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INTRODUCTION

This paper has two sections. The first deals with Technical
considerations for the construction of a building to house an industrial
R & D activity, and the second section with the decoration of auch a
building. It will not be possible to cover every possible topic under
these headings, but those that are discussed have been selected to
i1lustrate the importance of these factors to the deaign and construction 3
of a laboratory building in respect to its fulfilling its intended function

and in minimizing initial capital and subsequent maintenance costs.

As @ focus for these comments the text and accompanying illustrations
will refer to the laboratory complex of B.C. Research in Vancouver, Canada, |
which was completed in 1969, (Figure 1). While this structure will be used
to illustrate the various pointa raised it is not intended to present either
the conatruction methods employed nor the materials used as recommended
examples. Rather, they are offered to highlight the points considered
important and one example of an attempt to optimize the selection of con-
atruction materials and methods. The final design of any building will often
involve a number of compromisea because of the various relationahips betwecen
many components. Its development on a systematic and rational basis, however,

enables better prediction of performance and provides the best approach to
an optimum solution.
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Figure 1
Artist's perspective of B. C. Rescarch Building

Figure 2
Modular Design
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A. TECHNICAL CONSIDERATIONS FOR CONSTRUCTION

The comments to follow are grouped undsr selected headings and
they amphasize some of the technical requirements related to the construction
of a laboratory building ss distinct from architectural design factors.
Frequently these two are interdepandent but the emphasis here will be on
the latter. It will be necessary to limit comment only to the highlights
or main technical points under each haading. A more exhsustive treatment

of particular technical requirsments is laft for separate discussion.

1. MODULAR CONCEPTS

One is never too clesr today about just what the term "Modular"
meana in connection with building daaign. To some it will mean tha adoption
of a dimenaional program wherein all principal spscial dimensions in a building
are multiples cr sub multiples of a salectad modular dimension. Others will
consider a module aa an element of the building which may be used repeatedly
to makeup substantial sections of the whole structure.

Both views, however, embody the notion of some form of design
standardization, (Figure 2). The uae of a modulsr approach leads not only to
efficient design but also to cost saving through the resulting use of common
components. In ths structure itself many componsnts can have standard
dimensions which are repeatsd many times throughout the building, and whether
thesa components be beams or columns or other elements, the fact that they are
repeated idantically time after time can laad to cost econo sy either for
on-site construction or fsctory built components. In poured concrete
construction, for example, it can laad to the repetitive use of high quality
forms at a raaulting cost ssving. In the interior of the building the
repeated modular dimensions will lead to common sizes and spacings for

partitions, millwork and furnishings.

.




Probably one of the richest bsnefite from the sdoption of e
modular concept for laboratory buildinge is its impact on the flexibility
availabls for future adaption snd modification of the building. Removal
or addition of intsrio. partitione would normally be in accord with the
building baeic module and would therefors lead to the possibility of re-use

icsi. B o

of sessntial building components.

2. TYPES OF STRUCTURES

Many types of structure will be found to be estisfactory for
laboratory buildings. Much wili depsnd upon thse projected activities of

} the particular inetitute, epace evailsbility end site rsquirsmente. The
eimplest would be a rectangulsr building having one or more etories. Such

a structurs could be extendad by the addition of wings at the end or the
centrs or, slternatively, ths typs of structure utilized by B.C. Reseerch
wvherain s central epine 1s ussd to connsct winge thst might otherwise be
eaparete rectangular buildimg, (Figurs 3). Probably the most significent
critsris in establieching tha typs of building would be rsquirements for
expansion. In the simple rectangular buiiding. expansion is by means of
addition of floore or ths extension of the building as s whole by the eddition
of wings. If indapendent axpsneion of varioue eections of the lsborstory is
sesn se s naceesity, then a structure sdopting the principlss followed by

B.C. Messarch would bs mors suitabls. Generslly maximum flexibility for change
and sxpsnsion is obtained through the use of a one or two story building.

