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PREFACE 

The Nat iona l  Research Counci l  o f  Canada was asked t o  c o o r d i n a t e  t h e  
p r e p a r a t i o n  o f  a  s e t  o f  g u i d e l i n e s  f o r  t h e  des ign  o f  energy  e f f i c i e n t  
b u i l d i n g s  t h a t  cou ld  be  used by a l l  depar tments  and agenc i e s  o f  t h e  
Government o f  Canada. An i n t e r d e p a r t m e n t a l  conlmi t t e e  was formed t o  c a r r y  
o u t  t h i s  t a s k ;  t h i s  committee dec ided  t h a t  t h e  g u i d e l i n e s  shou ld  b e  i n  
t h e  form o f  annual energy budge ts  f o r  v a r i o u s  types  o f  occupanc ies .  Work 
is undemay t o  p r e p a r e  t h e s e  g u i d e l i n e s .  

I t  was recognized ,  however, t h a t  t h e  development o f  a  comprehensive 
s e t  o f  energy  budge t s  and methods f o r  p r e d i c t i n g  and moni to r ing  energy 
consumption i n  b u i l d i n g s  would r e q u i r e  a  c o n s i d e r a b l e  p e r i o d  o f  t ime,  s o  
i t  was dec ided  t o  produce a  s e m i - p r e s c r i p t i v e  s e t  o f  g u i d e l i n e s  t h a t  
cou ld  b e  used u n t i l  t h e  energy budget  g u i d e l i n e s  a r e  ready f o r  u s e .  I t  
was f u r t h e r  dec ided  t h a t  t h e  i n t e r i m  g u i d e l i n e s  shou ld  be  ba sed  on ASHRAE 
S tanda rd  90- 75 f o r  Energy Conserva t ion  i n  New Bu i ld ing  Design, b u t  w i th  
t h e  requ i rements  f o r  t h c  b u i l d i n g  envelope and 1 i g h t i n g  systems modi f ied  
t o  s u i t  Canadian c o n d i t i o n s .  Th is  r e p o r t  p r e s e n t s  t h e  proposed modi f i c a -  
t i o n s  t o  t h e  ASIIRAE S t anda rd .  

Tn deve lop ing  t h e s c  nlodificd requ i rements  t o  t h e  AStIKAI: S t anda rd  
t he  s t a f f  o f  t h e  D iv i s i on  o f  Bu i l d ing  Ilcscarch o f  t h c  N I X  have had 
d i s c u s s i o n s  w i  t h  alld adv i ce  froni e x p e r t s  i n o t h e r  dcpar tmcnts  and 
agenc i e s  o f  t h e  (;overnment o f  Canada and p r i  v a t c  consul  t a n t s .  'Ihc guide-  
lines r e f l e c t  t h i s  i n p u t ,  b u t  t h e  f i n a l  d e c i s i o n s  on t h e  proposcd rcciuirc-  
mcnts wcre made by t h e  a u t h o r .  

While t h e s e  g u i d e l i n e s  wcre b e i n g  p r epa red  i t  was d e r i d e d  t h a t  t h c  
NRC Assoc i a t e  Committee on t h e  Nat iona l  Bu i l d ing  Code was t h e  a p p r o p r i a t e  
body t o  b e  asked  t o  s u b j e c t  t h e  d r a f t  s t a n d a r d  t o  t h e  consensus  p r o c e s s .  
Thc & s o c i a t e  Committee agreed  and e s t a b l i s h e d  a  S t and ing  Committee on 
Energy Conserva t ion  f o r  t h i s  purpose .  The m a t e r i a l  c o n t a i n e d  i n  t h i s  
r e p o r t  i s  now b e i n g  reviewed by t h i s  Committee and i t  i s  expec ted  t h a t  



t h e  ACNBC w i l l  i s s u e  a  d r a f t  Energy Conserva t ion  Code f o r  review and 
comment based i n  p a r t  on t h i s  m a t e r i a l ,  d u r i n g  t h e  f i r s t  h a l f  o f  1977. 
These i n t e r i m  g u i d e l i n e s  a r e  b e i n g  made a v a i l a b l e  f o r  l i m i t e d  c i r c u l a t i o n  
a s  an I n t e r n a l  Report  o f  t h e  D iv i s i on  o f  Bu i l d ing  Research.  They w i l l  b e  
u s e f u l  f o r  t h e  guidance o f  d e s i g n e r s  b u t  i t  shou ld  b e  s t r e s s e d  t h a t  i t  i s  
e s s e n t i a l  t o  submit such t e c h n i c a l  documents t o  t h e  consensus  p r o c e s s  i n  
o r d e r  to  e n s u r e  t h a t  a1 1  p r a c t i c a l  c o n s i d e r a t i o n s  a r e  s a t i s f i e d  b e f o r e  
t hey  a r e  wide ly  implemented a s  des ign  r equ i r emen t s .  

S p e c i a l  a p p r e c i a t i o n  i s  due t o  t h e  generous  coope ra t i on  o f  ASHRAE i n  
p e r m i t t i n g  i t s  p u b l i c a t i o n  t o  b e  used f r e e l y  by Canadian Workers 
r e s p o n s i b l e  f o r  t h e  p r e p a r a t i o n  o f  Codes t o  s u i t  Canadian needs .  

