   , miniti,s .ut   Immiti l>\ 

,   |,|l..'     .,1   M|, , , VMti    Mulinili-     In   Ht.t/il     li,'Wtin 

.,,     ,,  ,     pl.innitij;   , il    l   M. Ml   t t Mill    111   Ils 1 "IUI H 

M     ^.httl I     IH  I I. »il      M .I1-   t  SSI  111 l.ll 

I  l,„      ,,l     Ih       Ml I   'i    o|i|litlll v    "I     lilt      (II, >|ll I    ».IV    It' 

I     ,,,,,   pi     ,1,1,     ,pei it n .It 1,'Ms  lot   I II'    l.ll'i'!.ll"ll» v  •""! 

I, • ,,, i i,, ni i- flutti im tinnii "i Imig i« ' m 

II,, iliiiliiil -it ii.llitill.il MlilUltli 

i.l     in Insu i ti   ili 11 lopim til    ' \   modi in 

,1 i,,. 

,,,,,,^, ,.    ii 

i , ,|, iii 11  ll     , , Ml It      « lH     si llllul.lll     ll\     It V 

, ,  i i    ,   i ni, m ,      idilli!    ill 111 I M.I   I HI    M II Ut s   t SM H I 1.11   I" 

¡in   „ ,,   H,! ,   I, , hin, il .li it lopmml "I  11«   totinttv   > 

li   «is   issiiiin.l   unpin ill\    ili.H  11"   MAI ral opiums 

.„   . ,.,|,|,   M.II ii   n.iil.ibli   ttuilil  um   In   " iliiti'l i" •' 

•mieil, I..IM, .limn I h is houcin , unli.iilii It il I lu 

.,,(,,11     ,|, ,     III,    , \anipli    ut   un -liologu il   lal'oiatorics 

,|„,,.,,|    H|i    ,l,.ll      Ulti    Ulllll MiallM     HI    this    Itspill      I  M II 

ii,,n,gl-  ilu   iiHiimuni digue   "I  pirtiilitui n'tilil m»" IH 

,||MI'III,.I In IMI ni lilt MI .Hill although Itili pilSst'SSt'tl 

,|ltt, I, 111 .Umilili s lilt i .ill luiiilii'Mitl »ill I hi 

,,,,,,HI,,, ,,| i,ih, i i,unlit" s \t,is ili, utmi i" smut 

,|, ^,, , ,| ,,n,I, nul,I, mlu, m tin M li i timi .uni ih,Hit 

, ,l  -1,,   ii p, s ,,|  n i mi tun its musi  sui li l'I,   Im  Bra/il 

|  IH      ,,I,,1|,H1     ..I     till     lllllls    U .is    Insiti      ,'M    tilt     l'Ili 

i,,i„,l    ,,,,   ih,   , lui   .uni  punsi   tlrtin n fi   i M rus, il 

guiding s, i, ni it n min Li .nul mi tin "thi i rumi, un thi 

, ,..limitimi .,1 ili, shun medium .uni long terni 

.i pp.m MI nul pun ii H.il tii in.imi Im mi unitigli al sennes 

\, il,,,, un m, titillation io tollo« ani "gì'' 

M tu mi m ilu .Im lopnii'Mi ut tilt pro|.tl ami as il limi 

beni .liniliil tu stau troni tiu premisi ut a global 

planning pun . ss thai would nini I hi ri quiti mints ut 

Kia/ilian n-gion.il diversification it «as possihli lo ailupt 

gtini.il  ami  ili lililí   trinila  toi  tin  organi/alion ut  the 

laboia is in sniois  grouped honiogi ncousli  .mord 

iiigioilu itihiuqm lobi  utili/cdot to the predominant 

1v pi  ol silumin lino« luigi  required 
\nolhii in\ iMipoilaiil itilcrion w as the relation 

ship ut oiu laboratori io another thai is of ileculing 

«huh laboratories hail ninimon interests or neeiis. sueh 

as equipment this «as iloiu m an etton lo reduce 

initial tapital investment anil to ilelermme which 

laboratories should IK separati troni thi others tor 

tei tiniial reasons 
Si i un H was also responsible loi establishing the 

obici uves functions ami servîtes physieal areas, 

eiiviioiimctital lonirol personnel estimates ami all other 

prerequisites toi l IK operation ut eaeh laboratory, 

including melhoils ot measurement ami the teehniques 

ami speuali/eil equipment needed 

Sector C 

I hi   engineering group ot sector,    was responsible 

loi   tin   choice ot phvsual location, the demarcation ot 

<4 

ai,.is ilu sunning ot geological ami climatic conditions 

.nul tin .u.iil.ihihti "t viatei supplies drainage and 

scuci.igt  s\ stems 
In  t hi   siutlv   ol   uib.iiii/aiion.  preliminari   uientiti 

i.itioii     ot     groups     ol     activities     which     by     their 

t li.u.uti iisln s   presi med   spulili    location    and   span 

it quin mi ms    was    made     spinai    consideration   being 

given lu t hi  access  support and laboratories sci tors. 

