




INTERNATIONAL ENERGY AGENCY 

E n e r g y  C o n s e r v a t i o n  i n  B u i l d i n g s  and  

Community Sys tems Programme 

Annex X I I ,  WINDOWS AND FENESTRATION 

R e p o r t  f r o m  S t e p  1 

BUILDING REGULATIONS,.STANDAROS AN0 CODES CONCERNING 

THERMAL AN0 SOLAR PERFORMANCE OF WINDOWS; 

A s u r v e y  o f  8 c o u n t r i e s  



This report is part of the work of the ~ E A  Energy Conservation 
I in Buildings & Community Systems Programme 

Annex X I 1  - Windows and Fenestration 

Participants in this task: I 
I Belgium, FR-Germany, Italy, The Netherlands (Operating Agent), Norway, 
I Switzerland, United Kingdom, United States of America. 

I 
I The complete list of representatives who have contributed to this report 

is given in Chapter 5. 

Document 

project. 

Distribution : Unrestricted. 

Editor : H.A.L. van Dijk 

TNO Institute of A 

P.O. Box 155 

2600 AD DELFT 

The Netherlands. 

Additional copies: TNO Institute of A 

Approximate price: Dfl 15.--. 

Delft, September 1986 . 

blied Physics 

I 

plied Physics. 



CONTENTS 

PREFACE 

1. I n t r o d u c t i o n  

2. Survey of a v a i l a b l e  requirements 

2.1 .  Global view 

2.2. Graphical  p resenta t ion  

2.2 .1 .  I n t r o d u c t i o n  

2.2.2. Minimum window area for d a y l i g h t i n g  

2.2.3. Maximun U-value of windows 

2.2.4. Maximun U-value of faqades 

2.2.5. Maximum equiva lent  U-value o f  windows 

2.2.6. Maximum o v e r a l l  U-value of b u i l d i n g s  

2.2.7.  Maximum window area i n  combinat.ion w i t h  s o l a r  

t ransmi t tance fo r  sunmer cond i t i ons  

2.2 .8 .  Maximum a i r  leakage through windows 

3. Energy conservat ion standards i n  the U.S.A. 

4.  L i s t  of references 

5. P a r t i c i p a n t s  



PREFACE 

INTERNATIONAL ENERGY AGENCY 
........................... 

I n  order t o  s t rengthen co-operat ion i n  t he  v i t a l  area o f  energy p o l i c y ,  

an Agreement o f  an I n t e r n a t i o n a l  Energy Programme was formulated among a 

nunber o f  i n d u s t r i a l i z e d  coun t r i es  i n  November 1974. The I n t e r n a t i o n a l  

Energy Agency ( IEA)  was es tab l i shed as an autonomous body w i t h i n  t h e  

Organizat ion f o r  Economic Co-operation and Development (CECD) t o  

adminis ter  t h a t  agreement. Twenty-one coun t r i es  are c u r r e n t l y  members o f  

t he  IEA, w i t h  t he  Cammission o f  the European Communities p a r t i c i p a t i n g  

under spec ia l  arrangement. 

As one element o f  the I n t e r n a t i o n a l  Energy Programme, the P a r t i c i p a n t s  

undertake co-operat ive a c t i v i t i e s  i n  energy research, development and 

demonstration. A number o f  new and improved energy technologies which 

have the p o t e n t i a l  o f  making s i g n i f i c a n t  c o n t r i b u t i o n s  t o  our energy 

needs were i d e n t i f i e d  fo r  c o l l a b o r a t i v e  e f f o r t s .  The IEA Committee or1 

Energy Research and Development (CRD), ass is ted  by a smal l  Sec re ta r i a t  

s t a f f ,  co-ordinates the  energy research, development and demonstration 

programme. 

ENERGY CONSERVATION I N  BUILDINGS AND CDMMUNI T Y  SYSTEMS ...................................................... 

As one element o f  the Energy Programme, t he  IEA ellcourages research and 

development i n  a number o f  areas r e l a t e d  t o  energy. I n  one o f  these 

areas, energy conservat ion i n  bu i l d i ngs ,  t he  I E A  i s  encouraging var ious  

exerc ises t o  p r e d i c t  more accura te ly  t he  energy use o f  b u i l d i n g s ,  

i n c l u d i n g  comparison o f  e x i s t i n g  computer programmes, b u i l d i n g  

moni tor ing,  comparison o f  o a l c u l a t i o n  methods, as we l l  as a i r  q u a l i t y  and 

i nhab i tan t  behaviour s tudies.  



THE EXECUTIVE COW1 TTEE 
....................... 

Overa l l  c o n t r o l  of the R h D programme energy conservat ion i n  b u i l d i n g s  

and cormnunity systems i s  maintained by an Execut ive Cormnittee, which not  

o n l y  moni tors e x i s t i n g  p r o j e c t s  bu t  i d e ~ ~ t i f i e s  new areas where 

c o l l a b o r a t i v e  e f f o r t  may be b e n e f i c i a l .  The Execut ive Cormnittee ensures 

a l l  p r o j e c t s  f i t  i n t o  a  predetermined s t ra tegy  wi thout  unnecessary 

over lap  or d u p l i c a t i o n  b u t  w i t h  e f f ec t i ve  l i a i s o n  and communication. 



ANNEX XI1 

I n  June 1982 the  Execut ive Committee approved Annex X I I ,  'Windows and 

Fenes t ra t ion '  as a  new j o i n t  e f f o r t  p ro jec t ,  w i t h  the Netherlands a c t i n g  

as 'Operat ing Agent' t o  coord inate t he  work. 

The f o l l o w i n g  coun t r i es  are p a r t i c i p a t i n g  i n  the p r o j e c t :  

BELGIUM, FEDERAL REPUBLIC OF GERMANY, ITALY, THE NETHERLANDS, NORWAY, 

SWITZERLAND, UNITED KINGDOM, UNITED STATES. 

The p r o j e c t  cons i s t s  of 5 steps: 

Step 1: Survey the s t a t e  o f  the a r t  i n  a l l  types o f  e x i s t i n g  windows and 

fu tu re  designs ( i n c l u d i n g  g l a z i n g  and combination of g laz ings  and 

i n s u l a t i n g  and/or sunshading systems). 

Step 2: Survey the  s t a t e  of t he  a r t  i n  thermal and so la r  p r o p e r t i e s  o f  

windows and compare d e f i n i t i o n s ,  t e s t  methods, c a l c u l a t i o n  procedures and 

measured, ca l cu la ted  or assumed data, wherever poss ib le  converted i n t o  

one o r  severa l  se t s  of standardized cond i t ions .  The aim: t o  t r y  and cover 

a l l  e x i s t i n g  (and sometimes c o n f l i c t i n g )  i n fo rma t i on  i n  t h i s  f i e l d  i n  an 

extensive r e p o r t  for  'exper t  groups'. 

