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ABSTRACT 

I n  t h e  f i r s t  p a r t  of  t h i s  s t u d y ,  d a y l i g h t i n k  
l e v e l s  i n  a n  a c t u a l  c l a s s r o o m  a r e  compared t o  
s c a l e  model  m e a s u r e m e n t s  and t o  c o m p u t e r  p rogram 
p r e d i c t  i o n s  . 

Secondly ,  t h e  d a y l i g h t i n g  e f f e c t s  i n  t h e  
b u i l d i n g  a t r i u m  a r e  examined t h r o u g h  t h e  s t u d i e s  
of  a n  a c t u a l  b u i l d i n g  and of a  s c a l e  model .  
R e s u l t s  a r e  r e p o r t e d  a b o u t  how t h e s e  d a t a  compare  
t o  e a c h  o t h e r .  

INTRODUCTION 

I n  o f f i c e  and c l a s s r o o m  b u i l d i n g s  t h e  
l i g h t i n g  s y s t e m s  can  a c c o u n t  f o r  o v e r  h a l f  o f  t h e  
a n n u a l  e n e r g y  c o n s u m p t i o n  f o r  t h e  b u i l d i n g .  With 
i n c r e a s i n g  e n e r g y  a w a r e n e s s ,  d a y  l i g h t  i n y  h a s  
r e c e i v e d  a  g r e a t  d e a l  of  a t t e n t i o n  i n  t e r m s  of 
b u i l d i n g  d e s i g n .  T h i s  h a s  r e s u l t e d  i n  a  s t r o n g  
demand f o r  a c c u r a t e  i n f o r m a t  i o n  c o n c e r n i n g  t h e  
r e l a t i v e  b e n e f i t s  i n  t e r m s  o f  e n e r g y  c o n s e r v a t i o n  
and t h e  q u a l i t y  o f  i l l u m i n a t i o n  t h a t  c a n  b e  
a c h i e v e d  w i t h  v a r i o u s  methods  of i n c o r p o r a t i n g  t h e  
d a y l i g h t i n g  p o t e n t i a l .  

However, d e s i g n e r s  s t i l l  l a c k  t h e  t o o l s  t o  
u s e  i n  t h e  l i g h t i n g  d e s i g n  p r o c e s s .  T r a d i t i o n a l -  
l y ,  model  s t u d i e s  and hand c a l c u l a t i o n s  h a v e  b e e n  
used.  More r e c e n t l y ,  t h e s e  h a v e  b e e n  complemented  
by t h e  u s e  of c o m p u t e r  s i m u l a t i o n s .  These  
c o m p u t e r i z e d  d e s i g n  a i d s  h a v e  begun t o  p r o v i d e  
d e s i g n e r s  w i t h  t h e  a b i l i t y  t o  model  numerous 
a l t e r n a t i v e s  q u i c k l y ,  and t o  s e e  t h e  e f f e c t s  o f  
e a c h  c h a n g e  ( 1 ) .  

The p u r p o s e  o f  t h i s  r e s e a r c h  is t o  compare  
d a y l i g h t i n g  d a t a  f rom a  c o m p u t e r  p rogram,  a  s c a l e  
model  of a  b u i l d i n g ,  and a  c o n s t r u c t e d  f u l l - s c a l e  
b u i l d i n g  t o  i l l u s t r a t e  t h e  p o t e n t i a l  of  u s i n g  
d a y l i g h t  i n g  d e s i g n  m e t h o d s  t o  r e l i a b l y  p r e d i c t  
a c t u a l  b u i l d i n g  d a y l i g h t i n g  p e r f o r m a n c e .  

PART I 

DAYLIGHT ANALYSIS OF THE CLASSROOM AT TEXAS A&M 
UNIVERSITY (TAMU) 

A c t u a l  d a y l i g h t  l e v e l s  o f  t h e  c l a s s r o o m  a t  
TAMU were  measured  a t  20 i n t e r i o r  l o c a t i o n s  i n  t h e  
c l a s s r o o m  ( F i g s .  1  and 2). The m e a s u r e m e n t s  
s t a r t e d  3  f t  from t h e  e x t e r i o r  w a l l  and proceeded  
a t  6 f t  i n t e r v a l s  t o  t h e  o p p o s i t e  w a l l  (30  f t ) .  
A f t e r  d a y l i g h t  l e v e l s  ( i n  f o o t  c a n d l e s )  w e r e  
r e c o r d e d ,  day  1 i g h t  f a c t o r s  w e r e  c a l c u l a t e d .  For  
t h e  D a y l i g h t  F a c t o r  (DF), t h e  i n t e r i o r  
measurements  were  d i v i d e d  by t h e  e x t e r i o r  
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h o r i z o n t a l  i l l u m i n a t i o n  a t  a  p o i n t  away f rom t h e  
b u i l d i n g  (2). A l l  m e a s u r e m e n t s  were  done  u n d e r  
t h e  o v e r c a s t  s k y  c o n d i t i o n .  