\n cttoit was made through landscape planning, to 

give i In sin tin- atmosphere and quality ol a campus. 

then hi impmvmg the well being and consequently the 

work output    ol thi  personnel ot the ventre 

Ilu application ot ihe module concept in the 

.minici turai design ol the centre provided the 

laliotaioius mili tin best operational conditions and 

H suited m a reduction in final capital investments. Two 

standard modules «en adopted one ior the electricity 

anil temperatila laboratories and the other tor 

un i lianiis and uptiis 

I hi work scheduli ut sector (   was as follows 

Survcing the area where the centre was to be 

established 
( ollcctmg  data  tut   engineering studies (topo 

graphv    soils  «atei   drainage, sewerage sys 

lem  eli c trie energy   noise and vibration) 

Insuring   complementarity   with   existing  sur 

loundings 

Visiting and  making technical observations ot 

national ami foreign laboratories, either in 

operation or under construction 

Making first analysts ot studies and conclusions 

of sectors A and B 

Preparing the basic urbanization and construe 

l ion programme 

Preparing   the   first   draft  of  the  urbanization 

project 
Preparing  initial   outlines of  the  architectural 

projects for the laboratory units 

Preparing a  revised draft  of  the  urbanization 

project 

Reviewing sector B partial reports 

Consulting  with   national   experts  in  areas of 

specialized engineering climatization, com- 

munications, fire prevention, lighting) 

Preparing architectural designs for buildings to 

house support activities and laboratory units 

Preparing urbanization and landscaping plans 

(stimai mg costs 
Preparing specifications and technical norms for 

project execution 

Undertaking    engineering,    architectural    and 

urbanization projects 

Preparing budgets. 

i he 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 foreign know-how 

| lu IM'N dcudcd i" M Ui l consultants lliniugli 

public bidding, pi I milling Ion igii linns to part u ipalc in 

...nsorliuni Willi n.iiioiul Imm I lu purpose ol tins 

appi,..n h »J* lo bring torcigli cxpciiciici Io l>r.ir on ihr 

problem m monition ol l lu dilticultv ol curving oui 

lin pi.Hui wuli oiih lin limited tooiino ol tlu • INPM 

llM|, ,„(| ,,| tlu- HU \piiiiiui ol domestic turns 

smuov ,k Pl.nu -lamento S.A.. allei .1 preliminary studv 

ol llu terms ol ritiri n.i, established .in inili.il working 

hvpolhesis ,.n which tlu structure ol tlu whole pro|nt 

was II.IM.I. llu prim ip.il point concerned thr imiM 

suitable loini ol arianging toi spec lalize d know hou 

,,,,,„ .,bio.id. llu In pot hois o» establishing .i 

consortium with :,irupi firms prcscnn-J 0111 serious 

disadvantage lOiulil ions in Brazil dui not lend 
ihcnisclvcs to tlu methods .uni solutions customarily 

usui l>\ thosi tirms m their home countries 

luithu morí. Brazil possessed adv anced engineering .nul 

.irihitiilur.il know how which it desired to UM ,IS thr 

II.ISI- ot the pro|iit 
llu problem was solved by uniting tlu participa 

non ot 11i1liM1lu.1l torcigli sunilists ami technicians 

specialized in metrologici! activities. Illese torcían 

specialists workeil in conjunction with Brazilian 

counterparts In this way . the drawbacks ( from both the 

technological .mil economic points ,it view I ot a simple 

incorporation ot torcigli expérience were avoided. 

I he combination ot international expérience, the 

undeniable compétence of the toreign consultants, the 

active participation ol Brazilian technicians and the 

supporting data provided b> the study ol national and 

toreign laboratories guaranteed the objectivity ot the 

over all approach to the project. 

Human resources 

Among the tailors that arc fundamental to the 

implementation of a national metrologica I centre in a 

developing country are the education, recruitment and 

training ol personnel 
In 1972. because of the small number of experts 

available at the time, INPM launched a project designed 
to create an efficient reserve of human resources. The 
mam reason for the shortage of personnel was the low 
salar> levels in effect in the public services. The project 
consisted of a course in metrology of 12 months' 
duration followed by an equal period of practical 
training m a metrologica! laboratory abroad. The INPM 
was offered scholarships for this purpose by UNIDO, the 

lederai Republic of Germany and France. 
Specialized training was offered to the following 

levels 
High level (master and doctorate degrees) 
University-level (with special courses in metro- 
logy  for  students of engineering, physics and 

chemistry) 

Middle level    (training    111    legal    and    applied 

metrology) 
Assistant level     (training    in    metrology     and 

calibration, principally tor the plants) 

Kccruitmcni and selection for the high level and 

u.nversiiv level courses were carried out among recent 

universitv graduates High-school students and others 

»ire recruited loi 'he middle level and assistant level 

courses Candidali troni companies interested in 

training and upgrading their technical personnel were 

also considered. 
A universitv body. thc( o ordination of Fngineiring 

l'osi (.r.iduate Programmes of the I celerai University ol 

Km de Janeiro, agreed to issue a legally recognized 

academic certificate lor scholarship holders completing 

specialized courses. 
framing ol administrât ivi and clerical personnel is 

currently under way this policy of educating and 

training personnel 111 the diversi- levels and fields of 

metrologv is closely related to the current national drive 

lor scieiitilic and technological development. 
In order to promote scientific interchange, it is 

planned to invite the collaboration of foreign specialists, 

to establish contacts with international mc-trolopcal 

institutions, and to send Brazilian specialists to foreign 

countries to work as trainees or to collaborate in 

programmes equivalent to those carried out in Brazil. 