Ottawa 
January  1977 

C . B .  Crawford,  
D i r e c t o r ,  
I .) ivision o f  Bu i l d ing  Research,  
Na t iona l  Research Council  o f  Canada. 
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?HE BASIS FOR THE INTERIM GUIDELINES 

The b a s i c  p r i n c i p l e  t h a t  ha s  been fol lowed i n  t h e  development o f  
t h e s e  g u i d e l i n e s  i s  t h a t  t h e  measures shou ld  b e  c o n s i s t e n t  w i t h  low 
l i f e - c y c l e  c o s t .  The a i m  i s  t o  reduce  t h e  amount o f  energy used  t o  
o p e r a t e  b u i l d i n g s ,  b u t  any measure t h a t  i n c r e a s e s  t h e  i n i t i a l  c o s t  o f  
t h e  b u i l d i n g  must y i e l d  enough s a v i n g  on o p e r a t i o n a l  c o s t s  t o  have a  
pay-back p e r i o d  t h a t  i s  l e s s  t han  t h e  expec ted  l i f e t i m e  o f  t h e  b u i l d i n g  
A second  and e q u a l l y  impor tan t  c o n s i d e r a t i o n  ha s  been t o  make t h e  
mcasures s imple  and conven i en t  bo th  f o r  d e s i g n e r s  and r e g u l a t o r y  
o f f i c i a l s .  And f i n a l l y  t h e  aim has  been t o  make t h e  requ i rements  as 
r a t i o n a l  a s  p o s s i b l e .  Where t h e r e  was c o n f l i c t  between s i m p l i c i t y  and 
r a t i o n a l i t y ,  s i m p l i c i t y  h a s  been g iven  p r i o r i t y .  

Bui ld ings  have been s e p a r a t e d  i n t o  t h r e e  d i f f e r e n t  t ypes  on t h e  
b a s i s  o f  t h e i r  r a t i o  of envelope a r e a  t o  g ro s s  f l o o r  a r e a .  The reason  
f o r  t h i s  way o f  c a t e g o r i z i n g  i s  t h a t  h e a t  l o s s  is  a  f u n c t i o n  o f  t h e  



amount o f  exposed s u r f a c e  b u t  h e a t  ga in s  from occupan t s ,  l i g h t s  and 
equipment a r e  r e l a t e d  t o  f l o o r  a r e a .  Thus a  b u i l d i n g  w i th  a  h igh  r a t i o  
o f  exposed s u r f a c e  t o  f l o o r  a r e a  w i l l  have o n l y  a  smal l  p a r t  o f  i t s  h e a t  
l o s s e s  made up by h e a t  produced from i n t e r n a l  a c t i v i t i e s .  Consequent ly  
it w i l l  b e  a p p r o p r i a t e  t o  r e q u i r e  t h i s  type  o f  b u i l d i n g  t o  have more 
thermal  r e s i s t a n c e  i n  t h e  s h e l l  than  would b e  j u s t i f i a b l e  i n  a  b u i l d i n g  
w i th  a  low r a t i o  o f  exposed s u r f a c e  t o  f l o o r  a r e a .  

A l l  b u i l d i n g s  t h a t  have more enve lope  a r e a  than g r o s s  f l o o r  a r e a  
a r e  c l a s s i f i e d  a s  type  1 .  This  c a t e g o r y  i nc ludes  de tached  and row-type 
hous ing ,  a l l  s i n g l e - s  t o r e y  b u i l d i n g s  r e g a r d l e s s  o f  s i z e  and  o t h e r  low- 
r i s e  b u i l d i n g s  of  moderate s i z e .  Type 2  b u i l d i n g s  a r e  t hose  w i t h  exposed 
s u r f a c e  a r e a s  r ang ing  between 60 and 100 p e r  c e n t  o f  t h e i r  g ro s s  f l o o r  
a r e a .  Type 3 b u i l d i n g s  a r e  t h o s e  t h a t  have exposed s u r f a c e  a r e a s  t h a t  
a r e  l e s s  than  60 p e r  c e n t  o f  g r o s s  f l o o r  a r e a .  Th is  l a s t  c a t e g o r y  
i n c l u d e s  most l a r g e  h i g h - r i s e  commercial b u i l d i n g s  ; most m u l t i s t o r e y  
apar tment  b u i l d i n g s  w i l l  f a l l  i n t o  t h e  i n t e r m e d i a t e  c a t ego ry .  Th is  way 
o f  grouping b u i l d i n g s  i s  c e r t a i n l y  n o t  p e r f e c t  b u t  i t  i s  s imp le  t o  u se  
and t a k e s  account  o f  one  ve ry  impor t an t  pa r ame te r  i n  b u i l d i n g  de s ign .  

