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THE DESIGN OF RESEARCH LABORATORIES

PART I :  A GENERAL ASSESSMENT

by R"  F .  I -egget
D i r e c t o r ,  D B R / N R C

At the f i rst  meeting of the Canadian Research Management
Assoc ia t ion ,  an  in te res t ing  fea ture  o f  the  program was the  f requent
ment ion  o f  labora tory  bu i ld ings ,  no t  on ly  in  some o f  the  prepared papers
but  a lso  in  the  genera l  d iscuss ion .  Th is  was no t  rea l l y  surpr is ing  s ince
a pr ime requ i rement  o f  rnanagement  i s  the  prov is ion  o f  su i tab le  accommo-
dat ion for the proper conduct of work. I t  was evident,  however,  that there
is current ly rather wide interest in Canada in the design of laboratory
bu i ld ings  fo r  research  purposes ,  a  re f lec t ion  o f  the  growing  in te res t  in
research  on  the  par t  o f  Canad ian  indus t ry "  I t  i s  no t  inappropr ia te ,
therefore, for the sr: .bject of  laboratory bui ldings to be featured on this
second annua l  p rogram o f  the  Assoc ia t ion ,  espec ia l l y  s ince  the  meet ing
is  be ing  he ld  in  Ot tawa where  the  Federa l  Government  has ,  over  the  years ,
deve loped an  ex tens ive  su i te  o f  labora tor ies  fo r  a  var ie ty  o f  spec ia l  needs .

This part  of  the meeting is being heid at the MontreaL Road
Labora tor ies  o f  the  Nat iona l  Research  Counc i l .  Th is  park - l i ke  a rea  o f
550 acres ,  w i th  more  than fo r ty  bu i ld ings  serv ing  the  needs o f  the  Counc i l ' s
engineering and appl ied Divis ions, is st i l l  but l i t t le known to Canadians in
genera l  and ye t  i t  cons t i tu tes  one o f  the  most  ex tens ive  o f  such research
es tab l i shments  in  Nor th  Amer ica .  The f i rs t  par t  o f  the  area  was purchased
as two farms, beyond the outskir ts of Ottawa, in the years i rnmediately
preced ing  the  Second Wor ld  War .  Ear ly  p lann ing  and deve lopment  was
acce le ra ted  in  response to  the  demands o f  de fence research .  Pos twar
extension of the property,  and erect ion of many addit ional bui ldings, has
a l l  been car r ied  ou t  to  an  over -a l l  p lan  tha t  w i l l  reach i . t s  fu l l  deve lopment
when the scient i f ic div is ions of the Counci l  move out from the or iginal
Sussex Drive bui lding probably within the next decade.

Unt i l  1947,  the  D iv is ion  o f  Mechan ica l  Eng ineer ing  was the  so le
user  o f  th is  p roper ty .  In  tha t  year  the  Counc i l  s ta r ted  i t s  D iv is ion  o f  Bu i ld ing
Research  and DBR was the  f i rs t  o f  the  o ther  par ts  o f  the  Counc i l  to  share
in  the  use  o f  th is  f ine  area .  The Bu i ld ing  Research  Cent re  -  the  cornp lex  o f
bu i ld ings  serv ing  DBR/NRC -  occup ies  a  cent ra l  pos i t ion ,  ad jacent  to
the main road" I t  houses a part  of  the Counci l ts operat ions related to the
cons t ruc t ion  indus t ry ,  one wh ich  migh t  there fore  be  expec ted  to  have some
i n t e r e s t  i n  r e s e a r c h  l a b o r a t o r i e s .
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In i ts pr incipal funct ion of providi .ng a research service to the
construct ion industry of Canada, DBR/NRC has attempted to take a broad
view of i ts responsibi l i t ies, recognizing not only the geographical  distr i -
but ion of i ts work but also the pr incipal div is ions into which new construct ion
in Canada may be broken down. Resident ial  construct ion, for example,
represents almost 50 per cent of al l  new bui lding; housing research has
therefore had due pr ior i ty.  There are, however,  other important groups
of bui ldings such as schools and hospitals,  in addit ion to commercial  and
industr ial  bui ldings, that are readi ly ident i f iable. I t  is our hope gradual ly
to develop basic information regarding the changing funct ional requirements
of al l  such major groups. You wi l l  not be surpr ised to know that we started
on this phase of our work by a study of a funct ional group rather close to
our own special  interests,  namely laboratory bui ldings.

Unfortunately for us, we had just got wel l  started on this pi lot
study when the architect who was spending ful l  t ime on i t  lef t  the Divis ion
to take up further study in Toronto. Because of the auster i ty condit ions
that were imposed just at  that t ime upon the publ ic service of Canada, we
were unable to carry on with the work. Accordingly,  we have no f inished
and comprehensive studies as yet,  with no guide-I ine papers other than an
annotated bibl iography (which accompanies this two-part  paper).  The
subject is so vast that al l  we can do in this paper is to touch upon some of
the more important aspects of the planning of research laborator ies, and
then d iscuss  in  more  de ta i l  some o f  the  more  press ing  aspec ts  o f  the
serv ices  necessary  in  such bu i ld ings ,  aspec ts  tha t  we know are  no t  as  we l l
appreciated as they should be in the planning of new laborator ies.

LOCATION

There are so many diverse factors affect ing the locat ion of any
one labora tory  tha t  genera l  comrnent  migh t  seem po in t less .  f f  i t  be  recog-
n ized,  however ,  tha t  a  research  labora tory  i s  go ing  to  be  the  cent re  o f  a
search for new knowledge, and not just an adjunct of  a plant 's test ing and
cont ro l  labora tory ,  then some new fac tors  en ter  the  p ic tu re .  The des i ra -
b i l i t y  o f  research  sc ien t is ts  hav ing  ready  assoc ia t ion  w i th  o ther  research
workers rnay prove to be more important than their  proximity to workers
in their  own industry.  This is wel l  shown by the success of the new

"research  parksr tsuch as  tha t  now deve lop ing  on  the  ou tsk i r ts  o f  Toronto ,
and that at  Pointe Glaire, outside Montreal.  Not only does the close
assoc ia t ion  o f  g roups  o f  research  workers  b r ing  i t s  own benef i t s  bu t  spec ia l
serv ices  can be  shared,  and bu i ld ings  served w i th  the i r  opera t ing  needs
f rom a  cent ra l  p lan t .
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All  these features are wel l  i l lustrated at these Montreal Road
Laborator ies and wi l l  be simi lar ly ref lected in the new laborator ies of the
National Bureau of Standards, now being developed on an area very simi lar
to this outside Wadrington, D. C. Almost all the buildings on the NRC
property are interconnected by a system of walk- in tunnels (almost two
miles in al l )  not only faci l i tat ing the provision of services to al l  bui ldings
from the central  heat ing plant,  but providing convenient human access at
t ime of bad weather.  Admittedly these points are rather obvious when so
baldly stated, but I  sometimes remember an extreme case where they
were not considered. In a country that must be nameless, a new suite
of research laboratory bui ldings was located each in a di f ferent ci ty for
what appeared to be the best of  reagons. I  must leave to your imaginat ion
the feel ings on this aspect of the locat ion of laboratory bui ldings of the
great man who, unt i l  recent ly,  was in charge of this complex -  as he faced
the impossible problem of v is i t ing seventeen widely scattered ci t ies in
order merely to see his scient i f ic staff ,  each group isolated from al l  the
o t h e r s .

FUTURE EXPANSION

Researchbe ingwhat  i t  i s  - -  a  venture  in to  the  unknown - -  when
a research laboratory is planned i t  is impossible to foresee what wi l l  be
i ts ul t imate development.  I t  appears to us to be essent ial ,  therefore, to
allow for expansion in even the initial phases of planning - by providing
enough space around a building, and by planning the building itself so that,
i f  necessary ,  i t  can  be  read i l y  expanded.  Th is  requ i res  v is ion .  Le t  me
instance the vis ion of General  A. G. L. McNaughton and Dr. J.  H. Parkin,
when they arranged to purchase the or iginal  two farms that gave the 150
acres of this property.  They tr ied to purchase double that area, open
farm land as  i t  thenwas,  less  than twenty  years  ago.  A  rnore  recent
example is provided by the new DOMTAR research laboratory at Sennevi l le,
on a si te as beaut i ful  as i t  is extensive.

There is natural ly a l imit  to which bui ldings themselves can be
expanded. I t  wi l l  of ten be found, however,  that by a very smal l  in i t ia l
expenditure essent ial  services can be so arranged that,  in addit ion to
providing for the ini t ia l  phase of a bui lding, they can be used in other ways
unt i l  the bui lding is extended. In our own case, our or iginal  electr ical
substat ion had a capacity far in excess of our needs. I t  was used to provide
electr ical  service to other adjacent bui ldings unt i l  the t ime came when these
bui ldings had their  own supply,  and we needed the ful l  capacity of the
t rans for  mer  s .
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In the physical  planning of bui ldings, i t  is usual ly possible so

to arrange the main elements of the plan, by careful  of f-sett ing in layout,

so  tha t  one or  o ther  sec t ion  can be  ex tended i f  necessary  w i thout  in te r -

fer ing with the rest of  the bui lding. In ini t ia l  planning, this sort  of  arrange-

ment is easy to achieve, Once a bui lding is up, however,  i t  i8 di f f icul t ,

i f  not i rnpossible, to achieve. In a structural  laboratorY, for example, i f

an extension of i ts length may conceivably be necessary in the future, the

end columns can be designed and instal led as regular columns, with crane-
ra i l  b rackets ,  e tc . ,  in  p lace ,  and an  end wa l l  tha t  can  be  read i l y  removed

if  i t  is so placed that no part  of  the bui lding l ies in the l ine of possible

extension. Correspondingly,  i t  is not an expensive matter so to design and

instal l  the structural  f rame of a bui lding that addit ional storeys may be

easi ly added in the future, whereas i t  can be a cost ly matter to attempt

to add storeys to a bui lding in which this provision was not made. The

West  S ide  bus  te rmina l  in  New York  (on  4 ls t  S t ree t )  shows tha t  such a  job

can be done, but i f  you wi l l  take a glance at i ts new top storey when next

you are in i ts v ic ini ty,  you wi l l  see what a complex and expensive addit ion

this was, fascinat ing though the f ine solut ion is from the structural

engineering point of  v iew.

INTERNAL FLEXIBILITY

The nature  o f  research  g ives  i t  such  a  f lu id  charac ter  tha t  the

detai led f loor planning of a laboratory is an unusual ly di f f icul t  rhatter.

S ince ,  as  has  been so  we l l  sa id ,  " I f  you  know where  you are  go ing  i t  i sn r t

research ,  I t  one can never  be  sure  tha t  the  in i t ia l  space requ i rements  fo r  a

research  labora tory  w i l l  car ry  even the  same pr io r i t ies  w i th in  the  space

of  a  few years ,  A l lowance fo r  change must ,  there fore ,  be  an  in tegra l
part  of  the ini t ia l  plan. This can be achieved in two main ways. I f  i t

can be reasonably assumed that the over-al I  character of the work to be

done in the bui lding is not going to change, then f lexibi l i ty can be achieved

by a minimum of internal subdivis ion, Iarge open areas being so located

that they are convenient to one another,  subdivis ion being carr ied out by
part i t ions that can readi ly be moved. In this w?11, a very economical

use of space can be achieved, with corr idors largely el iminated and the

inevitable loss of usable space that every door involves great ly reduced.

On the other hand, ' i f  f lexibi l i ty of  a more general  k ind is

desired, then the more common idea of having smal l  uni t  laborator ies,
arranged to open off  corr idors in the convent ional wayr may prove to be

the best solut ion, despite the loss of ef fect ive space that this type of layout
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involves. You wi l l  be able to see good examples of both systems in this

bui lding which houses the Radio and Electr ical  Engineering Divis ion of

NRC ( i l lustrat ive of the lat ter approach),  and the Bui lding Research

Centre (showing the former solut ion).  Let me be the f i rst  to admit ,

however,  that i t  would be di f f icul t ,  i f  not impossible,effect ively to use

our bui lding for any purpose other than bui lding research.

PROVISION OF SERVICES

Mechan ica l  and e lec t r i ca l  serv ices  are  an  essent ia l  requ i rement

in  a l l  research  labora tor ies .  The i r  p rov is ion  must  there fore  be  recogn ized

from the very start  of  bui lding planning. They are not something that can
be t ' f i t ted ini l  to the general  plans of the architect -  as al l  good architects
know.  When you cons ider ,  fo r  example ,  tha t  the  cos t  o f  these serv ices
wi l l  probably amount to 40 per cent of the total  cost of  the bui lding, and

may be even higher than thatr  1rou wi l l  appreciate that they must be care-
ful ly considered and planned as an integral  part  of  the whole structure.
They, too, must be f lexible since, i f  individual laboratory units change
their  funct ion, dernands for services rnay change too. Convenience of
access  to  a l l  serv ices  is ,  there fore ,  a  v i ta l  requ i rement .

In  o lder  bu i ld ings ,  o r  in  bu i ld ings  adopted  fo r  research  uses ,
there is probably no one feature of bui lding operat ion that causes so much
trouble as the need to get at  service connect ions. I f  the place of services
is ful ly recognized, then the analogy to the instal lat ion of services in a
large ship is useful .  Once this idea is mentioned, the simi lar i ty wiI I  be
obvious. Space can be assigned to services on each f loor,  not tucked away
around columns, or merely f i t ted in to f in ished f loor areas, but f loor
space regu la r ly  ass igned to  ver t i ca l  serv ices ,  open be tween f loors ,  w i th
the necessary provisions for f i re prevent ion in the absence of the f i re
separa t ion  prov ided by  so l id  f loors .

