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SUMMARY

Geographlc characteristics Inciuding site conslderations are
controliing factors In drawing competent staff. Site seiection shouid
emphasize proximity to the kind of cuiturai and educational resources
that interest creatlve scientists. in addition, the institute shouid be
slted to maximlze the interaction wlth other relevant organlzatlons.

The institute's design should revoive around the principle of
adaptabiiity, that Is, flexibillty structured to that degree required by
each buiiding subsystem and providing oniy that much fiexlbllity as is
approprlate to the changes that can be antlcipated for a specific buliding
subsystem.

Larger institutes should maintain as smail a scaie of physical plant
8s |s possibie without sacrificing the need for fairiy iarge groupings of
iaboratorles. The relationship between the laboratory and the office
should be close in the case of experimental research facillties.

The movement of materials in and out of the buiiding should take Into
account the largest ''transport-module'’ that wiii be moved through the
project. This will define the width, helght, and extent of the corrldor
system and maximlzes the distribution potential for large packaged Items.
Generaily this iimltation Is establlshed by transport or truck dimensions.

The construction materiais are a function of locai technoiogy, however,
cons ideration must be given for deveioping a laboratory deslign that does

not produce undesirable side effects which could Interfere with equlpment

operatlion.
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in generai, laboratory spaces require fairly closely controlled
environments and therefore the outside world constitutes a burden rather
then a benefit In most casss.

it Is the laboratory module which is the key to good design. The
size, shape, and groupings of the modules should be such that they are
falriy simple and grouped together in reasonabie numbers.

The materials of the laboratory should be designed to withstand the
effects of continual change. The walis separating laboratories should be
designed as a service distribution system so as to allow relocation of the
furniture without causing major service relocations.

The plan of the laboratory should create reasonably large laboratory
areas since this wiii encourage the Interactions between discipliines and
experimentors.

Air conditioning is desirabie In a laboratory because of the tremendous
variety of load characteristics.

The use of an adaptabie furniture system, which can be easily moved,
must be recognized. It must provide for that minimum amount of draws and
cabinet space as is appropriate for a given laboratory, allowing for quick
additions and deietions as Is required. The fume hood Is one of the most
critical pleces of equipment. Its location and the control of its waste
products Is a matter for serious concern.

In conclusion, an effectlve laboratory is designed to respond in the
manner of a complex organic system. The design of Individual spaces Is not

80 much a matter of a specific set of functions but 1< the result of the

recognition that a space responds to a wide varlety of utlilzation to which

It can be put over an extended period of time and is, therefore, constructed

to permit reorganization as time and need requlires.
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INTRODUCT i ON

One of the more difficult planning and design problems to confront
the architect in the twentiath century has been that of the industriail
or research laboratory facility. It is a compiex organism, whose
character raquires many compiax considerations to respond to the myrad
utiiizations expected and yat raspond to continual changa in the unpra-
dictable changing worid of science.

A facility must be devaioped such that It provides accass to the
fundamental services and skilis that ara necassary to make It operative,
but It must work in such a way as to respond to the changing character of
those it servas. For this reason It is more desirabie for an architect to
concentrate on the compiexities of the Intardependencias of activities
that take placa within this kind of faciiity than it Is for him to study
the mechanics of a specific laboratory. While aquipment undergoes changes,
certain basic and inaltarabla facts of laboratory design have remalned
intact sinca the time that Galileo first estabiished the concept of
empirical resesarch.

Therefore, an examination wili be mada of tha processas by which a
facility Is converted from an idea into an operational buliding by dealing
with general theory (and the particulars where It Is appropriate). The
goal wiil be to have a faciiity with the capacity to raspond to the wide

range of research demands mede upon it by diverse sciences.
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). SELECTION OF A RESEARCH INSTITUTE'S LOCATION

The location of an Institute Is the most sensitive decision that can
be made by a planning group. The institute's location can, to a great
extent, determine Its potential for success. It should be located such
that 1t will draw Individuals of the highest quality, since 1t Is the
character of the staff that is the most critical aspect In the success of
an Institute. Its physical location will Impact the willingness of people

to locats In an area with which they are unfamiilar.

A. ggggraghlcol Location
The geographical location of an Institute is generally @ function of

the role the institute Is intended to fulfill. As an example, If It Is &
facility studying ocean l1fe or behavior, the location would be more
suitable adjacent to the open waters of the seas. The geographic location
then to a grest extent is @ function of the speciflic character of the
ressarch program. |f the character Is generallzed, rather than specific,
the location then becomes a more complex judgment than it is In the case of
s rather definitive or narrow scope facility. The generalized facility's
location is more often a function of the proximity of a great variety of

staff skills and services than it Is the proximity of resesarch data.
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B. Proximity To Other Relevant Organizations

The avallability of staff from other organizations provide for inter-
changes, healthy competition for staff, and the avallabiiity of experienced
supportive personne! who can find reasonable employment opportunities.

