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INTRODUCTORY NOTE FROM THE CHAIRMAN OF COMMITTEE E-3.2 

This  document has a rather long and event fu l  genesie within the 

CXE. 
Early i n  1957 the Scope Commiitee R) aeked the committee W-3.2. t o  

"decide on one o r  a amall number of methods of daylight ca loula t ion  
which the CIE oan recommend t o  the various in t e re s t ed  professions", 
and a t  a m e t i n g  i n  Par i s  i n  September, 1 9 5 7 ,  the oommittee W-3.2. 
agreed t o  prepare 8 W I E  guide f o r  the ca lcu la t ion  of  na tura l  l igh- 
t i n g  (inoluding 8unlight)tI. I n  November 1957 questionnaires wem 
rent out  t o  t h e  members of the committee, and the  Br i t ieh  Expert 
Member Mr. P. Petherbridge accepted t o  prepare a draft to t h e  guide 
(Part I, overaar t  sky). "hie d r a f t  was presented t o  the committee i n  
Bruesel8 i n  June, 1959, and a number of  amendments were euggeated. 
The amended d r a f t  was o i rcu la ted  to the  members i n  October, 1959, and 
a s o  sent  t o  the National Committees f o r  information. This d r a f t  met 
with some approval but also with considerable oppoeition, par t icu lar -  
ly f r o m  the French National Committee. The French Expert of E-j.2., 
Mr. Eecher-Desrivières subsequently agreed t o  prepare a new d ra f t ,  
vhich was c i roula ted  t o  the members la te  i n  1960 and met with predo- 
minant approval. The then chairman, Dr. A. Drealer, Australia,  how- 
ever,  found t h a t  the acceptance o f  t h i s  vers ion would have been con- 
t r o v e r s i a l  t o  the ine t ruc t ions  given by the Scope Committee, and he 
raked t h i s  committee f o r  advice. 

The Scope Committee from i t s  meeting i n  June 1961 gave a detai-  
l e d  i n s t r u c t i o n  f o r  the f u r t h e r  work (which is  quoted i n  f u l l  i n  the  
Proceeding8 from t h e  Vienna session,  p. 363). A t  a meeting i n  Copen- 
hagen i n  September 1961, attended by 10 members of t h e  committee and 
a l s o  by the  chairman of the Scope Committee,.Yrof. L. Schneider, Ger- 
many, the subjec t  was very thoroughly discussed and i t  waa f i n a l l y  
nnanimouely decided tha t  t h e  guide should put forward an example of 
a "eimpletl method baeed on recent ly  published Australian material, 
and i n  the  eecond p a r t  of the guide a l l  o the r  ava i lab le  inethode o f  
ca l cu la t ing  dayl ight  should be l i s t e d  together  with complete refe- 
rences. The Australian expert  and chairman o f  the committee, Dr.  A. 
Drealer, w a s  asked t o  prepare a draft o f  t h i s  new version of the  guide. 

This dra f t  wae oirculated t o  the  members i n  Kay 1963 and discussed a t  
the  presessional  meeting i n  Vienna i n  June, 1963. A ae r i e s  of amend- 
mente were adopted and passed t o  Dr. Dresler. Short ly  after t h a t ,  D r .  
Dresler died,  but the Austral ian committee promised t o  complete the 

i) former name f o r  the Action Committee, 
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work. Mr. James C. Loweon and 31r. I). Hwhes kindly took the re- 
6pOnSibilify f o r  t i l e .  It proved neoessary t o  rearrange 8ome of the 

contente and a general  rev is ion  was f i n a l l y  undertaken. The revised 
d r a f t  was in the main preeented and discussed a t  the meet iw of the 
committee i n  Newcastle-upon-Tyne i n  A p r i l ,  1965, where 14 members of 
the committee wcre present  o r  represented. i n  t h e  beginning of 1966 
t he  new, ooapleted and revised draf t  from the present Australian au- 
thors  w a s  o i rcu la ted  to  the  members of the committee f o r  t h e i r  f i n a l  
approval. A t  t h i s  time some neu viewpoints on the  transmittance fac- 
t o r s  o f  glasses had been diaculiseri i n t e rna t iona l ly  and had a l s o  been 
introduced i n  the d i s c u e s i o a  of the f a c t o r s  used i n  the guide. These 
problema were presented t o  the  members i n  a c i r c u l a r  l e t t e r  and the 
vote of the experte were requested. The comments received from the 
exper t s  were par t ly  qu i t e  e labora te  and pa r t i cu la r ly  Belgium, France, 
Great Br i t a in  and U.C.S.R. had c r i t i c a l  comenta or eugcested amend- 
ments. The chairman corresponded with a l l  the experts  mentioned and 
with the authors. This r e su l t ed  i n  some minor, but pa r t ly  oseent ia l  
Improvements, which I hope w i l l  s a t i s f y  a l l  concerned. The f i n a l  e d i -  

t ion,  wnich i a  presented here,  has taken i n t o  account the typographi- 
ca l  presentat ion to the userBr including a clear-cut  ind ica t ion  of 
the  purpose and the l imi t e  o f  the  p a r t i c u l a r  method introduced. 

Kogene Voltelen 
chairman o f  E-3.2. 

(1963 - 1967) 
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Contents. After "1.2.1. Corrections pacto ri^ &d: 
1.2.1.1. Transmittance of Window Glase ........... 18 
1.2.1.2. Effect of Dirt Accumulation on 

i . 2.1 . 3. Reflectance of Interior Sur- 
Windows and Rooflights ........... 19 
f ace8 ........... 19 

' 

Prefece, Page i: !Che three last lines in paragraph 2 6hOUìd be 
deleted. and the paragraph reed as followiei: 

Perf I of the Guide reduce8 a few of these 
techniques înto a method uimple enough to 
apply to everyday lighting deeiga problem. 

......... 8- time become more complicated. 

The first two lines in paragraph 4 should be 
deleted and replaced by: 

In addition, Part II of the Guide sete out e 
compreheneive liet of other methods of predic- 
ting daylight in buildings. From this li8t ... 

Section 1.1.. peg e +:"1.1.0. PRINCIPLES OF DAXLIGHI! DESIGN" reed: 
"t.1.  PRINCIPmS . . . . . . a . . " .  

Section 1.1.. 3rd lest para., Pege 5: Ia the eecond last pera- 
graph of thie section the reference to the 08.00 
to 16.00 period should be struck out m a k l n g  the 
relevant section read: 
. b o . ,  percentage of working Eours betweerr 09.OQ 
and 17.00 for which the lighting level will be ..,)I 

Section 1.1.2, para 3, p age 8 and 9: Delete the two last Unem on pwo 8 
and the first three linea on page 9 and replace 
the following: 

It should be noted that values recommended 
in most National codea are not fundamental. In- 
creaeiing the illumination on a given task impro- 
v e ~  ita performance up to a certain point bey- 
ond which additional illumination ha8 no effect; 
but this theoretical maximum perfor~wuro lorol 
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approached aeymptotlcally eo tha t  attainment 
the larit few per cent of t h e  theore t ica l  ma- 

ximum performance may require an enormous incre- 
ase i n  the tmk il lumination and coneequeatly 8 
dieproportionate increaee I n  the lightlag coat. 
In pract ice ,  therefore,  recommended il lumination 
values represent a compromíee between theoreti-  
c a l  and economic factors ;  and this reeul te  I n  
differences in the valuee quoted f o r  one and the 
ame vleual  taak i n  the various National codes 
and etaudarde. However, i f  we .... 

Section 1.1.4.1 a),DaRes 11 and 12: Delete the laat  5 lines on 
page 11 and the f l r e t  3 l i nea  on page 12  end re- 
place with: 

a )  The tranemittance of the glaeinq. Thle is go- 
verned by the type of material  and number of lay- 
er8 (e.g. s ingle  o r  double glazing).  The data eau 
usually be obtained from the manufacturer o r  sup- 
plier of the material;  and t ab le  II show the ef- 
f e c t  of varying the glase tranemittance. 
Glaeiug materials can also be claeeif led a8 "clearn 
o r  ltdiffusinglt. I t  ahould be noted ..... 
Ia the third para. on page 12 in the 6th l ine re- 
place nskylightelt w i t h  "rooflights".  