3. THE BUILDING ENCLOSURE

The most important technical requiremsnt for a building to house
an R & D Laboratory relatss to ite dseign as sn enclosurs. The overall
function of the wall, roof and windowe taken together ae an enclosure is to |
provids a barriar bstween indoor and outdoor environmente euch that the indoor
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Figure 3
Spine and wing layout of B. C. Research Building




environment can ba adjueted and maintained with accaptsbla limits. Since 1t
is not possible for an R & D Institute to predict whet ite programs of
activities will be throughout the 1ife of any laboratory building, one of the
most important requiramenta for the design of the building is that it should
not intarfare vith the adaption of the anclosed apace for uees other than
those initially concaivad.

Just as progrem and project planning muat et ell times be flexible
and reeponsive to changing circumstances ao should the use of laboratory
spaca be adaptable vith equal flexibility. 1In its simplest form tharefore
a given laboratory epsce could be a large aingle room within vhich apsce
layout waa arranged as requirad. Structural walle end columms would be
a0 iocatcd ss to impoea the minimum of limitatione to changes in apace use,
(rigure 4).

‘;2 Wslls

Externel and internal walle sre important elemente of all buildings.
While a chief function of extarnal walla ia to aerve ss a protaction from
the weather end ss a thermal barriar, they may also function ae structural
elements of the building. They are therefora a complex aseembly of selected
components errsnged euch that the wall will meet all thaaa performanca
requirements vhila at the aame time sstiafying the additions] requirements
of appearance, durability and acceptsbla maintenance factors.

As & barrier betwaen the internal and external environment of the
building the vall will be composed of four principsl element.: a structural
air darriar, s mesbrane to control wstar-vapour flov through the wvall, an
imsulation layer to control heat flov through the wall snd sn extarior
cladding to shed the rain, (Figura 5). Such a wall employing the wvell known
"rain screen” principsl cap be assesbled from many combinationa of materials
and so long ss the basic principale are followed the wall vill perform
satisfactorily. It ie¢ important to cbserve that the greater tha difference
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Figure 4

Four large open laboratories, B. C. Research Building
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Figure 5

Rainscreen vall




betveen inside and outside environment or the grester the control required
over the inside snvironment the more care will be needed in designing and

constructing the exterior wall system, (Figures 6 and 7).

Internal partitions serve a different function than exterior
walls and they therefore heve very different requirements. The chief
of these in most laboratory buildings will be the requirement for flexible
adaptation to future space changes in the building. Interior partitions
should therefore be designed having a minimum of services built within
the vall cevity. In laboratory areas surface mounting of all electrical,
water and other services is to be preferred. A wide variety of internal
partition systems and materials is evailable today. These range from walls
assembled from conventional materials such as wood and plaster or masonry
blocks (Figure 8) sll the way to pre-manufactured panels which can be
joined together and then separated at a 1ster date for rearrangement. In
the B.C. Research building the use of concrete or pumice block having a
thickness of about 4 inches was selected to meet the combined criterial
of cost and flexibility. Such walls can readily be dismantled and new walls
built.

Special flexibility within a laboratory can be achieved to a
much greater extent if internal walls are ell non-load bearing. Such a
requirement would have a significant effect on the structure of the building
itself. The solution to this problem in the B.C. Research building allowed
ths use of lighter materials, simplified heating and ventilation and permitted
ths future sllocation of space in almost any required way independent of the

wesns for supporting ths roof or csilings.

(b) Roofs

The roof of a building shares with the exterior walls the function
of separating the interior and sxterior environments, (Figure 9). Because
of its normally horizontal position the requirements on s roof system for

shsdding vater are very much mors severe than those for sxterior walls. The
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Figure 8

Interior Partitions, B. C. Research Building
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Diagram of Roof assembly, B. C. Research Building
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requiraments for eir and wster vapour flow control and for thermal flow are
similar. A variaty of roof systems have bsen found setisfactory in various
climates but all can be violated and found unsatiefactory through faulty
construction or feulty undsrstanding of the principals involved.