Last year,  rnany of us saw how elegant ly this idea had been
incorporated into the new Noranda Research Centre at Pointe Claire,
even to  the  use  o f  t ransparent  was te  p ipes ,  thus  g iv ing  even more  ease in

main tenance.  In  the  Bu i ld ing  Research  Cent re  i s  an  ear l ie r  vers ion  o f
the same idea that we can recommend without reservat ion, an area of
about 8 f t  by 20 f t  on each f loor of the main extension to the bui lding,
open from the basement to the machinery penthouse, providing ample
space fo r  a l l  serv ices ,  w i th  easy  access  th rough the  use  o f  open s tee l
f loor ing, the appearance of which has led the area to be known col loquial ly
as  r r the  eng ine  roomrr .
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LABORATORY FURNISHING

Not only must the main provision of services be f lexible,  but

their  use in individual laborator ies must be simi lar ly adaptable. Let

me conf ine my cornments here to stressing again the importance of

f lexibi l i ty,  I t  is qui te surpr is ing to f ind so many and so diverse views

on th is  sub jec t .  When we equ ipped the  Bu i ld ing  Research  Cent re  we

imagined that al l  we would have to do would be to order standard

Iaboratory benches and f i t t ings" But we ended up by designing our own,

as  seems to  be  a lmost  un iversa l  p rac t ice l  We can,  however '  add tha t

our  ideas  have been cop ied  w ide ly .

They  may be  summar ized by  say ing  tha t  a l l  serv ices  are

ins ta l led  a long wa l ls  o r  par t i t ions ,  independent  o f  the  benches themse lves '

T a p s ,  o u t l e t  b o x e s ,  e t c .  ,  a r e  a l l  a r r a n g e d  o n  6 - i n .  - w i d e  s e r v i c e  s t r i p s

wh ich  are  f i rm ly  secured to  the  f loor  by  meta l  suppor ts ,  the  s t r ips  so

designed that they f i t  t ight ly to the benches and other unit  furni ture when

i t  i s  moved i r r to  p lace  aga ins t  them.  Access  to  serv ices  can be  ga ined

without any delay merely by pul l ing out one unit  of  the bench furni ture.

INTERNAL TRAFFIC

Once the  un i ts  tha t  a re  to  be  accommodated in  a  research

Iaboratory are known, a further important feature of in i t ia l  planning is

the  cons idera t ion  o f  the  in te r - re la t ion  be tween the  var ious  groups .  Th is

is most convenient ly done by means of a simple f low diagram, blocks

represent ing  the  var ious  un i ts ,  co loured  l ines  the  an t ic ipa ted  f low between

respec t ive  groups .  The pa t te rn  o f  over -a l l  t ra f f i c  w i I I  p robab ly  become

c lear  f rom even such a  s imp le  g raph ica l  a id  as  th is .  The l ib ra ry  w i l l

be found, in al l  probabi l i ty,  to be the focal point for much internal

movement .  Shops w i l l  show themse lves  as  cent ra l  un i ts  to  labora tory

opera t ions .  These and s imi la r  cor re la t ions  w i l l  a id  g rea t ly  in  the  prepara-

t ion  o f  in i t ia l  f loor  layouts .  The p lace  o f  the  l ib ra ry  w i l l  ca l l  fo r  spec ia l

a t ten t ion .  I t  has  been we l l  sa id  tha t  a l l  research  s ta r ts  in  a  l ib ra ry .

When i t  is recal led that the volurne of technical  l i terature is now doubl ing

every  e igh t  to  ten  years ,  w i th  a  cor respond ing  inc rease in  the  necessary

capacity of even exist ing l ibrar ies, the need for f lexibi l i ty in planning,

and careful  locat ion for the l ibrary wi l l  be obvious.

Tra f f i c  in  a  research  labora tory  invo lves  no t  on ly  the  rnovement

o f  peop le ,  bu t  the  t rans fer  o f  books ,  equ ipment ,  samples ,  and many o ther

i tems fo r  wh ich  the  use  o f  whee led  t rucks  is  conven ien t .  A  de ta i l  o f
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over -a l l  layout  i s  to  p rov ide  fo r  such in te rna l  whee led  t ra f f i c  by  the

e l im ina t ion ,  i f  poss ib le ,  o f  changes in  leve l  on  each f loor ,  thus  e l im ina t ing

the  need fo r  ramps or  s ing le  s ta i rs .  Th is  w i l l  be  found to  be  a  g rea t  cgn-

ven ience no t  on ly  fo r  research  work ,  bu t  in  another  way tha t  we had never

rea l i zed  when we incorpora ted  th is  fea ture  in  our  own bu i ld ing .

Recent ly  we had the  pr iv i lege  o f  conven ing  a  meet ing  to  d iscuss

the developrnent of standards for bui lding requirernents for handicapped

c i t i zens .  Four  o f  those a t  th is  meet ing  were  in  whee lcha i rs .  One fea ture

o f  the  s tandards  tha t  have now been deve loped,  (Supp lement  No.7  to  the

National Bui iding Code) is the el iminat ion of ramps. I  can leave to your
i rnag ina t ion  what  a  p leasure  i t  was  to  conduct  these four  v is i to rs ,  in  the i r
cha i rs ,  a round our  labora tor ies ,  on  every  f loor ,  and even in to  our  serv ice
tunnel.  I  ment ion this not only as a matter of  interest,  but as a further
necessary  des ign  fea ture .  There  are  now over  ha l f  a  mi l l ion  o f  rea l l y

hand icapped c i t i zens  in  Canada"  Research  labora tor ies  shor . l ld  take  the i r

spec ia l  needs  in to  account .

SPACE REQUIREMENTS

Wi th  an  over -a l l  concept ion  o f  a  research  labora tory  deve loped,
de ta i led  p lann ing  w i l l  ca l l  fo r  some idea as  to  the  space needed by  research

workers .  I rnmed ia te ly  a f te r  the  war ,  the  Counc i l  gave a t ten t ion  to  th is
mat te r  and pub l ished a  repor t ,  wh ich  we s t i l l  have in  p r in t ,  g iv ing  space
f igures  fo r  the  Counc i l  labora tor ies  in  use  a t  tha t  t ime"  The au thor  o f
th is  most  use fu l  paper  i s  now we l l  known as  the  Pres ident  o f  A tomic  Energy
of  Canada L td . ,  Dr .  J .  Lorne  Gray .  I rVe s t i l l  apprec ia te  h is  ear ly  cont r i . -
bu t ion  to  bu i ld ing  research  work  and are  us ing  h is  repor t  as  the  s ta r t ing
po in t  fo r  our  more  recent  s tud ies .  F I i s  ana lys is  showed Lhat  on  the  bas is
o f  N R C  e x p e r i e n c e ,  a  g r o s s  a r e a  o f  3 5 0  s q u a r e  f e e t  p e r  w o r k e r  ( b a s e d

on to ta l  s ta f f )  shou ld  be  regarded as  a  min imum;  400 square  fee t  g ross
was recommended as  a  good work ing  f igure ,  w i th  a  70  per  cent  u t i l i za t ion
fac tor ,  fo r  a  comple te  research  fac i l i t y .  !V 'e  have reason to  be l ieve  tha t
these f igures  w i l l  have to  be  s l igh t ly  inc reased in  the  l igh t  o f  modern  needs,
bu t  they  s t i l l  remain  a  most  use fu l  gu ide .  The space prov ided in  a  research
Iabora tory  today  per  worker  shou ld  no t  depar t  too  fa r  f rom these c r i te r ia ,
500 square  fee t  g ross  per  person cer ta in ly  be ing  a  l im i t ing  f igure .  You
can we l l  imag ine  how anx ious  we are  to  have up- to -da te  f igures  o f  th is
k ind .  Th is  w i l l  be  an  immedia te  ob jec t ive  o f  our  s tudy  o f  the  func t iona l
requ i re rnents  o f  labora tory  bu i ld ings  when i t  i s  resumed.



r -8

BUILDING COSTS

I t  is even more di f f icul t  to be precise with regard to bui lding

costs, mainly because of the mounting r :ni t  cost of  bui lding in general

consistent with the changing value of money i tsel f .  l l le do suggest,

however,  that a f i rst  reguirement is for an appreciat ion of the cost of

research  labora tor ies  per  cub ic  foo t ,  ins tead o f  per  square  foo t  as  i s

the more common pract ice. Square foot costs take no account of cei l ing

heights. In off ice bui ldings, this is not very ser ious since cei l ing heights

are  fa i r l y  s tandard .  Not  so  in  research  labora tor ies ,  where  p i lo t  a reas ,

special  laborator ies and other unusual features require quite unusual room

shapes. Just as soon as ie possible, we shal l  publ ish some guide l ines to

this unusual ly important aspect of research laboratory design.
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The rnore  i rnpor tan t  cons idera t ions  wh ich  ar ise  in  dec id ing
uPon the  a i r -cond i t ion ing  o f  a  labora tory  w i l l  now be cons idered w i th
ernphasis on those that have irnpl icat ions for the desien of the
labora tory  i t se l f  .  I t  i s  in tended fo r  those who,  though no t  spec ia l i s ts
in  a i r -cond i t ion ing ,  rnus t  never the less  rnake dec is ions  about  i t .

A i r -cond i t ion ing  is  de f ined as  " the  process  o f  t rea t ing  a i r  so
as  to  cont ro l  s i rnu l taneous ly  i t s  te rnpera ture ,  hurn id i ty ,  c lean l iness ,
and d is t r ibu t ion  to  rneet  the  requ i re f f ien ts  o f  the  cond i t ioned space.  "
I t  i s  res t r i c ted  by  th is  de f in i t ion  to  a i r  o f  nor rna l  cornpos i t ion ,  no t
inc lud ing  the  read jus t rnent  o f  the  propor t ions  o f  the  gaseous cons t i tuents
other than water vaPour or the adjustrnent of any other environrnental
factors other than those that can be affected by the air  as rnay sorrret i rnes
be requ i red  in  spec ia l  labora tory  cond i t ion ing .  The rnore  genera l
terrn, condit ioning, rnay be appl ied when other factors are involved,
The discussion that fol lows wi l l  be concerned rnainly with the sirnul-
taneous control  of  ternperature and humidity both winter and surnrner --
the  aspec t  o f  a i r -cond i t ion ing  wh ich  is  rnos t  cornrnon ly  o f  concern .

The benef i t s  to  be  ach ieved f ro rn  a i r -cond i t ion ing  o f  research
l a b o r a t o r i e s  r n u s t  s o m e h o w  b e  a s s e s s e d  a g a i n s t  t h e  c o s t s  o f  p r o v i d i n g  i t .
On a  s t r i c t l y  bus iness  approach,  one rnus t  cons ider  whether  a i r -cond. r t ion ing
wi l l  reduce the  over -a l l  cos t  o f  ge t t ing  the  job  done.  Th is  p resupposes
tha t  the  benef i t s  can  be  indent i f ied ,  assessed,  and reduced to  a  cornrnon
do l la r  bas is  fo r  cornpar ison .  I t  i s  o f ten  d i f f i cu l t  to  do  th is ,  rnuch to  the
f rus t ra t ion  o f  the  a i r -cond i t ion ing  indus t ry ,  even in  the  case o f  fac to r ies
where the output can be rneasured readi ly.  I t  is rnore di f f icul t  for a
research  labora tory  where  input  and ou tpu t  and the  processes  re la t ing
thern are rnuch rnore cornplex and less arnenable to rneasurernent.  Despite
this,  the cr i ter ion of ef fect on output is val id,  and judgernent rnust be
in t roduced where  the  per t inent  fac ts  needed fo r  the  equat ion  are  no t
c l e a r l y  e s t a b l i s h e d .

The case fo r  a i r -cond i t ion ing  o f  labora tor ies  rnus t  a lways  be
cons i .dered  in  two ways ,  the  f i rs t  re la ted  to  the  requ i re rnents  fo r  occupancy
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and the  second to  the  rna ter ia ls  and opera t ions  be ing  housed.  On th is
bas is  four  c lasses  o f  cond i t ioned space w i th i .n  a  labora tory  rnay  be
d is t ingu ished as  fo l lows:

Space in  wh ich  the  pr i rne  cons idera t ion  is  the  occupants ,  o r  in
which the requirernents of the occupants are rnore restr ict ive
than those o f  the  rna ter ia ls  and opera t ions"

Space in which the condit ions are deterrnined by the needs of the
rnater ials or operat ions and are rnore dernanding but are not in
conf l ict  with norrnal occupancy.

Space in which the condit ions are set by the requirernents of the
rnater ials or operat ions and are in conf l ict  with the cornfort  and
convenience of occupants but do not prohibi t  occupancy.

Space in  wh ich  fo r  var ious  reasons  the  cond i t ions  se t  by  the
requ i re rnents  o f  the  rna ter ia ls  o r  opera t ions ,  o r  inc identa l  to
thern, prohibi t  occupancy.

B"

C .

D .

I t  w i l l  be  recogn ized tha t  th is  c lass i f i ca t ion  can be  app l ied  to
al l  the environrnental  factors involved in a laboratory, not just those
invo lved in  a i r -cond i t ion ing  wh ich  are  o f  concern  here .  C lass  D space
wi l l  be  recogn ized as  very  spec ia l ,  inc lud ing  tha t  in  wh ich  one or  rnore
of the environrnental  factors ate lnazardous to hurnan occupancy, but
also those in which occupancy would be in conf l ict  with the condit ions
to  be  rna in ta ined.  S ince  such space is  usua l ly  cos t ly  i t  i s  o f ten  prov ided
in  the  fo r rn  o f  cab ine ts ,  g love  boxes ,  ba ths ,  cupboards  and vau l ts ,  s rna l le r
than roorn  s ize .  The requ i re rnents  a re  usua l ly  so  res t r i c ted  and the
poss ib le  range o f  thern  so  grea t  tha t  no  fu r ther  a t ten t ion  can usefu l l y  be
given to thern here. Sorne cornrnents wi l l  be offered on warrn and cold
roo tns  wh ich  are  cornrnon exarnp les  o f  c lass  C space.  The d i f fe rences
tha t  can  ar ise  be tween the  a i r -cond i t ion ing  requ i re rnents  fo r  occupants
and fo r  opera t ions ,  wh ich  are  the  bas is  fo r  the  d i f fe ren t ia t ion  be tween
the  f i rs t  two c lasses ,  rner i t  fu r ther  d iscuss ion .