The kinds of facilities that wiil mutually benefit from proximity are, of
course, universities (with extensive sclence orientations). Of course,
proximity to other institutes, industrial centers, provide a strong base,
though care must be taken not to duplicate functions which are already

provided in the other institutes.

c. Working Environment for Employees

As has previous been indicated, an institute's location determines
its ability to draw competent staff. So to with the character of the
working environment since here Is where the creative work must be performed.
It must be the kind of an environment which does not present a restraint
on the seriousness of a scientist's endeavor or interfere with his creativity.
Distractions created by difficuit commuting, poor local housing, lack of
cultural activities, and insufficient recreational facilities can
contribute to significantiy reducing the willingness of competent people
to relocate In developing areas. Staff will be drawn to these institutions
because they believe that the work environment is creative, the facilitles
contemporary, and that the attitude of the administration will enabie them
to continue thelr interesting and creative research work. It Is important
that the character of the environment provide for their skills with as
little Interference with the creative process, since there can be nothing
more undesirable than an institute poorly located with poor cultural and

soclal facilities and one In which there is a compromise of the research
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environment for other purposes.

D. Avallablility of Services

Most of the services required for the operation of a laboratory
present problems which are associated more with scale than with typs of
services.

1. The tremendous demand for slectricity can create drains for

_ power that are equal to that of a small city.

2. It |s desirable to have a falirly abundant supply of water though
this seldom is a c&nstralnt on the location of an institute. I(f the
quality is poor, the watar can be treated if there is sufficient power
avaliable.

3. Gas is becoming less and less a necessary research service.

4. The treatment of sewage is not as significant as the treatment
of pollutants discharged from chemical and physical research procasses.

The control of alr pollutants Is Important in the siting of the
bullding, whether it Is nestled on the side of a mountain or at the base
of a valiey, since alr currents can control the possible recirculation of
pollutants generated by the institute back into the facility or into
neighboring bulldings or sites. A wind tunnel test is strongly advised

using scala models to anaiyze the effect of air currents or thermal

Inversions that ara known to exist at the sita.
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E. Proximity to Potential Clients

The proximity of the Institute to the potential clients is probably
one of the less Important criteria. Even with good transport facilities,
the volume of movement in this ares tends to be relativeiy smali. The
research process does not Involve continvai or intImate interaction between

clients and research participants. |If proximity to potentiai ciients is

possible it Is, of course, an enhancing factor.
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t1. CONSIDERATIONS FOR BUILDING DESIGN

A. Functions of the Institute

If the institute Is intended for generalized sclentific research,
rather than limited to one specific area of study such as oceanographic
research, It will be required to have the appropriate degree of
"flexibility' In order to respond to the varlety of possible uses. The
word "flexibility' is fraught with ali sorts of probiems. It is best to
modify the word to give it a definition which allows it to work more as a
tool in defining appropriate degrees of flexibllity than to imply the
faciilty has an open-ended or und | fferentiated degree of capability for
changes. 1t Is desirable to put a valve on the need for flexibllity which
would better be called "adaptability''. Adaptabliity is defined so that
changeabllity Is In direct proportion to the frequency of change a sub-
system will probably experience in a given time frame. Obviously, the
more frequent the change the more adaptable the system. Change, of course,
s measured in terms of potential, expected, or anticipated change.

Those systems having the lowest frequency of change wouid be designed

with littie potential for modification.
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Figure |

CEILING ADAPTABILITY

Scale of Gradient Adaptabi|ity

Graduata Physics/Mathematics Building at Stony 8rook,
New York




B. Fliexlbility to Accommodate Future Expanded Activitles

The Institute research spaces should be modularlzed, that is, It
should be built of elements of an appropriate size such that the eiements
can be grouped to form spaces of varying size to meet any set of given
functions as requlred.