D e s i g n  Cond it i o n s  
1. Skv C o n d i t i o n :  O v e r c a s t  s k y  
2 .  L a t i t u d e ,  L o n g i t u d e ,  T ime m e r i d i a n ;  30°, 

96', 9(P ( C o l l e g e  S t a t i o n ,  T e x a s )  
3 .  Window D i r e c t i o n ;  North (@ 
4 .  Month, Day; May 1 5  
5 .  Room Width,  Depth ;  4 0 ' ,  3 0 '  
6. C e i l i n g  H e i g h t ;  10.5 '  
7. C e i l i n g  R e f l e c t a n c e  ( % ) ;  8 0  
8.  Wall  R e f l e c t a n c e  ( % ) ;  70 
9 .  F l o o r  R e f l e c t a n c e  ( % ) ;  30 
1 0 .  Measurement H e i g h t ;  2 .5 '  
11. Window Type;  Double C l e a r  
12 .  T r a n s m i s s i o n  ( '6);  80 
13 .  R e f l e c t a n c e  (%I; 20 
1 4 .  Window Width;  3 . 5 '  
1 5 .  Window H e i g h t ;  6 '  

DAYLIGHT ANALYSIS USING A  SCALE MODEL 

The d a y l i g h t  e f f e c t s  o f  a r c h i t e c t u r a l  
e l e m e n t s  w e r e  examined  t h r o u g h  t h e  u s e  of  s c a l e  
model  s t u d i e s .  Model s t u d i e s  a r e  e f f e c t i v e  
methods  f o r  e s t i m a t i n g  i n t e r i o r  l i g h t  l e v e l s  and 
d i s t r i b u t i o n ,  and t h e y  o f f e r  a d d i t i o n a l  
i n f o r m a t i o n  f o r  j u d g i n g  t h e  q u a l i t y  of  l i g h t  and 
i ts a e s t h e t i c  v a l u e s  ( 3 ) .  

The s c a l e  model  was b u i l t  f rom opaque 
c a r d b o a r d  and p a i n t e d  foam b o a r d  t o  p r e v e n t  l i g h t  
t r a n s m i s s  i o n  t h r o u g h  t h e  w a l  1s and c e i l i n g  ( S c a l e :  
1/2" = 1'-0"). C o l o r s  w e r e  s e l e c t e d  t o  be  t y p i c a l  
o f  a  n o r m a l  room. The r e f l e c t a n c e s  used i n  t h e  
t e s t  w e r e ;  f l o o r s  - 30%, w a l l s  - 70%, c e i l i n g  - 
80%,  and ground ( c o n c r e t e )  - 55%. D a y l i g h t  l e v e l s  
were  measured  a t  5 i n t e r i o r  l o c a t i o n s ,  2.5 f t  
above  t h e  f l o o r .  

DAYLIGHT ANALYSIS USING A  COILPUTER PROGRAM 

The d a y l i g h t  f a c t o r s  were c a l c u l a t e d  t h r o u g h  
t h e  use  o f  a  c o m p u t e r  program. The c o m p u t e r  
p rogram t h a t  was used  f o r  p r e d i c t i n g  t h e  amount o f  
d a y l i g h t  is c a l l e d  MICROLITE (4). It e v a l u a t e s  
d a y l i g h t i n g  d e s i g n  i n  t h e  e a r l y  s t a g e s  o f  t h e  
d e s i g n  p r o c e s s .  The MICROLITE c o m p u t e r  p rogram 
was d e v e l o p e d  by Harvey J. Bryan a t  MIT and i s  
a v a i l a b l e  t h r o u g h  t h e  D e s i g n e r s  S o f t w a r e  Exchange 
(DSE). The o u t p u t  f rom t h e  program g i v e s  s e v e r a l  
f o r m a t s  i n  t h e  f a m i l i a r  a r c h i t e c t u r a l  
r e p r e s e n t a t  i o n  of p l a n ,  s e c t i o n ,  and p a r a 1  led  
p r o j e c t i o n .  
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T a b l e  1  D a y l i g h t  l e v e l s  ( D a y l i g h t  F a c t o r s )  o f  t h e  
c l a s s r o o m  
.................................................. 
A c t u a l  D a t a  Computer  D a t a  S c a l e  Model D a t a  