'The thermal  r e s i s t a n c e  r equ i r emen t s  f o r  t h e  walls and r o o f  o f  type  
1 b u i l d i n g s  have been d e r i v e d  u s i n g  t h e  p rocedure  o u t l i n e d  i n  Bu i l d ing  
Research Note 105(11 and d a t a  on t h e  i nc r emen ta l  c o s t  o f  a c h i e v i n g  
v a r i o u s  thermal  r e s i s t a n c e s  f o r  w a l l s  and r o o f s  o b t a i n e d  from a  p r i v a t e  
c o n s u l t a n t  who specializes i n  t h i s  f i e l d .  The requi  remcnts a r c  l e s s  
than  t h e  a n a l y s i s  i n d i c a t e s  a s  "optimum" in  o r d e r  t o  a l low f o r  
u n c e r t a i n t y  i n  t h e  d a t a ,  and t o  ~ilakc s u r e  t h a t  t h e  nicnsurcs do n o t  go 
beyond t h e  p o i n t  o f  minimum I i f e - c y c l e  c o s t .  The requ i rements  f o r  t ype  
2  and type  3 1)u i ld ings  a r e  i n  t u r n  based  on t h o s e  f o r  t ype  1 ,  b u t  t h e  
h i g h e r  p r o p o r t i o n  o f  t h e  envelope h e a t  l o s s  t h a t  comes from l i g h t s  and 
people  i n  t h e s e  types  o f  b u i l d i n g s  i s  t aken  i n t o  accoun t .  

The c r i t e r i a  f o r  windows a r e  somewhat a r b i t r a r y :  t hey  have been 
s e l e c t e d  t o  conserve  energy wh i l e  s t i l l  p e r m i t t i n g  r e a s o n a b l e  amounts o f  
g l a s s  i n  t h e  e n c l o s u r e s  of  b u i l d i n g s .  For  example, type  1 b u i l d i n g s  i n  
t h e  c o l d e s t  p a r t s  o f  t h e  coun t ry  would b e  r e s t r i c t e d  t o  hav ing  l e s s  than  
14 p e r  c e n t  o f  t h e  wa l l  a r e a  i n  double  g l a z i n g ,  whereas i n  t h e  m i l d e s t  
a r e a s  t h i s  c o u l d  go up t o  20 p e r  c e n t .  The amount o f  g l azed  a r e a s  cou ld  
b e  i n c r e a s e d ,  o f  c o u r s e ,  by u s i n g  t r i p l e  o r  quadrup le  g l a z i n g .  I n  t ype  
3 commercial b u i l d i n g s ,  on t h e  o t h e r  hand, a t  l e a s t  28 p e r  c e n t  o f  t h e  
wall a r e a  cou ld  b e  double  g l a z e d  even  i n  t h e  c o l d e s t  r e g i o n s .  

'Ihc requ i rements  f o r  l i g h t i n g  systems have been s e l e c t e d  s o  t h a t  
d e s i g n e r s  w i l l  b e  a b l e  t o  ach ieve  l i g h t i n g  systems t h a t  meet t h e  
e s s e n t i a l  i l  lumina t ion  needs  o f  t h e  occupants  o f  a b u i l d i n g .  Ilowevcr, 
i n e f f i c i e n t  lamps and f i x t u r e s  shou ld  n o t  b e  used .  The powcr budget  
f o r  l i g h t i n g  systems r e p r e s e n t s  a  compromise between t h e  u l t i m a t e  i n  
energy conse rva t i on  and t h e  u l t i m a t e  i n  l i g h t i n g .  I t  i s  ba sed  on t h e  
judgement and expe r i ence  o f  s e v e r a l  l i g h t i n g  system d e s i g n e r s .  



REQUIREMENTS FOR ENCLOSURES AND LIGHTING SYSTEMS 

T h i s  r e p o r t  i s  i n t e n d e d  t o  b e  used i n  c o n j u n c t i o n  w i t h  ASI-IRAE 
S t a n d a r d  90- 75 on Energy Conserva t ion  i n  New B u i l d i n g  Design.  ( 3 ,  The 
c h a p t e r s  i n  S t a n d a r d  90-75 t h a t  d e a l  w i t h  t h e  e x t e r i o r  enve lope  r e q u i r e -  
ments and  l i g h t i n g  systems a r e  n o t  a s  s t r i n g e n t  a s  h a s  been  judged 
a p p r o p r i a t c  f o r  Canddian c o n d i t i o n s ,  s o  modi f i ed  v e r s i o n s  o f  t h e s e  two 
c h a p t e r s  have been  p r e p a r e d  t o  meet t h e s e  c o n d i t i o n s .  These c h a p t e r s  
can b e  used a s  rep lacements  f o r  S e c t i o n s  4  and  9  o f  S t a n d a r d  90-75,  o r  
t h e y  can  b e  used  by themselves  t o  l i m j  t t h e  energy  needed t o  o p e r a t e  
h e a t i n g  and 1  i g h t i n g  s y s  tems i n  bui l d i n g s .  

CHAPTER 4  : EXTERIOR ENVELOPE REQUIREMENTS 

4 . 1  Scope 

The c r i t e r i a  o f  t h i s  s e c t i o n  e s t a b l i s h  t h e  minimum requ i rements  f o r  
thermal  d e s i g n  o f  t h e  e x t e r i o r  enve lope  o f  new b u i l d i n g s .  The t a b l e s  i n  
t h i s  s e c t i o n  a r e  i n t e n d e d  o n l y  f o r  u s e  i n  d e f i n i n g  t h e s e  c r i t e r i a .  I n  
c a s e s  where a  sys tems a n a l y s i s  approach t o  b u i l d i n g  d e s i g n  i s  d e s i r e d ,  
t h e  r e q u i r e m e n t s  o f  S e c t i o n  10 o f  t h i s  S t a n d a r d  s h a l l  a p p l y .  

