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ABSTRACT 

The u s e  o f  n a t u r a l  l i g h t  ( d a y l i g h t i n g )  i n  t h e  
a t r i u m s  o f  o f f i c e  b u i l d i n g s  is o f t e n  done t o  
supplement o r  e l i m i n a t e  t h e  a r t  i f  i c i a l  l i g h t i n g  
o the rwi se  r e q u i r e d .  To t h e  e x t e n t  t h a t  t h e  
d a y l i g h t  can be e f f e c t i v e l y  admi t t ed  and then  
d i s t r i b u t e d ,  t h e  dependence on a r t  i f  i c i a l  l i g h t  i s  
reduced,  and energy i s  conserved.  

T h i s  s t u d y  invo lves  two major  D a l l a s  Texas 
o f f i c e  b u i l d i n g s :  D a l l a s  C i t y  H a l l  (I .  M.  P e i  and 
P a r t n e r s )  and Diamond Shamrock Corp.  ( I lawood K .  
Smith and P a r t n e r s ) ,  both  w i t h  l l n e a r  t y p e  
a t r i u m s  ( 1 ) .  The f e n e s t r a t i o n  t y p e  used a t  C i ty  
Ha l l  i s  a  n o r t h - f a c i n g  b a r r e l  v a u l t  sy s t em f o r  
i n d i r e c t  l i g h t ,  w h i l e  Diamond Shamrock u s e s  a  
nor th-south  pyramidal  sys t em which p e r m i t s  d i r e c t  
s o l a r  g a i n .  

T h i s  pape r  compares t h e  i l l u m i n a t i o n  l e v e l s  o f  
t h e s e  two sys tems and t h e  r e l a t i v e  m e r i t s  o f  each ,  
a s  w e l l  a s  i n d i c a t i n g  t h e  e f f e c t i v e n e s s  o f  
d a y l i g h t  d i s t r i b u t i o n  i n  b o t h  bu i ld ings .  Also  
inc luded i n  t h i s  s t u d y  a r e  d a t a  i n d i c a t i n g  some 
b r i g h t n e s s  r a t i o s  f o r  each h u i l d i n g  and s u b j e c t i v e  
responses  t o  an in fo rma l  su rvey .  

INTRODUCTION 

The i n t e n t  o f  t h i s  s t u d y  is t o  document t h e  
day l i g h t   in^ measurements o f  t h e  two s i g n i f i c a n t  
Da l l a s  o f f  i c e  b u i l d i n g s  t aken  a t  noon on two 
s u c c e s s i v e  days in  Ju ly  ( ~ u e .  and Wed. J u l y  8  and 
9 ,  1986).  S i n c e  t h e r e  were n e a r l y  i d e n t i c a l  c l e a r  
sky c o n d i t i o n s ,  c o r r e l a t i o n s  shou ld  e x i a t  between 
t h e  f e n e s t r a t i o n  t y p e  and t h e  i n t e n s i t y  o f  d a y l i g h t  
w i t h i n  t h e  a t r i u m ,  a s  w e l l  a s  t h e  d i s t r i b u t i o n  of 
d a y l i g h t  i n t o  t h e  p e r i m e t e r  o f f i c e s .  The r e l a t i v e  
s i g n i f i c a n c e  of t h e  r e f l e c t i v i t i e s  o f  t h e  i n t e r i o r  
s u r f a c e s  of each  bui ld ing 'a  a t r i u m  w i l l  b e  
examined. The impact o f  t h e  d i r e c t  s o l a r  
i l l u m i n a t i o n  and heat  g a i n  o f  t h e  Diamond Shamrock 
b u i l d i n g  a s  opposed t o  t h e  d i ' f f u s e  l i g h t  o f  t h e  
D a l l a s  C i t y  H a l l  w i l l  a l s o  be  compared. Another 
c r i t e r i o n  t o  be cons ide red  i n  t h e  e v a l u a t i o n  of 
each f a c i l i t y  is t h e  l a r g e  p u b l i c  h u i l d i n g  vs.  t h e  
s m a l l e r  p r i v a t e  b u i l d i n g  and how t h i s  a f f e c t s  
cho ice  o f  t h e  f e n e s t r a t i o n  t y p e .  