( DF) ( DF) (DF) 

RESULTS b CONCLUSIONS 

R e s u l t s  show t h a t  t h e  c o m p u t e r  g e n e r a t e d  
d a y l i g h t  l e v e l s  i n  t h e  c l a s s r o o m  w e r e  h i g h l y  
c o r r e l a t e d  t o  t h e  m e a s u r e d  d a y l i g h t  l e v e l s ,  b u t  
t h e y  were  a l m o s t  t w i c e  t h e  m e a s u r e d  l e v e l s .  The 
d i f f e r e n c e  was d u e  t o  t h e  low and uneven  
r e f l e c t a n c e s  of  a c t u a l  c l a s s r o o m  s u r f a c e s .  The 
c l a s s r o o m  had many p i e c e s  of  f u r n i t u r e  s u c h  a s  
c h a i r s ,  d e s k ,  b l a c k b o a r d ,  v e n e t i a n  b l i n d s ;  e x p o s e d  
s t r u c t u r a l  c o l u m n s ;  d o o r s ;  and s u r f a c e  t e x t u r e  
c h a r a c t e r i s t i c s  which  may h a v e  i n £  l u e n c e d  t h e  
m e a s u r e d  d a y l i g h t  l e v e l s ,  and w e r e  n o t  a c c o u n t e d  
f o r  i n  t h e  compute r  p rogram.  

Add i t  i o n a l  d i f f e r e n c e s  b e t w e e n  t h e  c o m p u t e r  
g e n e r a t e d  d a y  1  igh t l e v e  1 s  and t h e  m e a s u r e d  
d a y l i g h t  l e v e l s  o c c u r r e d  n e a r  t h e  window a r e a  
b e c a u s e  t h i s  a r e a  of  t h e  c l a s s r o o m  was e s p e c i a l l y  
s e n s i t i v e  t o  t h e  o u t s i d e  s k y  c o n d i t i o n s .  

S c a l e  mode l  d a t a  w e r e  h i g h e r  t h a n  t h e  
m e a s u r e d  and t h e  c o m p u t e r  g e n e r a t e d  d a y l i g h t  
l e v e l s  b e c a u s e  of  t h e  h i g h  s u r f a c e  r e f l e c t a n c e s  o f  
t h e  m o d e l ' s  w a l l  and r o o f  m a t e r i a l  ( c a r d b o a r d ) .  
T h i s  mode l  d i d  n o t  c o n t a i n  f u r n i s h i n g s ,  n o r  d i d  i t  
h a v e  t h e  t e x t u r e  and d e t a i l e d  c o n s t r u c t i o n  
f e a t u r e s  o f  t h e  a c t u a l  b u i l d i n g .  

PART I1 

DAYLIGHT ANALYSIS OF THE ATRIUM OF A  BUILDING AT 
TAMU 

The d a y l i g h t i n g  e f f e c t s  o f  s e v e r a l  a r c h i t e c -  
t u r a l  e l e m e n t s  f r o m  t h e  s c a l e  m o d e l  b u i l d i n g  w e r e  
compared  w i t h  t h e  d a t a  f r o m  t h e  a t r i u m  o f  t h e  
Animal  S c i e n c e  B u i l d i n g  a t  TAMU (5) .  T h i s  
i l l u s t r a t e d  b o t h  t h e  i n c o n s i s t e n c i e s  and t h e  
r e l a t i o n s h i p s  b e t w e e n  t h e  d a t a  f rom t h e  s c a l e  
mode l  and t h e  i n f o r m a t i o n  o b t a i n e d  f rom t h e  
e x i s t i n g  b u i l d i n g .  

F i r s t ,  a c t u a l  m e a s u r e m e n t s  w e r e  made a t  34 

i n t e r i o r  l o c a t i o n s  i n  t h e  A n i m a l  S c i e n c e  B u i l d i n g  
a t r i u m .  ' h e  m e a s u r e m e n t s  s t a r t e d  a t  2  f t  f r o m  t h e  
w a l l  and p r o c e e d e d  a t  1 0  f t  i n t e r v a l s  t o  t h e  
o p p o s i t e  w a l l  (60  f t ) .  A f t e r  d a y l i g h t  l e v e l s  ( i n  
f o o t  c a n d l e s )  w e r e  r e c o r d e d ,  d a y l i g h t  f a c t o r s  were  
c a l c u l a t e d .  A1 1  m e a s u r e m e n t s  were  d o n e  u n d e r  t h e  
o v e r c a s t  s k y  c o n d i t i o n .  