4.2 Genera 1  

4 . 2 . 1  The i n t e n t  o f  t h i s  s e c t i o n  i s  t o  p r o v i d e  minimum r e q u i r e -  
ments f o r  b u i l d i n g  enve lope  c o n s t r u c t i o n  i n  t h e  i n t e r e s t s  o f  energy  
c o n s e r v a t i o n .  'Ihese r e q u i r e m e n t s  a r e  n o t  i n t e n d e d  t o  b e ,  n o r  s h o u l d  
t h e y  h e  cons t r u e d  a s ,  t h e  op t imi  z n t i o n  o f  e n e r g y - c o n s e r v i n g  p r a c t i  c c s .  

4 . 2 . 2  C l a s s i  f j  c a t i o n  o f  l3uilclinrrs 

B u i l d i n g s  s h a l l  b e  d i v i d e d  i n t o  t h r e e  c a t e g o r i e s  o n  t h c  b a s i s  o f  
t h e  r a t i o  o f  exposed enve lope  a r e a  t o  g r o s s  f l o o r  a r e a  o f  f i n i s h e d  a r e a s .  

4 . 2 . 2 . 1  Type 1 b u i l d i n g s  s h a l l  i n c l u d e  a l l  b u i l d i n g s  where t h e  
t o t a l  a r e a  o f  t h e  exposed p a r t s  o f  t h e  e n c l o s u r e  exceeds  t h e  t o t a l  g r o s s  
f l o o r  a r e a  o f  a 1  1 t h e  f i n i s h e d  a r e a s .  

4 . 2 . 2 . 2  Type 2 b u i l d i n g s  s h a l l  i n c l u d e  a l l  b u i l d i n g s  where t h e  
t o t a l  a r e a  o f  t h e  exposed p a r t s  o f  t h e  e n c l o s u r e  i s  between 0 . 6  and  1 . 0  
t imes  t h e  t o t a l  g r o s s  f l o o r  a r e a  o f  a l l  t h e  f i n i s h e d  a r e a s .  

4 . 2 . 2 . 3  Type 3 b u i l d i n g s  s h a l l  i n c l u d e  a l l  b u i l d i n g s  where t h e  
t o t a l  a r e a  o f  t h e  ex-posed p a r t s  o f  t h e  e n c l o s u r e  i s  l e s s  than  0 . 6  t imes  
t h e  t o t a l  g r o s s  f l o o r  a r e a  o f  a l l  t h e  f i n i s h e d  a r e a s .  

4 . 2 . 3  Thc g r o s s  a r e a  o f  e x t e r i o r  w a l l s  c o n s i s t s  o f  a l l  opaque w a l l  
a r e a s  ( i n c l u d i n g  founda t ion  w a l l s ,  between- f l o o r  s p a n d r e l s ,  p e r i p h e r a l  
edges  o f  f l o o r s ,  e t c . )  , window a r e a s  ( i n c l u d i n g  s a s h ) ,  and door  a r e a s ,  
where such s u r f a c e s  a r e  exposed t o  o u t d o o r  a i r  and e n c l o s e  a  h e a t e d  
s p a c e  ( i n c l u d i n g  i n t e r s t i t i a l  a r e a s  between two such s p a c e s ) .  



4 . 2 . 4  A r o o f  assembly s h a l l  b e  c o n s i d e r e d  a s  a l l  components o f  t h e  
r o o f / c e i l i n g  enve lope  th rough  which h e a t  f l o w s ,  t h e r e b y  c r e a t i n g  a 
b u i l d i n g  t r a n s m i s s i o n  h e a t  l o s s  o r  g a i n ,  where such an assembly i s  
exposed t o  o u t d o o r  a i r  and e n c l o s e s  a  h e a t e d  s p a c e .  

4 . 2 . 4 . 1  The g r o s s  a r e a  o f  a  r o o f  a s sembly  c o n s i s t s  o f  t h e  t o t a l  
a r e a  o f  t h e  i n t e r i o r  s u r f a c e  o f  such assembly,  i n c l u d i n g  s k y l i g h t s  
exposed  t o  t h e  h e a t e d  s p a c e .  

4 . 2 . 4 . 2  Where r e t u r n - a i r  c e i l i n g  plenums a r e  employed, t h e  
r o o f / c e i l i n g  assembly s h a l l  : 

a )  f o r  the rmal  t r a n s m i t t a n c e  p u r p o s e s ,  n o t  i n c l u d e  t h e  c e i l i n g  n o r  
t h e  plenum s p a c e  a s  p a r t  o f  t h e  ~lssemt,ly,  and 

b)  f o r  g r o s s  a r e a  p u r p o s e s ,  b e  based  upon t h e  i n t e r i o r  f a c e  o f  t h e  
upper  s u r f a c e  o f  t h e  plenum s p a c e .  

4 . 2 . 5  The R v a l u e  o f  any assembly such  a s  r o o f / c e i l i n g ,  w a l l  o r  f l o o r  
may b e  lower t h a n  t h e  v a l u e  s p e c i f i e d  i n  t h e  v a r i o u s  s e c t i o n s  o f  t h i s  
s t a n d a r d ,  p r o v i d e d  t h a t  t h e  R v a l u e  f o r  some o t h e r  assembly exceeds  i t s  
minimum r e q u i r e d  v a l u e  by enough t o  make t h e  t o t a l  h e a t  l o s s  th rough  t h e  
b u i l d i n g  e n c l o s u r e  e q u a l  t o  o r  l e s s  t h a n  i t  would have b e e n  i f  a l l  t h e  
s p e c i f i e d  R v a l u e s  had been  adhered  t o .  