In the facilities developed for the Graduate Physics/Mathematics
Building at Stony Brook, New York*, this concept was developed. it Is
designed so that a laboratory can expand or contract from a glven use
without modification of the buitdings systems. The modular plan shown
indicates the plaaning methodology by which one to five laboratorles can
be grouped together to form one uninterrupted serviceable space. No
grouping should be less than three. The configuration of the laboratory
should lay within a fairly constricted proportion, that is, the proportion
shouid be such that the laboratory is a unit of modules between ten and
twelve feet wide with depths varying from thirty to forty feet with the
smaiier modules for those facilities with nign fire hazard. In all cases,
laboratories should be concelved of as having essentially two ways of
exiting which are remote from each other and are set up in such a way that

the expansion from one laboratory to another does not negate this egress

potential
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C. Internal Administrative Set-Up of the Instlitute

Centres are usually structured on a departmental basis. Overaill
control Is usually exerted by an administrative head. However, the
distribution and allocation of spaces and services are something which
requires a laboratory director whose overall responsibility is to control
this distribution and allocation. This, in effect, provides safety control.
Overali safety control is required to prevent dangerous utilization of the
building which could effect the functions of other laboratories and their

personnel.

D. Number of Departments in the Institute
There appears to be no need to limit the number of departments in an

institute. The only singular problem that can exlst Is that smaller,
less well-funded departments often suffer the consequences of being

second class research citizens in such a ressarch community.

E. Number of Persons to Use the Bullding

Thare should be no need for the restriction of the population of the
building. However, the specific individuals that have access to the
building s of conslderable Importance. Control of unauthorized movement
of personnel is of great concern since exgremely valuable and sensitive

esquipment is usually left out easily accessible to unauthorized personnel.

The building must be planned for security.
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F. R.Iatlonshlp Between Offices and Laboratory

The relationship between the office of a user and his laboratory Is
an Important relationship. Proximity Is of the essence. It s often
desirable to utitize part of the office as » part of the laboratory space.
This means that It Is desirable to locate the laboratory and the offlices In
an adjacency so that they can both utl)ize the same service system. The
arrangement should make it possible to move between the office and
laboratory without using the public corridor system. A conventlonai office
Is more sppropriate to the theoretical sclentist who does not require
conventional laboratory apparatus. Their offices are often best grouped
very close to each other and in proximity to the laboratory facllity but

not necessarily located within the laboratory area.

G. Movement of Materials In, Out, and Within The Bul idi
M

The service distribution pattern makes it desirable to establish a
"transport module" as was done In the case of the Graduate Physics/
Mathematics Buliding at Stony 8rook, New York. The facility was developed
around the capability of transporting an eight foot cube weighing five
tons to any laboratory in the bullding. The corridor width, height and

layout, the design of the entrance to the laboratory, and the location of

vertical transport all becoms determined by the size and character of the

transport module. it |s critical, therefore, that an early determination
be made as to the largest single transport module which is acceptable.

In the United States the customary restriction Is the Iimitation imposed by
the size of truck transport. The plan of the Graduate Physics/Mathematics

Bullding represents a careful development of this planning constraint.

The movement is simple and direct.
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floor Plan Organization and Service Concept
Graduate Physics/Mathematics Bullding at
Stony Brook, New York
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H. Construction Materials

The construction technology of a geiceralized research laboratory is
seldom the result of the kind of experiments anticlipated as much as it is
the result of available construction systems. However, laborator es with
electronic sensitivity requirements should be constructed of mate. ials
which do not develop the inherent electrical short-comings that are
characteristic of steel~-frame buildings. The trend towards a multj-
disclplinary scientific facility leads to the conclusion that the selection
of materials must he such that they wiil not interfere with the operation of
sensitive apparatus from many flelds. The materials must account for the
need for controi of vibration, noise level, as well as fire limitation,
smoke and dangerous chemicai fumes. Soft materials with sensitive finishes
are not appropriate to research facilities. Matarials which are capable of
being repaired, replaced, and revised or reiocated without significant effect
upon the operation of the bullding are far more sultable. An examination of
the Graduate Physics/Mathematics Buliding at Stony Brook shows the kind of
construction technology that is appropriate to a laboratory system. The
interior partitions are constructed of sheet matal which is capable of
being demounted and relocated so that it Is possibie to modify the shape
and size of o laboratory Quickly and simply with iittie noise or debris.

The fire areas of the coeridors are formed by concrete biock. Within the

laboratory itself, the floors, waiis, and ceilings are maintained as

natural refatively simply unadorned materiais leaving the interior to be

finished in all I¢s exotic scientific detail by the user.
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I. Environment and Poilution

The exterior and interior environment of the building are important

constraints on the shape and positioning of the building. The environment

must be, first of ail, clean; it must be heaithful, free of contaminants

and poliution; It must be comfortable and must be free of the kinds of
temperature extremes that could interfere with accurate performance of

apparatus. Much can be said for a fully a!r-condltloned, self-contalned

environment where both iights and temperature are within the reaim of

individual control.