Section l.t.4., c) ,  P age 72: Line 8~ead~~13 .12 .~ lne tead  of ?122.1q1. 
The end .a W a  paragrAph.might -ad nore emoothly 
i'f w e d  t o  the  following: 
Wornpared with other refereaces i n  the literature, 
the f ac to r s  quoted in t ab l e  III f o r  horieontal  
and near-horizontal roof l igh t  a are  probably a 
l i t t l e  severe.f1 e 

Section 1.1.4., d) ,  D age 13: The l a a t  4 l i nea  run: 

Where the obstruction8 do not  f u l f i l  these re- 
quirements, m estimate w i l l  have t o  be made of 
the equivalent horieontal  obetructloa of imflni%e 
length aseumed i n  fig. 1 and in the relevant dia- 
grame. It 

tl...... par t icu lar ly  the cei l ing.  Thla point ie 
dealt  w i t h  i n  eect ion 1.2.1.3.11 

Sect ion 1.2.1.1., page 18: The footnote 'should be replaced by: 

+) Pending in te rna t iona l  agreement on the etan- 
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derdisation of measurement o r  calculation of the 
tranamittance of light through a window pane this 
document employs the diffuse tranamittance. (i .e. 
the transmittance f o r m e  incident light) 
However, it should be noted that (for reasons ex- 
plained in the Preface) the correction factors 
are in round figures; consequeatîy, whilst trens- 
mittancea based on other definition8 may differ 
slightly from the diffuse transmittance, the va- 
riation is too small to be of practical ímportan- 
ce when applying the aimplified system described 
in this part of the Guide. 

Section 1 . 2 . 1 . .  page 22, para. 3,  line 4: The note in brackets 

nSee sketch iu Section 1.2.l' should be cha:iged to 
"See Pig. 1" 

Section 1.7.2.. sub-section (h), p age 34: The third line of this 
sub-aection should be read If.. or exceeded for  
8û$ of a i l  

Section 1.7.3.. Example I, last pare. page 36: Here the words 
Itordinary intermittenttt should be deleted meking the 
pa8eage read It. . the performance of taskr, re- 
quiring at least 7 im/ft2 . ." . 

. Figure 8 : Under thiB figure should be added: 
NOTE: In a l l  cases the room length muat 

not be lea8 than the room depth. 
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P r e f a c e  

The main purpoae of this guide i e  to help architecte, civil 
engineers, building inspectoris and other pereon8 who deal with 
natural lighting problema in buildings by providing them with 8 

meane of computing and checking interior daylight levele simply 
yet with adequete accuracy. 

In recent y e m a  techniquee for predicting daylight levels 
have become more precise than they used to be, but have at the 
eame time become more complicated. The object of the guide l e  to 
reduce a few of these techniques into a method simple enough to 
apply to everyday lighting design probleme, (Part I). 

The CIE method is designed for simple and easy eetimation of the 
eufficiency of daylight in uncomplicated rooms under average oon- 
ditions. 
Conaequently, the accuracy to be expected is not the highest ob- 
tainable, but still adequate for moat purposes. 
Usere are advised to read the preface and section 1.1. before 
applying the method. 

In addition, the Guide contains a comprehensive list of 
other.method8 of predicting daylight in buildings, ( P A  II) . 
From f u s  list those who would like to epecialirte in daylight 
design can select the methods which will best aeme their pur- 
pose in any one ca8e. 

From the many methods available the Daylight Committee of 
the C.I.E. has selected as an example of a simple method of day- 
light prediction, techniques that were developed in Australia 
independently by the Department of Labour and National Service in 
Melbourrie endthe Commonwealth Experimental Building Station in 
Sydney. (i) (2 )  (3) . !Phis method assume8 a eky ïuminance distri- 

(1) Inbuetriaï Data Sheet8 L2 - Raturai Lighting o r  'Buiïdinge: 

Daylight D e e i p  Dícgrama, Department of Labour and National 
Semice , Melbourne, 1963 

(2) Notee on the Science of Building, No.56: Daylighting of B u i l -  
dings, Com. Experimental Building Station, Sydney, rev. edl- 
t ion: Nov. 1962. 

I 

( 3 )  D. P a i x ,  The Design of Euildinge for Daylight. 
Bulletin No. 7, Com. Experimental Building Station, Sydney, 
1962. 
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bution defined by the C.I.E., v iz .  the C.I.E. Standard Otrercaot 
Sky'). For rooms w i t h  v e r t i c a l  windows i n  one wall o r  i n  two op- 
poei te  w a l l s  the method of  presenting r eau l t e  adopted by the Sta- 
t i o n  hae been applied t o  the Depertment'e D a y l i g h t  Design Dia- 
grams~ Theee diagrame give the loweet l eve l  of daylight that  is avail- 
able i n  a room, e i t h e r  at a dietance of 2 f t D  (60 cm) from the rear 
w a l l  along the cectre  l i n e  of rooms having windowa i n  one wall o r  
8t o r  near the centre of r o o m  w i t h  windows i n  two  opposite 
walle. Here, the  wide var ia t ion  i n  daylight l eve l  encountered i n  
rooms lit by side windowe makes it necessary t o  base design on the 
ninimmn condition. On the  other  hand, i n  room8 w i t h  overhead ligh- 
t i n g  it is possible t o  achieve nuoh greater u o i i o r n l t y  and the 
diagrama dealing with various types of roofl ight  ( i .e. ,  akylighte,  
satcrtcoth and monitor roofs) give the aversge l eve l  of  daylighting 
t h a t  is  avai lable  over the whole working area under these roof- 
l i g h t s  * 

To make the  average level a meaningful f igure,  the l eve l  of 
i l lumination over the whole area must be reaaonably uniform and 
t.hepreoautionargmeasures t o  eneure thia are also mentioned. 

The diagrams for the various types o f  window and r o o f l i g h t i q  
eysteme enable the r a t i o  of In te rna l  t o  extenial i l lumination; i.e. 
the  "Daylight Factor", t o  be determined. They take i n t o  account the 
l i gh t  re f lec ted  from surface8 ins ide  and outside the building b8 

well a8 t h e  l i gh t  comiag d i r e c t l y  frou the  aky and make allowance 
for the e f f e c t  o f  ex te r io r  obstructions,  light transmission proper- 
t i e s  of the glazing, probable e f f e c t  of d i r t  accumulation on the 
glaaing, and o ther  variables.  

To E l a t e  theae dayl ight  factora  t o  the actual i l lumination 
levels tha t  will be equalled o r  exceeded f o r  a specif ied percen- 
tage of normal workiag hours, a chart  ia provided giving informa- 
t i o n  on the a v a i l a b i l i t y  of deylight outdoors throughout the year 
at various 1 a t i t u L e .  It may he noted that w h i l s t  this does not 
take i n t o  account the e f f ec t  of local climatic var ia t ions ,  it i a  
rapyarded as a reasonably acceptable guide and a considerable in- 
provevent on t h ?  simple 500 i n / f t . *  (5000 ix) eky coneition which 
was f o r  so many years the recognised b a s i s  for prac t i ca l  design. 
A6 pointed out in the opening paragraphe, the ava i l ab i l i t y  of 

+) For  f u r t h e r  details 8ee sect ion 1 .1 .5 .  
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daylight chart and the aaeocisted diagrame and tsblee i n  Par t  1 . o f  
the Guide, provide an easy, prac t ica l  method which cm be applied 
t o  mome of normal shape fa l l ing within the limits noted on the 
various diagrams. I n  the case o f  unueual ehaped i n t e r i o r s  euch a8 
long , narrow room8.with a window i n  one end, o r  f o r  special  con- 
di t ione such 88 the great ly  increased proportion of ref lected 
l ight  from snow-covered ground, it w i l l  be nece8eary t o  uee one of 
the more complicated methodcreet out  i n  Part II. However, i t  muet 
always be remembered that since the eye cannot normally detect  va- 
r i a t ione  i n  i l lumination level of  less than 20 per cent,  there i e  
l i t t l e  point i n  attempting t o  achieve a very much higher degree 
of preciaion when making ordinary l ighting cslculatione.  In other 
words, the eimple and approximate character o f  the method i n  Par t  
I of t h i o  Guide does not seriously s f f e c t  i t a  usefulneos; moreover, 
aince the method i 0  approximate, i t  i e  a waste of time t ry ing  t o  
determine individual f ac to r s  (euch as the glass tranemittance, o r  
the effect of d i r t  accumulation) t o  an excessively high degree of 
preciaion. 

In  caaes uhorr: 

+ 
+ More di f fe ren t ia ted  information i a  wanted - 
+ 
i t  i 8  recommended t o  chooee another, su i tab le  method among those 
l is ted i n  Part II. 

differ  
The conditfona~eubstantially from those aasumed in the method 

A par t icu lar ly  high degree of accuracy is required - 

Typical came w i t h  diverging conditione, ca l l i ng  f o r  uae of ano- 
ther method, are: 

+ 
+ 

Rooms of irregular ehape or very narrow roome. 

Roome with par t icu lar ly  i r r egu la r  arrangement o r  uneven dis-  
t r ibu t ion  of openings. 