A separate repo r t  conta ins summarized in fo rmat ion  for  general  use among 

a rch i t ec t s ,  consu l tan ts  and manufacturers. 

Step 3: Review and analyze e x i s t i n g  s i m p l i f i e d  s teady-state c a l c u l a t i o n  

methods dea l ing  w i t h  heat gains and losses through window systems. These 

methods can prov ide a  p re l im ina ry  and g loba l  f i gu re  for  t he  in f luence o f  

t he  window on energy consumption wi thout  cons ider ing  the i n t e r a c t i o n  w i t h  

t he  bu i l d i ng ,  occupants and c l ima te  i n  a  d e t a i l e d  way. 

Step 4: Adapt and compare e x i s t i n g  dynamic c a l c u l a t i o n  methods dea l i ng  

w i t h  the i n f l uence  o f  window type, s i z e  and o r i e n t a t i o n  on energy 

consumption and. thermal comfort  i n  bu i l d i ngs .  



Normally, a good window design will often be treated with a global 

approximation, with the consequence that specific features of the design 

cannot be revealed properIy. With a study specifically focussed on 

windows complex systems also can be simulated, like multilayer systems 

with foils, coatings and/or gas-fillings and e.g. systems in which the 

control of an openable window, insulation panel, or sunshading is 

associated with indoor temperature and/or time and/or intensity of solar 

radiation. A thorough consideration of the effect of windows calls for a 

calculation model that can handle such simulation. 

Step 5: Apply unsteady state models in a series of selected, general 

sensitivity studies and thereby produce extensive information on optimal 

window design from an energy point of view for different buildings (mass, 

insulation), occupants'l behaviour schemes (control of equipment, internal 

heat) and climatic zones. The results are aimed at groups like 

architects, manufacturers and policy makers. 



1. INTRODUCTION 

Th is  repo r t  presents some o f  the r e s u l t s  from the f i r s t  s tep o f  t he  

p ro jec t .  

The aim o f  t h i s  r e p o r t  i s  t o  get  a  rough view on how r e g ~ ~ l a t i o n s ,  

standards and codes are used as t o o l s  t o  guide the a p p l i c a t i o n  of 

en&rgy e f f i c i e n t  windows i n  t he  respec t ive  coun t r i es  p a r t i c i p a t i n g  

i n  t he  research p ro jec t .  

For more extensive and prec ise  i n fo rma t i on  on the  subjects  covered 

i n  t h i s  repo r t  one should r e f e r  t o  the re levant  l i t e r a t u r e  sources 

l i s t e d  i n  t h i s  document. 

I n  a  separate repo r t  t he  s ta te -o f - the-ar t  i n  e x i s t i n g  windows and 

new window designs i s  described. 



2. SURVEY OF AVAILABLE REQUIREMENTS 

2.1. Global review 

A g loba l  review OF a v a i l a b l e  requirements, standards and 

gu ide l i nes  i s  presented i n  t a b l e  l a  For the r e s i d e n t i a l  sector ,  i n  

t.able l b  For ot.her b u i l d i n g  types. 

2.2. Graphica l  p resenta t ion  

2.2.1. I n t r o d u c t i o n  

The Figures on the next pages present a comparison OF  the maximum 

o r  minimum values which are mandatory o r  recommended i n  the 

var ious  count-ries. 

I n  many cases the requirements are not so simple t h a t  they can be 

presented by a s i n g l e  curve i n  a graph. I n  these cases t y p i c a l  

examples were se lec ted  t.o a l low For a more o r  l ess  q u a n t i t a t i v e  

comparison. 

I n  other  cases reg iona l  diFFerences occur. Also i n  these cases 

t y p i c a l  examples were select.ed. 

I n  the notes next t o  t he  graphs the meaning oF each OF  the curves 

i s  explained. 

For the USA add ik iona l  general remarks are presented i n  chapter 3. 



Table la: Survey of.available requirements. 
A: Residential buildings. 

I M i n i m  daylighting 
(s.9. dn.  window are8 

Pax. net heat loss  
thr .  windora (s.9. 
equivalent U-value) 

Reference [Nwnbar] 

Mex. overs11 trans- 
miasion or n a r g y  
c m s r a p t i ~  (a.9. mar 
U-value or G f a c t o r )  

Max. t h e n s l  load i n  
s m r  (a.9. IMI. 
window area) ...................... 

MI". a i r t igh tness  
of w indas  (s.9. Mr. 
l e a a g e  factor)  

buliding k g .  mx. 
Isnksga fac tor )  

Reforonce [IC.nbor] 

Mi". scoustic 
insu la t ion  (0.9. d 
attenuation) 

...................... 
Reference [runbsr] I 

C O U N T R Y  

R : Pandatory requit-nts ava i l sb ls  *: 
S : Model atandard or bquiralent  

(0.9. gcna r s l l i  uaad national  or ( ' ) r  Different  par region 
regional guidsl inas w a i l a b l e )  ( ' ) I  Requirements e x i s t s  for  government 

r : Other sources with r acomnda t i ons  buildings 
availnble (3 ) z  Typicsl e i t u s t i on ,  see chspter 3 

E r Requireaanta srd/or guidslinsa only ('): Csulking end weather s t r ipp ing  
.pplicabla f o r  s r c e p t i m s l  caaas. required ................................................................................ 

*) see list of rafarsnces on f i na l  psgsa. 



Table  Ib :  Survey o f  a v a i l a b l e  r equ i rements .  
B: Other b u i l d i n g s .  

1 C O U N T R Y  

Mar. m t  b a t  loss  
thr .  windows (a.9. 
squivalsnt  U-value) - ...................... ----- 
Reference r k n b a r l  

----- 

Max. thermal load in  

...................... ----- 
Reference [kmber]  

Min. a i r t igh tness  
of windows (a.9. mr. 
leakage factor)  ----- 
Refcreme [ W o r ]  85,6, 

Win. s l r t igh tnsaa  of 
building (e.9. msx. 
l sd tsga  fac tor )  R ...................... ----- 
R e  1 85.6, 

Min. acoustic 
insu la t ion  (a.9. cB 
a t te rna t ion)  S R ------ 
Refereme [ W o r ]  88.9 DS 

R : Pandatory raqui romnts  available e: 
5 : Model atsndsrd or souivslont 

(a.p. p n e r a l l y  used national  or (')i Different  par region 
regions1 guidalinca sva i lab la)  ( ' ) x  Requirements s r i a t s  for  govornmnt 

r : Dthar srxlrcss ~ i t h  r e comnds t i ons  . buildinos 
sva i lab la  ( ' ) 1  ~ ~ p i c a i a i t u s t l o n ,  sea chaptar 3 

C : Requirements md /m pl ida l insa  only (')r Caulking end weather s t r ipp ing  
applicable for  exceptional cases. required 

*) aee list of references on f i na l  pages. 