Second ,  a  s c a l e  m o d e l  was b u i l t  w i t h  opaque  
c a r d b o a r d  and  t h i c k  foam board  t o  p r e v e n t  l i g h t  
t r a n s m i s s i o n  t h r o u g h  t h e  w a l l  and c e i l i n g  ( s c a l e :  
1 /2"  = 1'-0"). C o l o r s  w e r e  s e l e e r c d  t o  b e  
c o m p a r a b l e  t o  t h e  a c t u a l  b u i l d i n g .  M e a s u r e m e n t s  
w e r e  made i n  t h e  d o c t o r a l  s t u d i o  ~f the  
A r c h i t e c t u r e  D e p a r t m e n t  a t  TAMU. 

A c t u a l  d a y l i g h t  l e v e l s  w e r e  c ~ m p a t e d  w i t h  t h e  
s c a l e  mode l  d a t a  ( T a b l e  2). Fig.  13 s h o w s  t h e  
a c t u a l  d a y l i g h t  d i s t r i b u t i o n  o f  t h e  Animal  S c i e n c e  
B u i l d i n g  and F ig .  1 4  s h o w s  t h e  d a y l i g h t  
d i s t r i b u t i o n  ( D a y l i g h t  F a c t o r )  o f  t h e  s c a l e  m o d e l  
b u i l d i n g .  

T a b l e  2  D a y l i g h t  l e v e l s  (DF) of  t h e  a t r i u m  
.................................................. 
OBS A c t u a l  Model OBS A c t u a l  Model 

D a t a  D a t a  D a t a  D a t a  
( D F )  ( D F )  ( D F )  ( D F )  

.................................................. 
1  4 .1  6.5 1 8  4  . I  7 .6 
2  3 .1  5.3 1 9  6 . 9  9.4 
3  4 . 1  5 .9  20 7.2 10 .6  
4  5 .2  8.2 2  1  6 . 9  1 0  .O 
5  5 .5  8.2 22 5 .5  8 .2  
6  5 .5  8.2 2  3  3.4 6 .5  
7  5.2 8.2 24 4 . 8  8 .2  
8  7.6 10.0 2  5  6 . 2  8.2 
9  7.2 10.6 2  6  4  . I  6.5 
10 6 .2  10.6 2  7  2 .5  4.7 
11  4 . 6  9.4 28 3 . 3  5 .3  
12 5 .5  8.2 2 9  2 . 8  4 .7  
13  7.6 10 .6  3  0  3 . 3  7  .O 
14 9.7 11  .8  3  1  2 .3  5 . 9  
1 5  7.6 10.6 3 2  3  .O 6 . 5  
16 5 . 9  9.4 3 3  2 .2  5 . 9  
17 4 .1  7  .O 34 6 .2  7  .O 
.................................................. 

I n  o r d e r  t o  f i n d  t h e  r e l a t i o n s h i p  b e t w e e n  t h e  
a c t u a l  d a t a  and  t h e  m o d e l  d a t a ,  s t a t i s t i c a l  
r e g r e s s i o n  t e s t s  w e r e  e x e c u t e d  u s i n g  t h e  
S t a t i s t i c a l  A n a l y s i s  S i m u l a t i o n  (SAS) p rogram.  

Y = 0.869X - 1 . 8 1 9  
N = 34  
R2 = 0.84 
F  = 1 7 0 . 3 8  
P  < 0 .001  
Y = Dependen t  v a r i a b l e  ( a c t u a l  d a t a )  
X = I n d e p e n d e n t  v a r i a b l e  (mode l  d a t a )  
N = Sample  s i z e ,  number of m e a s u r e d  p o i n t s  
R2 = C o e f f i c i e n t  of d e t e r m i n a t i o n  ( p o r t i o n  o f  

t h e  t o t a l  v a r i a t i o n  of Y e x p l a i n e d  by 
t h e  l i n e a r  r e g r e s s i o n  o f  Y o n  X) 

F  = The v a l u e  o f  F  s t a t i s t i c  f o r  t h e  d a t a  
P  = P r o b a b i l i t y  ( p r o b a b i l i t y  o f  o b t a i n i n g  a  

t a b u l a t e d  F  v a l u e  m o r e  e x t r e m e  t h a n  t h e  
computed F  v a l u e )  