AIR -CONDITIONING FOR OCCUPANTS

The hurnan body is highly adaptable to changed environrnental
condit ions, within certain l i rni ts.  Ternperature and hurnidi ty l i rni ts for
nor rna l  occuPancy  are  de ter rn ined la rge ly  by  cons idera t ions  o f  corn for t
and prac t ica l  conven ience ra ther  than phys io logy .  These usua l ly  fa iL  w i th in
the range of condit ions over which the hurnan body is wel l  able to rnake
cornpensatory adjrrstrnents without any proven i l l  ef fects upon health.



I I - 3

The norrnal,  or dry bulb, ternperature for comfort  var ies with
individuals, with work rate or rnetabolisrrr, arnount of clothing, therrnal
radiat ion levels,  air  rnot ion, and relat ive hurnidi ty.  A range of
ternperature of 5 degrees can be found for people in a given area and
season, sirni lar ly clothed and equal ly act ive within which at least 90
per cent of thern wi l l  be cornfortable. There appears to be a shi f t  of  as
rnuch as 5 degrees in the preferred value frorn winter to surnrner and
some effect as wel l  due to average cl i rnat ic condit ions. Because of the
lnany factors that influence cornfort in addition to ternperature it is
di f f icul t  to establ ish any opt irnurn values. For people who are sedentary
or engaged only in l ight work the rnost acceptable value would appear to
fal l  between 70 and 75"F in winter and between 75 and 80oF in surnrrrer.
There appears however to be an increasing tendency with the widespread
prov is ion  o f  year - round a i r -cond i t ion ing  to  accept  te rnpera tures  c lose
to 75" both winter and surnrner.  A standard now under developrnent in
the United States sets the range at 73 to 77 oF with the relat ive hurnidi ty
not to exceed 60 per cent air  veloci t ies less than 45 fprn, and cornpensat ion
to be provided for Mean Radiant Ternperature effects.

The influence of relative hurnidity on cornfort i.s not well
establ ished. Many years ago the Arnerican Society of Heat ing, Refr igerat ing
and Air-Condit ioning Engineers publ ished an Effect ive Temperature'  Chart
which establ ished a relat ionship between ternperature and relat ive hurnidi ty
for equal cornfort  condit ions. This has been and st i l l  is widely used, in the
absence of any rnore acceBtable guide, despite recent work which shows i t
to be incorrect when extended beyond the experirnental  condit ions on which
i t  was  based (1 ) ' k .  Br ie f ty ,  i t  ind ica ted  tha t  fo r  the  sa lne  corn for t  the
dry bulb ternperature should be reduced as the relat ive hurnidi ty increaseq.
Later work with l ight ly clothed subjects at rest or doing only l ight work
under prolonged exposure to the sarne condit ions fai led to show any effect
of relative hurnidity within the cornfort range except where high hurnidities
were involved.

Other recent work shows a greater inf luence of hurnidi ty for
rrrore act ive subjects than that or iginal ly given. I t  would appear that
relat ive hurnidi ty enters into therrnal sensat ions of cornfort  rnainly under
condit ions of work rate and ternperature at which the body resorts to
sweating to rnaintain i ts ternperature. There is,  however,  a cornpl icat ing
transient ef fect upon a change frorn one relat ive hurnidi ty condit ion to
another,  due to the adjustrnent of the equi l ibr ium rnoisture content of

See re fe rences  a t  end o f  paper .
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clothing and perhaps also to other effects.

Radiant ternperature effects can be quite rnarked. The
s tandard  a l ready  re fe r red  to  p roposes  an  ad jus t rnent  o f  1 .4  degree
dry bulb for each I  degree change in rnean radiant ternperature (MRT).
The average MRT throughout a space is given approximately by the
average te rnpera ture  (AST)  o f  the  enc los ing  roorn  sur face ,  p roper ly
weighted as to.area. MRT wi l l  setdorn di f fer f rorn lnean air  ternperature
by rnore than r 4 degrees F because of the radiat ion interchange
between various surfaces and with the air  i tsel f .  But a roorn z0 by
20 by l0 f t  with half  of  one wal l  of  glass ai  32"F and other surfaces and
the  a i r  a t72"F  w i l l  have an  average MRT approx i rna te ly  z  l / z  d .egrees
below roorn air  temperature, requir ing a cornpensat ing adjustrnent
upward  o f .  1 .4  x2 .5  =  3 .5"F  in  a i r  te rnpera ture  fo r  the  sarne  corn for t .
A sirni lar adjustrnent downward would be required i f  the same glass
or the bl ind over i t  in surnrner were at a ternperature of l l0oF.

These and simi lar radiat ion effects,  including those involving
the entry of solar radiat ion and the presence of heated and cooled
surfaces di f fer ing vefy substant ial ly f rorn air  ternperature, are
unfortunately not uni forrn throughout the space as the above average
calculat ions based on AST would indicate. The true MRT, based on
the effect on the heat exchange of the hurnan body or of any other object,
var ies frorn one locat ion to another so that i t  cannot be ful ly cornpensated
by an adjustrnent in air  ternperature throughout the space" This is of
sorne irnportance in considering the effects of windows upon environrnental
condit ions within roorns.

Air  rnovernent,  as is wel l  known, has an inf luence on body
heat  loss  and is  there fore  a  fac to r  in  corn for t .  Inc reas ing  the  a i r
rnovernent increases convect ive heat losses and evaporat ion. Occupants
cornplain of drafts when detectable air  movelnents are associated with
condit ions on the cool s ide. The sarne air  rnovernents with condit ions on
the hot side may not even be detected. Radiant cool ing effects result ing
frorn proxirni ty to cold surfaces are often confused with drafts,  but they
do tend to  occur  together  in  such loca t ions .

These cons idera t ions  and sorne  o thers ,  inc lud ing  tha t  o f  cos t ,
together deterrnine the level of  ref inernent which i t  is reasonable to
seek in e:stabl ishing control led cornfort  condit ions for occupants.
Ternpera ture  cont ro l  to  ! t  t /ZdegreesF a t  the  ther rnos ta t  represents  nor rna l
pract ice in design and in equiprnent.  This does not rnean, however,  that
therrnal condit ions throughout the space wi l l  be control led to within this range.
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The d is t r ibu t ion  o f  heated  or  coo led  a i r ,  and rad ia t ion  e f fec ts ,  par t i cu la r ly
those ar is ing from windows and the sun, rrray readi ly cause local var iat ions
in  ther rna l  cond i t ions  equ iva len t  to  a i r  te rnpera ture  var ia t ions  o t  !  +  degrees
F or rnore throughout the occupied zone of a roorn and may be var iable
with t i rne and locat ion within the rooryl .  I t  is necessary to el i rninate these
cornp l i ca t ing  fac to rs  when rnore  prec ise  cont ro l  i s  requ i red . ,  s ince  i t  i s
di f f icul t  i f  not i rnpossible to cornpensate for thern by rneans of adjustrnent
to  a i r  cond i t ions  a lone.

Cornfort  is not rnarkedly af fected by relat ive hurnidi ty within
the norrnal range bf condit ions in occupied bui ldinqs and so the usual
prac t ice  o f  des iqn ins  iys te rns  capab le  o f  p rov id inz  cont ro l  w i th in  ; r
fa i r l y  b road range o f  r  5  per  cent  o r  even rnore  is  genera l l y  qu i te
acceptab le .  A l though no t  requ i red  fo r  cond i t ions  o f  l igh t  work  and pro longed
occupancy i t  is now cornrnon pract ice to design for relat ive humidi ty as
Iow as  50  per  cent  in  surnrner .  I t  i s  usua l ly  necessary ,  because o f
I i rni tat ions i rnposedbythe bui lding to al low relat ive hurnidi t ies to drop to
20 per  cent  o r  lower ,  under  w in te r  cond i t ions .  Bu i ld ings  can be  des igned
to carry 35 per cent and even 50 per cent or l r lore under Canadian winter
cond i t ions ,  bu t  th is  can on ly  be  rea l i zed  i f  bu i ld ings  are  proper ly  des igned
for  th is .  A  rnore  cornp le te  d iscuss ion  o f  re la t i ve  hurn id i ty  and i t s  e f fec ts
upon bu i ld ings ,  opera t ions ,  and rna ter ia ls  genera i l y  i s  p rov ided in
r e f e r e n c e  ( 2 ) .

AIR-CONDITIONING FOR MATERIALS AND OPERATIONS

There  are  a  g rea t  r r lany  poss ib le  reasons  fo r  the  use  o f  a i r -
cond i t ion ing  in  o rder  to  reduce or  cont ro l  e f fec ts  upon mater ia ls ,
p rocesses ,  and opera t ions .  A i r -cond i t ion ing  rnay  be  requ i red  to  e l im ina te
large arnounts of heat in a control led way frorn inter ior roorrrs where the
ternperature r ise occurr ing with the use of vent i lat ion alone cannot be
to le ra ted .  Cornp le te ly  in te r io r  roorns  w i l l  requ i re  coo l ing  bu t  no t  heat ing
even in winter.  Light ing alone to rnodern standards may contr ibutu 

"rr"" !yat the rate of 5 watts Per square foot.  A sirni lar requirernent rnay some-
t i rnes exist  in connect ion with hurnidi ty but when temperature control  is not
involved, vent i lat ion alone rnay be suff ic ient.

The rnost cornrnon requirernent for precise ternperature control
in  labora tory  bu i ld inss  is  l i ke ly  to  a r ise  in  the  case o f  p rec is ion  rneasurernents
of al l  k inds. I t  rnay be desired not only to l i rni t  changes in length and
vo lurne  bu t  a lso  to  cont ro l  res is t i v i t y ,  ra tes  o f  reac t ion ,  ra tes  o f  g rowth
and any  o ther  fac to rs  a f fec ted  by  te rnpera ture .  I t  rnay  a lso  be  necessary  to
vary  te rnpera ture  i t se l f  as  a  fac to r  in  exper iments .  Even when the
requirernents can be rnet in baths and cabinets i t  wi l l  of ten faci l i tate the
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control  of  these in turn i f  they are located in roorns in which the arnbient
ternperature range is redr- lced,

A sornewhat sirni lar general  s i tuat ion rrray exist  in respect of
relat ive humidi ty,  where the equi l ibr iurn rnoisture content in rnater ials
is  a  fac to r  to  be  rneasured or  cont ro l led ,  o r  where  ra tes  o f  evapora t ion
or rnoisture pick-up are involved. Electronic equiprnent rnay require
dry or control led atrnospheres. Fresh concrete and other hydrat ing
systerns rnay have to be kept at high hurnidity. Cornputers and business n:achines
rnay cal l  for constant relat ive hurnidi ty in order to control  the dirnensional
changes in paper tape and cards or in f i l rn.  Special  condit ions rnay be
regu i red  fo r  s to rage and preserva t ion  as  weI I  as  in  the  process ing  or
s tudy  o f  a  w ide  range o f  rno is tu re- respons ivg  rna ter ia ls  such as  paper ,
leather,  plast ics, wood, and products derived frorn plants and anirnals
general ly.  Gontrol led condit ions rnay be required in rnedical  and
biological  experirnents when plants and anirnals thernselves are involved.

The temperature and hurnidi ty control  desirable for rnany
s i tua t ions  in  research  labora tor ies  w i l l  o f ten  have to  be  rnuch rnore  prec ise
than that required for the occupants. I t  rnay not,  in fact,  be possible to
ach ieve  by  a i r -cond i t ion ing  a lone,  and in  ex t reme cases  the  presence o f
occupants as heat and moisture erni t ters and as radiators rr lay not be
to le rab le .  As  the  cont ro l  requ i red  becornes  inc reas ing ly  r r lo re  p rec ise ,
the kind of system suitable for cornfortair-condit ioning wi l l  usual ly be
quite incapable of provi .dl ,ng the rnore ref ined condit ions. This is
re f lec ted  d i rec t l y  in  the  cos t  o f  the  sys tems requ i red .

EFFECT OF' TEMPERATURE CHANGE ON RELATIVE HUMIDITY

It  is not always appreciated that relat ive hurnidi ty,  which is
the rat io of the actual water vapour pressure to the saturat ion pressure,
wi l l  vary with change in ternperature. Close control  of  relat ive hurnidi ty
rneans, therefore, that ternperature rnust also be closely control led. A
ternperature change of I  degree F at 75'F wi l l  change the relat ive
hurnidi ty by I  part  in 30. To achieve control  of  relat ive hurnidi ty to 50
per  cent  !  t /Z  a , t  75" ,  the  te rnpera ture  rnus t  be  he ld  w i th in  t  O. :E  degree F .
When relat ive hurnidi ty control  is required at the surface of sorne object
in the space, al l  the therrnal ef fects,  not only air  ternperature, rnust be
adjusted so that the ternperature of the object is control led within the
perrnissible ternperature tolerance consistent with the control  of  relat ive
hurnidi ty required.
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VENTILATION, AIR CHANGE, AND AIR DISTRIBUTION

Venti lat ion is required in the f i rst  instance to maintain air
f r e s h n e s s .  I t  r n a y  a l s o  b e  r e q u i r e d  i n  s o r n e  c a s e s  t o  c a r r y  o f f  e x c e s s i v e
heat  o r  rno is tu re .  Fresh a i r  i s  usua l ly  requ i red  to  the  ex ten t  o f  l0  c f rn
per  person or  o t  l /?  to  I  a i r  change in  the  space per  hour  (ACH) ,  wh ich-
ever is the rnore dernanding. I t  is cornmon pract ice, however,  to
circulate up to three t imes this arnount of air ,  with the fresh air  being
rnixed with a larger quant i ty of air  drawn frorn the space. Total  air
changes up to 3 per hour are often desirable to produce adequate
circulat ion and rnixing in the space.