Pollutants generated within the faboratory must be safely transported
out of the aboratory quickly and efficientiy. An emphasis must be placed
upon the removal of toxic or noxious substances. They must be removed
expeditiousiy through a conduit system which is organized to prevent
Intermingling with poiiutants removed from other laboratories. While It Is
true that a smaii number of laboratories couid be grouped together and
thelir exhaust systems containing harmful poliutants run through the same
basic system, great care must be taken to make certain that these
laboratories are adjacent to one another where it is possible to controi
any process that might produce expiosive or combustibie conditions.

0f course, the pleasantness of the environment is an assthetic

attribute which cen meke it much more desirabie for the performance of

work.
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J. Climatic Conditions

Climate should play a minor role In the general research faclilities
design, except as It determines the particular exterior architectural
character of thc bullding. The ciimate can be construed as a factor
which means certain additional expendltures to provide for cooling In
warm climates and heating in cold climates. Control of natural light,
temperature, and humidity Is a requirement under any climatic clrcumstances.
The interior 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 falrly rigid set of climatic

condi tlons.

K. Social Aspects

The institute should provide for a wide variety of opportunities for
people to interact with each other on various levels. Science is a subject
where Individuals are the final measure of potential. Thelir capabiiitles,
their willlingness for cooperation and Joint effort are essential to
effective performance. Therefore, great effort must be placed in creating
convenient places with comfortable accessorles which can be used for the
soclal aspects of the sclentific program. Such places should be equipped
with chalkboards, with facliities for 1imlted snack preparation, and for

casual and Informal meetings. (t should stress comfort, relaxation, and

dlversion.
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L. Cost

it is difficult to specifically define what the cost effects woulid

be for the cholice of one System over another in different localltles,

The availability of material, local economics, and natlve techniques are

all Important factors which deterniine the sultability of cne Sysiem over

another. What can be sald generally about cost is that it is important

to determine not simpiy the cost of 4 system for construction but to

look at the 11fe cycle cost. it js important to recognize that the

initlal cost Is not the only, nor the most Important factor. If the

modifications are frequent It is Important that the system be adaptable

at reasonable cost.
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iii. DETAILED BUILDING LAYOUT CONSIDERATiIONS

The layout of a bullding is determined by its functions. These
functions should be defined In a program statement which outlines the
specific end goals of the entire Institute. Rather than design a
laboratory facllity on the basis of simply defining a list of spaces and
designing each space to a unique set of circumstances, the most appropriate
approach is to define an overall goal and then develop a laboratory type
which will be sultable to ail the variety of clircumstances that can be
anticipated. Thus, the most appropriate design approach is one that
develops a universal planning module with the capacity to add and delete

spaces and services.

A. General Functions of the (nstityte %

There are many detaliled outlines avallable noting the kinds of a
functions that are performed within an Institute. Howsver, the laboratory
space is the focus of the operation and the activities within that laboratory ;
are supported by services which. feed in and out through the enclosuring

surfaces.

B. industrial and Technological Research

There Is little difference in the design of a research facility used
for generalized or Industrial technological research. However, from one
area of an industry to another the differences can be significant.
Facllities tend to be very speciallzed and Involve the use of special
laboratory configurations and are quite unlike the modularity associated

with the generallzed research spaces.
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C. Safaty

The planning of a laboratory Involves designing for fire safety and
against dangarous fumes generated from axperiments. The traffic flow,
the egrass pattern, and the proportions of the laboratory a1 contribute
to Its safaty. The greatest need for safety planning Is, of course,
within the laboratory where the greatast degree of danger exist. Obviously,
research involving explosives, radiation, or dangerous substances should
be housed In eppropriately bullt separata facilities. Thalr Isolation Is

not only desirabla but essential to the safaty of an Institute's operation.

0. Storm
The storage aress are the great distribution centers from which all

the equipment that Is obtalned and held for distribution |s consigned. The
avallabllity of second level "local' storage capabliiity within the
laboratory groupings Is also Important. The control of the goods being
brought In and moved out must be such 80 as to prevent plifaring and loss.
Storage capabliity within the laboratory should be | imited. Storage
cablents and below-counter cabinats should be kept to an absolute minimum
so that they are only avaliabla as nesded. A furnitura system which pro=
vides endiess cablnets which ars under-utilized Is not only expensive but
becomes » storage place for lerge volumes of valuable meterial that Is
Permanently lost to other users causing unnecessary restocking of otherwise
avallable goods.
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E. Conference Halls and Meeting Rooms

An instlitute requires appropriate meeting spaces for intra and inter
institute meetings. There should be a sufficient variety of sizes so that
the rooms are not too large for a smal. conference or too small for a large
conference. The institute should provide for i=etings with reception areas
for registration, dining (if possibie), and limited overnight accommodations.
Meeting rooms are best dispersed throughout the faciiity though a concentra-
tion of them is possible if the facility is not too large. There should,
however, be smali conference rooms or assembly spaces which can be utiliized

both as lounges and as small meeting spaces within the laboratory groupings.