G l a s i n g  of another character than those provided i n  the method + 
+ Window arrangemente with pa r t i cu la r  ooreening ef fec t .  

+ Complicated outer  obetructione. 

+ Bcep t iona l  ref lect ion-character is t ics  of surface6 i n  the 
room o r  i ts  surroundings, Including ground. 
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Part 11 of the Guide consiata of an annotated list of other 
method8 of predicting natural lighting in buildings, which have 
been publiehed in different countries in recent years. Where pos- 
eible the list contains notee on the purpose of each method, its 
limitstions, accuracy and other relevant details. This part of 
the Guide has been compiled from information supplied by the fol- 
lowing countries (arranged i n  alphabetical order), 

Australia Germany Sweden 
Belgium Great Britain U.S.A. 
Czechoslovakia Netherlands U.S.S.R. 
Denmark Poland Yugoslavia 
France South Africa' 

It should be mentioned that the methods are not neceasarily 
all different. For instance, methods used in South Africa are 
basically the eame 88 those employed in Great Britain whilst those 
used in Poland do not differ aignificantly from those of Czecho- 
elovakia or the U.S.S.R. 

Finally, it should be noted that both Part I and Part II of 
the Guide are primarily concerned with calculating the quantity 
of illumination; quality a~pects, euch aa the effect of akg glare 
on the vieual comfort of the occupants of a building, must be con- 
sidered separately. 

PART I: A SIMPLE GRAPHICAL METHOD OF PREDICTING MYIJIGHT BASED ON 

THE C.I.E. STANDARD OVERCAST SKY 

1.1.0, PRINCIPLES OF DAYLIGHT DESIGN 

Even the simplest method of daylight prediction cannot be ap- 
plied intelligently, unless the w e r  knowe something of the p'rin- 
ciplea on which it i s  based. 

Compared with the deeign of an artificiallighting inetalletion, 
planning for adequate daylight inside a building ia complicated by 
three facts: 

(a) the source of daylight is outside the room to be lit; 

(b) daylight is extremely variable, not only with time of the 
day tiriri year, but a l s o  in respect of location, i.e. with 
geographical latitude; 
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(c) since sufficient natural'Vls seldom available during the 
whole of normal daylight wozking hours throughout the year 
it is necessary to decide the peraentage of working hour8 
for which adequate lighting is to be provided. 

To cope with these difficulties, it has become customary in 
many countries to base daylighting design upon what might beat be 
termed l'tolerable minimum conditions" (NOTE: 'Phi6 procedure is not 
accepted in the U.S,A, or France). 

darkened by a paseing thunderstorm) this tltolerable minimum condi- 
tion" will only be encountered briefly near the beginning and end 
of each day; in between, the illumination level will normally rise 
very much higher. However, the effect of this will be partially 
compensated for by akmgcs in the sensitivity of the eye and there 
is therefore a clear-cut diatinction between the case where this 
"tolerable minimum condition" is equalled or exceeded and the e w e  
where natural. illumination fe313 below this minimum, and supple- 
mentary artificial lighting has to be ueed. 

Apart from apecial circumstances (such as a sky temporarily 

As pointed out under sub-heading (c) above, for part at least 
of the normel working hours this "tole?able minimum condition1' will 
not be-attained; and it is necessary t o  relate this m i n i m u m  illu- 
mination level t o  the percentage of =-:orking hour6 between 08.00 
and 16.00 (or 09.00 and 17.00) for which the lighting level will 
be equal to or greater than the specified tolerable minimum con- 
dition. 

However, in order to do thie f o r  any given geographical loca- 
tion it ia neceeaary to know: 

(a) how much daylight ia available outside the building, and 

(b) how much daylight is needed inside the building for the 
taek- in hand. 

These two pointa will now be discussed. 

1.1.1 External Illumination 

'Since design is based on the miniaiun conditione, we are main- 
ly concerned with the value of extermil illumination which will be 
at l eas t  equalled or exceeded f o r  the required percentege of normal 
working hours throughout the year. 
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Thie minimum value ie termed the "reference value" of exter- 
nal i l lumination and in i t s  determination i t  hse become customary 
t o  neglect any contributions from d i r e c t  o r  re f lec ted  runlight and 
t o  consider only the amount of d a y l i g h t  which ie available on a 
horizontal  plene exposed t o  the whole of a completely unobstructed 
eifv 

Understandably, information on the ava i l ab i l i t y  of daylight from 
the sky i a  l imited.  However, daylight recordings have been made 
over periods d i f f e r ing  somewhat inl9ngth.b the United Kingdom (4 ) ,  
Belg ium ( 5 ) ,  Germany ( 6 ) ,  South U r i c a  ( ' I ) ,  U.S.A. ( 8 )  and Auetra- 
l i a  ( 3 ) ,  Fournol (9) ha8 ehom how t o  calculate for any locat ion 
the  a v a i l a b i l i t y  of c e r t a i n  level6 of external i l lumination pro- 
vided the b u r e  of eunshine are  known. It thus become8 poeeible t o  
cor re la te  meaaurements and calculatione and build up a reasonably 
reliable p ic ture  of the a v a i l a b i l i t y  of  daylight at variou6 la t i -  
tudes. 

(4)  

(5) 

I .E.S . Technical Report No . 4, Lighting during daylight hours , 
Illuminating Engineering Society,  London, 1962, 

R. Dogniaux, Doméea m~t6orologiquee concernant l~onsoleiulepeai 
e t  l'éclairage naturel .  

Cehiera du Centre Scient.  e t  Tech .  du Bstiment, Parie, Cahier 
.351,  NO. 44, 1960. 

( 6 )  See, e.g. Fig. 1 in  J. Krochmann, Lichttechnik,(Germang), 13, 

(7 )  

1961, NO. 7, p* 364. 

S.J. Richards, W.M,H. Rennhackkmp, Memurement of outdoor 
lighting condition6 and the i r  appl icat ion i n  d e s i s  f o r  inte- 
rior i l lumination S.A. Elec. Rev. (SouCh Africa), 50, 1959, 
No. 494, ppe 39-49. 

(8)  

(9 )  

R.A. Boyd, Studies on daylight ava i l ab i l i t y ,  

ALLPournol, Resuìtats franqais concernant l e s  delairemente 

Ill. Eng. (U.S.A.), 53, 1958, NO. 6, pp. 321-330. 

naturels .  Extension a d 'au t res  climate. 
Proc. C . I . E . ,  12th Session, Vol. I f ,  pap. Q., 1951. 
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Figure 6 ( a f t e r  Drealer ( 1 0 ) )  gives the e x t e r m i  horizontal  
i l lumination (expreseed both i n  ?.r./ft2 an5 j.2 l u )  from the whole 
of a completely unobstructed a u  2s a fL?rictioT? of l a+i tude  between 
5' and 70' North and South. The v a r i o w  curves dratmdto d i f fe ren t  
percentsgea o f ' s l l  hours between 09.00 and 17.00 home f o r  which 
the leve la  of external  horizoatal  illumir-atlon are e i t h e r  availab- 
le o r  exceeded. 

d e r  

The curve8 of  Figure 6 C M  also be applied t o  periods other 
than 09.00-17.00 but i n  t h i s  case they u2y need t o  be re-labelled 
with new percentage values. The followj.ng table sets out a l i e t  of 
the percentage value6 t o  use f o r  8ome e l te rna t ive  periods. 

07.00 - 15.00 
08.00 - 16.00 
07.00 - 17.00 
06.00 - 18.00 

95 
1 O0 

95 
i 75 

When ueing Figure 6 i t  s h o ~ l d  be kept i n  mind that i t  is ba- 
sed on "average weather" conditions and " t y p i c d  climatestt.  By 
"average weather" it  i 8  acknowledged that  at any one place there  
are bound t o  be individual gears  which are e i t h e r  d r i e r  or wetter 
than the aversge. Thus i n  any par t i cu la r  gear the ac tua l  l eve l s  of 
external  i l luipination may, on the who$e, be a l i t t l o  higher o r  a 
l i t t l e  lower for a given percentage of working hours than those 
given in the diagram which have been based on the long-term avera- 
ge of hours of sunahine i n  each month. 

spec ia l  Importance for l a t i t u d e s  between 40°?1 anc? $O'S, it should 
be realised that the data are  based on cl imat ic  conditione as they 
occur i n  places which have a more o r  l e s s  well define8 wet 8eason. 
Where t h i s  does not apply the vn?.ues read o f f  FiEure 6 will be on 
the coneemative aide by 5 t o  10 pe r  cent Et the nost.  