4 . 2 . 5 . 1  The R v a l u e  f o r  any assembly such  as r o o f / c e i l i n g ,  w a l l  
o r  f l o o r  s h a l l  b e  c a l c u l a t e d  u s i n g  t h e  p r o c e d u r e s  g i v e n  i n  t h e  ASHRAE 
llandbook o f  1:undamentals and d a t a  s u p p o r t e d  by l a b o r a t o r y  t e s t  r e p o r t s  
t h a t  a r e  a c c e p t a b l e  t o  t h e  a u t h o r i t y  hav ing  j u r i s d i c t i o n .  

4 . 3  C r  i t e r i a  f o r  Thermal R e s i s t a n c e  

4 . 3 . 1  Wal l s  

The opaque w a l l s  t h a t  a r e  exposed t o  o u t s i d e  c o n d i t i o n s  o r  t o  
unhea ted  a d j a c e n t  s p a c e s  o f  any b u i l d i n g  w i t h i n  t h e  s c o p e  o f  t h i s  
S t a n d a r d  as s e t  o u t  i n  S e c t i o n  2  s h a l l  have a  the rmal  r e s i s t a n c e  t h a t  
e q u a l s  o r  e x c e e d s  t h e  v a l u e s  g i v e n  i n  Tab le  I .  

TABLE I  TlIERMAL RESISTANCE (R) FOR OPAQUE WALLS 

Degree- 

Bui 1 d i n g  
Fewer t h a n  

3500 
Type 

Type 1 2 .5*  
(14 .2 )**  

Type 2  2 .0  
(11 - 4 )  

* R v a l u e s  have u n i t s  m 2  K / W  
* *  Values  i n  p a r e n t h e s e s  a r e  e q u i v a l e n t s  i n  f t 2  h r  F/Btu 

Between 
3500 a n d  

5000 

Between 
5000 and 

6500 
More t h a n  

6500 



4 . 3 . 2  Roof /cei  1  i n g  

The r o o f / c e i l i n g  o f  any b u i l d i n g  t h a t  i s  w i t h i n  t h e  s c o p e  o f  t h i s  
S t a n d a r d  and t h a t  must b e  o f  non-combus t ib le  c o n s t r u c t i o n  s h a l l  have a  
the rmal  r e s i s t a n c e  t h a t  e q u a l s  o r  e x c e e d s  t h e  v a l u e s  g i v e n  i n  T a b l e  11;  
t h e  r o o f / c e i l  i ng i n  o t h e r  b u i l d i n g s  where c o m b u s t i b l e  c o n s t r u c t i o n  i s  
p e r m i t t e d  s h a l l  have a  thermal  r e s i s t a n c e  t h a t  e q u a l s  o r  e x c e e d s  t h e  
v a l u e s  g i v e n  i n  Tab le  111.  

4 . 3 . 3  F l o o r s  

4 . 3 . 3 . 1  Unheated s p a c e s  a r e  s p a c e s  t h a t  a r e  n o t  w i t h i n  t h e  s c o p e  
o f  t h i s  S t a n d a r d  by v i r t u e  o f  p a r a g r a p h  2 .1 .2  ( i  . e . ,  s p a c e s  t h a t  do n o t  
need  t o  have any the rmal  r e s i s t a n c e  i n  t h e i r  e x t e r i o r  w a l l s ) .  

A 1  I  TIIERMAL RESISTANCE ( R )  FOR ROOF/CEILINC;' ANL) FLOORS O V E R  IINIlL,A'TlID 
SPACES (NUN- COMB1IS'TI R1,E CONSTRUCTIONS) 

' A  1 I 1 IIIERMAL R1;SI STANCE ( R )  FOR ROOF/CEI LING 
(COMBUS'I'I BL,Ii CONSTIlIIC'I'I ONS) 

Type 1  

Type 2  

Type 3  

Fewer t h a n  
35 00 

2 . 4 *  
(13.6)** 

2 . 0  
( 1 1 . 4 )  

1 . 5  
( 8 . 5 )  

-- 

1:cwcr t l i  an \ l o r ~  t h a n  
3500 0500 

* I< ~ 3 1 , ~ s  11nve u n i t s  m2 K / W  
** Values  i n  p a r c n t h c s c s  a r e  c q t l i v a l e n t s  i n  f t 2  h r  F/Btu 

'I'YI'c 1 

Type 3  

Between 

2 . 8  
(15 .9 )  (18 .2 )  ( 1 9 . 9 )  

2 . 4  2. 8  
(13.6) (15.9)  , ( 1 8 . 2 )  

- - - - - --- - - - -. -- 

4  .!I* 5 . 7  
( 2 7 . 8 ) * *  ( 3 2 . 3 )  ( 3 6 . 3 )  ( 35) . 7) 

- 

3 . 0  
( 1 7 . 0 )  

2 .0  
(11 .4 )  

Type 2  4 . 0  4 . 9  (1 . 4  
(27 .8 )  ( 3 2 . 3 )  ( 3 h . 3 )  , I 

1 

2 .4  
(1  3 . 6 )  