The v a l u e s  o f  t h e  r e g r e s s i o n  c o e f f i c i e n t s  
p r o v i d e d  a n  e s t i m a t e  of  t h e  c h a n g e  i n  Y ( A c t u a l  
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d a t a )  a s s o c i a t e d  w i t h  a  one-uni t  change of t h e  
independent v a r i a b l e  X (Model d a t a ) ,  h o l d i n g  con- 
s t a n t  t h e  e f f e c t  o f  a11  o t h e r  v a r i a b l e s .  The 
c o e f f i c i  n t  of  d e t e r m i n a t i o n ,  i d e n t i f i e d  by t h e  'i symbol R , i n d i c a t e s  t h a t  t h e  r e g r e s s i o n  e x p l a i n s  
84 pe rcen t  of t h e  changes  in  t h e  dependent 
v a r i a b l e .  

Also, t h e  F - t e s t  s t a t i s t i c  is used t o  
e s t i m a t e  whether t h e r e  is a  s i g n i f i c a n t  
r e l a t i o n s h i p  between t h e  dependent v a r i a b l e  (Y) 
and t h e  independent v a r i a b l e  (X). The h y p o t h e s i s  
t h a t  t h e r e  i s  no r e l a t i o n s h i p  between t h e  d a t a  i s  
r e j e c t e d  when t h e  computed F v a l u e  exceeds  t h e  
t a b u l a t e d  F  value .  S ince  t h e  computed F  v a l u e  o f  
170.38 is l a r g e r  t han  t h e  t a b u l a t e d  F  v a l u e  o f  
7.56 ( 6 ) ,  we would conclude  t h a t  t h e r e  i s  a  h igh  
r e l a t i o n s h i p  between t h e  d a t a  a t  t h e  0.01 l e v e l  o f  
s i g n  i f  icance .  

CONCLUSIONS 

Table  2  shows t h a t  t h e  s c a l e  model d a y l i g h t  
l e v e l s  i n  t h e  a t r i u m  a r e  ove re s t ima ted  by about  
30%. The most l i k e l y  cause  of t h e  d i s c r e p a n c i e s  
between t h e  a c t u a l  measurements and t h e  s c a l e  
model measurements is h igh  r e f l e c t a n c e s  of s c a l e  
model m a t e r i a l s  compared t o  t h e  average  
r e f l e c t a n c e s  i n  t he  a c t u a l  b u i l d i n g  ( 7 ) .  

I n  t h e  s t a t  i s t i c a l  t e s t ,  t h e  h y p o t h e s i s  t h a t  
t h e r e  is no r e l a t i o n s h i p  between t h e  a c t u a l  d a t a  
and t h e  model d a t a  is r e j e c t e d  a t  .O1 l e v e l  o f  
s i g n i f i c a n c e  and it i s  concluded t h a t  t h e r e  i s  a  
s i g n i f i c a n t  l i n e a r  r e g r e s s i o n  o f  Y on X. With R' 
= 0.84, app rox ima t ly  84% of v a r i a b i l i t y  i s  
exp la ined  by t h e  r e g r e s s i o n  on X. It would 
appear ,  t h e r e f o r e ,  t h a t  model measurements  could  
be u s e f u l  t o o l s  t o  p r e d i c t  a c t u a l  d a y l i g h t  ing 
performance.  

In  f u t u r e  s t u d i e s ,  a c t u a l  measurements w i l l  
be made in  t h e  o f f i c e  a r e a  of each f l o o r  of t h e  
b u i l d i n g  and w i l l  be compared w i t h  t h e  model 
measurements (8). Also,  s e v e r a l  t ypes  of a t r i u m s  
w i l l  be  s t u d i e d  t o  deve lop  a  canpu te r  program. 
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Fig. 1 Floor plan of the classroom 

F i g .  2 Elevation 

F i g .  5 Interior view 

Fig. 3 Exterior view of the classroom Fig. 6 Scale model of the classroom 
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Fig. 7 Exterior view of the Animal Science Building Fig. 10 Skvli~ht(rnode1) 

Fig. 8 Roof plan Fi%. 11 Sitting area 

Fig. 12 Scale model 
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Fig .  13 Daylight d i s t r i b u t i o n  i n  the  Animal Science Building atrium 
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Fig.  14 Daylight d i s t r i b u t i o n  i n  the  s c a l e  model bu i ld ing  atrium(DF) 
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