A6 fer as t t tgpical  climates" a re  concerned, and t h i s  is of  

(10) A. Dresler, A v a i l a b i l i t y  o f  dcylight e.t - J a r i o w  l a t i t u d e s ,  
Light and Lighting,(Great B r i L a i R ) ,  55, 1962, No. 10, pp.288-290. 
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Figure 6 ehowa that an external i l lumination of 500 l m / f t 2  
o r  approximately 5000 l u x ,  a l eve l  which is frequently ueed for 
daylighting deaign purposes in Europe, w i l l  be available o r  excee- 
ded f o r  about 85s of all normal working hours at a l a t i t u d e  of 
51 - 52ON (London, Bruesels, Berlin) whilst  at  38'N ( the  l a t i t u d e  
of Meeeina or San Prancieco) thie same reference value of i l l u m i -  
nat ion w i l l  be available f o r  92s o f  the annual working houre. 
Convereely, if it  ie deaired t o  obtain adequate daylight f o r  90$ 
of working hour8 at 51-52'N, calculat ions must be baaed on a re- 
ference value of approximately 320 lm/ft2 o r  3200 lux. 

1.1.2. In te rna l  I l lumination 

I n  room8 lit by v e r t i c a l  windows, the  l e v e l  of i l lumination 
measured on the horieontal  work plane (normally about 3 f t . ,  o r  
90 cm, above f l o o r  l eve l )  is comparatively high i n  the immediate 
neighbourhood o f ' t h e  window b u t  decreaaes rapidly a6 one move8 
away from it. In  theee c i r c m ~ t a n c e e  design hari t o  be baeed on the 
minimum l e v e l  found on the work plane. On the  other hand, i n  room 
lit by roofl ighte ,  a fa i r ly  uniform d ie t r ibu t ion  of daylight i l l u -  
mination over the horizontal  work plane can be readily achieved. 
Thus with roof l igh te  i t  become8 poseible t o  take the averme level 
of deylightlng 88 the c r i t i c a l  f igure  f o r  design purpoees. 

Regardlees of whether we are  considering minimum o r  average 
das l igh t  i l lumination, the ac tua l  value chosen depends largely on 
the type of work that haa t o  be performed a t  the point of referen- 
ce. Here the table6 of recommended l eve l s  of i l lumination for the 
variou6 types of tsrika and i n t e r i o r s ,  published by a number of 
countriee in their  a r t i f i c i a l  lighting codes o r  standarde, may be 
taken 88 a guide. Whilst recent work has shown that euch a choice 
may be rather coneervative (11) t h i s  i e  in practice of fse t  by the 
fact that daylight deaign i 6  baeed on "tolerable  m i n i m u m  condi- 
tione" which w i l l  be exceeded f o r  a subs tan t ia l  port  of the nor- 
mal daytime working hours. 

Ae thee8 recommended l eve l s  a re  not fundamentale but V~mi0U8 
compromieea between thoee required f o r  o p t a a l  visual p6ricrc;nsoe 

~ ~ 

(11) For fu r the r  information on this point,  see the l i terature  on 
Permanent Supplementary A r t i f i c i a l  Lighting of  In te r ior6  
(P .S .A.L.I , )ae  c i ted  in I.E.S. - Technical Report No. 4 
under (4)  above. 
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end the co& of ar t i f ic ia l  l igh t ing ,  there  are difference8 i n  the 
levei6 of illuxnination which a re  recommended f o r  one and the same 
visu8l  task in theae various Codes and Standards. However, i f  we 
exclude the l eve l s  recommended i n  the Unitecl S t a t e s  o f  America, 
these differences are not very e igni f icsn t .  The following f lgurea 
(baeed on those currently recommended i n  Br i t a in  and Australia) 
give a general idea of values l i k e l y  t o  be acceptable. 

Ordinars task8 (e.g. rough bench and machine work, 
intermit tent  reading, 
writing o r  f i l i n g )  Allotr: 15 l m / f t 2  

or 150 lux.  

Medium taeks (e.g. medium bench and machine 
work, prolonged cloee of f ice  work) 

Allow: 30 lm/ft2 
o r  300 lux. 

Severe taske (e.g. f i n e  bench and machine 
work, drawing boards) 

Allow: 70 l m / f t 2  
or  700 lux. 

The levels of i l lumination recommended in the U.S.A. are generally 
two t o  three times higher,  

A8 designing for daylight i s  bssed on l l tolerable  minimum con- 
ditiorie" which are known t o  be exceeded for a subetant ia l  p a r t  of 
noma daytime working houra, i t  should be qu i t e  safe t o  use the 
lighting level8 quoted above 88 a s t a r t i n g  point. 

î .1*3.  RelatiOn8hiP between External and I n t e a  Il lumination 

For sny given set of conditione the daylight illumination in- 
side a building is s t r i c t l y  proportional t o  the aimultaneoue ex- 
terna i l lumination. If the l a t t e r  i n c r e a s e e m  e fsotor of -,the 
former ia doubled and so on. 

Thie r a t i o  is commonly known 813 the D a y l i R h t  Factor,  DF, and 
l e  simply expreaeed as: 

Internal Il lumination 
External I l lumination 

IIF = 

The daylight st any given reference point depends on a con- 
eiderable number of variables ,  auch 88 the type o f  sky ("overcaettl 
i n  t h i s  case),  the s i s e  and the position of  the fenestrat ion,  the 
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type of gLaeing used, the distance between the point of reference 
and the fenestration, the extent to which the sky is obscured by 
external obstructions, the amount of light reflected into the room 
from such obstructing surfaces and the interior decoration of the 
room, i.e. the reflectances of ceiling, walls and floor. 

There is a great advantage t o  be gained by introducing the 
concept of daylight factor into daylight design, since it permits 
the development of techniques f o r  predicting 8 level of internal 
daylight illumination which in themselves are completely independ- 
ent of the levels of both external and internal illumiration that 
apply to any one case. Once the daylight factor at the point of 
reference has been determined, its value can be readily interpre- 
ted in terms of actual levels of internal illumination and the 
time for which these levels will be available or exceeded by using 
the information given in Figure 6. 

In practice it is convenient toco~-mrtthe above equation f o r  
daylight factor into a nomogram shown in Tigure 7. In this nomo- 
gram a straight line drawn from any point on the scale of external 
illumination on the left to any point on the scale of internal 
illumination on the right o r  vice versa w i l l  cross the intermediate 
daylight factor scale at that value of DF that corresponds to the 
values of external and internal illumination which the straight 
line connects. 

Use of the nomogram of Fig. 7 inconjtmctioriwith the diagram 
shown in Pig. 6 is illustrated in the following two examples: 

Example I: 

In a building to be erected in Geneva (latitude: 46'N) there 
is 81 area in which a type of visual task requiring at least 20 h/ 
ft2 or 215 lux is to be performed. What daylight factor must be 
provided in this area, if the natural lighting is to be adequate 
or better for 80$ of a l l  normal working hours between 09.00 and 
17.00 hours? 

Proceed as follows: 

(a) From Figure 6 find that for 80% of a l l  hours and a la- 
titude of 46'N the reference value of external horizon- 

2 tal illumination f r o m  the sky is 900 lm/ft 

Take the nomogram of Figure 7 and drzw a straight line 
from 900 lm/ft (or 9700 lux)  of external illumination 

o r  9700 lux. 

(b) 
2 
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on the ieft-hand s c a l e  t o  20 lm/ft2 o r  215 lux on the 
right-hand sca le  o f  i n t e rna l  i l lumination. 

Read o f f  the intermeditate daylight f a c t o r  scale  that 
the correeponding value of DF is  2.2$. 

( c )  

This i s  the value of daylight fac tor  which the fenestrat ion 
2 has t o  provide i f  at  l e a s t  20 l m / f t  

i l a b l e  f o r  SO$ of  all hours between 09.00 and 17.00 hours .  
(215 lux) a re  t o  be made ava- 

Example II: 

Using the plans o f  a building it has been calculated (by one 
of the many eui table  methods l i s t e d  i n  Par t  II of this Guide) t h a t  
the daylight f ac to r  a t  a specif ied point ineide the building w i l l  
be 2.5s. A t  and near t h i a  point ,  work is t o  be done which needs 
at l e a s t  30 l m / f t 2  ( 3 2 0  lux) .  The building is t o  be erected i n  
New Orleans, Louisiana ( l a t .  SOON). For what percentage of  normal 
daytime working hours w i l l  the na tura l  lighting available at the 
spec i f ied  point be adequate, o r  be t te r?  

Proceed as follows: 

( a )  On the nomogram o f  Figure 7,  draw a straight l i n e  from 
30 l m / f t 2  on the r igh t  hand scale o f  i n t e rna l  illumina- 
t i o n  t o  2.5% on the daylight factor scale and extend 

scale  
t h i s  s t r a igh t  l i n e  un t i l  i t r e a c h e a t h e  left-hmdV of 8x- 

t e r n a l  i l lumination, i n  t h i s  case a t  1200 l m / f t 2 .  