2 . 8  
( 1 5 . 9 )  



4 . 3 . 3 . 2  F l o o r s  o v e r  unhea ted  s p a c e s  i n  any b u i l d i n g  t h a t  i s  w i t h i n  
t h e  s c o p e  o f  t h i s  S t a n d a r d  and  t h a t  must  b e  of  non-combus t ib le  c o n s t r u c -  
t i o n  s h a l l  have  a  the rmal  r e s i s t a n c e  t h a t  e q u a l s  o r  e x c e e d s  t h e  v a l u e s  
g i v e n  i n  T a b l e  11;  i n  o t h e r  b u i l d i n g s  where  c o m b u s t i b l e  c o n s t r u c t i o n  is 
p e r m i t t e d  f l o o r s  o v e r  u n h e a t e d  s p a c e s  s h a l l  h a v e  a  the rmal  r e s i s t a n c e  
e q u a l  t o  o r  e x c e e d i n g  t h e  v a l u e s  g i v e n  i n  T a b l e  IV. 

4 . 3 . 3 . 3  The the rmal  r e s i s t a n c e  o f  t h e  i n s u l a t i o n  a round  t h e  p e r i -  
me te r  o f  a  h e a t e d  s l a b - o n - g r a d e  f l o o r  s h a l l  e q u a l  o r  exceed  t h e  v a l u e s  
g i v e n  i n  T a b l e  V; f o r  an u n h e a t e d  s l a b - o n - g r a d e  f l o o r  t h e  the rmal  

TABLE IV THERMAL RESISTANCE (R)  FOR FLOORS OVER UNItEATED SPACES 
(COMBUST1 BLE CONSTRUCTIONS) 

TABLE V THERMAL RESISTANCE (R) AROUND PERIMETER 
OF FIEATED SLAB-ON-GRADE FLOORS 

Ty1" 1 

Type 2  

Type 3  

I 

* R v a l u e s  have  u n i t s  m 2  K / W  
* *  Values  i n  p a r e n t h e s e s  a r e  e q u i v a l e n t s  i n  f t 2  h r  F/Btu  

Fewer t h a n  
3500 

4 . 7 *  
( 2 6 . 7 ) * *  

4 .o  
( 2 2 . 7 )  

3 .0  
(17 .0 )  

1 C e l s i u s  H e a t i n g  

Fewer t h a n  
3500 

Between 
3500 and 

5000 

-- 

4 . 7  
(26 .7 )  

4 . 7  
( 2 6 . 7 )  

4  . O  
(22 .7 )  

Between Between 
3500 a n d  5000 and 

5 0 0 0 6500 

-- 

Type 1 

Type 2  

Type 3  

bbre t h a n  
6500 

- - - ~ ---- -- 

1 . 3 *  
( 7 . 4 ) * *  

-. -- 

0 . 8  
( 4 . 5 )  

0 . 8  
( 4 . 5 )  

Be tween 
5000 and 

6500 

4 . 7  
(26 .7 )  

4 . 7  
( 2 6 . 7 )  

4 . 7  
(26 .7 )  

More t h a n  
6500 

4 . 7  
(26 .7 )  

4 . 7  
(26 .7 )  

4 . 7  
(26 .7 )  1 

1 . 7  1 . 1  
( 9 . 6 )  ( 1  1 - 9 1  

2.5 
( 1 4 . 2 )  I - -- -- -- -- ---- - - - - 

2 . 1  
(11 .9 )  

1 . 7  
( 9 . 6 )  

-I I 

1 . 3  
( 7 . 4 )  

0 . 8  
( 4 . 5 )  

1 . 7  
(9 .6 )  

1 . 3  
(7 .4 )  



r e s i s t a n c e  o f  t h e  p e r i m e t e r  i n s u l a t i o n  s h a l l  e q u a l  o r  exceed t h c  v a l u e s  
g iven  i n  Table  VI. The i n s u l a t i o n  s h a l l  e x t e n d  downward from t h e  t o p  o f  
t h e  s l a b  f o r  a  d i s t a n c e  o f  n o t  l e s s  than 0 . 6  m ( 2  f t ) ,  o r  downward t o  t h e  
bot tom o f  t h e  s l a b  and t h e n  h o r i z o n t a l l y  outward f o r  a  t o t a l  d i s t a n c e  o f  
n o t  l e s s  than 0 . 6  m. 

4 . 3 . 4  Walls Below Grade Level 

Any s p a c c  t h a t  i s  w i t h i n  t h e  scopc  o f  t h i s  S t a n d a r d  and h a s  w a l l s  
t h a t  a r c  i n  c o n t a c t  wi th  t h e  s u r r o u n d i n g  ground s h a l l  havc t h e  w a l l s  
i n s u l a t c d  t o  nclt l c s s  t h a n  0 .6  n ( 2  f t )  hclow t h e  grade l c v c l ,  o r  t o  t h c  
I,ascmcnt f l o o r  l c v c l  . 'Ihc t o t a  1 thcrlnal  r c s  ist : lncc 1)ctwccn i n s  idc  a i r  
and t h e  s u r r o u n d i n g  ground s h a l l  equal  o r  cxccccl t l ~ c  v u l ~ ~ c s  rccluircd f o r  
i ~ n h c a t e d  sln1,-on-grade f l o o r s  a s  s c t  o u t  in  Tablc  V I .  