Market study of applied metrology services 

I he most dynamic element in the diagnosis of 
metrology problems in Brazil is the volume of demand 
for metrologica I 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 
resistance to industrial modernization. It was thought 
advisable, therefore, to identify the attitude of the most 
representative group of entrepreneurs (firms under State 
control, private firms with predominant foreign capital 
and national private firms), vis-à-vis the new phase 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 dcs.gned to determine 

the preliminary reactions of hundreds of entrepreneurs 
and technologists to the idea of a systematic provision of 

services in the sector was conceived and carried out. 
These marketing studies also had the following 

purposes: 
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(a) To dcfint- the sectoral -.true ture* oí the 

industrial and related demand, 
(b) lo delinéale the qualitative extent of services 

to he offered, through specification of the diverse kinds 
of services and the various types of equipment 

susceptible to calibration, 
(c) To collect technical and economic data on 

client firms with a new to correlating these data with 

metrologica! demand, 
(d) In estimate, to the extent possible, demand in 

each industrial sector for services that might justify the 
selection and dimensioning of the technical scientific 
laboratories composing the national metrology centre. 

Simultaneously with the marketing survey, which 
involved approximately 600 industrial firms, informal 
contacts were made with scores of scientists, prof .ssors 
and public officials involved in technological work. All 
of them expressed opinions and presented suggestions on 
the implementation of a technological development 
policy in the areas of metrology, industrial quality and 
normalization. The results of this work have confirmed 

the validity of the initial course of action. 
Because of the embryonic nature of the official 

initiative, and in spite of the lack of contact hetween 
sources of supply and demand, it was possible 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 market. In 
addition, many cases were discovered of plants 
maintaining costly facilities for instrument calibration or. 

still more serious, being forced to pay for calibration ser 
vices in the counineswhere the equipment was produced 

The main result of the survey, however, was the 
technical registration of the elements that generated 
demand, i.e. the instruments themselves, which were 

subject to periodic calibration norms. 
This registration will be continuously updated, 

through direct and systematic contacts with each of the 

industrial firms selected. 

Cotti and projections 

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

thousands 
of square 
metres 

Miliums 
o) IS fer 
dnlliirs sonnet 

Total area 
Area to be urbanized 
Area of construction 
Laboratory areas 
Programmed investment 

Construction work 
Equiomcnt and inttrumenti 
Other items 

Personnel working in the first phase 
Technicians and scientists 
Other categories 

Volume VII, Number J 

1,000 
700 

42 
IS 

16 
tu 

1 
1.OO0 

ISO 
850 

Alliums arc divided into ihc following sei tors 
f-undamental metrology (or scientific). Legal metrology. 
Applied metrology (or industrial), Normalization 

lundamental metrology. Approval of programmes 
and estimates of funds required are tin- 
responsibility of the (ii)vernment. Costs pre 
financed from the public budget and the 
Government is the client. 

legal metrology. Clients are businesses that art- 
obliged to submit their equipment or p nducts 
to calibration and control, paying the p"ice for 
these services. This sector is expected to -am an 

appreciable profit. 

Applied metrology. I he demand, whether voluntary 
or spontaneous, for this type of metrologica! 
service is encouraged by incentive policies for 
the promotion of technological development. A 
significant part of the services is carried out by 
other authorized lalniratones. 

Normalisation. Although of small significance as an 
element of cost normalization plays an 
important role as it meets the demand of 
hundreds of areas in the industrial economy 
lacking the necessary normative support. 

The sectors correspond to different types of activity 
and to special procedures used tor listing and meeting 
demand (if demand can IK considered as the simple 
definition of a need or institutional requirement). 
Through analogy, it is not difficult to specify those 
directly 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 considered to IK- essential was the 
adoption of an economic business model tor the new 
entity The basis for the decision was the need to assure 
direct and indirect "returns" on the resources invested in 
the sector, along with the effective evaluation of the 
legal and administrative structure adopted. 

Within the operational scheme of the institution, it 
is necessary to register and control the costs of each 
activity or project in each sector, and to determine 
periodically the business income and expense budget, 
which show the internal transfers of balances to cover 
deficits. A source of funds, in the form of public 
resources or surpluses from other activities, will always 
be available to cover a given item of cost, thereby 
escaping the concept according to which no task should 
be performed without the initial payment of the costs 

involved. 
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