'Vfhen 
the air  being calculated is also the carr ier for heat and

rnoisture, the rate of air  c irculat ion rnay be governed by the condit ions
of the enter ing air .  I t  wi l l  be appreciated that i f  heat ing and hurnidi fy ing
are required via the air  stream, the enter ing air  rnust be warmer and
rnore rnoist  than that in the space under control .  Simi lar ly when
cool ing and dehurnidi fy ing are required the enter ing air  rnust be cooler
and dr ier than that in the space. The arnount by which the enter ing air
condit ion di f fers frorn that of  the roorn'condit ion depends on the heat and
rnoisture losses or gains of the room and the rate at which air  is
circulated. In the case of heat ing, about 3 ACH are usual ly suff ic ient
since a ternperature of enter ing air  of  f rorn 50 to 100'F above roorn
ternperature is tolerable. Condit ions in this pr irnary air  strearn are
therefore rnarkedly di f ferent frorn the desired roorn condit ions unt i l  i t
has been thoroughly rnixed with roorn air .

I t  is the condit ion of the air  exhausted frorn a space rather than
that being introduced which closely ref lects the roorn air  condit ion. In
the  case o f  coo l ing ,  such la rge  d i f fe rences  be tween en ter ing  a i r  and
roorr l  air  cannot be tolerated because of the tendency of cooled air  to
fal l ,  and to produce rnarked ternperature di f ferences in the occupied
zone even i f  i t  were pract ical  to produce thern. Consequent ly when
coo l ing  is  accompl ished th rough a  cond i t ioned a i r  s t rearn  as  is  usua l ly
the  case i t  i s  necessary  to  p rov ide  f ro rn  8  to  l2  ACH.  I t  w i l l  be
appreciated that air  distr ibut ion, air  rnix ing, and air  c irculat ion becorne
very i rnportant in order that the enter ing air  strearn be properly
distr ibuted and rnixed with roorn air  before i t  enters the occupied zone
where control  of  condit ions rnust be rnaintained. When close control  of
condit ions throughout al l  of  the occupied parts of a roorn are required
i t  i s  n e c e s s a r y  e i t h e r  t o  i n c r e a s e  g r e a t l y t h e  a i r  c i r c u l a t i o n  r a t e ,  o r  t o
reduce as  fa r  as  poss ib le  the  cor respond ing  heat  and rno is tu re  loads  on
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the room, the object in ei ther case being to reduce the di f ference
between enter ing air  and room air .  Uniforrn air  distr ibut ion rnay also
be prornoted by introducing the condit ioned air  through perforated
ce i l ing s .

Pr inciples involved in the design of temperature and humidity
cond i t ioned cab ine ts  a re  d iscussed in  re fe rence (3 ) ,  wh ich  prov ides
sorrle further insight into the problerns of achieving uniforrn conditions
which  are  app l i cab le  to  roorns  a lso .

COSTS OF AIR.CONDITIONING

Decisions as to the kind and precision of control  of  air-
condit ioning should always be related to costs,  s ince these can vary
wide ly ,  inc reas ing  rap id ly  as  the  cont ro l  p rec is ion  is  inc reased.  Such
f igures  in  genera l  te r rns  rnus t  o f  necess i ty  be  gross  es t i rna tes  on ly ,
since they can be affected by many factors which can vary from case
to  case.  r t  i s  use fu l  to  g ive  them on the  bas is  o f  f loor  a rea  where
possible so that they may be related roughly to bui lding costs.  r t  rnay
be assumed fo r  these compar isons  tha t  labora tor ies  cos t  about  $20
per sq f t  of  f loor area, exclusive of heat ing, vent i lat ing, and air-
condit ioning.

Heat ing systerns cost about $4. 50 per sq f t  of  radiat ion
ins ta l led .  For  ho t  water  heat ing  w i th .a  requ i rement  o f  50  Btu  perhrper
f t  o f  f loor  a rea ,  the  sys tern  w i r l  cos t  $1 .50  per  sq  f t  o f  f loor .  i t , r r . y
be noted in passing that hot water is now used alrnost exclusively for
heat ing large bui ldings.

Air  distr ibut ion systerns for rnechanical  vent i lat ion cost about
$1 per cfm of capacity.  For 3 AcH the cost wi l l  be about 50 cenrs per
sq f t  of  f loor area. Air  distr ibut ion systems for air-condit ioning wi l l
cos t  about  $ I .25  per  c f rn  and fo r  l0  ACH th is  a rnounts  to  a  l i t t le  over
$ 2 . 0 0  p e r  s q  f t  o f  f l o o r .

The cost of  central  air-condit ioning plant wi l l  range frorn $+OO
to $6oo per ton of capacity.  (one ton capacity relates to the heat
absorbed in  rne l t ing  I  ton  o f  i ce  per  day  and equa ls  2gg,000 Btu  pe t  7_4
hr or 12p00 Btu per rninute heat removal rate. )  The cost of  central
plant can be related only very crudely to f loor area because of the
dependance of cool ing load upon locat ion and cl i rnate, bui lding design
and occuPancy'  and part icular ly upon the kind and arnount of t t"""  used
in exter ior wal ls and the relat ion between this and f loor area. Equat ing

s q
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these rough ly  on  the  bas is  o f  I  ton  per  350 sq  f t  o f  f loor ,  the  cos t  o f
cent ra l  p lan t  w i l l  add  about  $ t .  SO per  sq  f t  o f  f loor .

These f igures  are  no t  par t i cu la r ly  generous  and represent
ordinary cornfort  air-condit ioning in off ice-type bui ldings, They put
the  cos t  o f  a i r -cond i t ion ing  a t  about  $3 .50  per  sq  f t  o f  f loor ,  w i th
heat ing, when this is separately provided, adding about $t.  SO for a
total  of  about $5.00. Adding air-condit ioning is thus l ikely to add
frorn l0 to 20 per cent to the cost of  a bui lding. Costs of owning and
operat ing rnay be in the range of 50 to 75 cents per sq f t  of  f loor for
air-condit ioning, but again are subject to var iat ions in design, c l imate,
energy  cos ts ,  and so  on .

The cost of  rnore ref ined systerns capable of producing closer
control  of  temperature and hurnidi ty wi l t  rnount rapidly as perrr issible
tolerances are reduced. The total  capital  cost per ton which is in the
range or  $ t000 to  $ tzoo fo r  o rd inary  a i r -cond i t ion ing  is  l i ke ly  to  be
doub led  i f  cond i t ions  o f , r  I  degree and t , t  per  cent  a re  requ i red ,  and
probably quadrupled i f  :  t /z degree and I  r /z per cent are dernanded.
Offsett ing this,  there wi l l  be a corresponding reduct ion in the tonnage
required due to the reduct ion or el iminat ion of glass areas which becornes
a l rnos t  essent ia l  when increas ing ly  c lose  cont ro l  i s  requ i red .

INFLUENCE OF GLASS AREAS

Decisions as to the arnount and kind of windows in exter ior wal ls,
together with shading and orientation are without question arnong the rnore
irnportant ones to be rnade when designing a laboratory bui lding. The
use of substant ial  glass areas part icular ly on east and west exposures rnay
rnake air-condit ioning essent ial  s ince sutnrner condit ions can be intolerable
without i t .

The rnaxirnurn cool ing load associated with the solar transmission
through 100 sq f t  of  ordinary glazing in a west wal l  is about 4 ki lowatts
or  jus t  over  I  ton  o f  re f r igera t ion .  The cor respond ing  ga in  assoc ia ted
with an equal area of insulated opaque wall is only about 5 per cent of
this.  Thus the cost for air-condit ioning alone under extreme cond. i t ions,
exPressing owning and operat ing costs as a f ixed ini t ia l  surn together
w i th  cap i ta l  cos t ,  can  be  in  excess  o f  $zo  ro t  each square  foo t  o f  g lass
added on cr i t ical  exposures (  )  (5).  Problerns of glare rnay be introduced
with large glass areas requir ing ei ther increased levels of art i f ic ial
i l luminat ion or the use of shading devices (6).  Final ly,  for reasons
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already discussed, f loors or work surfaces heated by enter ing solar
energy .or  heated  in te r io r  ehade or  g lass  sur faces ,  in t roduce ser ious
variations in thermal conditions which are undesirable frorn the point
of view of uniform cornfort conditions and become intolerable when
precise ternperature or temperature and hurnidi ty control  is to be
rnaintained.

Windows, because they usual ly provide the coldest bounding
surfaces of a room under winter condit ions, also l i rni t  the relat ive
hurnidites that rnay be carried in winter if serious condensation is to
be avoided (7, 8,  9,  l0).  A double window with outside wind at -20"F
will perrnit no rnore than 30 per cent relative hurnidity without conden-
sation and ternperatures on sash and window frarnes and at the edges of
sealed double glazing can be even rnore restrictive, depending on the
de s ign .

VTINTER RELATIVE HUMIDITIES

Another irnportant question that must be resolved at an early
stage in the design of a laboratory is that of the maximum relative
hurnidity to be carried in winter. Windows are a l irnit ing factor as
just  d iscussed,  but  the rest  o f  the enclosure can a lso be rest r ic t ive.
The design of exterior walls, part icularly when buildings are to be
hurnidified in winter has been extensively treated in the Canadian
Building Digests of the Division of Building Research and in public
Bu i l d ing  Sc ience  Sern ina rs  (2 ,  I l ,  l Z ,  13 ,  l 4 ) .

PLANNING IMPLICATIONS

The implications of windows and vrinter humidification in
relation to building planning in general have already been indicated.
Other considerat ions which fol low frorn the previous discussions can
be del ineated br ief ly.

Orientation of a building becornes important frorn the point of
view or 

"offii i-g"in 
when windows are provided whether or not air-

condit ioning is provided. An east-west or ientat ion of the long axis of a
building minirnizes the extent of east-west glass exposure which is the
rnost difficult to deal with.

When rzroderate or high winter hurnidities or precise control
of conditions are not required throughout the laboratory building but
only in a selected nurnber of rooms, these can with g-reat benefit be
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Iocated away from outeide wal le.  I t  is preferable also to avoid toP
f loor  loca t ions  in  ex t re rne  cases .  When th is  p rac t ice  cannot  be
fol lowed, the use of double wal ls with heat ing between them in winter
rnay be desirable. In a further extension of this,  the space between the
wal ls rnay be widened to provide a corr idor which is heated but not
hurnidi f ied in winter.  This arrangement might also be used to advantage
when windows are considered desirable, with vent i lat ion in surpmer
used to carry away sotne of the solar heat,  provided that a di f ference in

condit ions between the corr idor and the adjacent inner condit ioned space
can be tolerated. When air-condit ioning is provided, the nurnber of
ducts or the nurnber of service pipes or both are incresed, depending on
the  sys terns  used.  Spec ia l  cons idera t ion  then becornes  necessary  in
planning for these.

Thought rnust always be given to the handling of exhaust frorn
furne hoods and any other spaces requir ing 100 per cent exhaust to outside.
Th" pr-rt"ton of rnake-up air and the balancing of supply and exhaust
quant i t ies throughout the bui lding becorne of part icular i rnportance. One
fume hood exhaust from a laboratory of 300 sq f t  can produce ?0 or more
air  changes per hour.  Thus the operat ion of a large nurnber of furne
hoods in a bui lding can represent a relat ively very large exhaust which
can be a ser ious problern when the operat ion of hoods is var iable and
can lead to a cost ly load when air-condit ioning is provided. I t  rnay
often be desirable to operate fume hoods cont inuously during working
hours, using thern as the bui lding exhaust systern in order to rnaintain
balanced supply and exhaust and accept ing the high air-condit ioning
load, provided they can be shut down at al l  other t i rnes.

Co ld  rooms rnus t  be  care fu l l y  cons idered s ince  they  can induce
f.reezing in adjacent construct ion. Frost heaving of basernent f loors and
frost problems in outside wal ls can be induced when cold roorns are
bui l t  in at these locat ions. Such roorns should preferably be of wood
construct ion separated frorn the bui lding construct ion as a rool)n within
a roorrr  so that air  can be circulated, by natural  rneans or forced, to
avoid freezing. A11 such roorrs for low ternperature work rnust be
t ight ly constructed since air  and water vapour leakage can add great ly
to  the  re f r igera t ing  load and can cause excess  co i l  f ros t ing .

AII hurnid roorns and particularly hot'hurnid rogrns should
always u" t igrt t ty cott" t tuqted since air  atd@rorn them can
cause rnoisture problerns in adjacent construct ion and work spaces.
These should preferably also be constructed as rooms within a room and
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cold roorns i f  this can be avoided. I f  they

bui lding, outside wal l  locat ions should

Cond. i t ioned spaces  are  a  g rea t  a id  i f  no t  abso lu te ly  essent ia l

fo r  rnany  purposes  in  modern  labora tor ies ,  The te rnpera ture  and

hurnidi . ty control  required in such cases wi l l  of ten go much beyond that

which can be provided by the best of  the cornfort  air-condit ioning

sys te1Trs .

Cornfort  air-condit ioning in general  laborator ies rnay wel l

become the rule as an expected condit ion of ernployrnent" I t  is not

inexpens ive  and poses  prob le rns  whbn spec ia l  s i tua t ions  ar ise  such as

those involving fr t rne hoods" I t  can, by reducing the f luctuat ion in

arnb ien t  cond i t ions ,  fac i l i ta te  the  prec ise  cont ro l  o f  boxes ,  cab ine ts ,

and o ther  enc losures .  A i r -cond i t ion ing  becornes  essent ia l  to  avo id

in to le rab ly  ho t  cond i t ions  when la rge  g lass  areas  are  used or  when

substan t ia l  heat  sources  ex is t .

Windows,  though jus t i f ied  on  the  grounds o f  sub jec t ive  reac t ron

of  the  occupants ,  a re  in  a l rnos t  a l l  cases  techn ica l l y  undes i rab le  and

add great ly to the arnount and cost of  air-condit ioning. They cannot be

to le ra ted  in  labora tor ies  in  wh ich  prec ise  cont ro l  o r  h igh  hurn id i t ies

rnust be rnaintained in roorns adjacent to exter ior wal ls.