4 . 3 . 5  Windows 

The sum o f  t h e  q u o t i e n t s  o f  t h e  a r e a s  o f  t h e  g l a z e d  p a r t s  o f  t h e  
e n c l o s u r e  d i v i d e d  by t h e i r  r e s p e c t i v e  R-val ues  s h a l l  n o t  exceed  1 . 6  
t imes  t h e  q u o t i e n t  o f  t h e  g r o s s  f l o o r  a r e a  d i v i d e d  by t h e  minimum R-value 
f o r  w a l l s  f o r  t h e  b u i l d i n g  t y p e  and  c l i m a t e  r e g i o n  a s  g iven  i n  Tab le  I .  

4 . 3 . 6  Doors 

Where no s to rm door  i s  p r o v i d e d  a l l  open ings  i n  e x t e r i o r  doors  s h a l l  
b e  double -g lazed ,  and  t h e  opaque p a r t s  o f  t h e  door  s h a l l  have  a  thermal  
r e s i s t a n c e  o f  a t  l e a s t  0 . 7  m 2  K / W  (4 f t 2  h r  F/Btu)  . 

* I \  v a l u c s  h;ivc u n i t s  K / W  
**  Values i n  p a r c n t h c s c s  a r e  c c l u i v a l c r ~ t s  i n  f t 2  h r  I:/Btu 

C e l s i u s  I i e a t i n g  
Degree- 

B u i l d i n g  Days 
TY pe 

Type 1  

Fewer t h a n  
3500 

0 . 8 "  
(4 .5 )**  

Between 
3500 and 

5000 

1 . 3  
( 7 . 4 )  

Bctwcen 
5000 and 

6500 

1 . 7  
(9 .6 )  

I 
More t h a n  

6500 

2 . 1  
(11 .9 )  



4.4  A i r  Leakage 

4 .4 .1  The requirements  o f  t h i s  s e c t i o n  a r e  l i m i t e d  t o  doors and 
windows s e p a r a t i n g  o u t s i d e  ambient cond i t i ons  o r  unheated spaces  from 
hea t ed  i n t e r i o r  spaces ;  they  do n o t  apply  t o  s e p a r a t i o n s  between hea t ed  
spaces .  

4 .4 .2  Compliance wi th  t h e  c r i t e r i a  f o r  a i r  l eakage  s h a l l  b e  
determined by ASTM E283-73, S tandard  Method o f  Tes t  f o r  Rate o f  A i r  
Leakage through E x t e r i o r  Windows, C u r t a i n  Walls and Doors, a t  a  p r e s s u r e  
d i f f e r e n t i a l  o f  75 Pa, which i s  e q u i v a l e n t  t o  t h e  e f f e c t  o f  a  wind 
v e l o c i t y  o f  11 m/s (25 mph). 

4 . 4 . 3  Thc r a t c  o f  a i r  l eakage  s h a l l  no t  exceed t h e  va lues  given i n  
Tahlc VII whcn components a r e  t c s t c d  i n  accordance wi th  paragraph 4 .4 .2 .  

TABLE VII CRITERIA FOR AIR LEAKAGE OF DOORS A N D  WINDOWS 

4 .4 .5  Caulking and S e a l a n t s  

Component 

Windows 

S l i d i n g  g l a s s  doors 
( r e s i d e n t i a l  p a t i o  
t n l e )  

Entrance swinging 
doors f o r  
r c s i d e n t i n l  use 

Swinging, rcvolv i  ng o r  
s l  icling doors f o r  o t h c r  
than  r c s i d c n t i a l  ~ i s c  

L -- --- - - 

E x t e r i o r  j o i n t s  around windows and door  f rames,  between wa l l  
c a v i t i e s  and window and door  frames, between wa l l  and founda t ion ,  bctween 
wal l  and roo f ,  bctween wal l  panc l s ,  a t  p e n e t r a t i o n s  o r  u t i l i t y  s e r v i c e s  
through w a l l s ,  f l o o r s  and roo f s ,  and a l l  o t h e r  openings i n  t he  e x t e r i o r  
cnvclope s h a l l  llc cau lked ,  gaske ted ,  wea the r s t r i pped ,  o r  o the rwi se  s e a l e d .  

Maximum Allowable Rate o f  
A i r  Leakage, dm3/s 

0 .77 p e r  metre o f  s a s h  
crack 

2 .5  p e r  squa re  metre o f  
door  a r e a  

6.35 p e r  square  metrc of  
door  a r e a  

17 p c r  mctrc o f  door 
c rack  

- -. - --A - - - -- - -- - - - - - - - - 
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CIIAPTER 9  : LIGHTING SYSTEMS 

9 . 1  Genera l  

A l i g h t i n g  power budge t  i s  t h e  u p p e r  l i m i t  o f  power t o  b e  a v a i l a b l e  
t o  p r o v i d e  t h e  l i g h t i n g  n e e d s  o f  t h e  b u i l d i n g .  The i l l u m i n a t i o n  i n  any  
s p a c e  w i t h i n  a  b u i l d i n g  s h a l l  b e  b a s e d  on t h e  u s e  f o r  which t h e  s p a c e  is  
i n t e n d e d  a n d  o n  e f f i c i e n t  u t i l i z a t i o n  o f  e n e r g y .  The a c t u a l  i l l u m i n a t i o n  
d e s i g n  s h o u l d  f o l l o w  t h e  p r o c e d u r e s  recommended by t h e  I l l u m i n a t i n g  
E n g i n e e r i n g  S o c i e t y  i n  t h e  5 t h  E d i t i o n  o f  t h e  I .E.S.  L i g h t i n g  Handbook 
t o  a s  g r e a t  a n  e x t e n t  a s  i s  p o s s i b l e  w i t h o u t  e x c e e d i n g  t h e  a l l o w a b l e  
l i g h t i n g  power b u d g e t .  