F. Reception and Telephone Exchange

The character of the point of arrival is always one of great Importance
to the proper experience and administration of an institute. There is
little else that need be sald except that recep:iun should be central and
accessible to the puklic and should act as a control point restri~ting the
free movement beyond that point into the remainder of the building.

The telephone exchange can be iocated anywhere within the building
that is most appropriate from strictly mechanical criteria. In most cases,
it is Independent of reception. |if the buiiding and telephone system are

small, it is possibie to combine the reception area with the telephone

exchange.
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G. Uorkshogs
Workshops are those supportive spaces that are necessary for the

preparation of experimental apparatus used in the laboratory.

tha

These are
kinds of spaces which inciude glass blowing shops, metal! shops,

woodworking shops, and similar kinds of electronic and equipment shops.

They provide the ''backbone' servicas required by the laboratory. For

example, glass blowing shops hava a specific requirement in that they

should have axcellant naturai lighting.
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IV. TECHNICAL CONSIDERATIONS FOR CONSTRUCTION

It Is usually In the technical aspects of a laboratory constructlon
that the proof of the facility's abiiity to respond to changing require-
ments is Indicated. The thrust of a design must emphasize the idea of
the labaratory as a series of elements whether they be planning modules
or furniture modules that are capable of adaptation in a reasonable perlod

of time with a minimum amount of noise, waste, and cost.

A. Modular Concept

A properiy planned laboratory begins with a planning module. The
size and shape of the planning moduie is probably the most difficuit,
single decision that the planner is confronted with. The module must be
such that it is flexible enough to meet the range of laboratory utilization
and size requirements that can be anticipated. The moduie must not be so
smali that by necessity it must be grouped with other modules simply to
make it function. It must not be so farge that it cannot be adequately
subdivided for those uses that require smalier spaces. |t must be served
with services required to operate the laboratory. Elaborate geometry tends
to end with confused and difficult to modify plans, so simple geometry is
best. Simple rectangular geometry allows for easy groupings. Such modules
used to form groupings generally run between ten and twelve feet wide while
the depth of a laboratory should be a function of the safe walking distaice
to an egress. The usual range of depth between thirty and forty feet is
optimum. It Is also best to consider the module as part of a "'groupable’

function with accessible preparation spaces connected by a service corridor.
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B. Materials

The matarials of a laboratory are mora a function of the operations
that take placa within the laboratory than they are necessarily of the
kinds of avaliabla products that ara natural to the area. Laboratories
dealing with chemicals requira surfaces which are capable of resisting
thair actlons. Therefora, the dasign of the furniture and the design of
tha structure are closely relatad to the utilization. Laboratory furniture
of a highly adaptablie nature similar to that developed by Carl L. Walls
Associatas of LaJolla, California, characterize the kind of a laboratory
system which 1s both sturdy, resistent to considerable damage, and capable
of easy and inexpensiva modification. Some structures create special
problems as to the choica of building and laboratory furniture material so
then it becomes necassary to know the specific appiication as precisely as
Is possibla. If a small number of laboratories davelop a very special set
of difficult problems, It Is best to Isolate these from the building and
bulld a facility separate from tha other. The cholce of structure and
structural matarials ara all a function of dafining thesa 1imits. How
much alectro-static propertias/how much conductivity/how much resistance
to fual damage/how much rasistanca to breakage/how much loading capability/
how much fractura resistanca/how much changaabl 1 ity/how much adaptability/
how much room usability ara all factors that must be dafined carefully. It

is a complex problem; It cannot be simply described in tarms of a few short

parameters.




C. Types of Structures

There are no speciflic types of structures which are limited to
laboratorles. There are situations where long span structures are desirable
and there are situations where short span structures are adequate. There
are structures which use interstatial spaces and there are structures
which do not require the large flexible potential that the interstatial !
concept permits. Degrees of adaptabllity of all the systems and subsystems
define the type and character of the structure best.