Take Figure 6 and f ind  that f o r  an external  i l lumination 
of 1200 l m / f t  
t i n g  will be adequate or b e t t e r  f o r  a l i t t l e  more than 
85% o f  a l l  normal working houre. 

(b)  
2 and a l a t i t u d e  o f  30°N the  natural  l igh-  

1.1.4. Necessary Allowancefj 

Near the beginning o f  section 1.1.3.  reference w a s  madeto ber- 
t a i n  var iable  fac tors  which a f f e c t  the percentage of the external  
i l lumination available at a specified point i n  the building. Pro- 
minent among theme var iab le  f ac to r s  are:  

a) The Transmittance of the glazinq. The propert ies  of various 
glaeiog materials nay be expressed i n  t e m e  of Transmittance 
(IlrMsnieeîon factor) o r  d e p e e  o f  Diffußion. These propcr- 
t f e e  are governed by the type of  n a t e r i a l  and th$uuber of 
layer8 (e.g. eingle or double glazing).  The data can uisually 
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be obtained from the  manufacturer o r  eupplier of the  materisl .  
( the e f f e c t  of various transmittances le dealt  vl- in f a l e .  
11). 

It should be noted t h a t t h e  diagram8 can o n l y  be used when 
c l e a r  glazing materiale (glass o r  p l a s t i c )  have been uaed i n  
the windows, o r  i n  r o o f l i g h t s  having v e r t i c a l  o r  s teeply elo- 
ping glazing. 

In  the case of horizontal  o r  near-horizontal roofl ights  the 
diagrams can be used w i t h  both c l e a r  glazing and highly d i f -  
fusing glazing materials (obecured glass, glass f ibre  rein- 
forced p l a s t i c ,  o r  g lass  f i b r e  sandwiched between eheets of  
g lass ,  etc.).The reason is that i n  the case of horizontal  
unobetructed skylights under an overcast  sky, the luminance 
of d i f f u s i n g  glazing will be approximately the a m e  as the 
average luminance of the overcast  sky seen through c l e a r  glcr- 
sing material of the eu38 tranernittanoe. 

Note that  the term "clear  glazingtv include8 a l l  materiala in 
which the luminance i a  m a i n l y  controlled by the luminance of 
the s l g  o r  other  eurfece seen through It ,  rather than by the 
i l lumination f a l l i n g  on the  outer  a ide  of the glaeing (which 
l e  of course the main cont ro l l ing  f a c t o r  In the case of high- 
l y  diffusing materials.)  

The term "clear glal;inglt consequently in t h i s  c c u e c t i o n  in- 
cludea wi red  roughcast glass o r  other  c l ea r  materials with a 
l i g h t l y  f i g u r e d  surface which may break up imagea seen t h r o w  
the  glas8,  but which ha8 l i t t l e  e f f e c t  on the mean luminance 
of the glass when seen againat an overcast  sky. 

The percentage of  the d l  ( o r  roof) area occupied bs this ag- 
zing material. - T h i s  crin be ea+,ic?atsd from the drawing and the 
influence of glazing bars shuuld be taken in to  account. Depm- 
ding on the  type of construction, bare w i l l  generally occupj. 
about 5 t o  10 pe r  cent of the glazed area; hut the obetrilc*F- 
ve e f fec t  of e t r cc tu ra l  members, ducts etc. inside th2 bail-  
ding shouîd not be overlooked, especial ly  when designing roof- 
lights i n  factory buildings.  In  such cases an addi t ional  al- 
lowance may be necessary. 
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c) The mount of dirt líkels to accumulate outside and ioaide -u 'the 
feneetratioa. 
mulation i8 not eaey to estimate 8CCUrately. The externel accumula- 
tion of dirt i8 governed by meteorologicol end local conditiona, 
whilst the extent to which dirt is deposited internally largely de- 
pende on the kiod of work done inside the building. Very little 
reliable infomation on dirt accumulation is available in the lite- 
rature. The actual correckion factors introduced in Section 1.2.1. 
are baaed on a comprehensive set of experiments carried out in 
Sydney, N.S.W. in l948. Conpared with other references in the lite- 
rature the factor6 Quoted for horisontel and near-horieontal roof- 
lîghte a m  probably a little aevere (dealt with in table III). 

base lighting design on an average-through life "Semice Value" of 
illumination. 

!J!he percentage reduction in light due to dirt accu- 

Because dirt accumulates gradually, it becomes neceseary to 

d) Partial obecuration of the elm external obstructions. External 
obetructions euch a8 opposite buildings or tree8 greatly affect the 
amount of daylight entering through vertical or near-vert,ical win- 
dom. The extent of external obetructions b%gressed by an arigle 
above the horieontal of a line joining the top of the obstruction 
to the centre part of the window obstructed. For the simple method 
of deeign diecuaeed in 1.2 certain simplifying aseunptionewill have 
to be made, e.g. the outlines of the opposite buildings are aseumed 
to be horieontal anâ of infinite extent p a r a l l e l  to the plane of 
the window. Where the obatructione do not fulfil theee requirements 
an estimate will have to be made of the equivalent horieontal ob- 
etruction of infinite lengtù,(dealt with in fig. 1, and implied i n  
the diagrama. 

u u  

e) The reflectance of main interior surfaces. 
reflected light (and hence the daylight factor) is greatly affected 
by the coloure on main interior surface8 - particularly the ceiling, 
(dealt with in section 1.2.1.3.). 

The amount of internal 

1.1.5. C.I .E .  Standard Overcast Sky 

It ma;y be appropriate to conclude this introductory account of the 
principles of daylight design with Borne notes on the C . I . E .  Standard 
Overcast S k y  and the reasons why it has been adopted as the basis for 
the present method. 
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It shou ld  be noted that the values of external  reference 
i l lumination given i n  Figure 6 a re  not based on any pa r t i cu la r  
type of sky,  they are  values which a re  the cumulative r e s u l t  o f  
what ac tua l ly  happens at any l a t i t u d e  while the aun i e  obscured, 
i . e .  the sky may be p a r t i a l l y  o r  conpletely overoest o r  the aun 
may j u s t  be behind a cumulus type of cloud. 

moment 
Nevertheless the type of  sky ex i s t ing  a t  any one.'wes exer- 

c i se  an important influence on the daylight f a c t o r  for a given set  
of conditions. This is  due t o  the f a c t  that  the re la t ionship  be- 
tween the external  i l l un ina t ion  from the whole of  the sicy and the 
sky luminance as seen through windows o r  roof l igh ts  (which i n  tu rn  
a f f e c t s  thci ;:-?;*.PL? of l i g h t  enter ing a room); depends on the lumi- 
nance d i s l : a i w i t i c n  of  the sky.  

Unt i l  a few ycrirs ago i t  was cuotornary t o  oversimplify t h i s  
problem by assuming the sky, for design purpoaes, t o  be of uniform 
luminance b o t h  i n  d t i t u d v  SIC? aainuth. However, i n  prac t ice  not 
only the c l e a r  sky, but ticr completely overcast sky as well, have 
a non-uniforn luniriance d i c t r i 3 u t i o n .  In f a c t ,  at the zeni th  the 
overcast sky is thr?;: t i c e s  bright.r;:im near the horizon. For t h i s  
reason i t  i s  prefezchltz sirld has mi.: SaS.one accepted pract ice  t o  
base daylight design on a sky whicn, t h m g h  o f  uniform luninance i n  
asímuth, varie8 in lunfnance between hcrizon axd zenith,  

Since the design conditions are those which have alre@ been 
described as '*t.?lcrable minimum conditionstt the obvious type of  
sky t o  s e l e c t  is the completely overcast one which i n  many (but  
not a l l )  climates i a  l i k e l y  t o  ex is t  at a time when these tolsrab- 
le ninimum conditions prevai l .  Using the  completely overcast sky 
as the "design skyvt has the added advantage t h a t  the s m a l l  azimut- 
hal var ia t ions  of i t s  luliinance f o r  a given ~ : . - ~ c u & e  above the 
horizon can reaiz::y be neglxictt-d. This would be impossible i f  a 
dark c l e a r  c k y  Iizq been chosen as the design sky.  Its luminanc- 
d i s t r ibu t ion  depends on the ac tua l  posi t ion o f  the sun i n  thc  zky  
and var i e s  both w i t h  a l t i t u d e  and azinuth. Horeover, the c l e a î  sky, 
however dark i t  i s  assumed t o  be,nt?ver really presenta Q true ni- 
niniun condition, since d i r e c t  r.rid re f lec ted  sunlight a re  nearly 
always present t o  P.um.er;t the i n t e r n a l  i l luminztion received from 
the sky. 