: mandatory 

---.-- : recommendation a s  

100'AwIAf: minimum window area as percentage of floor area 

Figure 1: Minimum window area for daylighting. 



2.2.2. Minimum window area for  d a y l i g h t i n q  

See f i gu re  1. 

Notes: 

B: Ref [ B l ]  i s  a  d r a f t  proposal t e x t  f o r  the l o c a l  a u t h o r i t i e s .  

Each mun ic ipa l i t y  can accept, change or  refuse the t e x t  as p a r t  

of the requirements for  ob ta in ing  a  b u i l d i n g  permission. 

01: for  o f f i c e  bu i l d ings .  

82: dwel l ings:  v e r t i c a l  windows. 

83: dwel l ings:  h o r i z o n t a l  windows. 

D: Examples for  unobstructed view, dwel l ings: 

D l :  room h  x  b  x  d  = 2.8 x  3.5 x  6.0 rr? 

D2: 2.8 x  6.0 x  3.5 m3 

For obstructed view higher  minimum window areas are required. 

D I N  5034 f i x e s  the minimum window area dependent on the room 

geometry (width,  length  and he igh t ) .  

I: Recommended values fo r  r e s i d e n t i a l  b u i l d i n g s  are: A w / A f  z 

1/6 - 1/8. Regulat ions fo r  p u b l i c  sector  r e s i d e n t i a l  b u i l d i n g s  

[121] requ i re  "day l igh t  f ac to r "  = 0.05 for  d i f f e r e n t  types o f  

rooms. For non r e s i d e n t i a l  b u i l d i n g s  (mainly schools and 

hosp i ta l s )  d i f f e r e n t  values o f  "day l i gh t  f a c t o r "  are requ i red  

f o r  d i f f e r e n t  types of rooms. 

NL: NLI: l i v i n g  room. 

NL2: other  rooms. 

For obstructed view higher minimum window areas are required; 

the same for  windows w i t h  a  bas is  below 0.85 m he igh t  from the 

f l o o r .  A l t e rna t i ve :  more complex c a l c u l a t i o n  ([NLI] ).  

CH: Typ ica l  minimum value i s  10% o f  the f l o o r  area; d i f f e r e n t  per 

b u i l d i n g  regu la t i on  community. 

UK: Minimum day l i gh t  fac tors  recommended ([UKI] ) .  

US: -- 



U-window: maximum U-value of windows 
100'AwIAf: maximum window area as percentage of floor area for windows with 

7 .  

maximum U-value 

: mandatory 

- - - - - : recommendation as .  

Figure 2: Maximum U - v a i u e  o f  windows. 



2.2.3. Maximum U-value o f  windows 

See f i g u r e  2. 

Notes: 

D : The requirements i n  the "Warmeschutzverordnung 1.1.84" are i n  

any case: 
Maximum U-value window 3 3.1 w/m2K 

( b u i l d i n g s  w i t h  normal indoor  temperatures). 

NL: NL1: bedrooms, etc .  

NL2: l i v i n g  room. 
A W / A f  must be l ess  than 0.25. 

A1 te rna t i ve :  see U-bui lding. 

N : Res ident ia l  bu i l d i ngs .  

N1: U-value must not  exceed 2.7 w/&K, 
i f  w a l l s  have U = 0.25 w/rn2K. 

N2: U-values must not  exceed 2.1 w/m2K, 

if wal l s  have U = 0.35 w/m2K. 

Above r a t i o  0.15 more i n s u l a t i o n  i s  needed e i t h e r  i n  windows 

or other  p a r t s  of the b u i l d i n g .  

CH: CHI : Recommendation S I A  180/1 (1980). 

CH2: Recommended minimum value S I A  380/1 (1984). 

UK: B u i l d i n g  regu la t ions :  energy t rade o f f  w i l l  be permit ted; 

i n  rev i s i on ;  est imated fo r  100 m2 f l o o r  area house. 
Scot land s l i g h t 1  y d i f f e r e n t .  

US: CAL: A l t e r n a t i v e  component package for  the energy budget 

requirements i n  C a l i f o r n i a ,  for r e s i d e n t i a l  bu i ld ings .  

Schematized s i t -ua t ion  f o r  coas ta l  zones: 

e i t he r :  ~ C A L ~  or: CAL2 1 
g laz ing:  I I I 

max. U-value W/&K 
max. t o t a l  area % o f  f l o o r  area 
max. non-south fac ing  area t 

min. south fac ing  area 
( o r h o r i z o n t a l )  I, 

6.2 
- 

9.6 

6.4 

3.7 
14 

- 
- 



U-fa?: maximum U-value of faqades 
': U-faqade calculated with U-equiv. for the window, see notes 

Figure 3: Maximum U-value of  faqades. 



2.2.4. Maximum U-value o f  facades 

See f i gu re  5 .  

Notes: 

B: Only maximum U-value o f  opaque wal ls ,  as a funct ion o f  the 
weight. 

0: I n  the German "Warmeschutzverordnung" there  are two 
a l t e r n a t i v e s  as prove methods: 

A l t e r n a t i v e  1: Only prove about o v e r a l l  U-value bu i l d i ng .  
A l t e r n a t i v e  2: The maximum U-value faqade ( w a l l  and window) 

must be between 1.2 - 1.5 w/m2.K (Bars Dl and 
D2), depending on the s i z e  o f  the b u i l d i n g .  

I : Only f o r  opaque pa r t ,  as a func t ion  o f  the weight ( [ I17 ,  121, 
1231). 

NL: -- 

N : Commercial and appartment b u i l d i n g s .  
Mean U-values o f  faqades l e s s  than 0.45 W/m2, i n c l u d i n g  
windows w i t h  or withhout equiva lent  U-value. 

Equiva lent  U-values can be used f o r  c a l c u l a t i o n  o f  mean 
U-values u n t i l  0.15 window/floor areas. Above 0.15 normal 
U-values must be used. 
Equiva lent  U-values w./m2K from IN11 ~. and IN21 : 

I I double I t r i p l e  1 
south 
east ,  west 
nort-h 293 

A r e v i s i o n  o f  the regulat. ions i s  underway i n  which 
U-equivalent no longer appears. 