To a great extent the decision as to the cholce of structure depends 3
upon the avallable resources. Structures which are basically steel frame

may require certain special considerations because of flre safety,

conductivity of materials, and interference of large quantities of steels
with radlo frequency and non-shielded equipment. Concrete of course has
a disadvantage of great weight. However, concrete tends to be more rigld

and vibration free than steel structures.

D. External and Internal Finishing

The external and internal finishing of the bullding should be able to
withstand Its utllization. It Is recommend that considerable surfaces be
put aslde both internally and externally for the mounting of chalkboards.
There is little reason to presume that chalkboards should be limited to
simply the Interior of laboratories and meeting seminar spaces. Basically
the external and Internal finishing should be resistant to the kinds of » B
chemicals and corrosive properties that are generally associated with the

fumes and waste generated by the laboratories. ’ :
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£, valls
The external partitions, or the enclosing walis, are a matter of
architectural preference. Therc seems to be little reason to be concerned
with the character of the external walls except to indicate that a control
of light, heat, or generally the outside environment is highly desirabie.
As for the internal partitions, which subdivide faboratories into module
groupings, these should be a highly adaptable system. The partition should
be movabie and recoverable In a minimum of time with a minimum of noise
and Interference in the operation of the laboratory. The walis, which
enclose the iaboratory groupings, need not possess this kind of a

flexibifity,

F. Floors, Ceiling, and Roof

The floor finish of a laboratory is generally one of the more
problematic areas that architects are concerned with. Ordinary laboratory
use does damage to the surface of the floor. Many systems have been
considered and experience has proven most of them to be inadequate. For
example, material like concrete show irreguiar finish markings while
painted concrete wears pathways. Generally, good floor materials do not
pay for their investment. Experience indicates that a minimum investment
like concrete can give satisfactory results If the assthetics limits can

be accepted. In those areas where more expensive tile and epoxy are

desired the cost implications should be understood.
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G. Windows and Doors

Laboratories often function pooriy when naturai light Is provided.

Windows generally et in light which Is uncontrolied or difficult to

control.

Natural light does not enter in a manner which is easily

control led

and is generally not uniform throughout the room. Windows

within the laboratory are, therefore, considered a ilaoility rather than

an asset.

in other locations, like offices or laboratory-office combina-

tions,

consideration can be given to providing a treatment using natural

light.

Door sizes to a laboratory should be based on the design of a trans-

port module. As has been previousiy noted in the planning criterla, a

planning module should be used similar to the eight foot cube noted.

Positive control features to restrict access to the laboratories and

laboratory areas are very important. Door materials need not be rigidly

defined; any material which is able to take the kind of a

heavy duty use

that Is associated with the facility can be considered--kick plates and

bumper ralis are important features on doors and should be provided.

Lever door handles tend to be more comfortable and safe In the operation

of a laboritory because it is possible to open the door carrying something
In both hands with one's elbow.
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H. Stalrcases and Eievators

Stalrcases and elevators should be used as littie as is possible,
and when required It shouid be used with relatively large floor areas.

A tall, small fioor area bullding depends very heavily upon vertlcai
transport and is highiy undesirabie. Smaii fioor areas minimlze the
groupings of moduies and minimizes the fiexibiiity in the plan by
encouraging lsoiation of groups on floors. Stalrcases should be primarily
conceived of as egress In case of fire. To utlilze staircases for intra-
buiiding traffic requlres very subtie planning. Generaily, it is not
desirabie to depend upon stairs.

The design of elevators is most critical to the operation of the
faciiity. An adequate number of passenger eievators Iis a sensitive planning
probiem. It shouid be assumed that the arrivai time of the staff is during
a relatively short period in the morning and that movement In and out of the
buiiding Is consistentiy high during the day. Movement within the buiiding
is, of course, an important problem and by virtue of the plan can be kept
to a minimum by providing relativeiy large fioor areas. |In addition,
elevators should not be structured so that they serve the duai purpose of

passenger and service use. The plan of the service elevator must, of

course, accommodate the transport module that has been decided upon.
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|. Safety Considerations

Safety considerations cannot heip from becoming a governing concern

in the planning of a laboratory. Sufficient consideration for the amount
and location of fire extinguishers, stand plpe systems, and the availability
of sprinkier systems (both conventional water and carbon dioxide) are
Necessary. However, to design the laboratory to cover every kind of a
safety consideration would be most difficult. It is better, therefore,

to define the level of safety for the most general applications and provide
supplementary systems in special higher hazard areas. Other safety
considerations, beyond fire safety, cover the design of the bullding's
subsystems and materials. Materials must be chosen which are not I1kely to

collect substances which could become contaminants, explosive or toxlic.