Sound pr inc ip les  in  the  cont ro l  o f  heat ,  water  vaPour ,  a i r  and

ra in  rnus t  be  ernp loyed in  the  des ign  o f  bu i ld ings  when cont ro l led  hurn id i t ies

above 20  per  cent  a re  to  be  car r ied  w i thout  d i f f i cu l ty  in  w in te r .
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PREF'ACE

Ttrls blbllography ts a selectlon frorn references
rgvtewed durlng a l lterature search on laboratory build.tngs.
f l re references have been careful ly selected, c lassl f led,  and
abstracted. in ori ler to asslst archttects, ourners and others
1n flnding infomatlon of value in d.eslgntng, bullding, and
eqUlpping laboratorles. References to descrlptions of par-
tlcular laboratory projects have been omltted since they
can be found. ln the Archltectural Index, the Art Index,
the Applled Sclence and Technology Ind.ex (formerly Indus-
trial Arts Index), and the blbliographies l isted. hereln.
Attentlon 1s drawn parttcularly to those publlshed by the
llbrary of the Royal Insiitute of Britlsh Architects.

Careful conslderation was glven to the grouplng
of the references. Although specific matters are mentioned
1n the references ln Part I, they were grouped, und.er the
headlng tfGeneralrr, slnce each one 1s valuable from tr,vo or
more speciflc aspects of laboratory butldings. Part fI
ls a subject classiflcation dealing tn detail with safety,
flexibll i t;r, and. other subjects whlch nay be treated. only
briefly in f and. with reference to a special type in Part
fII. Part IIf includ.es references whlch d.eal with speciftc
types of laboratorles.

\ To obtain complete reference to available lnfomatlon
on any laboratory bullding the whole bibliography should be
revlewed.. It should also provide a quick reference for
those whose lnterest is more select, In each section the
references are l lsted ln chronologlcal order wlth the
most recent ones flrst. fhe l iterature is bein6 kept under
revlew and add.it ional references w1l1 be published. as
supplements so that an up-to-d.ate record of the existlng
lnformation wil l be maintalned.

[?r1s is the first report resultlng from a study of
the functional requlrements of buildings recently begun
by thls nlvision. fhe work has been conducted by Allen
E. Brass, a graduate archttect of the University of Toronto,
now a member of the Buildlng Stand.ards Section.

Ottawa
June, 1959

R. F.  legget
Dlrector
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1. selectecl readlng llst on laboratory deslgn. s.B. I{ydd and, J.K. ?age.
Jourzral-of the Royal fnstltute of Ctrenlstry, voL. BI, April t957,
p .276-280.

Isboratortes 1949-f956. A select tlst of referenoes to materlal ln
the R.I.B.A. trlbrary, 66 Portland Place, I,ondon W.l, Dlgland.

Some recent references to the deslgn of clvlL en6tneertng laboratorloa,
1950-1954. Sctence l ibrary Btbl tographlcal-Sertes No. 742.

Atontc en-ergy bu1Id.lngs. A llst of references to arttcles 1n perlodlcals
ln the R.I.B.A. llbrary, t{arch I95+. llbrary of the RoyaL fnstltute
of Brlttsh Archltects, 56 Portland pl.ace, london W.J., Er6land.

Des16n and construotlon of radlochemlcal laboratorles. A seleoted. Ilst
of  unclassl f led references. rrD-5015, october r ,  L95r,  Technlcar
rnfo::nation $errrlce, unlted states At6mlc Eaergy'comn16sion, oak
Rlfue, fennessee, 5p.

laboratortes and research statlons. A ltst of references to materlal 1n
the librarry of the Royal Instttute of Brltish Architects. October
1 9 4 9 .

Bulldtrlgs for research. F.Ig. Dod.ge ?trblishlng corporatlon, New york,
1958,  224p.

PrLs bool< conslsts of a collectlon of artlcles on laboratories
publlshed 1n the Architectural Record since 1950. Part f,
Planning the raboratorg ls a general d.iscusslon of the pr6blems
qnd polnts for consideratlon in the d.eslgn of any type bf
laboratory build.ing. Part ff, Nuclear labo::atories, 1s an lntro-
duction to the uni-que problems presented. by this newest type of
laboratory whlch is appearing ln l_ncreaslng numbers. Part IfI,
Industrlal T,aboratorles, and Part fV, Instttutional Iaboratorles,
are composed of over 2 d.ozen examples of various types of laboratorles
wlth plans, photos, diagrams and descrlptions. laboratorles
covered in these are examples of: industrlal engineering, biologl-
ca1 research, electronlc research, chernical research, university
research, and milltary research laboratorlos.

I'aboratorlen. Plannung, Bau, Elnrichtung. Dr.-fng. httz Iassen.
Verlag Das Belsptel Darmstad,t, I9j7. I62p.

Chemlsche Und Biologlsche LaboratorLen, Plarurung, Bau. Und Eirrrichtun6.
Wetner Schrarnrn. Verlag Chemie. GIrtsH. WelnhelmTBergstr, 1957. ZJOp.

The above two books are in Ge:man wl-thout an Engllsh sumnary.
fhey cover every aspect of laboratory plarurlng, constmctlon, and
furnlshln6 ln a comprehenslve and well-organlzed maruler, and include
lLlustrations of laboratories from many parts of the world as
wel-1 as Geraany. Ihe generous supply of photos, d.lagrams, and
charts suppJ-ement and clarlfy the text and lncltrde lllustrations
of many of the flttlngs and pieces of equlpment which mlght be
lncluded 1n a laboratory bulIdlng.
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ro' raboratory deslgn. Edlted P{-$.s._9oleman, Relnhold prrbl.tshlng
Oorporatlon, New york, 195I. tg3i.

e on Destgn, Constnrctton and
fatlonal Research Counctl of the
ubmtsslons by narqy speclallsts

laboratorles. It 1;, as Roland.'ra sort of publlo opinton pott

R"t t, Iiflaterlals, -tr'aclllttes, Ser:rrioes and Equlpnent, ls a generalcllscusslon of the desi6n featrires common to ail iypes'oi-rrt|iaii"r""and lncludes lnterlor constmctlon materlais, 
-iuriritu"", 

piuruirie,
llghtlng, power, ventllatlon and safety preciuifo"s.

r1d. be modlfled for use for anytype of laboratory bulJ.dlng.

Part rv, conclse-Descrlptlon of some Ifodern r,aboratorles, contalns
p111"' _tl_oto,s, . dla6rams-ancl descrrptl-ons ot itrtrieen confleted
laborstory bulldlngs indlcating solutlons to the varLoul probr"rs
1n the tleslgn of these bulldlng5.

11'  Seoond R.I-8.A. sytr lpostun on laborator les: report  of  dlscusslon"
Archltectst Jouznal, Mareh 5, Ig5g, p.3g4-'3et .

ltr1s artlcle contalns brlef summarles of the papers presented
at the T:r.B.A. symposlum arong with some of iirb pJriiJ which aroseln the dlscusston.

L2" Draft revlslon of B.S. recommendatlons on laboratory furnlture andfltt1n6s. Brltlsh Standards fnstltuttoo, Cx (ificj--825i, Septenber1957.

rlrls ls the draft of a standard bel-ng prepared by the Brltlsh
standards rnst l tut lon but whlch rs airbaa! belng-pui- to us".Although framed partlcularly for laboratoiies li breat Brltalnthere ls a great deal of tnlo:natlon appllcable to litoratorlesbullt anSrwhere ln the world. t?rls staidara aitempts io organlzethe vast amount of exlstlng knowledge into a conclse an6 moreusable form and takes advanta6e of {ne wltte expeii"nces of thosenost actlve Ln the fleld of riboratory desls" in-Biitarn.

rt ls composed. of the following secttons: 1 - Generar notes onlaboratory deslgn; 2 - reborat6ry uenctres i 3 - tr\rme exiractlon lnlaboratorlesl and 4 - Iaboratory servtces. Also tn pieparatlon
are sectlons on the choice and protectlon of materlais ior use tnlaboratorles and on safety preciutlons rn l_anoratoii;;.-

I1' Bu1ld1ngs -,what-ls requlred? F.M. I,ea" Natlonal physlcal Iaboratory,recl t l tngton, paper 6; arso rre Bul l t ter,  ooiot; ;  i , "r t t6;  p.589-591.

I eeneral outllne of the lmportant aspects of
l-ndlcatlng the polnts on which dec1s16ns must
the condltlons affectlng them. Of valuo ls a
needed when drawlng up iequlrements for a new

Iaboratory deslgn
be made and some of
table of rflnfo:natlon
laboratory bulldtngrf .
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14. Bulldlng for researoh - rleslgn, aonstructlon and layout of laborstorles.
H.A. Snow. Nattonal Physlcal leboratory, fetltl lngton, Paper g;
also lbe Bul lder,  Ootober 5, 1956, p.591-592.

, Dlscusslon of many aspects of labo:ratory destgn emphaslzlng the
tnportanoe of short- and long-te:m predictton ln developlng the
progran of requlrements for a J.aboratorT,bulldlng, 1n vlew of the
fact that research contlnually changes 1n scope and dlrectlon.

15. Physlcal  facl l l t les for research. C.F. Rasswel ler.  Ctrernlcal  and
Drgfneerlng News, vs}.  12, no. 50, December 13, I95+, 8.4910-4952.

Aclvlce to laboratory users conslderlng bullding new faclLlties not
to forget the lmportance of such factors as locatLon of the labora-
tory wlth regard. to convenlence to publlc transportatlon and good
houslng accomnod.atlon, provlslon of lunch room and recreatlonal
faclllties, and. others, wlth reference to the oonfort and convenlenoe
of the employees.

16. Report of a synposl-um on labo:ratory layout and constnrctlon. Royd1
Instltute of Chemlstry, lectures, Monographs, Reports, no. 6, 1949.

InoLudes: Iaboratory plannlng and
Academic and. teachlng laboratortes
Iaborator les by J.  Haslam; Research
Mtcrobtologlcal laboratorles by G.
and the archltect by E.D. M111s.

furnlshing by C.l. Prlor;
by hof . W.H. I,lnnell; Analytlca1

lsborator les by F.H. Mi lner;
Sykes; and Laboratory plannlng

Various ltems of lmportance regardlng l-aboratory deslgn are polnted
out 1n the papers presented by those who use, equlp, and desLgn
Laborator les, based on thetr  experlence.

L7. Some aspects of modern laboratory deslgn. J, TuIe Bogue. Dnd,eavour,
January 1949, p.J8-12.

Brlef dj.scusslon of some aspects of laboratory tleslgn wlth an emphasls
on problems of blology and nedical  research laborator les.

L8. Better laboratory layout, hlgher research output. E.G. Rochow.
C1renlcal fndustrles, December 1947, p.986-987 .

Some notes on fruntt laboratory plannlngtr and other aspects of
Iaboratory deslgn.

19. Syuposlurn on the constructlon and des16n of research laboratorles.
Industrlal and Drgineerlng Chemlstry, vo1 . 19, Aprtl 1947, p.44O-46L.

fncludes: Selectton of laboratory locat ion by R.W. Catrns;
Deslgn of factlitles for research by P.C. Smith; A large lndustrlal
research labor:atory by D.M. Beach; Process englneerlng rosearch
laboratory by G.M. narby, E.J. Roberts and J.D. Grothe; Universlty
or col lege laboratorT by C.S. Ad.ams.

Flve papers outllnlng the problens of labo:atory deslgn through
general presentatlons and descriptlons of speclflc laboratory
bu11cl1n6s.

20. Some observatlons on laboratory planntng. G.P. Contractor. fndlan
Journal of  Sclent l f lc and Industrtal  Researoh, vol .  V, Do. 4,
October  1946,  p .155-166;  no .  5 ,  November  1945,  p .224-215;  and
no, 6, December L946, p.275-282.

A very oomprehenslve treatrnent of the general aspects of labo::ato:if
p1armlng. Some of the polnts are naturally peculiar to the Indlan
scene but nost could be appllcable to laboratortes an5rwhere.
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2I. Iaboratory plarurln8. ftre Chemlcal Age, Aprl l  26, 1947, 9.5O3-5O4.

A very br lef  out l lne of some of the maJor polnts dlseussed ln the
prevlous reference by G.P. Contractor.

A stucly of laboratory dayl16ht1n6. J.  IUusgrove and P. Petherbrtdge.
Areh l teo ts r  Journa l ,  September  l ,  1957,  p .168-374.

An out l lne of studles of laboratory daylt6ht lng conriucted by the
Brl t lsh Bul ldlng Research .stat lon '1n 

oonjunctton wlth the Dlvlston
of Archtteotural  Studles of the l fuf f le ld Foundat lon as part  of  the
latterts work on faboratory bul ldlngs. The art lc le deals wlth the
work of estabLlshln6 deslgn levels of dayl lght ing for laborator les
and of the doterminat lon of the methods of achlevln6 such levels
1n a part lcular laboratory room.

Deslgn of research laborator ies. R. l .  Davles. Royal Inst l tute of
Cheml"stry Journal,  January 1957, p.5-15.

Outllne of study of Laboratory bu11d1n6s by the Dlvislon for
Architectural  Studles of the Nuff leld Foundat lon.

24" Iaboratory deslgn. Survey of space and services requ!,rements ln two
agrlcul tural  research Laborator les. R. l .  Davies and J.W. Nlght lngale.
Nature ,  vo l .  176,  November  26 ,  J -955,  p .999-1OOI .

hogress report on pllot surveys of the Dlvlston of Arohltectural
Studles of the Nuff le1d Foundat lon as part  of  thelr  study of the de-
sfun ctr laboratory bulldtngs.

25" A report  on space requlrements for selent l f lc research labo::ator les.
J.  lorne Gray. Nat ional Research Councl l  e1 Canada, Ottawa,
Technlcal  Report  No. J,  NRC :--913, January 1949, 8p.