In  7355 the C.I.E. adopted L;Àe following equation as repre- 
ssn t ing  the  luminance d i s t r i b u t i o n  of  the  conpletely overcast sky: 
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I + 2 s i n  O 
Lg = L; 3 

where Lo = luminance at  angle O above horizon, 

L, = luminance at  zenith ( O  = 90') and 

O = angle o f  a l t i t ude  above horizon. 

Selecting the completely overcast sky as the design sky for 
daylight calculat ions i s  therefore mainly a matter o f  convenience; 
b u t  i t  i s  possible t o  j u s t i f y  i t s  general uae, even i n  very dry 
climates where a completely overcast sky i 6  r a re ly  seek The point 
i s  t h a t  even i n  buildings w i t h  v e r t i c a l  glazing, daylight fac tors  
under an overcast sky w i l l  be s ign i f icant ly  lower than under a 
c l e a r  sky providing the s m e  external horizontal  i l lumination. 
This is  due t o  the c l ea r  sky having an  inverted luminance distri- 
bution compared w i t h  that of the overcast sky: the c l ea r  sky is  
much br ighter  near the horizon than at the zenith. Thus the use 
of the overcast sky as the design sky introduces a margin of  safe- 
t y  in to  the design of  the v e r t i c a l  fenes t ra t ion  o f  buildings which 
are  t o  be erected i n  dry climates.  This sa fe ty  margin i s  important, 
s ince i n  such climates windows w i l l  frequently be provided wi th  
permanently fixed meana o f  sun control.  These natural ly  a f f ec t  
considerably the amount of  daylight entering the building. 

With horizontal  o r  near-horizontal roof l igh ts ,  daylight fac- 
t o r s  w i l l  be lower  under a c l ea r  sky than under an overcast one 
that  produces the same external reference i l lun ina t ion .  However, 
from 2 prac t i ca l  point of view, t h i s  is not very important, first- 
l y  because i r ì  any case,  the sun w i l l  be shining on the roof l igh ts  
when the sky i s  c l ea r ,  and t rue ninimum conditions are thus not 
l i k e l y  t o  ex is t .  Secondly the use o f  horizontal  o r  near-horizon- 
tal r o o f l i g h t s  i n  a dry climate would amount t o  poor design be- 
cause o f  the  large amount of solar heat that  the roof l igh ts  would 
adqit  i n t o  the building. 

To aun up: As there are  so many other var iables  that  have t o  
be taken in to  account i n  day l igh t  design, i t  is d i f f i c u l t ,  if not 
ir;ipossible t o  expect simple routine methods of  design t o  cope w i t h  
all possible external conditions. What i s  needed i s  a well-defined 
source of  daylight groducing, f o r  8 selected period o f  time, valu- 
es  o f  external horizontal  i l lu.?ination which w i l l  not f a l l  below 
a ce r t c in  minimum. It i s  f o r t h i e  reaeonthat  the completely over- 
c03t sky with i t s  luminance d i s t r i b u t i o n  as adopted by the C.T.E. 
3:s found wide acceptmce  3s t h e  "desigiì sky". 

COPYRIGHT International Commission on Illumination
Licensed by Information Handling Services
COPYRIGHT International Commission on Illumination
Licensed by Information Handling ServicesFull document details: CIE 16-1970

http://www.avadocuments.com/doc/cie-16-1970
http://www.avadocuments.com/doc/cie-16-1970


~~ 
~ 

CIE L b  70 I 900bL45 O O O O L ï 2  767 

-16- 

1.2 DAYLIGHT DESIGN DATA - GENERAL 

Thi8 eect ion introduce8 p rac t i ca l  methode of calculat ing day- 
l i g h t  based on the general prAnciple8 introduced i n  the previoua 
eectione. It a l e o  explaine ce r t a in  correct ion f ac to r s  which have 
t o  be applied t o  the calculat ion8 f o r  the f ive  d i e t inc t  typee of 
buildings,  diacuseed ia later eect ions,  a6 foï1owe: 

( a )  Ordinary eingle o r  mdt i -e torey  building8 w i t h  f l a t  cei- 
l i nge  and v e r t i c a l  window i n  one w a l l  ( u n i l a t e r a l  light- 
ing), Section t.3. 

(b) Ordinary single o r  multi-etorey buildings w i t h  f l a t  cei-  
lings and v e r t i c a l  windowe in two opposite wall8 ( b i l a -  
t e r a l  l igh t ing)  , Section 1.3 d e o .  

roo s 
(c )  Building8 with ekyîi@ta in flat and pitche& Section 1.4. 

(d) Buildings with eawtooth mofe,  Section 1.5. 

( e )  Buildiage w i t h  monitor roofs (eingle, double end repe- 
t i t i v e  ridge-type and flat-roof monitors) , Section l .6. 

The deeign diagrame which r e f e r  t o  v e r t i c a l  window (caeee a 
and b) give minimum desl ight  fac tors .  With un i l a t e ra l  lighting 
this minimum dayl igbt  f a c t o r  is essumed t o  be 2 f t .  o r  60 cm. from 
the r ea r  w a l l  on the centre  l i n e  of the window wall. I n  the ca8e 
of b i l a t e r a l  l i g h t i n g  the minimum daylight f ac to r  quoted is  loca- 
ted at or near  the centre  of the room. In both c a e 8  the daylight 
f a c t o r  i e  meaeured in a horizontal  plane 3 f t .  (90 cm) above the 
f l o o r .  be explained in eect ion 1.3 the window e i l l  l e  a lso  aeaumed 
t o  6e a t  thia height.  

The design diagrame f o r  buildings with r o o f l i g h t 6  caae8 c,  d 
and e )  r e f e r  t o  a v e r u e  daylight f ac to r ,  again measured in a hori- 
zontal  plene 3 f t .  (90 cm) above f l o o r .  

i6 neceeeery becauee in roome that  are lit by v e r t i c a l  windowe 'the 
day l igh t  i l luminat ion f a l l e  off rapidly ae the distance from the 
window increase8 and thue the daylight f a c t o r  a t  point8 remote 
from the window inevi tably becomee the c r i t i c a l  design f igure.  On 
the other hand, i n  buildings employing properly desinned roo f l igh t s ,  
dayl ight  i l luminat ion is  reasonably uniform and thus  the average 
daylight f a c t o r  over the whole working area becomee the repreeenta- 
tive f igure.  

This d i s t i n c t i o n  between minimum and average daylight f ac to r  
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In every instance the daylight factors quoted in the diagrams 
refer to the empty room or building. Partitions running parallel 
to the windows can considerably reduce the amount of daylight ava- 
ilable behind them. Normal office furniture, such as deeke and 
chars, will not affect the daylight level to my eignificant ex- 
tent. The a m e  appliea in factories to machines and equipment not 
exceeding about 5 ft. or 1.5 m in height. Equipment of greater 
heights iB, of course, likely to obstruct quite considerably the 
amount of daylight reaching the reference point. The same applies 
to cranes and overhead duct work in buildings with rooflights. 

A8 mentioned in 1.1.4 external obstructions such as opposite 
buildings, trees, etc. greatly affect the amount of daylight rea- 
ching vertical windows. For this reason the diagrams dealing with 
&lateral and bilateral vertical fenestration take into account 
obatructiona of varying height. The extent of the external ob- 
struction~ is expreseed by the angle a between the centre of the 
window and the outline of the opposite building. (See Fig. 1). 

Space f o r  fig. 1 

External obstructions affecting rooflighta are comparatively 
rare. Therefore no provision has been made for them in the deeign 
diagrama dealing with rooflighta. 

Except i n  the case of monitor lighte the diagrams do not make 
allowance for external sunbreaks, such as fixed horizontal over- 
hange or vertical louvere. The extent to which such sunbreaks af- 
fect the deylighting indoors depends on their dimensions as well 
ae their design end a l s o  varies greatly with room size. It is the- 
refore Fmpoasible to predict with any degree of certainty the los- 
se8 caused by external sunbreaks. Por methods which are capable of 
handling the effect of sunbreaks on interior daylight uee Part II 
of this Guide. 

Where tinted glass is used to control sun or sky glare, this 
can be readily taken into account provided the transmittance of 
the tinted glass is known. 

1.2.1. Correction Factors 

A few of the variables are :;ot taken into account in the Day- 
light Design Di8grams and must be allowed for separately by multi- 
plying by appropriate correction factora. 
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c i a l  case of  horizontal ,  o r  
near-horizontal roofl ights  tance+) of  GIEW 
(See 1.1.4a) 

I Diffuse Transmit- 

705& 

5M 
4M 

- 6ok 
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Correction 
Factor 

0.95 
0.8 

0.6 
0.45 

0.7 

I n  a l1  caees, allowance must be made f o r :  

(a) The transmittance o f  the g lass  ( i f  t h i s  i s  lesa  than 85%) 
when clean. 