Exhaust systems must be designed so that the danger of mixing explosive

substances or toxlic substances Is minimized.
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V. HEATING, AIR CONDITIONING, VENTILATION

The environmental systems that are required to maintaln a comfortable
working environment within the laboratory depend upon the load characteris-
tics of the spaces. It Is very difficuit In most cases to define the
specific load characteristics of generalized spaces. |t has become
customary therefore to design the space so that the systems are able to
respond to a fairly wide range of loads with the capablilty for expanding

the capacity to handle unusually large loads.

A. Heatlig

Most laboratory systems, because of the character of the laboratory,
cannot function exclusively on the use of a heating system. It must be
considered a fairly common part of the laboratory design to provide a

fuily air-conditioned operation.

B. Air-Conditioning
There are a number of alr-conditioning systems which provide both

heating and cooling. The one that Is specifically sultable for a glving
laboratory Is far more a function of local technology, local preferences,
and traditions than it 1s a question of whether or not there Is a best in
any case. Separate systems for laboratory groupings are not required
except In those cases where the experiments being performed are of such
sensitive character that even a slight interruption in the supply of
alr-conditioning could destroy the experiment's accuracy. Obviously,
computers and other high heat-generating equipment must be given speclal

conslideration. This can be done by supplementing the basic system with a

secondary system.
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C. Ventilation

Ventilation Is genarally a supportive system which is avaiiabie to

provide additlional larga quantities of air without cooling when a space

requires such additional air quantities. it Is more suitable in spaces

which ara not assoclated with laboratory usas. Generally If the laboratory

Is desligned with a large portion of interior space, it is necessary to
provide the cooling required by these Intarlor spaces which do not havs

avallable to them directly a largs source of outside air.

D. Fums Hood

The fume hood Is the focus of operation of most chemical laboratorles
and appears In almost all the other natural sclence laboratorlas. The
clrculation of alr away from tha occupant and into the hood avoiding back
Pressure causing the passage of fumes into the space Is, of course, the
critical paramster In the planning of a fume hood. Fume hood exhaust must
be grouped together so as to prevent the mixture of substances which could
be explosive. The cholce of material and the cholcs of construction of the
hood ond'uhoust system are very Important. Bacausa It is not possibla to

determine the specific use of laboratory spaca, the fume hood should be

considered as movable laboratory furniturs.
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Vi. FACILITIES

The range of laboratory faciiities should be determined as a function
of what Is the minimum that should be provided In every laboratory and
what |s the maximum that will be required by the facllity as a whole. The
design of the facliity should be such that the maximum Is there in potential

but the minimum Is there In distribution.

A. VWater Supply
The water supply should be pura, free from dilatorious substances, ;

and of a relativaly neutral quality. It should be avallable hot and cold
and nead not be avallable In the distilled form at the laboratory desk,
except In those laboratorias which have a consistant and high rate of i

utilization.

8. Power Supply
The biggest single sarvice to provide for is electricity. The

voltages should be over a range. In the Unitad Statas It ranges from
120v to 208v. The amperages are ganerally sat so that the total wattage
Is sbout & watts per square foot of laboratory araa. Of courss,
supplementary distribution capabllity must be provided so that it Is

possible to Incraasa significantly the elactrical power avallable in one

| aboratory
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C. Gas Suggl!

A centralized distribution for 9as supply s becoming less and less

Necessary as more and more gas systems areg being replaced by electrical

systems. Cylinder sources are Just as good as central system.

0. internal Communications
Laboratories should be provided with telephone system which allows
for Interconnection with other laboratories and non-laboratory spaces
as well as the "outside world". An Intercom system Is best if It |s

properly designed and Intergrated Into the telephone system.
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VIii. FURNITURE AND FINISHINGS

Laboratory furniture must be sturdy to withstand the heavy utilization
to which it will be put. It must be capabie of easy modification and must
be able to withstand the kinds of loadings that characterize laboratories.
The laboratory furniture system previousiy described is a useful model of
a kind of system that meets the general requirements for good laboratory

furniture and Is discussed below.

A. Materials
The frame is basicaily a steel 'C'' which can be taken down to a series
of relatively small transportable pleces. The cabinets are suspended from
the frame and can be removed and carted away quite easily. The cabinets
con be made of any number of materials: wood, plastic laminant, metal,

or other types of rigld construction.

B. Desks, Oraws, Cupboards, and Stools
Desks should be designed to fit into the laboratory system and should

be construed as part of the laboratory tabie system. Draws should be fully

extendibie and preferably seif-retracting.