Graph ic s  and e m p i r i c a l  d a t a  inc luded i n d i c a t e  
t h e  e f f e c t i v e n e s s  w i t h  which t h e s e  two f e n e s t r a t i o n  
types  d i s t r i b u t e  t h e  d a y l i g h t  t h roughou t  t h e  c e n t e r  
o f  t h e  b u i l d i n g s .  The comparison o f  t h e s e  two 
sys tems i n d i c a t e s  t h e  h igh  l e v e l s  o f  i l l u m i n a t i o n  
allowed by t h e  pyramidal  sys tem a l o n g  w i t h  s i g -  
n i f i c a n t  s o l a r  g a i n ( h e a t ) ,  w h i l e  t h e  d i f f u s e  n o r t h  
l i g h t  of t h e  b a r r e l  v a u l t  sys tem p rov ides  no s i g -  
n i f i c a n t  h e a t  g a i n ,  y e t  a d m i t s  lower  l e v e l s  o f  
i l l u m i n a t i o n  ( d a y l i e h t ) .  

The t r a d i t i o n a l  method o f  d a y l i g h t  c a l c u l a t i o n  
has been t o  use  d a t a  based on d i f f u s e  i l l uminance  
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i n  t h e  o v e r c a s t  s k y ,  and e q u a t i o n s  based on t h e  
p h y s i c s  o f  l i g h t .  Th i s  methodology i s  commonly 
c a l l e d  t h e  D a y l i e h t  F a c t o r  Method, and was 
developed by nopkinsoa ( 2 ) .  J. W. G r i f f i t h  t hen  
developed c a l c u l a t i o n  methods based on e x t e n s i v e  
s t u d i e s  of models under  an a r t i f i c i a l  sky which 
a l lowed p r e d i c t i o n s  of a c l e a r  sky  a s  wel l  a s  s 
d i f f u s e  sky r e s u l t  ( 3 ) .  Recen t ly  t h e s e  c a l c u l a t i o n  
methods have been adap ted  f o r  p r e d i c t i n g  
d a y l i g h t i n g  impacts  on b u i l d i n g s ,  b u t  3 major  
shor tcoming o f  t h e s e  methods is t h a t  t h e y  a r e  n o t  
d i r e c t l y  a p p l i c a b l e  t o  t h e  a t r i u m  s t u d i e s  a t  
p r e s e n t .  

The f i n d i n a s  o f  t h i s  s t u d y  r e p r e s e n t  a 
p o r t i o n  o f  a l a r ~ e r  d a y l i g h t i n g  p r o j e c t  conducted 
a t  Texas A6M U n i v e r s i t y . .  'The l a r g e r  d a y l i g h t i n g  
p r o j e c t  was des igned  t o  e v a l u a t e  a  v a r i e t y  of 
a t r i u m  types  by a c t u a l  measurements a s  w e l l  a s  by 
s c a l e  model s t u d i e s  i n  a  l a r g e  sky s i m u l a t o r .  The: 
end r e s u l t  o f  t h a t  r e s e a r c h  i s  i n t ended  t o  be  a  
s e r i e s  o f  d e s i g n  g u i d e l i n e s  f o r  t h e  most e f f i c i e n t  
a t r i u m  geometry and f e n e s t r a t i o n s  i n  g iven  
s i t u a t i o n s .  I t  is a l s o  a n t i c i p a t e d  t h a t  a  s e r i e s  o f  
a l g o r i t h m s  could be p r e s e n t e d  t o  e v a l u a t e  new 
a t r i u m  d e s i g n s  and t o  s t u d y  p o t e n t i a l  energy s a v i n g  
a l t e r a t i o n s  t o  e x i s t i n g  a t r i u m s .  

The s p e c i f i c  o b j e c t i v e s  o f  t h i s  s t u d y  i n c l u d e  
. t h e  comparison o f  a c t u a l  d a y l i g h t  i l l u m i n a t i o n  

l e v e l s  i n  t h e  a t r i u m s  o f  two b u i l d i n g s ,  each  w i t h  
a  d i f f e r e n t  f e n e s t r a t i o n  sys t em ( s k y l i g h t ) .  Also 
e v a l u a t e d  is t h e  e f f e c t i v e n e s s  o f  each  a t r i u m  a t  
t h e  d i s t r i b u t i o n  o f  d a y l i g h t  i n t o  p e r i m e t e r  o f f i c e  
a r e a s .  The e f f e c t  o f  t h e  f e n e s t r a t i o n  t y p e  on t h e  
energy l o a d s  i n  t h e  b u i l d i n g s  w i l l  a l s o  be  s t u d i e d .  