(b)  The average l o s s  due t o  d i r t  accumulation on the glass 
between cleanings. 

I n  the case of roof l igh ts ,  allowance muet al80 be made f o r  - 
( c )  The mean reflectance of i n t e r i o r  surfaces ( i f  t h i s  d i f f e r s  

subs tan t ia l ly  from 2076). 

CorrecZ;ion fac tore  t o  a l low f o r  pointe a), b) & o )  are gi- 
ven i n  Table II, III & Iy below. 

1.2.1 .i. Transmittance of  Window Glass: The design diagrams take 
i n t o  account the losses caused by a s ingle  pane o f  clean, clear glase 
(assumed t o  have a diffuse transmittance') of 85s. In  the case of 
double glazing o r  with other type8 o f  glass such as heat-abeorbing 
glass, grey o r  t i n t e t  g lass ,  o r  ac ry l i c  p l a s t i c  materiale,  epecial  
allowance w i l l  have t o  be made f o r  t h e i r  lower transmittance, the 
amount depending on the properties o f  the material  employed. (Such 
data i a  usuelly obtainable from the manufacturer o r  supplier) .  

+) Fail ing a t  preeent an in te rna t iona l  agreement on the standardi- 
sa t ion  o f  measurement or calculat ion o f  the transmittance of light 
through a window pane t h i s  document applies the diffuse transmittan- - ce ( i . e .  the transmittance f o r  diffuse incident l i g h t  and th  e va- 
l u e s  given i n  t ab le  II are based on t h i s  (and rounded i f f ) .  Trane- 
mittances based on other definitions may d i f f e r  s l i gh t ly  f rom the 
d i f f u s e  transmittance b u t  the  use of such would hardly a f fec t  the 
r e s u l t s  b u t  immaterially, especial ly  regarding the l imited accuracy 
o f  t h e  method i t s e l f .  
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Country o r  Outer- 
Suburban Lrea 

BUiJ . t -Up  
Residential  Area 

- 

1.2.1.2. Effect of D i r t  Accumulation on Windows & Rooflights: JAllowan- 
c(3 w i l l  have t o  be nade f o r  l i ke ly  d i r t  accuuulatbn on windows between 
cleanings. This depens on (a) ths  angle o f  slope of the glass, (b )  the 
locat ion of the building, i . e .  the amount o f  d i r t  t o  be expected t o  
s e t t l e  on the outside w i n d o w  surface,  and ( c )  the c l a s s  of industry,  
i.@. the araount of d i r t  that w i l l  s e t t l e  on the inside surface o f  the 
glass. The allowance t o  be made w i l l  a l s o  depend on the cleaning cycle. 
Vhere cleaning i a  done every s i x  months the d i r t  correction fac tors  
l i s t e d  i n  Table III epply: 

Clean 
D i r t y  

Clean 
Dirty 

Table III 

Correction f ac to r s  t o  allow for d i r t  accumulation, 

Class o f  
Locali ty 1 Industry 

B c i l t  -UP I Clean 
Indus t r i a l  Area D i r t y  

Lngle of  alope (measured t o  t he  i 
-i h o r i z o n t a l )  - 

90° - 75' 1 60' - 45' i 30' - 0' 
I 

I 1 1 
0.85 0.8 I 0.9 

0.7 I 0.6 I 0.55 , 

0.7 
0 .4  I. 

~ 

0.7 
0.5 

0.6 I 
0.35 

0.55 1 
0.25 

yooms 
1.2.1.3. Reflectance of I n t e r i o r  Surfaces: I n  eide-li tvwith v e r t i c a l  
windows the following re f lac tames  have been used: 

Ceiling 70$, Walls 50$, F l o o r  75$ 

These reflectance8 represent average conditions o f  good i n t e r i o r  de- 
eign f o r  o f f i ces  and clean workshops. They r e f e r  t o  an off-white ra- 
ther  than a white ce i l ing ,  f a i r l y  l i g h t  walls and a ra ther  dark f loor .  
Since penetration of  daylight i n to  rooms lit by s ide windows is great- 
l y  dependent on having adequate re f lec ted  component, it i s  impor- 
t a n t  t o  use l i g h t  coloura of  t h i s  kind. 

However, i n  f ac to r i e s  l it  by rooflighta (where l igh t ing  
is i n  any case more uniform) lower reflectance8 w i l l  of ten be employed. 
The diagrams i n  sections 1.4-1.6 aaaume that the i n t e r i o r  surfaces of 
the building have an average reflectance of  20$. Average reflectance 
i s  obtained by taking the individual surfaces such as floor, r o o f ,  
w a l l s  and glass areas and finding the produc t s  of t h e i r  ref lectance 
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Correction 
Factor 

t h e i r  arem, then ed-ln- these proûucto a d  dividing the i r  
8um by the area of the w::ol~ i:-!t*rior. Thus, if %, AG, + and Ap 

represent thci 4rp-z of :-3f, :-In-ing, w d l r  .JI," floor respective- 
l y  a n d ~ , R G , R p f i d  % t h e i r  corresponding reflectances,  the avera- 
ge ref lectance R, w i l l  be: 

% -i X G  + A-. RI! i f L p  RF - * - ih+ AG + Av + ;SF 

If the average ref lectance obtained i n  t h i a  way d i f f e r8  Sig- 
nifioentìy from 2- a correeponding correct ion factor ehould be 
used. Ilheee fac tore  a r c  l i s t e d  i n  Table IV, 

Cor rec t im  fictorie for average 
ref lectances differing from 2û$ 

(Roofl i t  building8 only) 

I 
1596 0.95 

1 .o0 
1.05 
1.10 
1.15 
1.20 

I 

1.3 INTERIORS LIT BY VERTICAI; WIYDOWS 

The diagrama f o r  determining daylight f a c t o r  at a apecified 
reference point i n  roomie lit by vertical windowa are baaed on the 
assumptione i l l u s t r a t e d  i n  Fig. 2 and described below: 

Poei t ion of Window Head: It i s  aeaumed tha t  the window head is pla- 
ced 12 in. (or 30 cm) below the ceiling. Other things remaining 
equal the level of daylight i n  a room lit by v e r t i c a l  windowa great- 
ly depends on the dietance between the window head and the co i l ing .  
B e s t  penetrat ion of l igh t  is achieved when th i s  distance i 8  kept 
a6 emall aa possible but i t  i8 not o f t en  feasible for it t o  be l e s 8  
then 12 in .  (or 30 cm). This distance haa therefore been selected 
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and it can be eaid that i t  repreeenta good pract ice  without being 
unduly O p t i I U i 8 t i C .  

S i l l  Height: T h i s  has been choeen a8 3 f t ,  (or 90 cm) above the 
f l o o r ,  Provided that i t  doee not r i e e  much above the work-plane 
l eve l ,  e l l 1  height ha8 l i t t l e ,  if any, influence on the amount of  
l ight  anter ing the window d i r ec t ly  f rom the eicy but can influence 
the amoun-r; of l ight  which beoomee avai lable  by ref l rc t ion from the 
ground outside and from oppoeite bui ldings.  From the day l igh t iw  
point of view, s i l l  height should therefore be kept BB low a8 p08- 
Bible, compatible w i t h  e d e t y .  

Width of Windows: m i e  i6 expreeeed a8 a percentage of  t o t a l  room 
length. 6096 Wd, for instance,  etanda for 6096 Window Width, and meane 
that the width of the actual  &lase area ueed in the room amounts 
t o  6096 of the room length. !Phe deeign diagram f o r  un i l a t e ra l  ligh- 
t ing ( f igure  :) takee i n t o  account window widthe of 30$, 60$ and 
go$ of room length. The deeign diagram for b i l a t e r a l  l i gh t ing  (fi- 
gure12) re fere  t o  window widthe of 609b and 90$ of room length. I t  
ie not  d i f f i c u l t  t o  interpolate  between theee t o  obtain reeul te  
f o r  other  window widthe. 

Spaae f o r  fig. 2 

Ceil ing Height: The diagrame are val id  for ce i l i ng  height8 between 
9 and 15 f t ,  (or 2.7 E. t o  4.61~). 
S e n a t  of Room: Thle dimension is taken p a r a l l e l  t o  the windowe. 
Fig. 8 providea f o r  room lenghta of (a) 20 f t .  01: 6 m and (b) 40 ft ,  
o r  12 m (a) can be ueed f o r  room8 15 t o  23 f t ,  (4.6 t o  7.0 m) end 
(b) appliee t o  room longer than 33 f t ,  or 10 m. For room lenghts  
between 7.0 & 10 m a mean value may be ueed. 