The results of a study of the ut l l lzat lon of laboratory space at
Nat lonal Research Councl l  laborator les whlch lnvolved area analysts
of labo::ator les of varying slzes ant l  t rses and with.  varylng numbers
of occupants. Results are tabulated to show arearlperson botht t u g e f u l ' r  a n d  t f g r o s s "  a n d  t h e r r u t l l l z a t l o n  f a c t o r t r ,  i . € .
usetuf x l oo(.. Recomrnendatl-ons are included for flgures to be usedgross
ln est lmating total  area requlred for a oomplete laboratory bul ldlng.

IT. SPECITTC DESIGN ASPECTS

Safety

26. Oceupancy f i re recorel ,  laborator les. I l re Recorcl  Bul let tn,  FR 5A-1,
1958,  N.F .P.A.  fn te rna t lona l ,  6O Bat te rymarch  St ree t ,  Bos ton  I0 ,
Massachusetts "

A descript lon of about f l f ty laboratory f i res lndtcat lng the causes
of the flres and the reasons for the extenslve dama6;e or lack of it,
and a viv ld remlnder of the nature of hazarcls whlch extst  ln
laboratory bul ldings, the extent of ' losses which can be encountered
and. the var lous prevenbat lve meastrres whlch can safeguard agalnst
such losses .  f t  con ta lns  a  l l s t  o f  N .F .P.A.  F i re  ho tec t lon
Publtcat lons appltcable to Laborator les.

27. Dnergency devlces for protect lon of laboratory personnel- .  X. Blendennann.
A l r  Cond l t lon lng ,  Heat in8  and Vent l la t ing ,  vo l .  54 ,  no .  I r  January
L957 ,  p .96-99 .

Deserlpt lons of var lous types of emergency sholvers aval lable for
use ln laborator les wlth an lndlcat lon of the tmportant polnts
related to thetr  lnstal lat lon.

22"

2J .

A .



28. Manual of laboratory safety. Burtetln Fs 2or, plsher sclentlflo,
1956. 5+p.

A safety manual for laboratory users contalnlng the follourlng:
Sectlon I - How to prevent accid.ents tn the ]a6oratory; Sectfon
2 - Ieboratory- flrst ald and flre flghting; Section J- - Safety
eqqlpnent avallabLe for use tn laboratorles; and Sectlon 4 - Some
lnfor^matlve references on laboratory safety.

29. Safety nqasures ln chemlcal laboratortes; Department of Sclenttflo
and Industrlal Rese_arch, Chentcal Research Iaboratory, Ted.dtngton,
rhngland. london, Her ldaJestyrs Statlonery Offioe, L95j. 2Ip.-

{ gqfety 6u1cle for the users of the Ctremlcal Researoh Laboratory,
teddlngton.

50. Gulcte for safety 11 the chenical laboratory. hreparecl by and publtshed
for the General Safety Conrmittee of the Manufacturlng CIlem1stst
AssoctatJ-on, r1"., washilston, D.c. D. van Nostrand-coropany, rno.,
Toronto - New York - lond,on, 1954, 214p.

Recomrnend.etl safet,v proced.ures for cornrntttee users of cherntcal
laboratorles based. on the best current practice. Chapter fI,
Ieboratory peslSn and Equlprnent, outllnes the rnajor potnts r6gartllng
safety which affect the design of laboratorles,

tr. safety tn the 3.aboratory-. A. webster. laboratory ?ractlce - part r,
yo l .  -2 ,  n9:_]0,  Ogtgber  19!5,  p .552-555;  par t  I f ,  vo l .  2 ,  no.  I I i
November_rg53, p.5o1-604; Part rrr, vor. 2, no. i2, Deceirber r95j,
p .655-657.

I. An outltne of the Brltlsh laws and regulatlons related to
Iaboratory safety prtncl1mlly from the polnt of view of thelr use.

II. Outline of hazard.s and recornmend.ed safety praotlces tn the
use of laboratori_es.

III. Important conslderatlons ln ventllatlng laboratories wLth
s-pecial reference to hoods and poLnts for paiticular attention tn
thetr d.eslgn and use. Ottrer problens ln the use of labs e.g. funes
of d.onestic gas or other fuel gas; eating in labs; safety instnrc-
tlons 1n laboratory rnethod boo[; identiflcation of pipelines;
protectlve screensl matntenance; ltftlng hearSr wetshts; setting
example for Juvenlles; notlflcation of the rlsks others may be-
ca11ed upon to run and the methods of cornbating then.

32. safety and lndustrlal hxglene in the raboratory. E.H. tr'awcett.
C?remical_and EYrgineerlng News, voI. JO, no. 25, June 23, L952,
p.2588-259I.

Dlrected. prlmarlly at users of laboratories, thls artlcle lndlcates
an approach to laboratory safety ll lusb:ating the lessons wlth
d.escrlptions of tragic tncldentb whlch have 6ccurred.. The sectlon
on "Planned Facilltiestt contains ei6ht ltens for desl6ners of
Laboratories to observe to ald ln achievtng safety.

tt. A check l1st for laboratory safety. H.I'I. Schwalb. Safety Malntenanoe
and hoduct lon, vol .  103, r to.  2,  February 1952, p.2g-3l .

hoposal for a laboratory health and safety cornmittee with a check
1lst of polnts whlch such a cornmlttee shouid look for tn regular
tnspecttons of laborator les,for safety ln their  use.

74. Safe6uardln8 research. H.II. Fawcett. National Safety Neurs, vol. 64,
no .  5 ,  Deoember  1951,  p . lB- I ! ,  85-89 .

Notes on laboratory safety for safety engineers.
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15. Electr lcal  safety ln expertmental  laboratortes. C.F. DalzteL.
Nat lonaL Safety News, voI,  6J, no. I ,  Aprl ] .  L951, p.27-29, 72-75.

An outllne of the hazards ln the use of electrlcal englneertng
laboratorles and recommended safety measures for the users. Classt-
flcatlon of hazards ln experlmental- laboratories ls lncluded wlth
a d.lscusslon of the general approach to these. Also lncluded arettsafety Suggestlons for Workers ln Dxperlmental Electrloal l,abora-
tor iestr .

56" Iaboratory safety. H.H. Fawcett. Ctremlcal and Englneerlng l$ews,
vo I .  29 ,  no .  14 ,  Apr l l  2 ,  195L,  p .1 lO2-1105.

Conside::atlons for safety tn laboratories prtmarlLy for users wlttr
exanples of precauttons taken ln the General Electrlc Co. laboratorles
at Schenectady, N.Y. One sectLon "?tgrstcaL Facllttles'r lndlcates
ttrose polnts affectlng the deslgn. Included. also ls a 'rSelected
blbltography bearlng on laboratory safety'r of value to labo:ratory
users .

tT. Safety ln the chemical l-aboratory. nr. H.A.J. Pleters and D.J.W.
Creyghton. Butterworths Sclentlfic Publlcatlons, london, 1951. 258p.

ttAs a handbook and gr:lde to students and staffs of chemtcal labora-
tortes, lt wlll help them to protect themselves and, fellow workers
agatnst the potentlal hazards conneeted with thetr work, showlng
how these oan be combated successfully by taklng precautlonary
measures and uslng approprlate equtpmenttr.

58" Report of a conference on the orlglns and preventlon of }aboratory
acold,ents, 6 November, 1948. Instltute of C?remlstry, lectures,
Monographs and Reports, no. 4, 1949.

Ptrbltcatton of the seven papers and subsequent dlscusslons presented
at the conferenoe whlch was concerned chiefly wlth the probleros
involved ln the safe operatton and use of laboratorles.

t9. How to prevent accidents tn the laboratory.
r ro .  3 ,  1946,  p . lB-66 .

llle laboratory, vol. 16,

A discusslon for users of laboratortes wlth a llntted anount of
tnfo:matlon about laboratory deslgn.

B. El.e+Lbl1lty

40. Should your new laboratory have rnovable or stationary prtlttons?
Clremlcal Industrtes, voI. 6J, no. J, Septernber L949, p.152-151"

MovabLe partltlons by R. Brown and Stationary partltlons by R.S. Rose Jr.

Arguments for and. agalnst movable partitlons based on personal
experience.

C. Serrrlces

4L. User_requlrements for laboratorles. f. Assessment of Slte Senrlces.
W.H. hltchard.. Archltectst Journal, IJIay 30, 1957, p.815-920.

trre flrst of a series of articles, thls one provides a general
lntroductlon to the problems lnvolved ln the deslgn of laboratorles
with emphasis on the assessment of the sultabllity of the slte from
the polnt of view of the aceesstblltty of serrrlces.

42. User requtrements for laboratorles. 2. Speclal.tzed Serrrloes. W.H,
hl tchard. Archltectsr Journal,  June 6, 1957, p.8!f-864.
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Detalletl dlscusslon of the m-any servlceg whlch rnust be provlded
1n a laboratory buildtng wlth an lndtcatlon of what thei are used
for and horv they are to be provtded, supplled antl dlstrlbutea. 

- 
it

stresses the lmporfance of detemtntng whf ch serrrtces should. be
centrarry dlstrlbuted and whlch oan be provld,ed by portabre
equllment or ottrer localized technlques, the servlces dlscussed
lnoLude electrlclty, compressed alr, _vacuum, steam, chLLled brine,
dlstllLed water, nltrogen, oxygen aira nyarogen.

41" water serrrlce for research Laboratorles. l. Brenderaann. A1r
Condltlogl!€r-Heatlng anC Ventllattng, vol. JJ, no. IO, October
1 9 5 6 ,  p . 1 1 5 - 1 U .

Dlscusslon of the varj.ous factors to be oonsldered tn deslgntng theprocess colcl and hot water system for a laboratory bu1}d1n! fndt-
catlng the lnportant polnts for engi.neers deslgnlig these.

44. Senrl-oe ptplng and lts equipnent for multistory Laboratortes. J.E.
Tork. A1r condltionlng, Heatlng and ventllating, vol. 52, no.-5,
May 1955,  p . t6 -102.

Dlscusston.-of tle-problems of services tn laboratory bulldlngs
lncludllg -the plping, method.s of dtstrlbutlon, and the partl6ular
pollts to be noted 1n connectlon with: steam senrlce, 6ondensate,
cold, water, hot water, ooollng water, treated water, 6ompressed
alr and vaouurn, 6as for {uer, oxygen, hydrogen and 6ther gases,
sanltary and. raln water dralnage, chemtcal wastes, refr1g6rat16n,
and, materlals for varlous plping systerns.

45" Baglleerlng services ln a raboratory, J.c. Krrlght. Joumar of the
rnstitrrtlon of Heatlng and ventllatlng Ee6lneers, vol. xxrrr,
Ii{ay 1955.

Brlef dlscusslon of serrrlces 1n laboratory bulldlngs followed by a
detalled dl.scusslon of a trnrttcular laboritory bulldlng for the
lllnlstrlp of Works.

46- Iaboratory plgqtlry. J.E. York. Progresslve Archltecture, tr'ebruarT
L92tt p'-1]5;J16; also 1n l\{aterlals and Methods in Architecture,-
Relnhold h.rbllshirig Corporation, 1954, New york, p.16j-169

An lntroductlon to the problems presented, by the large number of
senrices dlstrlbuted ln a laboratory buildlng with good dtagrans
aocompar\ylng the text. A more concise treatnent of the naterlal
covered in Reference No. 40.

(1) Illustrations and data sheets

47. tread_plunblng for laboratortes. Architectsr Journal,llbrary of
rnformatlon sheets 662. Architectst Journal, Irlaich 6, i959,
1 1 . c L I .

A summary o! some common uses of lead, sheet and plpe for laboratory
plumbln8. fncludes lnstallatlon dlagrams and talf6 of slzes and
welghts of plpes for laboratory wastes for normal work"

48. Iebolatory servlce ptplng. Tlme Saver Standard.s, ltrtrd Ettltton Lg54,
F.1[.  Dodge Publ lshing Corporat lon, New yorkr 'N.y.,  p.812-Bl j :

letall drawlngs of laboratory servtces from plans for Fl-restone
P[re and Rubber Co. Iaboratory, Akron, Ohior-by Voorhees, Walker,
Foley and Smlth, Archltects and Dr6ln6ers.
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49. Instde chases ln laboratory; fnslde and outslde chases 1n laboratoryi
Bposed ut l l l t ies in laboratory. Archltectural  Detai l lng, p.16-20,
C. Hornbostel ancl B.A. Bennett, Relnhold R:b11shln6 Corporatton
1955i aLso as sel-ected iletalls ln Progressive Archltecture,
August L951, November 1951, and March 1953.

Ihotos and dlagrams of laboratory service dlstrlbutlon systems ln
various laboratory bulldings.

D. Heatlng. Ventllatlng and. Al-r-CondltlonlnF

50. Heatlng and alr-condltlonlng for laboratortes. Heatlng and ventllatlng,
November 1953, p.6l-86.

fncluiles: l,flaml Va1ley ]aboratory for the koctor and Gamble
Cornpany; Alr-condttloning a laboratory health centre by W.G. Moses;
Motor tnrck englneerlng and laboratory buildlngs; Odour control
aIlows rectrculation and reduces laboratory air requlrements by
J.E. I'elninger; Ieboratories for handling radtoactlve matertal-s by
W.B. Harris; Ventllation and alr-oondltlonlng for laboratorles
by J.E. York.

Slx artlcl-es on heattn6 and alr-condltlonlng for laboratories.
the ftrst four are descriptlons of lnstallattons ln speclfle
bulJ-dings and the last two are general presentattons of lmportant
deslgfr pol-nts. ttleboratorles for handl1n6 radioactlve rnaterialstt
l-s an lntroductlon to the problems encountered ln the deslgn of
these laboratorles wlth emphasis on the importance of efflclent
ventilatlon and hood deslgn. "Ventllatlon and alr-conclltlonlng
for laboratorles" contalns a general outllne of constderattons
applying to all laboratory lnstalLatlons as well as the partlcular
potnts to be noted for a lar6e number of speciflc types of
laborator les.