CH: -- 

UK: -- 

US: CAL: -- 
ASH: ASHRAE Standard ([US21 ) ;  see chapter 3: Curves as 

func t ion  o f  degree days. Examples for r e s i d e n t i a l  
bu i l d i ngs :  
ASH?: for l oca t i ons  w i t h  1100 degree days ( 1 8 o C  base): 

U = 1.45 (more than 3 s t o r i e s :  2.0); 
ASH2: for  l oca t i ons  w i t h  2800 degree days (18 0 C base): 

U = 1.1 (more than 3 s t o r i e s :  1.6); 
ASH3: for l oca t i ons  w i t h  4400 degree days ( 1 8 o C  base): 

U = 0.9 (more than 3 s t o r i e s :  1.3). 
Examples of degree days: Chicago: 2300; Sea t t l e :  2400; 
New York: 2700; S. Francisco: 1700; Houston: 800. 



2.2.5.  Maximum equ iva len t  U-value o f  windows 

See f i gu re  4 .  

Notes: 

8: -- 

D: Concerning a  maximum equiva lent  U-value o f  windows Germany 

on l y  has recommendations w i t h  respect t o  t he  c a l c u l a t i o n  

procedure. Moreover, t he re  i s  no dependence of A w / A f  t o  U-eq 

i n  the German recommendations. 

The equiva lent  U-value windows i s  def ined as ( [DlO]) :  

w i t h  : SF: see t a b l e  

gw: t o t a l  so la r  t ransmi t tance o f  the window 

North 

West/East 

1 South I 2.4 1 

Dl :  n o r t h  o r i en ted  window. 

NL: See note on o v e r a l l  U-value b u i l d i n g s .  

N : No maximun value on U-equivalent i t s e l f ;  t h e  U-equivalent i s  

used i n  the c a l c u l a t i o n  o f  t he  U-value faqade (see note 

the re ) .  

A r e v i s i o n  i s  underway i n  which t h e  U-equivalent no longer  

appears. 

CH: -- 

UK: -- 

US: -- 



: mandatory 

I 1 I I I 1 I I 1 I I 1 I I 

- - 
- - 

I U-bld.: maximum mean U-value of the building 
VIA,: ratio of building volume and total heat loss area 

Figure 5: Maximum o v e r a l l  U-value o f  the bui ld ing .  



Maximum o v e r a l l  U-value o f  b u i l d i n g s  

See f i g u r e  5. 

Notes:  

0: Only f o r  t h e  French r e g i o n  and t h e  N a t i o n a l  Housing S o c i e t y .  

D: I n  t h e  German "Warmeschutzverordnung" t h e r e  a re  two 

a l t e r n a t i v e s  as prove methods: 

A l t e r n a t i v e  1 :  Prove about o v e r a l l  U-value b u i l d i n g :  

see cu rve  i n  f i g u r e  5. 

A l t e r n a t i v e  2: The maximum U-value f a ~ a d e  ( w a l l  and window) 
must be between 1.2 - 1.5 w/m2 K. (See n o t e  

w i t h  f i g u r e  4 ) .  

I: 11: f o r  m i l d  c l i m a t e s  (Degree-days < 600 O c.day) 

12: f o r  c o l d  c l i m a t e s  (Degree-days > 3000 O C.day) 

NL: A l t e r n a t i v e  f o r  maximum U-value o f  windows and o t h e r  
c o n s t r u c t i o n s .  I n  f a c t  t h e  a l t e r n a t i v e  i s :  maximum v a l u e  on 

' t h e r m a l  i n s u l a t i o n  i n d e x '  I t  [ N L ~ ]  , 

I = , i n  which U: o v e r a l l  U-value o f  b u i l d i n g  
t A t  

4 -  + 1  

Under p r e p a r a t i o n  i s  

w i l l  be r e q u i r e d  f o r  

an a d d i t i o n  t o  [ N L ~ ]  i n  which a minimum 

( I t  + 1,) i n  which I, i s  t h e  ' s o l a r  

i n d e x ' ,  t a k i n g  i n t o  account e x t r a  s o l a r  g a i n s  th rough  windows. 

N: No recommendations b u t  2 examples a r e  presented:  

N1: R e s i d e n t i a l  b u i l d i n g  120 ni! U = 0.37 w / m 2 ~  

N2: Commercial b u i l d i n g  1000 IT? U = 0.33 w/IT?K 

CH: Umax = 0.75 X C1 X C2 x C3, 
w i t h  C1 = f (V/At)  

C2 = f ( a l t i t u d e ) ,  example C2 = 1 ( a l t .  = 500 m) 
0 C j  = f ( i n d o o r  temp.), example C3 = 1 ( T ~  = 20 c). 

UK: -- 

US: CAL: Energy budget requ i rements ,  C a l i f o r n i a .  



1 0 0 ' ~ w l ~ f a q  maximum window area as percentage of f a ~ a d e  area 
I g,: solar energy transmission coefficient of the window 

100 

Figure 6: Summer si tuat ' ion:  maximum window area t o  prevent overheating. 

- - - - - : recommendation 

I 1 1 1 I I I 1 1 



2.2.7. Maximum window area i n  combinat ion w i t h  so la r  t ransmi t tance f o r  

summer cond i t ions .  

See f i g u r e  6. 

Notes: 

8: Only f o r  the p u b l i c  b u i l d i n g  sector.  

Acceptable combinations: 

max. window/ 
f l o o r  area 

I 
I I 
I11 
I V 

A 
" e f f e c t i v e  surface" f o r  heat storage ( 2 )  - e f  

I = - - 
f l o o r  sur face .  ( I $ )  A 

f 

A = sur face o f  each w a l l  

f = c o e f f i c i e n t  which i s  a f unc t i on  o f  t he  w a l l  type, e.g.: 

heavy weight un insu la ted  l aye r  a t  t he  i nne r  side: f = 1; 
very l i g h t  weight and/or i n s u l a t e d  l aye r  a t  th'e inner  s ide:  

f = 0. 

f o r  I = 

< 0.5 
0.5 ,- 3 
any value 

< 1.5 

D: The German recommendations are: 

max. so la r  
transm. gw 

0.15 
0.50 
0.80 
0.80 

the  maxiumum gw . A w  / AfaC r e s u l t s  from the  f o l l o w i n g  

tab le :  

mass 

l i g h t  
I 

The curves Dl  and 02 are v a l i d  f o r  values o f  t he  t o t a l  s o l a r  

t ransmiss ion c o e f f i c i e n t  g  w i t h i n  t he  range 0,2 t o  0,8 [DZ ] .  

heavy 

w i thout  ra i sed  
n a t u r a l  convect ion 

0.12 (curve D2) 

w i t h  r a i s e d  
n a t u r a l  convect ion 

0.17 

0.14 0.25 (curve D l )  



I :  Accord ing  t o  [ I  171 ,  [ I 2 1 1  and [ I 2 3 1  t h e  window s h a l l  b e  
p r o v i d e d  w i t h  an  e x t e r n a l  v e n t i l a t e d  s h i e l d  ( r o l l i n g  s h u t t e r  
meets t h i s  r e q u i r e m e n t )  s o  t h a t  t h e  s o l a r  h e a t  f l u x  e n t e r i ~ q  
t h e  room is l e s s  t h a n  3 0  p e r c e n t  o f  t h e  c o r r e s p o n d i n g  f l u x  
w i t h o u t  t h e  s h i e l d .  