Next,  t e n t a t i v e  c o n c l u s i o n s  a r e  drawn f o r  each  
f a c i l i t y  bared  on t h e  r e l a t i v e  e f f e c t i v e n e s s  of t h e  
r e s p e c t i v e  f e n e s t r a t i o n  t y p e s  a s  i n d i c a t e d  by t h e  
f i e l d  d a t a .  A d d i t i o n a l l y ,  e u g g e s t i o n s  a r e  made 
r e g a r d i n g  a l t e r a t  i o n s  t o  each  i n s t a l l a t  i on  which 
cou ld  make each  one  more e f f e c t i v e  a t  d a y l i g h t  
d i s t r i b u t i o n  a s  w e l l  a s  maximizing energy s a v i n g r .  

The p r e s e n t  work is l i m i t e d  t o  an  a n a l y s i s  o f  
t h e  a t t r i b u t e s  and o p p o r t u n i t i e s  f o r  improvement o f  
t h e  a t r i u m  i n  t h e  s u b j e c t  b u i l d i n g s .  F u r t h e r ,  t h i s  
work is p r i m a r i l y  focused on t h e  e f f e c t i v e n e s s  o f  
each  a t r i u m  t o  d i s t r i b u t e  d a y l i g h t  w e l l  enough t o ,  
have a  p o s i t i v e  impact on r e q u i r e d  e l e c t r i c  
l i g h t i n g  l e v e l s ,  and t h e r e f o r e  t o  s a v e  ene rgy .  

' 

DESCRIPTION OF PROJECT 

The D a l l a s  C i t y  H a l l  is a  ve ry  l a r g e  p u b l i c  
o f f i c e  h u i l d l n g  w i t h  an a t r i u m  o f  s i x  s t o r i e s ,  
w h i l e  t h e  D iaemd  Shamrock Z b c n f c - : s  !I tvision i e  a 
s m a l l  two-story p r i v a t e  o f f i c e  b u i l d i n g  l o c a t e d  i n  
nearby Las C o l i n a s ,  Texas.  F i g u r e  1 showa t h e  lobby 
p l a n  o f  t h e  a t r i u m  i n  C i t y  H a l l  which i s  some 2 2 5 ,  
f t .  (68.6 m )  l o n g  and abou t  25 f t .  (7.6 m) wide.  
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The a t r i u m  s t a i r - s t e p s  w ide r  a t  each l e v e l  towards 
t h e  s k y l i g h t s  a s  i s  i n d i c a t e d  in  F igu re  2. Three  
p a r a l l e l  no r th - f ac ing  semi-vaulted c l e r e s t o r y  
s k y l i g h t s  run t h e  l e n g t h  o f  t h e  a t r i u m  from 
e a s t  t o  west .  ' The n o r t h  and s o u t h  s i d e s  o f  t h e  
a t r i u m  house c i t y  o f f i c e s ,  w h i l e  t h e  e a s t  and west 
s i d e s  c o n t a i n  s t acked  c i r c u l a t i o n  a r e a s  and s u p p o r t  
f a c i l i t i e s .  The p e r i m e t e r  o f f  i c e s  i n  t h i s  b u i l d i n g  
a r e  n o t  d i r e c t l y  exposed t o  t h e  a t r i u m ,  b u t  a r e  
s e p a r a t e d  by means o f  l a r g e  g l a s s  pane l s .  T h i s  
g l a z i n g  reduces  n o i s e  t r a n s m i s s i o n  i n t o  the  
pe r ime te r  o f f i c e s ,  but  a l s o  a f f e c t s  t h e  t r a n s -  
miss ion of d a y l i g h t  i n t o  t h e  o f f i c e s .  The s o u t h  
s i d e  o f f  i c e s  a l s o  have wide b a l c o n i e s  f o r  c i r -  
c u l a t i o n  p a s s i n g  e a s t  t o  wes t  between them and t h e  
a t r i um.  'These could r e f l e c t  some d a y l i g h t  i n t o  t h e  
s o u t h s i d e  o f f i c e s ,  b u t  they a r e  c a r p e t e d ,  and have 
l e a f y  Ereen p l a n t s  i n  p l a n t e r s  on t h e  r a i l i n g .  
These two t r e a t m e n t s  coupled w i t h  t h e  g l a z i n g  t h a t  
s e p a r a t e s  t h e  o f f i c e s  c u t s  down on d a y l i g h t  
t r a n s m i s s i o n  i n t o  t h e s e  o f f  i c e s .  