Most laboratory buildings would have flat roofs and the com-
ventionsl "built-up" roof would normally be used. A veriation of this
system, tha doubla membrans roof has been found very euccessful in cold
climates such as Canada's.

Apart from the design of the roof system iteelf probadbly the
most importent factor in achieving a euccessful low maintenance cost
roof lier in the cere and supervision given during the constructiom of
the voof membrana and the installetion and caulking of the flashings. A
roof should not ba e mattsr of constant maintenance and care.

{c) Vindowa and Doors

All buildings normslly have windows and doore and thesa can give
riss to a wida variety of maintenance and in-use problems. If doore to
ths sxtarior and vindow frames are of wood they can be a constant main-
tsnance problam ariaing from their poaition as a thin mesbrans sepereting
the outsida anvironment from the inside of the building. Under such
circumstancss the temperaturs gradient and weter vepour gradient acroes
this membrane accantuata the problems of dimensional otab!flty of wood
products and tha problems of the maintanancs of surface finishes in the
presence of changing water vapour gradients. Metal or metal clad doors
and metal vindov frames and seshes therefore are fevoured for iwproved
finish maintenanca and dimansional stability. Claszing om the interior of
the building can be done very simply and doors of wood are normal. Gemerally j
thaia is no anvironmental difference between the occupancies on either side }
of an intsrior pertitiom and consequently problems with respect to the 1
mintanancs of surface finishes and dimensicmal stability do mot develop. I




Doors for special purpose rooms, such ae environmentally controlled rooms, |

cold rooms and refrigeratore, must be considered se special casee, hovever,
and these may have to be increasingly elsborate depending upom the environ-
mental diffarencea from inside and outeids.

{4) Iatexior end Exterjor Finishings

By the term finishings we maan not only the materials used for
exposed surfaces such as plaster, brick, plastic tilae and wood but also
the final surface treatmsnt of these materials including paint, etain etc.
In the salection of finishes for s building thers are therefore e host of
technical requirements to be comsidered. Again for a laboratory building
materials and finishes must be selected having the loweat maintenance
factors commsnsurate with acceptable appearamce and cost.

The maintenance of eurface finishee for any building can be one
of the most time consuming and costly elements of overall maimtenance.
Exterior finishes must be selected for their durability to the weather, for
their resistamce to the effecte of water and water vapour, to the effects
of fading from sunlight and to the effecte of temperature cycling. Normally
matural materials, such as fired brick, concrete, and corroeiom resistant
mstals have excellent durability to emposure while unprotected wood and .
syathetic materials such ss plestics are poor, (Figurea 10 and 11).

Mteriale for imterior finishes must be selected comsidering
the servies conditions in each particular area. The quality of fiaish
for an office aves or a public ares cam be higher than that required for
s laberatery ot workshep area. At B.C. Research three levels of finish
quality vere empleyed. The highest level of fimishes with comcesled services
and ouspended eeilings, painted gypoum beard wulls, plywvoed pamelling etc.
was specified for the lidrary end sduinistretive effice wimg. The laborstoriee
were the next level dewn hoviag pumice bleck wall construction for ell
partitions, with cupesed services and heving all exposed masoury and poured



Figure 10

Exterior tinishes at
Building Entrance
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concrete surfacee of walls columns beams end ceilings peinted. Vinyl
asbestos floor tile was used throughout most of the edministrative end
leboretory sreas, (Figure 12). The stores, workehop end pilot arees hed
the lowest level of finish were concrete blocke were used es wall pertitions
and floor wvas of concrete. Initially ell welle and ceilings were peinted,
while the floor was left unpainted. For improved dust control, the floors
in all corridors and working areae in the storee and shop sections of the
building ere gradually being painted with en epoxy floor peint, (Figure 13).

Materiale for interfor finishes may be eelected not only for
serviceebility and for appesrance fectors such ae colour end texture but
alasc beceuse of onvironmentel factors including acousticel control end light
reflectance. Thus floor tile and carpeting ere used on floore while ceilings
ond walle may be painted in light colours for good light reflectance or
the surface material such as acousticel pleester or tile may provide required
sound absorption, (Figure 14).