9 . 1 . 1  Purpose  

TO i n s t i t u t e  c n c r g y  c o n s e r v i n g  l i g h t i n g  d e s i g n  p r a c t i c e s  w h i l c  
a l l o w i n g  t h e  ~naximun~ f r eedom o f  d e s i g n ,  i n c l u d i n g  t h e  u s e  o f  i n e f f i c i e n t  
1 amps t o  ach i  c v c  s p c c i  a1 e f f e c t s ,  p r o v i  dcd  t l ic  t o t a l  1)ower demand docs  
n o t  c x c c c d  t h e  s l ) c c i f i e d  l i g h t i n g  power b u d g e t .  

9 . 2  I  l l u n l i n a t i o n  L e v e l s  

9 . 2 . 1  Task L i g h t i n g  

I n  most  c a s e s ,  t h e  l e v e l s  o f  i l l u r n i n a t i o n  l i s t e d  i n  t h e  I . E . S .  
L i g h t i n g  Handbook, F i g u r e  9 -80 ,  a r e  f o r  s p e c i f i c  t a s k s .  I n  some c a s e s ,  
however ,  t h e  l e v e l s  o f  i l l u m i n a t i o n  a r e  1 i s t e d  f o r  l o c a t i o n s  ( e .  g .  , 
a u d i t o r i a )  and t h e s e  l e v e l s  s h a l l  b e  c o n s i d e r e d  a v e r a g e  l e v e l s .  

9 . 2 . 2  Genera l  L i g h t i n g  

I n  a r e a s  s u r r o u n d i n g  t a s k  l o c a t i o n s  t h e  a v e r a g e  l e v e l  o f  
i l l u m i n a t i o n  s h a l l  b e  n o t  more t h a n  1 / 3  t h e  l e v e l  f o r  t h e  t a s k s  p e r f o r m e d  
i n  t h e  a r e a .  Wlierc Inore t h a n  o n e  t a s k  l e v e l  o c c u r s  i n  a  s p a c e ,  t h e  
g c n c r a l  l c v c l  s h ; ~ l l  I)c n o t  more t h a n  11.7 t h e  avcr ; lgc  o f  tile t a s k  l c v c l s .  

I n c i  rCul  : ~ t  ion ;~ncl s c a t  i ng  a r c a s ,  a n d  o t l l c r  s c l  dom occupied s l ) acps  
or t h o s e  i l l  \\rlljcll no c r i t i c ; i l  v i s u a l  t a s k s  o c c u r ,  t l i c  avc r l lgc  l c v c l  o f  
i l l u ~ n i n a t i o n  s h a l l  n o t  e x c e e d  1 / 3  of  t h e  a v e r a g e  g e n e r a l  1  i g h t i n g  i n  t h e  
ad - i accn t  t a s k  s p : ~ c e s .  

9 . 3  L i g h t i n g  Power Budget  

The maximum c o n n e c t e d  l o a d  f o r  l i g h t i n g  s h a l l  n o t  e x c e e d  24 l v / m 2  
( 2 . 2 4  W / f t 2 )  1)ased on n e t  u s a b l e  f l o o r  a r e a  o f  t h e  b u i l d i n g .  



9 . 4  Usage 

Energy used  f o r  l i g h t i n g  p u r p o s e s  i s  a  p r o d u c t  o f  t h e  l i g h t i n g  l o a d  
and  t h e  h o u r s  o f  u s a g e .  T h e r e f o r e ,  c i r c u i t i n g  and s w i t c h i n g  ( o r  non- 
r e s i s t i v e  dimming) s h a l l  b e  p r o v i d e d  s o  t h a t :  

1. L i g h t i n g  i n  t a s k  a r e a s  l a r g e r  t h a n  10  m 2  (107 f t 2 )  can b e  
r e d u c e d  by a t  l e a s t  50 p e r  c e n t  when t h e  t a s k  i s  n o t  b e i n g  
performed.  

2 .  I n  any s p a c e  r e q u i r i n g  two o r  more b r a n c h  c i r c u i t s  f o r  l i g h t i n g ,  
s w i t c h i n g  s h a l l  b e  p r o v i d e d  f o r  each  c i r c u i t  o r  f o r  p o r t i o n s  o f  
e a c h  c i r c u i t ,  s o  t h a t  a p o r t i o n  o f  t h e  l i g h t i n g  sys tem a d e q u a t e  
f o r  c u s t o d i a l  o r  maintenance p u r p o s e s  o r  f o r  e f f e c t i v e  
complementary use  o f  n a t u r a l  and a r t i f i c i a l  l i g h t i n g  may b e  
o p e r a t e d  w i t h o u t  s w i t c h i n g  o n / o f f  a 1  1  t h e  1  i g h t i n g  i n  t h a t  s p a c e .  