The f l o o r  o f  t h e  a t r i u m  i s  f r e e  o f  p l a n t s ,  
f u r n i t u r e  and g e n e r a l  c l u t t e r ,  a s  it is p r i m a r i l y  
a  c i r c u l a t i o n  and que ing  a r e a ,  and is c a r p e t e d .  I t  
might be  assumed f o r  a  n o n - r e f l e c t i v e  a t r i u m  s u c h  
a s  t h i s ,  t h a t  d a y l i g h t i n g  l e v e l s  s i x  f l o o r s  below 
t h e  s k y l i g h t s  would be s i g n i f i c a n t l y  reduced by 
d i s t a n c e  a l o n e .  Th l s  was n o t  t h e  c a s e  however, 
t h e r e  was s t i l l  s i g n i f i c a n t  n a t u r a l  l i g h t  found a t  
t h e  two lowes t  l e v e l s ,  bu t  it was n o t  p r i m a r i l y  
from t h e  s k y l i g h t s  b u t  r a t h e r  from t h e  30 f t .  (9.1 
m) h igh -no r th  f a c i n g  windows a t  t h e  lobby l e v e l .  
For t h i s  reason measurement d a t a  w i l l  be g iven  but  
d i scoun ted  somewhat f o r  l o c a t i o n s  t h i s  deep in  t h e  
a t r i um.  

The Diamond S b m r o c k  b u i l d i n g  is a  r e l a t i v e l y  
s m a l l  p r i v a t e  o f f i c e  b u i l d i n g  i n  which t h e  c e n t r a l  
a t r i u m  measures app rox ima te ly  60 x 180 f t . (18 .3  x  
54.9 m) , o r  abou t  10,800 sq .  f t . (  1000 sq .  m.). The 
s k y l i g h t  runs  t h e  f u l l  l e n g t h  o f  t h e  a t r i u m ,  and 
is made from two p a r a l l e l  h ipped-sect ion  s k y l i g h t s  
( f e n e a t r a t i o n  t y p e  MI2 a c c o r d i n e  t o  Navvab and 
Se lkowi t z ,  ( 4 ) )  and i s  i l l u s t r a t e d  i n  F i g u r e  3. 
Th i s  t ype  of s k y l i g h t  does a l l o w  d i r e c t  s u n l i g h t ;  
and consequen t ly ,  t h e  l e v e l s  of n a t u r a l  i l l umina -  
t i o n  i n  t h e  a t r i u m  a r e  ve ry  h igh.  However, a s  a  
r e s u l t  o f  t h e  d i r e c t  sun ,  t h e  h e a t  g a i n  i n  t h e  
a t r i u m  is a l s o  h igh.  In  r e c o g n i t i o n  o f  t h i s  f a c t ,  
Diamond Shamrock has covered t h e  s k y l i g h t  g l a z i n g  
wi th  a  po lyp rope lene  shad ing  f i l m  which reduces  
l i g h t  t r ansmis s ion  by 60 p e r c e n t .  T h i s  f i l m  is i n  
a d d i t i o n  t o  t h e  e x i s t i n g  s k y l i g h t  g l a z i n g  which 
c u t s  l i g h t  t r a n s m i s s i o n  by 15-20 p e r c e n t .  T h i s  
r e s u l t s  i n  an o v e r  a l l  t r a n s m i s s i v i t y  o f  32 
p e r c e n t .  

The a t r i u m  i s  surrounded on t h e  e a s t  and west 
s i d e s  by p e r i m e t e r  o f f  i c e s  which a r e  complete ly  
expoaed t o  t h e  a t r i u m  i n  a n  open p l a n  sys tem a a  
shown i n  F i g u r e s  6  and 7. The a r e a s  t o  t h e  n o r t h  
,and s o u t h  o f  t h e  a t r i u m  a r e  p r i m a r i l y  c a r p e t e d  
c i r c u l a t i o n  space .  The f l o o r  o f  t h e  a t r i u m  i t s e l f  
is e x t e n s i v e l y  landscaped w i t h  v a r i o u s  t ypes  of 
p l a n t s  and t r e e s  a s  w e l l  a s  w i t h  w a t e r ,  r ocks ,  
c o n c r e t e ,  ce ramic  t i l e  and c a r p e t .  Nearly a l l  t h e  
m a t e r i a l s  i n  t h e  a t r i u m  and p e r i m e t e r  o f f i c e s  a r e  
h igh ly  a b s o r p t i v e  o f  l i g h t .  