NL: Dwel l ings :  under  p r e p a r a t i o n .  

O f f i c e  b u i l d i n g s :  NL1: example f o r  s i n g l e  g l a z i n g ,  no i n d o o r  
b l i n d s ,  h igh  mass,  h igh  a i r  movement. 

NL2: example f o r  d o u b l e  g l a z i n g ,  i n d o o r  
b l i n d s ,  low mass, low a i r  movement. 

N: No r e g u l a t i o n s ,  b u t  i n s t a l l a t i o n  o f  c o o l i n g  power is n o t  
a l l owed .  

CH: S t a n d a r d  i s  unde r  p r e p a r a t i o n .  

UK: -- 

US: CAL: A l t e r n a t i v e  Component Package  f o r  t h e  Energy b u d g e t  
r e q u i r e m e n t s  i n  C a l i f o r n i a ,  f o r  r e s i d e n t i a l  b u i l d i n g s .  

Requ i r ed :  f o r  c o a s t a l  zones  i n  s o u t h e r n  C a l i f o r n i a  and  i n l a n d  
z o n e s  i n  n o r t h e r n  C a l i f o r n i a ,  s o u t h  and west f a c i n g  
windows : 
f u l l y  shaded  a t  August 21 ( s o u t h :  noon; west: 5 

p.m.), b u t  f u l l y  exposed  on December 21 ( s o u t h :  
noon; west: 3  p.m.), 

o r :  o p e r a b l e  s h a d i n g s  wit.h max. s h a d i n g  c o e f f i c i e n t  o f  
g l a z i n g :  0.36 ( s o l a r  t r a n s n i t t a n u e  gw = 0.3) .  
F o r  c o a s t a l  z o n e s  i n  n o r t h e r n  C a l i f o r n i a  no 

r e q u i r e m e n t s .  



V: maximum air leakage per m' crack at 50 Pa pressure difference 
N.B.: maximum air leakage rates at pressure differences other than 50 Pa have been 

transformed to 50  Pa, using the relation: 
V(50)-V(P1)'(SO/P1)"; in all cases here n-213 

Figure 7: Maximum window! a i r  leakage r a t e s  of windows. 



2.2.8. Maximum a i r  leakage through windows 

See f i g u r e  7. 

Notes: 

B: Mandatory f o r  p u b l i c  b u i l d i n g  sector  [B5]:  
Maximum r a t e  o f  leakage a t  100 Pa f o r  d i f f e r e n t  grades o f  
windows: 

Class 

Exposure l eve l -he igh t  o f  b u i l d i n g  
i n  which 'the window i s  s i t u a t e d  (m) 

D: From [03 ] ,  [ ~ 4 ] :  t he  maximum a i r  leakage c o e f f i c i e n t  per m 
crack- length, a-max, i s :  

A i r  pe rmeab i l i t y  o f  j f i n t s  per 
meter crack- length (m /h m) 

B u i l d i n g  he igh t  t e s t  pressure window I (m3/z zaEa 213) 1 (Pa) I c l a s s i f .  I 

81 

PA2 

0-10 

NL: The a i r  leakage per m crack- length must not  exceed 18 d / h  m, 

w i t h  a s p e c i f i e d  t e s t  pressure. 
Test pressure depends on b u i l d i n g  he igh t  and l o c a t i o n  ( [ N L ~ ] ) .  

NLI: Example f o r  b u i l d i n g  h = 15 m and l o c a t i o n  in lands:  

tes tp ressure  150 Pa. 

NL2: Example f o r  b u i l d i n g  h = 15 m and l o c a t i o n  near coast:  

t e s t  pressure 300 Pa. 

6 

82 

PA 2 B 

10 - 1 8  

83 

PA 3 

> 18 

3 2 



For government b u i l d i n g s  the  maximum a i r  leakage per m 1 

crack length  i s  9 m3/h m, f o r  a crack dens i ty  i n  the f a ~ a d e  o f  

l e s s  than 0.6 d per n? [ N L ~ ] .  For h igher  d e n s i t i e s  t h e  

formula 'vmax = 0.6/ lc . 9.0 d / h  m should be appl ied, w i t h  

1, = crack l e n g t h  per n? f a ~ a d e .  

NL3: Example f o r  government b u i l d i n g  h = '  15 m., l o c a t i o n  

in lands ,  lc < 0.6 m1/m2 ., 

N: Maximum a i r  leakage - expressed as func t i on  o f  t he  window area 

- i s  1.7 m3/K?h a t  50 Pa t e s t  pressure, bo th  f o r  commercial and 

r e s i d e n t i a l  b u i l d i n g s  [ N ? ] .  

N1: value per d crack- length  for  a 1.2 x 1.2  K? window. 

CH: From [ c H ~ ] :  t he  maximum a i r  leakage c o e f f i c i e n t  per m1 

crack- length, a-max, i s :  

UK: From [ u K ~ ] :  four  ca tegor ies  ranging from: maximum a i r  leakage 

c o e f f i c i e n t ,  a max: 

U K I :  a-max = 0.56 d / h m ~ a ~ / ~  a t  t e s t  pressure 150 Pa (Class I )  

UK2: a-max = 0.10 d / h m ~ a ~ / ~  a t  t e s t  pressure 600 Pa (Class IV )  

CHI 

CH2 

b u i l d i n g  he igh t  

[ .I 
< 8 

8 - 20 

I 
> 20 

a-max 
[ m3 /hmpa2 /3] 

0.44 

0.22 

0.22 

t e s t  pressures 
I pa] 

150 

300 

600 



3. ENERGY CONSERVATION STANDARDS I N  THE U.S.A. 

The matter of energy conservat ion standards i n  the U.S. i s  complicated 

by the great  geographic, l e g a l  and admin i s t ra t i ve  d i v e r s i t y  o f  the 

country. There i s  considerable techn ica l  un i fo rmi ty ,  i n  the  sense t h a t  

two t e c h n i c a l l y  equivalent  gu ide l i ne  standards, ASHRAE 90 and the  

Model Energy Code, e x i s t  - each w i t h  p e r i o d i c a l  updates and 

modi f icat ions.  The complicat ions a r i s e  when one asks what i s  mandatory 

as opposed t o  voluntary,  and where. 