Maishing materials vhether for the interior or the exterior of a
building should mot be considered ae subject to eelection once the building
a8 well under way. Rather their technicel properties muet be considered
a8 components of the wall ceiling and floor syetems et the ecerliest eteges
of design. In this vay the sdvantages of finiehes competeble with building
systems, providing adequate envirommental control end requiring minimum
aaintenance and up-keep cen be obtained st loweet cost.

{s) Stairceses snd Rlovgtors

Staircases vill be pleced within a building both for convenience
of access between adjacent areas and as exit means required by fire codes.
Por buildings of two or three stories only, it should normslly be expected
that stairs will be uweed by the staff as ¢ normal means of moving from
floer to floer. Umder such circumstancas stairways should be well 1lighted
and sheuld have suitable mon-gkid stsir treads of high durability. Where
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Figure 12
Interior Finishes - Library of B.C. Research Building

Figure 13

Interior Finighes Shipping and Shop Areas




HMpgure 14

Interior Finishes Entrance Foyer
B. C. Research Building
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& laboratory occupies more than one floor, there will inevitably be a
need for moving equipment between floors and & simple freight elevator ia

& requirement.

SAFETY CONSIDERATIONS

Laboratory activities for industrial research and development
can have many hazards which may reflect on the technical considerations
for the construction of the building. Fire is the most obviona nazard,
and most building codes contain requirements to provide for the protection
of both personnel and the building structure. Some areas, therefore, will
be required to be tprinklered and other areas to have hose standpipes or
hose cabinets or portable fire extinguishers. In laboratories utilizing
flammable chemicals, it 1s normal to have portable fire extinguishers
located at frequent intervals throughout the laboratory. Some arass having
& high potential fire hazard such as the boiler room and tranaformer vault
would be required tc be separated from the rest of the building by a suit-
able fire separation or fire wall.

In designing the B.C. Research building 1t was concluded that 1t
would not be practical to try to anticipate all hazards and to design the
building so that it would respond favourably in the presence of any such
hazard whether 1t be fire, explosion, dust, poisonous gas, etc. Further,
it was thought to be undesirable to allow the idea to become accepted that
the bulldiny provided a wide protection against such hagarda. Rather it
was felt important that Project supervisors should realize that it was
they who were parincipally responsible for assessing the degree of hazard
of a particular activity and for judging just what stcps were appropriate
to protect both personnel and property. For this reason, explosion blow-out
valls for example, were not included as part of the design of the building
and it was anticipated that activities requiring such protection should not

be done within the present building without special proviaion having been

made. An external working area outside the pilot area of the labcratory
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has been provided where the more hazardoua experiments can be set up and
conducted.

Normally in the conatruction of a building the ueusl emergency
provisions for the protsction of personnel in the event of hazards are installed,
such ss fire exits, ahowera, eye waahes, fire blankets, first aid rooms, etc.

The storage of bulk quantitiea of flammable chemicals ia always a problem
and thie should be provided for by means of an external aolvent storee and
by regulationa within the laboratory to allow only limited quantities of any
one solvent to be removed from the aolvent atorea for use in any particular
working area.

Generslly epeaking to provide for protection againat all poseible
hazards in the design of a laboratory building could be exceesively

expensive and generally unwarranted. It will be found more practical to
consider hazards as they occur and to provide separately for the apecial
hazards of exploaion, radio-activity, pathological organisms, etc.