DATA ANALYSIS 

EXTERIOR ILLUMINATION: 

Unobst ructed  h o r i z o n t a l  e x t e r i o r  i l l uminance  
was measured a t  noon on 8  J u l y  f o r  t h e  D a l l a s  C i t y  
H a l l ,  and noon on 9  J u l y  f o r  Diamond Shamrock. Two 
measurements were  t aken  a t  each  b u i l d i n g  l o c a t i o n ,  
a  h o r i z o n t a l  g l o b a l  r ead ing  and a  d i f f u s e  r e a d i n g ,  
a l l  o f  which were  i n  c l e a r  sky c o n d i t i o n s .  The 
measurements were t aken  w i t h  a  d i g i t a l ,  hand-held 
Photometer  ( L i t e n a t e  I I I ) ,  model 504 by Photo  
Research.  

The g l o b a l  r e a d i n g  a t  C i t y  H a l l  was abou t  
9 ,290 f . c . (99 ,960  l u x )  and t h e  d i f f u s e  r ead ing  was 
1,990 f  .c. (21 ,410 l u x ) .  For comparison purposes ,  
d a t a  were  o b t a i n e d  from t h e  S o l a r  Energy Research 
I n s t i t u t e  i n  Colorado which was g a t h e r e d  i n  nearby 
Waco, Tx.(100 miles o r  160 km). The SERI d a t a  
i n d i c a t e s  noontime g l o b a l  r e a d i n g s  o f  9 ,000 
f  .c . (96 ,880 l u x )  and d i f f u s e  r e a d i n g s  o f  1645 f  . c .  
( 17,710 l u x )  f o r  a  mid-July day. The SERI 
g l o b a l l d i f f u s e  r a t i o  a t  Waco was 5.4,  w h i l e  t h e  
C i t y  H a l l  d a t a  i n d i c a t e d  a Gld r a t i o  o f  4.7. The 
Diamond Shamrock r ead ings  from 9 J u l y  were 9 ,440  
f . c .  g l o b a l  (101,570 l u x )  and 2 ,180 f .c.  d i f f u s e  
(23,450 l u x )  r e s u l t i n g  i n  a  G/d r a t i o  o f  4  . l a .  

FENESTRATION SYSTEM TRANSMISSIVITY: 

The t r a n s m i s s i v i t y  o f  t h e  n o r t h - f a c i n g  
semi-vaul ted  c l e r e s t o r y  s k y l i g h t s  a t  C i t y  H a l l  was 
determined by measuring n a t u r a l  i l l u m i n a t i o n  
immedia te ly  below t h e  s k y l i g h t  a t  t h e  s i x t h  f l o o r  
ba lcony and e x p r e s s i n g  t h a t  a s  a  p e r c e n t a g e  o f  t h e  
e x t e r i o r  h o r i z o n t a l  d i f f u s e  i l l u m i n a t i o n .  The . 
i n t e r i o r  r ead ing  was 93.9 f .c.  ( 1 , 0 1 0  l u x )  and is 
4.7 p e r c e n t  o f  t h e  e x t e r i o r  d i f f u s e  r ead ing  g iven  
above. Based on e x t e r i o r  g l o b a l  t h e  t r ansmi ' s s iv i ty  
is abou t  one  p e r c e n t .  The t r a n s m i s s i v i t y  a t  
Diamond Shamrock was c a l c u l a t e d  i n  t h e  same f a s h i o n  
us ing  a  r ead ing  o b t a i n e d  d i r e c t l y  below t h e  
s k y l i g h t  i n  t h e  d i r e c t  sun a t  t h e  second f l o o r  
ba lcony.  The i n t e r i o r  r e a d i n g  was 2,200 f.c. 
(23 ,670 l u x )  and expres sed  a a  a  p e r c e n t a g e  o f  t h e  
e x t e r i o r  g l o b a l  r e a d i n g ;  t h e  a c t u a l  sys tem 
t r a n s m i s s i v i t y  is 23 p e r c e n t .  P o s s i b l e  e x p l a n a t i o n s  
f o r  t h e  d i sc repancy  of 9  p e r c e n t  between measured 
d a t a  and t h e  c a l c u l a t e d  t r a n s m i s s i v i t y  i s  t h e  
p e r c e n t a g e  o f  d a y l i g h t  b locked by s t r u c t u r e ,  
i n t e r f e r e n c e  o f  d i r t  o r  t h e  g l a z i n g ,  o r  v a r i a n c e s  
i n  t h e  t r a n s m i r s i v i t i e s  from t h e  manufac tu re r s  
s t a n d a r d s .  