C. Sinks
Sinks can be basically divided into two categories: cup sinks and
regular counter sinks. Cup sinks are very suitable for laboratory use
and can be bullt into the wall system freeing up the furniture system.
This makes it sasier to move the furniture about. The larger sinks are
usually for equipment and other washing purposes. Cement asbestos, special
stainless steels, and "duriron' (a highly chemical resistant material) are

usually most sulitable.

NS S
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Figure Xi1(

Typlcs) Laboratory Furniture System

Graduste Physics/Mathematics Sullding at
Stony Brook, Mew York
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D. Water and Gas Taps

Taps are best bullt Into the wall system and fres of the laboratory
furniture. This allows for easy movement of the furnlture wlthout
necessarily Interrupting the operation of these systems and allows for the
basic distribution to remain In operating order despite the fact that the

laboratories equipment Is belng rearranged.

E. Desk Covers and Protection

Covers for desks and simllar protective devices are not a desirable
feature In a laboratory. The basic desk top should Itself be a protective
surface; It should be a surface which is capable of resisting chemical

damage and abusive use. A good practice Is to provide the same basic top

for the laboratory desks as for the laboratory furniture.
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VIil. LIGHTING

A, Dayiight

As it has been pPreviously indicated, the Concern for the type of
a light In o laboratory actualiy rests upon the question of whether or not
a daylight source Is at al) desirabie. it has been strongly felt that
daylight in most Instances In laboratories is an undesirable feature

requiring considerabie effort to control.

B. A l%cln)
The answer to the type of lighting does not simply lie in the
spplication of artificlal lighting. Care must be taken in selecting the
fixture type and light level which both effect the quality of the environ-

ment and the costs of operation,
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IX. DECORATION

This |s the ares in which the architect probably cen be sald to
have his greatest rangs of personsl decision and individua) expression.
The external design and the choice of materials are much more a matter

of his sesthetic judgment than is any other area in the bullding
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X. COST CONS1DERATIONS

A. $Siza and Spaca Requirements

Thera Iis an intimata relationship between the size of an institute,
the requirements that produca that size, and the cost. Laboratories tend
to develop a cartain quality of construction; littla skimping can be
achlaved through alaborata substitutions or by a significant cut back In
quality. Obviously, othar considerations like the scala and the scope
of the projact and the ovarall size Impacts Its cost. Nothing is mora
meaningful to a general laboratory's cost than the ovarall siza. The
facility tends to hava a certain minimum quantity of sarvices and, therafore,

a certain minimum quantity of space.

B. Construction Matarials
As for the general construction matarials of a building, cholce Is
determined by national charactaristics as well as by the necessity for the

materials to perform certain definitive functions.

C. Optimization of Savings

The optimization of savings Is ralated to the design of a fecllity
which generatas a minimel amount of gross ares In proportion to its net
space. It is supportive space that adds most significantily to variation
In the cost of a bullding. If the basic charactar of the bullding's

laboratory, structural, and environmental systems ara maintained unadorned,

this will contribute to minimizing the costs of construction.
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CONCLUSION

In conclusion, It can be said that the design of a laboratory is
a complex organic process involving the definition of each individual
space in terms of the specific function for which it is intended but
then converting that definition or set of definitions Into a single
planning element or a limited series of elements which can be modified
with reasonable expenditure of time and effort at a minimum cost to
respond to the wide range of programmatic functions as well as the range
of reasonable anticipated change that the laboratory will experience.

The laboratory should be planned on a relatively simple geometric module
which can be grouped together In such a way as to permit the reorganization
of the laboratory spaces so that one can have minimum and maximum |aboratory
sizes and such that the average laboratory unit should permit groupings up
to five modules. |

Safety is a fundamental design problem in laboratory systems and
great effort should be expended on making certain that safe emergency
egress is provided from the laboratory and that all contaminants and
pol lutants generated by the laboratory are safely carried away through a
direct system which restricts the mixing with other contaminants.

The laboratory should be designed with a minimum of centrallzed
services or faciiities to allow for the expansion or introduction of such
facllities in local areas where they are required with a minimum of
adaption. The internal laboratory systems for furnishing the space

should be adaptable, movable, and modifiable with a minimun amount of

effort and expenditure. All In all the laboratory is a system. As @




41

bullding type It Is greatly dependent upon a sympathetic understanding
of the wide variety of uses that go on within the iaboratory and at the
same time recognizes the signi ficant cost of iaboratories and the need

for capacity to change with at a minimum cost.
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