Room Depth: Thia dimension, at ri&t 8 p ~  lee t o  the window ml1 i a  
expreeeed i n  multiple6 of  the window height H above e i l 1  l eve l  and 
i 8  one of the two variable8 t o  be read o f f  the deeiipr diagrams. The 
other  is the minimum àeyl ight  f ac to r  2 ft. o r  60 cm from th%%kl 
i n  the c w e  of roome lit by windows i n  one s ide only, and near the 
centre  of the room i n  the caee of r o o m  lit by windows i n  both 
w a l l s  . 
Reflectance8 of I n t e r i o r  Surfaces: Be mentioned above, the f o l l o -  
wing reflectance6 =e aaaumed - Ceiling ?O$, W a l l 8  50$, Floor 15$. 
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1.3.1 Desim D i a g r a m s  f o r  Windows i n  one w a l l  only. 
0 

There a re  f o u r  d i a g r a m  i n  this Section, viz .  F igu re  8 ,  9, 
10 and 11. 

Figure 8 i e  the basic design diagram. It refer8 t o  windows 
glaaed w i t h  clean, c l ea r  glass having a diffuse transmittance of 
85$, and w i t h  no buildings o r  o t h e r  obstructions t o  blook the 
view of the aky from the standard reference point.  The l a t t e r  is  
located on a horizontal  plane 3 f t .  (90 cm) &ove f loo r  l eve l ,  
an4 2 ft. (60 cm) from the r e a r  w a l l  o f  the room. The method as- 
13ume8 that thie i s  the wors t  l i t  part of the room, and therefo- 
re has the m i n i m u m  daylight fac tor .  Figure 8 indicates  the ma- 
ximum permieeible room depth and amount of glase required t o  gi- 
ve a specif ied daylight f a c t o r  at this reference point. Conver- 
eely,  the chart can be ueed t o  determine the daylight f a c t o r  
which w i l l  be avs i lab le  at the  point in question when the room 
has a specif ied depth end known quantity of glass ( i .e .  Percen- 
tage Window Width). It ehould be noted that room depth8 are 
expreeeed i n  multiple8 of window height above sill leve l ,  and 
thus define the proportions o f  the  room ra;ther than i t s  ac tua l  
s ize .  

Figure 9 i s  an auxiliary chart  which has t o  be used in con- 
junction w i t h  Figure 8 when the view of the eky is obecured by 
externa l  obatructione eeen at an angle of elevation a when viewed 
from the centre  of the window (see sketch i n  Section 1.2). In  
euch caeee, the bssic dayl ight  f a c t o r  f igure  obtained from Figure 
8 muet be multiplied by an appropriate correction factor read 
off the chart  i n  Figure 9. 

Where neceseary, other  correct ion factors must be applied t o  
a l low f o r  the  e f f e c t  o f  d i r t  on the glass, and f o r  the transmit- 
tance of the glass i t s e l f ,  aa explained i n  Section 1.2.1. 

Figure 10 i a  another auxi l ia ry  diagram which need only be 
ueed when it i 6  deeired t o  know something about the daylight fac- 
t o r  in the b e t t e r  lit par ta  of t he  room nearer t o  the window. 
Figure 10 gives the  distance from the window at which daylight 
f a c t o r  w i l l  be twice the value obtainable at the standard refe- 
rence point near the back o f  the room; i.e., twice the minimum 
value calculated w i t h  the a i d  o f  Figures 8 and 9. 

Figure 11 i 8  similar t o  Figure 10, the only  difference 
being that i t  gives the even smaller distance from the window at 
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which the daylight factor is fou-. +!mes the  minimum value calcu- 
la ted w i t h  the aid of Fitiil*es E and  9. 

Mhelr a viami  ~aón iequrLeu 11g~i~  than is available 
near t h e  back of  the room, tke problem c m  sometime6 Lc: t----fimf? 

by nevin;: the task c loser  t o  the window. Figures  10 and 11 enable 
this p o s s i b i l i t y  t o  be assessed, after the minimum dayl ight  fac- 
t o r  a t  t h e  standard reference point has been determined. 

1.3.2. Dz.uip;n Diagrams for Windows i n  Opposite Walls (Bi la te ra l  

There are  six diagrams i n  t h i s  sect ion,  viB. Figuree 12 t o  
17, inclusive.  Theae a re  basical ly  the same as those used f o r  
windows i n  one w a l l  only (Figures 8 t o  9) ;  the only e s sen t i a l  
difference being that the reference point is now near the centre 
of  the room, midway between the window w a l l s .  

Figure 12 correbpuiitr to  Figure 8 ,  and r e l s t e e  building 
depth and amount of glass t o  the Aayl imt  f ac to r  at  the referecce 
point near the middle of  the room. 

Figures 13 and 14 give corïcctian f ac to r s  with which the 
minimum dayl ight  f a c t c r ,  obtained from Figure 12, haa t o  be m u l -  
t i p l i e d  t o  t r e e  i n t o  accoiiiit tS* influence of any external. ob- 
st ruct ions.  Figures 13 and 14 CUUY corrsöpond’to Figure 9 i n  the 
previous section, b u t  a re  more complicated because there  are two 
obstruction angles t o  consider instead of only one. Various com- 
binations of angle8 i n  the O t o  40’ range a re  considered. 

Figures 15, 16 and 17 ind ica te  distances from the window 
at  which twice the minimum daylight f a c t o r  that exi8te a t  the 
centre of the room w i l l  be available;  they correepond t o  Figure 
10 in the previous section. Note .that in the case of b i l a t e r a l  
l i g h t i y  there w i l l  be two posit ions (on e i t h e r  side o f  the 
referenci. püint)  at which the D.P. is  twice that at the referen- 
ce point.  Since angle a always refer8 t o  the obstruction angle 
a t  the  window from which the distance is measured, it is easy 
t o  dis t inguish between the two points.  

Method of Use 

“he metiw3 of usìug the window char t s  and auxiliary correc- 
t i o n  f ac to r  tab les  depends upon the information available and 
required; e.g., the m a x i m u m  permissible room depth that can be 
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allowed if a specified daylight f ac to r  i s  t o  be achieved at the 
standard reference point,  o r  the minimum il lumination l e v e l  avail- 
able a t  the reference point for a specif ied percentage of day- 
t i m e  working hours i n  a building at a par t icu lar  la t i tude .  

have therefore been set  out i n  two summary eheeta, one f o r  Uni- 
lateral  and the other for Bilateral lighting, placed at the be- 
ginning of the relevant s e t  of design diagrams. !i!heee w i l l  make 
it  easy f o r  the user t o  set about extracting any required item 
of  information, provided that the rest of the required data is 
available.  Some i l l u s t r a t i v e  examples are worked out i n  sect ions 
1.7.1 and 1.7.2. 

The relat ionships  between the relevant char ts  and Tables 

1.4 INTERIORS LIT BY SKYLIGHTS 

Here w e  a re  no longer concerned with the i l lumination ob- 
tained at any spec i f ic  point i n  the i n t e r i o r  but with average 
value over the whole of the working plane eesumed t o  be 3 f t .  
(90 cm) qbove the f loor .  To make t h i a  average value meaningful 
i t  is necessary t o  achieve a remomably even level of illumina- 
t i o n  i n  prac t ice ,  and a uniformity r a t i o  of up t o  3:l ia accep- 
table for moat purposes. Uniformity is easier t o  achieve with 
the a i d  of skylight8 than w i t h  o ther  forma of roofl ight ,  hence 
skyl ights  a re  of ten chosen when uniformity i 8  par t icu lar ly  im- 
portant.  A uniformity r a t i o  of 2: l  can be achieved by ensuring 
that the distance between centre of row8 ( o r  continuou8 rune) 
of  skylights, and a lso  between individual skylights in rows I s  
not  more than twice the height of  the sEcylights above the hori- 
zontal  working plane. Similarly,  the dietance between adjacent 
w a l l s  and centres of  ekylights should not  exceed one-half the 
above distance (see Fig. 3). Closer spacing w i l l ,  of couree, 
fur ther  improve the uniformity r a t i o ;  when a eingle row ( o r  
continuous run) o f  skyl ights  is used in each slope of a pitq- 
hed roof,  uniformity w i l l  be improved if the row are  placed 
slightily cl6eer tq the  val ley than t o  the ridge of the roof. 

Space f o r  fig. 3 

COPYRIGHT International Commission on Illumination
Licensed by Information Handling Services
COPYRIGHT International Commission on Illumination
Licensed by Information Handling ServicesFull document details: CIE 16-1970

http://www.avadocuments.com/doc/cie-16-1970
http://www.avadocuments.com/doc/cie-16-1970