51. Alr-condltlonlng for mod.ern research laboratortes. H.I.. Al-t. the
Industr lal  Heat lng E)r6i-neer,  Part  f ,  vol- .  9,  no.37, September L947,
p . f65-169;  Ib r . t  I I ,  vo l .  9 ,  no .  JB,  November  1947,  p .2L6-22O;
Part I I I ,  vol .  10, no. J9, January 1948, p.5-10; Part  IV, vol .  10,
no, {0,  } , {arch 1948, p.61-65; aIso, Domestic E:eglneerlng, vo!.  LT2,
oe .  4 r  October  1948,  p .104- I l -1 .

Dtscusslon of the problens lnvolved ln heating, ventilatlng and air-
condltloning lnstallations for large laboratory bui1dln6s. Polnts
are d.eveloped by reference to the problems whlch arose in the
-degl8;n of such installations by the author for an actual laboratory
building. The possible alternatives are outllned along wtth the
reasons for the cholce macle. ft is a comprehensive artlcle wlth
lllustrations to supplement the text.

E. Equlmont and lUmlshLngs

52. User regulrements for laboratorles. 1. Iaboratory benches and fume
cupboards. W.II. hltchard. Archltectsf Journal, August 29, L957,
p . 1 2 2 - 1 3 0 .

Outllne of the factors lnvolved ln the deslgn of laboratory benches
and fume cupboards.

53. A deslgn for laboratory furnl ture. E.H. Stock and J.S. Keeler.
Reprlnt frorn Analytlcal Chenistry, August 1956, 74; Technical
Paper No. 44 of the Dlvlston'of Bui lding Research, Nat lonal Research
Councll of Canada, Ottawa, ffiC 4109, November 1956, 5p.
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An aooount of the development of a new desl6n of Labo::atory
f\rrnlture now tn use at the Dlvlslon of Bulldlng Research bf t}re
Natlonal Research Councll of Canada. It tncllcates the requlrementg
to be net by arly lnstallation and outLlneg how these are Cchl.eved
1n the destgn deve3.oped.

54. Iaboratory equlprent. E.G. Ilalstead. hogresstve Archttecture,
September L956, p.I26-I j7.

An outllne of the oonslderatlons lnvolved ln equlpplng a laboratory
Lndlcatlng the need for oo-ordlnatlon of equllment d.es16n wtttr
bulld1n6 deslgn and layout.

55. lHlnber for Laboratory bench tops. Ieboratory haotlce, voL. j, no. 11,
November I9i4,  p.464.

Brlef descrlptlon of vartous ttnbers belng stuttlett by the Vfood
Stnrcture Sectlon of the Forest koducts Researoh Ieboratory 1n
&tgland and advloe on tlnbers for benoh tops glven to the B.S.I.
Conmlttee on Isbo::atory tr\rrnltatre ancl RLtttngs. *te suttablllty
of varl-ous specles has been revtewed and an assessment made of the
propertles needed ln a bench tlnber to ensure satlsfaotory servloe
uniler varlous conditlons of use t E.g. reasonabLe reststanoe to
acltLs, chemlcals and hot water, wlttr llttle tendency to spllt,
shrlnk or sweIl ln changlng condltlons. Speoles studled lnclude
lroko, makore, d.anta and purpleheart.

56. Eow to ensure success ln a laboratory lnstall,atlon. Canacllan Chenloa1
kocesslng, October 1951, p.818-840.

Advlce to laboratory users planntng on bulldlng new laboratory
factlltlest or expandlng present ones wlth regards to deallng wlth
those who supply and lnstalt the laboratory furnlshtngs.

57. Ilospltal laboratory equtpnent and furntture. hogresstve Archltecture,
Sovenber 1947 t p.92.

Dlscusslon foras lnrt of a larger seotlon on hospltal equlpment
and tleaLs with descrlptlon of benches and equlpnent nornally found
ln hospltal laboratorles. Streamllne speclflcAtlon follows ln
whlch lnrts are appllcable to laboratory equlpment and furnLshings"

IIT. TYPES

A. Industrlal Laboratorles

58. tr\rntlanentals 1n the deslgn of tndustrlal laboratorles. W.W. Fenner.
Eglneerlng News-Reoord, October L'|, 1946, p.108-112 (voI. P.
510-514 ) .

A general dtsousslon of lndustrlal laboratory des16n based. on
descrlptlons of solutlons in specLflc labo::atorles and stresslng
the value of nodular plannlng.

59. An lntrotluctlon to the plannlng of lndustrlal chemloal l-aboratortes.
E.D. Ml1ls. Royal fnstltute of Brltlsh Archlteots Journal,
December  1943,  p .27_13.

Dlscusslon of th€ planntn6 of lndustrlal chemlcal Laboratorles wtlir
charts, dlagrans and check llsts ltemlzlng the lmportant polnts for
the deslgner.
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B. Ieachlnslaboratories

60. Secon6 R.I.B.A. symposlum on laboratorles. The Cthemlstry Department"
W.H. lloyd. .ercfrftectsr Journal, I{arch L2, I959r P.405-41o.

Another of the papers presented at the R.I.B.A. Symposlumt !htg-
one ls a detalled- descrlptlon of the Chemtstry Department ln the
new sclence block at Brlghton Coll-ege.

61. Second R.I.B.A. slmrposlum on laboratorles. Chemlstry Teachlng Iebora-
torles ln Unlveisltles. A. Cox. Archltectsr Journal' Febmary
26,  1959r  p .111-13e.

Itrl.s ls one of the seven papers presented. at the Spoposlum of the
R.I .B.A. on Febmary 19 and 20, 1959. I t  ls an out l ine of the
loowledge of the author galned through hJ-s experlence 11 the tleslgn
of thls-type of laboratory. Includetl are d.lscusslons of such ltens
as bench aesign, Eangways, fume cupboards, balance rooms, washupst
ancillar-y spacei and stores and prepa::ation roons. The pap-er
outllnes the deslgn lmplicatlons on the laboratory of tb.e three
branches of chemiitry no:mally taught at undergrad.uate leve1 - or8antct
lnorganlc and PhYslcal.

62" User requirements for labo:ratorles. 4. School laboratorles. W.H.
Prlf,chard. Archltectst J'ournal, November 6, 1958' p.574-680.

An outllne of the space, fu:nlture, and services needed 1n physlcst
chenistrT, and botony and blology laboratorles in schools. Stress
ls place-d'on the irnportanoe of carefully consldering the currlculun
and-posslble changei to lt ln dete:rrinlng the requirements for the
deslgn of school laboratorles.

6r" Teachlng laboratories. Report of a sJrrnposium on deslgn of teachlng- 
1ab6::atorles Ln unlversitles and colleges of advanced technology,
held on 14 lIarch, 1958, at the Royal fnstitute of Brltlsh Archi-
tects,  66 Porbland Place, london W,1'  bagland. J2p.

Includes: Unlversittes and the dest6n of teachlng laboratorles by-
Slr p1c Ashby; P1annlng bu11d1n6s ior the teachlng 9f_ science ancl
technology by- S.n. Slnr[es; The unlversity teaching labor:atory by
E. Maxweli f*y; Sclence Bulldlngs in colleges of technology by
G. Grenfelt Blines; and },'Xaterials and services by W.H. httchard.

Contalns the flve papers and subsequent discussions whlch intlicate
sone of the problelns-which must be 

-solved 
both by archltects and

and teachlng staffs 1n the design of teachln6 laboratorles.
fncluded ar6 such points as: the problem of low utLlizatlon of
laboratory space; the need for flexiblllty to meet changtng
programs; the vaiue of a technlcally trained llalson man between
arctrtteci antl college staff; the inportance of the brlef of
requlrements; and, an outllne of various materials and serrrices for
use in laboratorles.

64. Ore ptarueing of sclence laboratorles ln schools. Richard Slreptrnrd and
?artneri and W.H. Pcitchard. IfiaX, L957. Avatlable wlthout_charge
fron the Industrtal trbnd for the Advancement of Sclentiflc Edu-
catlon ln Schools, 20 Saville Row, Lond'on, W'J-, E)egland.

Comprehenslve treatment of the subject lncluding notes on pla-nnlng'
phyiloal requlrements, scnrices, flttings and materials. Alt}toueh
it- pertatns 

-speclficaity 
to sch6ol laboratortes in Brltatn' thls

gutcte contalni much lnformatlon useful for school labo::atories
elsewhere.



- L 2 -

65. SJmposlum on cleslgn and constructl-on of college and unlverslty
ghgmt-stry'laboratorles. Journal of Grl:emlcal Educatlon, vol. 24,
Ju l .y  1947,  p .J2A451.

fnoludes: General problerns of laboratory deslgrl by II.F. lewls;
R_enodering_o-Id college Jaboratorles by J.E. caveltt; Oie gener6L
-chemistry labo:ratory by J.C. Bailar Jr.; fl:e analytical labo::atory
by G.G. I'4arrr1n; The organlc laboratory by c.D. Hurd; raboratorles
for physlcal chemlstry by 1.0. Caso; Deslgn of laboratorles for
chemtcal engi.neerlng tnstructlon by H.C. lYeber; New ldeas frorn
tndustrlal laboratory deslgn by c.F. Rasswelrei; and rtre archltect
and hls relatlon to the chemlstry department bulldlng conrntttee
by H.R. Dowswe1l.

Itre papers presented at thLs syrnposlum cover the major consld,eratlons
lnvorved ln the design of corlege and unlverstty chemlstry labora-
torles as well as sone articLes of more general'app11cati6n.

66. Houslng for the snall college chemlstry d.epartment, II.F. lewLs.
chqplq" l  a4t l  Elngineering News, vor.2(,  no. 16, August 25, 1946,
p .2187-2188.

Dlscusston of a partlcular laboratory deslgn and some general
cornnents on problems of the college chemlstry laborator:y.

C. Phvslcs Laboratorles

67. Desl€n of physlcs research laborator les. J.S. Forrest.  Nature, voI.  I81,
January  11 ,  1958,  p .90-91.

Tlre report of a synpostum held on Noverober 2J, 1957, to put on
record. the vlews of archltects and research d.trectors responstbre
for the planntng of physics laboratorles. The lnportant polnt
stressed ls the changln6 character of such laboratorles whlch now
lequ-lre large machlnes and thelr attendant erectlon and servlci.ng
faclllttes to deal wlth many of todayts problens. A bastc 1abora-
tory design ls presented. and d.lscussed.

68. Dlscusslon on the deslgnof physlcs laboratorles, london, L947. Journal
of Sclent l f ic Instn- lments, vol .  25, 1948, p.I57-5A.

A _sunmary of the optnlons of men from marly of the larger phystcs
laboratorles ln Britatn wlth descrlpttons of thelr oc,rn paittcular
laboratories, to point out sone of the aspects to be consldered ln
the deslgn of such laboratorles.

D. Pllot Plant Ieboratorles

69. Syuposlun on p11ot plant deslgn pnd. constnctlon. fndustrlal and
Tlngineerlng C?remlstrry, vol . 4O, no. II, November l_948, p.AO11-2051.

rncludes: Organlzatlon by A.A. rynch; Reglonal research laboratortes,
! .S. Department of Agrlcul ture, by W.B. Van Arsdel,  R.K. Eskew,
E.A. Gastrock and. C.T. Iengford; Chemical englneering research at
the B.F. Goodrlch Company by A.B. Japs; Dehydratlon of heat sensttLve
nater lals by H.W. Schwarz; Fluidized sol lds p1Iot plants by E. lV.
Nicholson, J.E. Moise and R.l .  Hardy; Polymei lzatton units for
themosetting reslns, F.E. Reese and ELl Perry; and Methacrylonltrlle
ant l  Acrylonl tr l1e by l . I , [ .  ?eters, K.E. ] / Iarple, T.W. Suans, S.H.
McAll lster and R.C. Castner.

Ore seven papers presented. at this sSrmposium are descriptions of
cate many of the aspects of these
.ons of the processes involved
ripment for therc, outllnes of

and d.escriptlons of the features
plants.
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E" Radloaotlglty labora-torlgjr

?0. Deslgn of laboratories for safe use of radlolgotopes. D.R. Ward.
Unlted States Atomlo E)aergy Commlsslon, Advlsory Ele1d Se:nrlce
Branch, Isotopes Dlvlslon, Oak ltldge, llennessee, Novernber 1952' 48P.
(Avallable from the Offlce of lechnical SenrLces, Dep,artment of
Connerce, lTashlngton 25, D.C.).

A conprehenslvo guicle to the deslgn of laboratorles for hand}lng
mlcrocurie and mllllcurle amounts of the most common radtolsotopes
based on the experlences of those ln the desl6n of such laboratorLes
and ln the fleld of radloaotivll;y.

Part I, Features of General Radlolsotope leboratorles, containg
tnfonnatLon appllcabLe to nany types of radlolsotope laboratorles
and lncLudes dlscusslon of such features as: proper roo!0 arrange-
nent, venttlatlon, cholce of laboratory surfaces, speclal- equllnent
and others.

Part II, Radloisotope Iaboratorles for Speclflc Purposes, tleals
with the follorrlng: radiochemlcal research laboratories; labora-
torles for syntheslzlng carbon 14 conpounds; blologlcal research
laboratories; hospltal rad.lolsotope unlts; student tralnlag
facll1t1es; and fac11ltles for using radlolsotopes as sealed sourcen.
In each caie l.l-lustratlons of typlcal l-aboratory arrangeroents and
oost estlmates for equlpplng the laboratorles are lncluded.

7),. What to conslder when deslgrllng fune hoorls for medlun level radloactlve
oondl-tions. J.M. Rudd.y. Heatlng, Plplng and A1r Condltlonlng'
vo1.  J0 ,  n lo .  1 ,  March  1958,  p .128-1-1 I .

Ottllne of the factors to be consld'ered in destgnLng fume hoods
for medlum leve1 radl-oactlve work based on studles of fume hoods
carrletl out at the Brookhaven Natlonal laboratory.

72. Arcbltectural and bulldlng requlrenents as related to atomlc enqrgy.
Slr John Crockcroft. 

-R.I.-B.A. 
Journal, January 1958' vol- 65,

n o '  3 '  P ' 7 6 - 8 6 '

Descrlptlon of varlous bulld1ngs for atomlc energy ln Degland wtth
lLrotos of thern antl dlscusslon of Lmportant points ln the desl$n of
the bulltl lngs.