Internal and external decoration of s building, including land-
scaping, can have a grest influence on its working environment. This is
particulsrly important in lsborstories where fsvourable surroundings serve
to assist in promoting the creative output of reasarch and development
groups, (Figure 15). Externally the appearance of the building can be
affected by the choice of materiale, textures and colours, togsther with
properly deai, aed landecaping which will lead onea eys to the entrance
to the building end eupprese such neceasary service features as parking
aress snd shipping and receivirg docks, (Pigures 16 and 17). With its
location on the cempus of the Univeraity of Britieh Columbia, 3.C. Research
had probably a better thaa aversge opportunity to develop a favouradble
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Figure 15

Landscare Layout sketch B.C,

Research Building
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Figure 16
Landscaping at Entrance B. C. Research Building

Figyre 17

Lendscaping and Suppressed Parking Arcas
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appearance to the building through the uee of these devices. The lend-
scaping shown in the illustretions has now bsen growing for approximatsly
four years and its effectivenass in framing the building and in suppreesing
barking areas is alreading epperent, (Figures 18, 19 and 20).

Interior decoration is also an important factor in developing
a good working environment. Generally, working erees should be bright
and cheerful, but non working areas such as hells, steff rooms, end public
areas need not be so bright and thus can provide a change of mood es one
moves about the building. The technical requirements for interior dscoration
include appearance factors such as colour and texture, housekeeping factors
such as cleanability and dust control, end environmental factors such es
light reflectivity and acoustical properties. Where netural materiale such as
fired masonry or bricks are employed, both the colour end texture ere
permanent features. For simple intsrior partitions, such nateriels ars
usually very economical since once erected both feces of the wall require
no further finishing. At B.C. Research 1t was decided that all non-firad
masonry and concrete surfaces should be peintsd primarily for dust control
but also for colour or to improve light reflectivity, (Fipures 12 ani 1),
In the laboratory areas, the basic colour for all walls and ceilings was an
off-white with a similarly coloured floor tile to assist in the gensral
brightnesa of these areas. This general overall white colour wes broken up
by a coloured high-light strip and small patch areas of the same colour in
sach laboratory and all millwork and benches were a pele green base with black
moulded epoxy bench tops. A different colour for the highlight etrips and
patch areas was ueed in eech leboretory wing to give some variation throughout
the building. The floors throughout most of the building utilized & vinyl
esbestos tils of an off-white colour for good light reflectivity. This
hae besn generally setisfectory and by using acrylic floor waxes, housekeeping
generally by wet mopping has been no problem. To give a quister and more
subdued atmosphere, carpeting has been used on the floors of the staff room,
the board room the public foyer amd in the typing erea.




Figure 18

Landscaping to suppress parking area B. C. Resear:-h Building

F el

View of Figure 18 from ins‘de the Building
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Figure 20
Landscaping between Building Wings

Figure 21

Wall texture decoration
Entrance Foyer
B. C. Research
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In choosing ths lighting design, e light lsvsl of sbout 50-ft
candles was obteined in ths laboretory working areas and warm white floursscsant
tubes wers employsd to provids e soft light and normal colour rendition.
Light levsls in ths corridors and non-working areas were set at much lower
values and the brick walls in these ereas ssrved to provide a soft warm
appearancs in contrast to the brighter working sreas. This change of mood
in the dscoretion as ons moves through the building was considered to be .
an important end dssirabls feature in svoiding the monotony of a singls
decoration schame throughout the building.

C. CONCLUSION

It is concluded that the special functional rsquirsments of
R & D laboratories can hsve an important influence on ths technical rsquire-
ments for construction end for the dscoretion of laboratory buildings. It
is importent, therefore, thet these spscisl requirements be rscognized sarly
in the dssign in the sslection of materisls and conetruction methods. The
importancs of a favoursbls vorking environment for all workers is being
increasingly apprscietsd and this requirement is no less important for
R & D leboratories.

Of particular importancs is the recognition thet most R & D
laboretories simply cannot know vhat ectivitiss they will be engaged in
five or ten years in the future, and the ability to adapt building spaces
to new requirements is paramount. A well conceived building plant et the
functional program stege embodying the structurel system, ths selection
of materiels and the overall decoration and appearance plan can essist
considerably in keeping capital costs to e ainimum vhatever the budget,
and in keeping down on-going maintenancs costs during the 1ife of the
building.