B u i l d i n g  standards i n  the U.S. are set  for county or municipal l eve l .  

H i s t o r i c a l l y  t h i s  sometimes resu l ted  i n  great  d i s p a r i t i e s  i n  

requirements - for  example, r u r a l  areas may have few or no 

requirements, wheras other  areas may have complex requirements 

r e f l e c t i n g  l o c a l  economic i n t e r e s t s .  P r i o r  t o  1970 standards were 

j u s t i f i e d  on the bas is  o f  p u b l i c  safety. Since most count ies and 

c i t i e s  lack the resources t o  develop adequate standards, the  t y p i c a l  

p a t t e r n  was t o  make a  model code mandatory, such as the  Uniform 

B u i l d i n g  Code, the  Uniform Plumbing Code and the Uniform E l e c t r i c a l  

Bu i l d ing  Code i n  those areas where i t  was considered necessary t o  have 

a  standard and where there were no compel l ing l o c a l  i n t e r e s t s  t o  

organise th ings  d i f f e r e n t l y .  The t r a d i t i o n a l  pa t te rn ,  therefore,  i s  

b a s i c a l l y  a  uniform se t  of standards w i t h  l o c a l  variances (which may 

i nc lude  having the  op t i on  of no standards what so ever).  

Energy standards fo l low the same pat te rn ,  except t ha t  the  variances 

tend t o  be less, and there are  more areas where s ta tes  have chosen t o  

pre-ernpt l o c a l i t i e s  and apply mandatory state-wide standards. An 

exce l l en t  reference [US51 summarizes t h i s  s i t u a t i o n .  



Some 28 s t a t e s  have mandatory energy standards, der ived  from some 

ve rs ion  of e i t h e r  the ASHRAE 90 [US21 o r  the Model Energy Code [US4]. 

Another 22 s t a t e s  have mandatory codes for state-owned and/or f inanced 

b u i l d i n g s ,  wheras i n  15 s ta tes  t h e  energy codes are adopted ( o r  n o t )  

by l o c a l  governments. Again, most o f  these are der ived from ASHRAE 90 

o r  t he  Model Energy Code. A t  the other  end o f  t.he scale,  Maine has 

o n l y  gu ide l i ne  s t a t e  standards, Vermunt has no standards app ly ing  t o  

p r i v a t e l y  f inanced b u i l d i n g s ,  Louis iana has an energy code which has 

n o t  yet  been adupted, and Tennessee has standards app ly ing  o n l y  t o  

non- res ident ia l  b u i l d i n g s .  

I t  i s  there fo re  j u s t i f i e d  t u  say t h a t  the ASHRAE 90 standards 

represent t he  bes t .app rox ima t i on  o f  t he  t y p i c a l  U.S. case. I n  t h e  

reference documents; ASHRAE 90-80 i s  used, a l though s ta tes  f requent ly  

de r i ve  t h e i r  standards from ASHRAE 90-75 and a newer vers ion,  ASHRAE 

90P, which i s  c u r r e n t l y  being reviewed. 



The ASHRAE 90-75 b u i l d i n g  standard was a  p r e s c r i p t i v e  standard i n  

which minimm or maximum performance l e v e l s  were spec i f i ed  for many 

b u i l d i n g  components and systems. The "envelope" sec t i on  o f  the 

standard set  maximum average U-values for wa l l s  and roofs, i n c l u d i n g  

window and s k y l i g h t  systems. These values va r i ed  w i t h  l o c a t i o n  and 

c l i m a t e  i n  t he  U.S., decreasing i n  value as the c l ima te  increased i n  

seve r i t y .  This  p a r t  of t he  standard forced many designers t u  se lec t  

double g laz ing  ins tead of s i n g l e  g laz ing  if reasonable window areas 

were t o  be al lowed (no te  t h a t  i n  t he  e a r l y  1970s about 70% of a l l  

windows were s t i l l  s i n g l e  glazed).  

A second requirement, for  c l ima tes  where coo l i ng  was a  more 

s i g n i f i c a n t  problem, l i m i t e d  the u v e r a l l  su la r  heat ga in  by p lac ing  

r e s t r i c t i o n s  on the  product o f  shading c o e f f i c i e n t s  and area, w i t h  

o r i e n t a t i o n  as a  var iab le .  Depending un loca t ion ,  e i t h e r  the U-value 

or the so la r  ga in  term could be the cons t ra in t .  A i r  i n f i l t r a t i o n  was 

addressed by re fe renc ing  standard i ndus t r y  spec i f i ca t i ons .  

No adjustments were made t o  o f f se t  heat l o s s  f o r  w in te r  s o l a r  ga in ,  

nor  was an a l lowar~ce made for day l i g h t i n g  bene f i t s  i n  t he  envelope 

sect ion.  

Designers who wanted t o  o b t a i n  an energy c r e d i t  for passive so la r  

design, day l i g h t i n g ,  o r  o ther  non-standard energy-saving features, 

had t o  prove, us ing annual energy s imu la t ion  techniques, t h a t  t he  

proposed design requ i red  l ess  energy annual ly  than a  s i m i l a r  design 

which met the p r e s c r i p t i v e  standard. Since t h i s  approach i nvo l ved  a  

s ign i f i can t .  increase i n  design t ime, i t  was not  commonly used. 

A recent s h i f t  i n  the approach of standards has been the developnent 

of a  "performance" approach. I n  t h i s  case, an annual energy budget i s  

a l l o t e d  t o  the b u i l d i n g  and the designer i s  f ree t o  choose any 

combinat ion of b u i l d i n g  features prov ided the  f i n a l  r e s u l t  i s  l ess  

than o r  equal t o  the budget. Budgets must be set  for each c l ima te  zone 

and each b u i l d i n g  type. This approach requ i res  that. standard occupancy 

and opera t ing  cond i t i ons  be defined, and t h a t  recognized c a l c u l a t i o n  

procedures are ava i l ab le .  To s i m p l i f y  t h i s  fu r ther ,  " a l t e r n a t i v e  

p r e s c r i p t i v e  packages" a re  created. W i c h  i m p l i e s  t h a t  if the  

requirements o f  t h a t  package are met, i t  i s  considered t u  comply w i t h  

t h e  annual energy budget wi thout  the need for c a l c u l a t i o n s  (e.9. 

C a l i f o r n i a ) .  