77. Water supply antl dralnage quantltles for radloaotivity laboratorles.
.I.M.-Ruday. A1r Contlitlonlng, Heating and Yentilatlng, Octsber
1957,  P .105-106.

Descrlptlon of the flndln6s of a stucly of hot and colcl water usage
at the-Brookfuaven Natlonal Iaboratory whlch l-ed to the developnent
of deslgn data for (1) hot and cold water plplng; (2) Iaboratory
waste piplne; and (l) sannplln' and holdup tank slzing, for radlo-
aotlvlty-Lab6ratorl-es. Orese d.ata supplement deslgn crLteria
1n the llatlonal- Pluurblng Code of ttre U.S. whlch were found to be
unsutted. to the d.emands on water supply and clralnage ln radloactlvlty
labo:ratorles.

74. Sone solutlons to heatlng and ventllatlon problems 1n atontc energy
research establlshments. G.I{. I{arbert. Journal of tho Instltutton
of Heating antl Ventllattng Dn6ineers, vol. 24, Septenber 1955'
p . 2 1 7 - 2 6 1 .

Detallecl descrlptlon of heating and ventllatlng lnstallatlons of
Atorolc E)rergy R6search Establlshments in England deslgned by the
wrlter.
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'15. Hot laboratories. NucLeonlcs, vol. 12, no. J.1, trovenber 19540 p.15-10O.

frrtrty-slx arttcles on Laboratorles for radloaotl-ve naterlaLs based
on papers presented at an Atomlc Energy Commtsslon lnforaatlon
neetlng at Brookhaven Natlonal Laboratory, Upton, N.Y., l{lay 26-28,
1954. IncLutled are the follovrtng sectlons: Design; General purpose
rnanlpulations; Remote equlpnent; Operatlons; Adnlnistratlon. It
ls of value to users chtefly and the sectlon on ttD'es16ntt lncludes
descrlptlons of shlelctlng and handllng equtpnent, in vartous labora-
tor ies.

76. An approach to hot laboratory destgn. G. Morrls. ?rooeedlngs, Amerloan
Soclety of Clvll hngineers, vol. 80, June 1954, Separate No. 448, 5p.

A brief revtew of the maJor conslderatl-ons ln the destgn of hot
labo::atories, and stresslng the aeed for early collaboratlon between
sclentlsts and ileslgn englleers ln the develolment of plans for
new laboratory facllltles.

77. An engtneerLng approach
Amertcan Soclety of
No.  446,  21p,

to hot cell deslgn. H.M. Gl-en. kooeedlngs,
Clvll ftrgl-neers, voI. BO, June L954, Selnrate

Dlscusslon of deslgn practices lnvolved ln the blologlcal shlelcl
and other necessary auxlllarles such as viewlng wlndows, naterlal
and personnel access doors, manlpulators and se:nrtce requlrements
for a smaLl all-purpose celf whlch contalns practtcally all the
features usually found tn larger nore conplex ce1ls.

78. Shlelttlng structure facllities for atomlc energy research. F. R1n6 Jr.
hoceedi-ngs, Arnertcan Society of ClvtL Ergineers, vol. 80, June
1954, Sepa::ate No. 447, 18p.

Dlscusslon of the configuratlons and uses of varlous shlel<llng
stnrctures employed in atonic energy research and developrnent.

79" Ptptng, punps and valves for high Bressure water reactor systens.
A. Anorosi. Heatin6, Plplng and A1r Cond.ltlonlng, voI; 26,
no, 5, i l tay 1954, p.I40-144.

A dlscusslon of the radloactlvlty problens of hleb pressure,
water-cooled nuclear plants and thelr effeots on materlal seleotlon
and deslgn components.

80. Yentllatlng and heating problems ln atomic energy establlshnents.
W.l. Wllson. Journal of the Institutlon of lleating and Ventllatlng
Engineers, voJ-.  20, Septenber 1952, p.2I5-237.

General presentatlon of problens of ventllatton antl heatlng ln
atonlc energy establishmentg tn &rgland with discusslon of altenatl-ve
solutions.

81. Hospltal radiolsotope laboratory. C.B. Braestrup and E. Qttnby.
Progressive Archltecture, Decenber 1952, p.84-87; also on p.96-99
1n the book ldaterlals and Methods ln Archltecture, Relratol-tt Rrb-
Ushing Corpo:ra-bion, 1954, New York, N.Y.

frrls report provldes lnformatlon required for plannlng the average
hospttal radiolsotope laboratory to be used. prlmarlly for hospital
work and covers such aspects as: rooms required and floor spaoe,
Iocatlon ln the hospltal, structural requlrements for shleldlng,
ventllatlon, spi:clal faclllttes and floor loadi.ng, bullt-ln
equllment and detall-ed requlrements. Illustratect wlth plans of
typlcal labomtory layouts and othor dlagrans.
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82. Radlo_lsotope_facllltles for the general hospltal. S.C. fngratram, M.D.,
U.S. Publio Hea1th Serrrloe. Architectuial Record, Dec6nber L952, 

'
p. IBI-2, t96-?.

hesentatlon of data co_verlng the requlrements for the type of
radlolsotlPe faclllty that ls llkely 

-to 
flnd wldest appli6atlon

1n-6enera1 hospltals. Dlscuesion of typlcal plans foi-naaiochenlcal.
Iaboratory ancl ?atient Up-Take Measurlng Roon-lndlcating the lmpor-
tant planntng conslclerattons "

81. hocee4lngs, ^Ieboratory deslgrr for handllng radloactive matertals,
BRAS conference lgpgrt, No. l, Ntay 1952, 140p. Buirdlng Rese6rch
Advlsory Board, 2I0l Constttutlon Avenue, Walhlngton, DIC.

IncLudes: Sesslon I, Archttectural tntroductlon to radlochemlcal-
labo::atory layout; Sesslon 2, Air supply and. exhaust 1n laboratorLes
hantlltng radloactlve materlais; Sessfon- 1, Control and shletdlng
of lsotopes in radioactive laboratoriesl Sesslon {, Surfaces and
flnlshes for raclloactive raboratorles; session 5, blsposal of
radloacttve wastes. Glossary of terms used ln nucleai sclence an6
technology. Blbliography. TID-1013 Design and Constnrotion of
Radlochenlcal Iaboratorles. Technleal Info:matlon Se:nrice of the
A.E.C.  o f  the  Un l ted  Sta tes .

A very comprehenslve treatment of the design features of thls
newest type of labo:ratory which ls appearlng ln lncreaslng numbers.

84. Archltectural abstracts from the conference on laboratory destgn for
handling radloactlve materlals. BuLletln of the Ameilcan fnstltute
of Archltects,  voI.  6,  no. 2,  March 1952, p.I I -20.

Includes: Racllochemlcal laboratory layout by A.D. IllacKintosh;
Alr_suppJy and exhaust for laboratorles hanttiing radloactlve ;aterlals
by C.P. Roberts.

85. Archltectural abstracts fron the oonference on Laboratory deslgn for
handllng raclloactlve materlals. Bulletln of the Ameilcan Instltute
o f  Arch t tec ts ,  vo l .  6 ,  no .  1 ,  I |ey  1952,  p .1 -ZO.

rncludes: control and shielding of isotopes tn radioacttve
laboratories by Dr. N.B. Garden; Surfaces-and flnlshes for radlo-
actlve laboratorles by J.G, Terrill; $/aste disposal by Dr. E.
Pltzer; and Summary of conference Uy Ur" G.S. fiIanou. 

-

85. Control and removal of radloactlve contamlnatlon 1n laboratorles.
Eandbook 4Br U.S. Deprtnent of Connerce, Natlonal Bureau of Stan-
dards, Decenber 15, I95t, Z4p. For sale'by the Superintend.ent of
nocuments, Washington D,C.,  U.S.A.

A valuable docunent for all users of laboratorles handllng radlo-
act lve mater lals.  Sect ion V, t fspecif ic mater lalst t ,  ls devoted to
a brief analysts of the nost conmon types of surfa6es ln use tn
radlotsotope laboratorles and is therefore of value to deslgners
of laboratorles.

87. Worklng surfaces for radl-ochemtcal 1aboratorlesrglass, staln].ess steel
and Ieacl, P.C_. [ompkins and O.M. Blzze1l. inaustiial and hgineertn6
Chemlstry,  vol  .  42, no. B, August 1950, p.I469-I475.

rrlhe exchange of a radlonuoltde betrrveen surface and solutlon is
lnherently a slow process. ftre clifficulty of decontamlnatlng a
gurface d.epends largely on the removal of radlonucrldes which are
fl:mly attached to the surface. si.mp1-e tests which pe:mtt comlnrt-
sons between surfaces, d.econtamtnation reagents, ancl contamlnating
condttlons have been developed. A few conclusi6ns regarding the
suitabl l t ty of  gIass, stalnless steel,  and lead for radlochemical
laboratory surfaces have been d,rawnrt,-
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88. Worklng surfaces for radlochemlcal laboratorles, palnts, plastlcs,
and floor materials. P.C. Tompkins, 0.M. BLzzeII ancl C.D. Ifatson,
fndustrlal and Dnglneering C?remistry, vol. 42, no. I, August 1950,
p .1475-1481.

89 .

'rfhe corrosion reslstance and d.econtaminatlon propertles of severa]
avallable paints, plastlcs and reslns have been studied under
standardlzed. conditlons. It ls conclud.ed that some of these may
be used to advantage ln place of glass, stalnless steel,  or Iea<l
for many common functi.ons, and that tlrey may often be d,econtaml-
nated by mlld reagents, such as detergents. llhe combtnatlon of
the contamlnating condltlon, the surfacs materlal, and the decon-
tamlnatton reagent are interd.ependent variabLes whteh lead to a
high de6ree of specifioity ln cleaning effLcl-ency'r,

Ore archltectural approach to ::adiochenlcal laboratory d.esign. A.D.
IttracKi-ntosh. Bu1letin of the Amertcan Institutes of Archltects,
vo l .  4 ,  no .  J ,  i \Tay  1950,  p ,7 -2o .

A d.lscussion of the deslgn of radiochemical laboratorles lnclutling
data on planning, flexlbllity, modularity, shielding, fintshes,
servlces, heatin6 and ventilating and waste disposal.

90" Safe handllng of radloactive lsotopes. U.S. Department of Cornnerce,
National Bureau of Standarcls, Handbook 42, September 1949, ]Op.
(For sale by Superintendent of Documents, Vlashington 25, D.C.).

Dlscussion of the handltng of radioactive isotopes of value prlncl-
pa115r to laboratory users. Sectlon on ttleboratory deslgn and
equipmentrf, contalns several polnts for deslgners of laboratorles.
recommend.ations of a mand.atory nature for laboratorles handllng
rad.toacttve lsotopes in the U.S. and a list of publlcations of
interest to radioisotope laboratories are tncluded.

91" Deslgn, auxlllary equipment and services for a radlochemlcal laboratory.
G.H. Guest and l .G. Cook. Nat ional Research Counci l  of  Canada,
Febmary 1948, NRC l-714, !2p.

Dlscusslon of the deslgn of laboratories lntended to handle falrly
large amounts of beta and garnma materials with precautions to be
taken by those usin6 them, IncLuded also are suggestions for deslgn
of laboratories hand.ling smaller quantitles of radiation.

92. Slmposium on rad.iochemtstry laboratories. Industrial and frrgineerlng
Cthemlsiry,  vol .  { I ,  no. 2,  Febmary 1949, p.227-25O.

fncludes: Introductory remarks by J,A. Swartout; Imlnct of radio-
activity on chemical laboratory technlques and deslgn by P.C.
lornklnson and H.A. levy; RadiobiochemLcal laboratories by W.P.
Norris; Research with low leveIs of radtoactlvity by J.A. Swartout;
Senihot laboratorles by N,B, Gard.en; laboratory for preparation
and, use of rad.ioactj.ve organLc conpound.s by C.ttI. Rice; and
Remodelln6 a laboratory for rad.iochemical lnstructlon or researclr
by H.A. trery.

Slx papers outlinlng the problems encountered in the use and dest6n
of radlochemistry l-aboratories nrith clescriptlons of the laboratories
of some of the participants to lndtcate solutlons to the problems
of labo::atory ventllation, special hood faclIltles, surfaces whtch
can be readlly d.econtamlnated., and. constmctlon to ellninate aleas
dtf f lcul t  to keep clean.

91" Control of radloactlvlty hazard.s. W,H. Sullivan. C?remtcal ancl Drglneerlng
News,  vo l .  25 ,  no .  26 ,  June J0 ,  1947,  p .1862-1855.
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Outltne for users of laboratortes Lnvolved wtth radloactlve naterlals
for the oontrol of the hazards presented. Mentton of a fom of
safety organtzatlon l-n the plant and an outllne of general nrLes
and procedures whtoh are conslileretl to be appl1cabl6 to aII personnel
engaSed 1n work associated wlth radtoactlve-fraterlars,

94. ftre desl5n of laboratorles for radloaotlve work. R. Spence. proceettings
of tho Conference on Nuclear Ctrentstry, sponsored. 6y the CtrenlcaL
rnstltute of .calada,_I[ay lt-16-]2, L947, iltc]{aster uirlverslty,
Ilamllton, Ontarlo. Part TT, p.ZIZ-2I|.

A brtef sunmary of the problens of radtatlon protectton in the use
of radloactlve matertals 1n laboratortes. Some plannlng and aesign
polnts are outllned as well as polnts to be obsenred ln the use oi
such laboratorles.

95" Somo aspects of-t!e deslgn of radLoohemlcaL laboratorles. H.A. tre1ry.
chenicar_ald Englneerlng Nevrs, voL. 24, no. 2J, Deaember 10, J-946,
e'1168-1171'

Descrlptlon of the problems lnvolvecl tn the use of radioactlve
materlals tn laboratorles. of value to raboratory users belng
tntroduced. to suoh natertars and wlthout prevlous experlenoe.