ASHRAE is now i n  tde p r o c e s s  of  r e v i s i n g  S tandard  90-80 t o  i n c l u d e  

many of t h e  f e a t u r e s  of  t h e s e  performance-based approaches .  I t  s h o u l d ,  

f o r  example, p rov ide  an  energy c r e d i t  f o r  t h e  u s e  of day l i g h t i n g .  

There is a n  i n c r e a s i n g  n o t i o n  i n  t h e  s t a n d a r d s  development p r o c e s s  

t h a t  r e q u i r e m e n t s  f o r  energy e f f i c i e n c y  should  no t  reduce 

environmental  q u a l i t y  below " a c c e p t a b l e "  l e v e l s .  This  t e n d s  t o  s e t  

lower bounds on window s i z e  i n  o f f i c e  b u i l d i n g s ,  fo r  example. 

The C a l i f o r n i a  S t a t e  Energy Code [US31 probably  r e p r e s e n t s  t h e  most 

s t r i n g e n t  s e t  of r equ i rements  c u r r e n t l y  i n  f o r c e  i n  t h e  U.S. For both  

r e s i d e n t i a l  and n o n - r e s i d e n t i a l  b u i l d i n g s  t h i s  code p r o v i d e s  a  set of  

c l i m a t e  dependent energy budgets .  There a r e  no requ i rements  on 

i n d i v i d u a l  components, s o  long a s  t h e  b u i l d i n g  can be  shown t o  meet 

t h e  o v e r a l l  performance requ i rements .  A s  an a l t e r n a t i v e  t o  t h i s  

p rocedure ,  f o r  n o n - r e s i d e n t i a l  b u i l d i n g s  t h e  thermal  c h a r a c t e r i s t i c s  

o f  t h e  envelope a r e  s p e c i f i e d ,  i n c l u d i n g  t h e  maximum o v e r a l l  ave rage  

U-value of  w a l l s  i n c l u d i n g  windows. Overa l l  thermal t r a n s f e r  th rough  

w a l l s  f o r  coo led  s p a c e s  is a l s o  l i m i t e d  and t h i s  i n c l u d e s  t h e  t r a n s f e r  

through windows. Non- res iden t i a l  b u i l d i n g s  which d e r i v e  more than  4U% 

o f  t h e i r  annual  thermal  energy usage f o r  renewable energy s o u r c e s  

a u t o m a t i c a l l y  s a t i s f y  t h e  s t a n d a r d s .  

For r e s i d e n t i a l  b u i l d i n g s ,  a s  an  a l t e r n a t i v e  t o  t h e  o v e r a l l  energy 

budget t h e  s t a t e  is d i v i d e d  i n t o  16 c l i m a t e  zones and t h r e e  

" a l t e r n a t i v e  component packages" a r e  provided fo r  each m n e .  These may 

p l a c e  e i t h e r  U-value o r  t o t a l  g l a z i n g  a r e a  limits on f e n e s t r a t i o n  and 

may a l s o  r e q u i r e  shad ing  ( s e e  r e l e v a n t  g raphs  and n o t e s  i n  c h a p t e r  2 ) .  
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Regulat ion f o r  the c a l c u l a t i o n  o f  the heat demand o f  

bu i l d i ngs .  

Par t  1/2 March 83 

[D9] DIN 4102 Brandverhalten von Baustof fen und Bau te i l en  

F i r e  c h a r a c t e r i s t i c s  o f  b u i l d i n g  ma te r i a l s  and 

compound u n i t s .  

Supplement 1 May 81/ Par t  1 May 81/ Par t  2/3 Sept. 

77/ Pa r t  4 March 81/ Par t  5/6/7 Sept. 77/ Pa r t  7 

D r a f t  A p r i l  85/ Pa r t  8 D r a f t  Sept. 84,' Pa r t  11 Dec. 

85. 

[DIO] Ger t i s ,  K; Hauser, G.; Kunzel, H.; N i k o l i c ,  V.; Rouvel, L. und 

Werner, H.: Energet ische Beur te i lung  von Fenstern 

wahrend der Heizperiode. DAB 12 (1980), H. 2, S. 201 

- 202; DBZ 114 (1980), H. 2, S. 66 - 68; Glasforum 30 

(1980), H. 1, S. 38 - 4 4 ;  G l a s +  Rahmen (1980), H. 4, 
.' 
S. 180 - 186. 



ITALY - 

'[I?] UNI 7885 "Tests on g lass - Determinat ion o f  the  t ransmiss ion 

fac to rs  of the so la r  energy". 

[ I 2 1  UNI 8034 "Tests on g lass  - Determinat ion o f  l i g h t  t ransmiss ion 

by i l l u m i n a n t  A, w i t h  a  spectrophotometer". 

[ I 3 1  UNI 6534-74 "Glazing and f i x i n g  of g lass for  b u i l d i n g  design, 

ma te r i a l s  and lay ing" .  

1141 UNI 7144-79 "F la t  g lass - Thermal i nsu la t i on " .  

[ I 5 1  L. 373, 30/4/1976 "Regulations for  l i m i t i n g  thermal energy 

consumption i n  bu i ld ings" .  

[ I 6 1  D.P.R. No. 1052, 28/6/1977 "Rules t o  enforce Law No. 373, 

30/4/1976, concerning thermal energy consumption i n  bu i l d ings " .  

[ I 7 1  O.M. 10/3/1977 "Determinat ion of the c l i m a t i c  zones and of 

minimum and maximum values o f  the  r e l a t i v e  o v e r a l l  heat l oss  

c o e f f i c i e n t s  per u n i t  volume". 

[ I 8 1  UNI 7357 "Rules f o r  the  computation of heat requirements i n  

the  b u i l d i n g s ' s  heating". 

[ I 9 1  UNI EN-42 "Methods o f  test. ing windows - A i r  permeab i l i t y  

tes t " .  

[ I 101  UNI CE-0015 "Fenestrat ion c l a s s i f i c a t i o n  c r i t e r i a  for  a i r  

permeab i l i t y ,  water t i gh tness  and wind pressure resistance". 

[Ill] UNI EN-86 "Methods of t e s t i n g  windows - Water t i gh tness  t e s t  

under s t a t i c  pressure". 

[ I 121  UNI en-77 "Methods o f  t e s t i n g  windows - Wind res is tance tes t " .  

[ I 1 3 1  UNI 7170-73 "F la t  glass - Acoust ic insu la t ion" .  



[ I 1 4 1  UNI 8204 "Bui ld ing - E x t e r n a l  windows c l a s s i f i c a t i o n s  based or) 

a c o u s t i c a l  performance". 

[ I 1 5 1  UNI 8270/5 "Acoust ic  measurement of sound i n s u l a t i o n  i n  

b u i l d i n g s  and b u i l d i n g  e lements .  F i e l d  measurement of a i r b o r n e  

sound i n s u l a t i o n  of faqades  and f a ~ a d e  elements".  

[ I161  C i r c .  No. 1769, M i n i s t r y  of P u b l i c  Works " C r i t e r i a  f o r  

e v a l u a t i n g  and t e s t i n g  a c o u s t i c a l  r equ i rements  i n  b u i l d i n g s "  

(1966) .  

[ I171 O.M. l 8 / l  2 / l975 "Technical  norms concerning e d u c a t i o n a l  

b u i l d i n g s " .  

[ I 1 8 1  UNI 7697 " F l a t  g l a s s  i n  b u i l d i ~ ~ g  p r a c t i c e  - S a f e t y  c r i t e r i a " .  

[ I 1 9 1  UNI-IS0 3008 " F i r e  r e s i s t a n c e  t e s t s  - Doors and o t h e r  

f i x t u r e s " .  

[ I  201 UNI -IS0 3009 "Glass e lements" .  

[ I211  Ci rc .  No. 3151, Min i s t ry  of P u b l i c  Works " C r i t e r i a  fo r  

e v a l u a t i n g  t h e r m a l ,  hygromet r i c ,  v e n t i l a t i o n  and d a y l i g h t i n g  

performance i n  bu i ld ings"  (1 9 6 7 ) .  

[ I 2 2 1  C i r c .  No. 3150, Min i s t ry  of P u b l i c  Works " C r i t e r i a  f o r  

e v a l u a t i n g  and t e s t i n g  a c o u s t i c a l  r equ i rements  of e d u c a t i o n a l  

b u i l d i n g s "  (1967) .  

[ I 2 3 1  Circ. No. 13011, Min i s t ry  of P u b l i c  Works "Technical  

r equ i rements  f o r  h o s p i t a l s .  Thermal, hygromet r i c ,  v e n t i l a t i o n  

and d a y l i g h t i n g  performance" (1974).  



The Netherlands: 

V 1069 'Dagve r l i ch t i ng  van woningen', 1953 (Day l i g h t i n g  

o f  'Dwel l ings) .  

Model Bouw Verordening (Model B u i l d i n g  Requirements). 

NEN 1068 'Thermische i s o l a t i e  van gebouwen', 1981 (Thermal 

i n s u l a t i o n  of b u i l d i n g s ) .  

NEN 3661 'Ramen, Luchtdoorlatendheid, waterd ichtheid,  s t i j f -  

h e i d  en s t e r k t e '  , 1975 (Windows a i r  permeab i l i t y ,  

water t igh tness ,  r i g i d i t y  and s t rength) .  

Wet ge lu idsh inder ,  1979 (Noise abatement Act) .  

Woningwet, A r t .  3.7 and 85.2 (Housing Act) ,  

a.0. c a l c u l a t i o n  and measuring methods on noise reduc t i on  by  

fa~ades .  

SBR 74, Zon enRamen, rege l s  voor de keuze van raamgrootte en 

zvnwering voor;gebouwen mnder mechanische koe l ing ,  1980 

(sun and windows, gu ide l i nes  for  the s e l e c t i o n  of window area and 

s o l a r  shading for b u i l d i n g s  w i thout  mechanical coo l ing) .  

R i c h t l i j n  be t re f fende de aan de luch tdoor la tendhe id  van gevels t e  

s t e l  l e n  eisen, rappor t  262.10/L, Febr. 1984, Rijksgebouwendienst 

(RGD) , (Gu ide l ine  concerning the requirements on a i r  pe rmeab i l i t y  

o f  f q a d e s ) .  



Norway: 

[ ~ l ]  Norwegian Building Code, chapter 54, Thermal insulation and 
airtightness (revised November 4, 1980). 

[~2] Norwegian Standard, NS 3031 "Energy and power demand for heating 
of buildings". Calculation rules. 

Switzerland: 

[CHI] Communal building regulations. 

[cH~] Norm SIA 180/1 (1980), "Winterliche Warmeschutz im Hochbau". 

[cH~] Norm SIA 380/1 (1984), "Energie im Hochbau" 

[cH~] Norm SIA 181, "Schallschutz in Wohnungsbau". 

[cH~] Norm SIA 384/2 (1980), Warmeleistungsbedarf von Gebaude. 

United Kingdom 

[uK~] BSI CP3, Chapter 1 Lighting. Part 1 Daylighting, British 
Standards Institution 

[uK~] Building regulations April 1, 1982 (housing) 

[uK~] Building regulations 1978 (1-6-1979) (other buildings). 

[uK~] BS 5588, Part 111. 

[uK~] The noise insulation regulations 1973. 
The control of pollution act 1979, part 111, Noise. 

[uK~] BS 6262: 1982, Glazing for Buildings. A.7 Safety. 

[uK~] BS 6375 Part I, 1983, Performance of Windows: Classification for 
weather tightness. 

[uK~] 85 5925, 1980, Code of practice. .Design of Buildings: 
Ventilation principles and designing for natural ventilation 
(formerly CP3, CK.1.c). 



Uni ted  States:  

Uniform B u i l d i n g  Code, I n t e r n a t i o n a l  Conference o f  B u i l d i n g  

O f f i c i a l s ,  

5360 South Workman M i l l  Road, W h i t t i e r ,  CA 90601, 1985 ed. 

ASHRAE Standard 90-80, Energy Conservat ion i n  New B u i l d i n g  

Design, American Society  o f  Heating, Re f r i ge ra t i ng  and A i r  

Cond i t ion ing  Engineering Inc., 

1791 Tule C i r c l e ,  NE, A t lan ta ,  GA 30329. 

C a l i f o r n i a  Admin i s t ra t i ve  Code, T i t l e  24, Chapter 2-53, Of f i ce  o f  

Admin i s t ra t i ve  Procedure, Dept. of General Services, S ta te  of 

Ca l i f o rn ia ,  

P.O. Box 20191,, Sacramento, CA 95820. 

Model Code fo r  Energy Conservat ion i n  New B u i l d i n g  Construct ion,  

1977 (MCEC), developed by Nat iona l  Conference o f  States on 

B u i l d i n g  Codes and Standards. 

D i r e c t o r y  and Compi la t ion o f  Technical and Admin i s t ra t i ve  

Requirements i n  Energy Codes o f  New B u i l d i n g  Const ruc t ion  used 

w i t h i n  t h e  Un i ted  States, David R. Conover & Carolyn A. F i t c h ,  

eds. 

Nat iona l  Conference o f  States on B u i l d i n g  Codes & Standards, 481 

C a r l i s l e  Dr ive,  Herndon, VA 22070. 
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