MATERIAL REFLECTANCES: 

Measured r e f l e c t a n c e s  o f  t h e  p r imary  m a t e r i a l s  
i n  t h e  D a l l a s  C i t y  H a l l  and t h e  m a t e r i a l s  i n  t h e  
Diamond Shamrock b u i l d i n g  can be  found below. 

ACTUAL REFLECTANCES OF MATERIALS ( %) 

D a l l a s  C i t y  H a l l  Diamond Shamrock 
Conc re t e  39 Conc re t e  2  2  
Carpet  13  Carpet  22 
P l a n t s  9  P l a n t s  6  
S t o r a g e  Box 33 T i l e  11  
G l a s s  15 G l a s s  27 

Rock 12 
White column 52 
White p a i n t  72 
Wood 11 
Water 18  
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IIUERIOR ILLUMINATION LEVELS : 

C i t y  H a l l  i l l u m i n a t i o n  d e c r e a s e s  a s  a  f u n c t i o n  
of d i s t a n c e  below t h e  s k y l i g h t  ( d e p t h  i n t o  t h e  
a t r i u m )  w i t h  t h e  noted  excep t ion  be ing  t h e  
a d d i t i o n a l  l i g h t  a t  t h e  lobby f l o o r  from t h e  
no r th - f ac ing  g l a s s .  F igu res  1 ,4 ,and 5 l n d i c a t e  
i l l u m i n a t i o n  l e v e l s  i n  f o o t  cand le s  a t  s i m i l a r  
s p o t  l o c a t i o n s  on t h r e e  f l o o r s :  t h e  lobby (second 
l e v e l ) ,  f o u r t h  and s i x t h  l e v e l s .  

The l e v e l s  o f  i l l u m i n a t i o n  i n  unobs t ruc t ed  
l o c a t i o n s  on t h e  s i x t h  l e v e l  a r e  n e a r l y  t h r e e  
t imes t h e  r ead ings  a t  t h e  same l o c a t i o n s  on t h e  
f o u r t h  l e v e l .  F igu re  2  i s  a  s e c t i o n  th rough  t h e  
b u i l d i n g  a t  t h e  c e n t e r  o f  t h e  a t r i u m  which 
i l l u s t r a t e s  t h e  change in  i l l u m i n a t i o n  l e v e l s  a s  
t h e  d i s t a n c e  away from t h e  s k y l i g h t  i n c r e a s e s .  
Also i n d i c a t e d  on t h e  s e c t i o n  a t  t h e  s k y l i g h t  a r e  
s p o t  b r i g h t n e s s  r ead ings  i n s i d e  each  v a u l t .  A 
comparat ive ly  low read ing  o c c u r s  i n  t h e  n o r t h e r n  
v a u l t ,  which i s  a  r e s u l t  o f  having no r e f l e c t i n g  
s u r f a c e  t o  r e d i r e c t  t h e  s u n l i g h t  from t h e  s o u t h .  

Diamond Shamrock r ead ings  i n d i c a t e  a 8 i m i l a r  
tendency t o  d i m i n i s h  a s  t h e  d i s t a n c e  from t h e  
d a y l i g h t  s o u r c e  ( s k y l i g h t )  i n c r e a s e s ,  a s  can be 
seen i n  F i g u r e  3. T h i s  i l l u s t r a t i o n  i n d i c a t e s  
r ead ings  on bo th  s i d e s  o f  t h e  a t r i u m  and a t  bo th  
l e v e l s  t aken  n e a r  t h e  c e n t e r  of t h e  b u i l d i n g .  r h e  
lobby f l o o r  i n  C i t y  Ha l l  r e c e i v e s  a  s i g n i f i c a n t  
amount of good d a y l i g h t i n g ,  a v e r a g i n g  about  20 f . c .  
(215 l u x )  i n  t h e  open a r e a s ,  s l i g h t l y  l e s s  i n  
o b s t r u c t e d  a r e a s ,  and s i g n i f i c a n t l y  l e s s  a t  t h e  
ends  and c o r n e r s ,  which is e v i d e n t  i n  t h e  r e a d i n g s  
shown in  F i g u r e  1. A s  p r e v i o u s l y  n o t e d ,  a  
s i g n i f i c a n t  amount o f  t h e  l i g h t  p r e s e n t  a t  t h e  
lobby l e v e l  i s  n o r t h  l i g h t  through t h e  l a r g e  lohby 
windows. 

T y p i c a l  r e a d i n ~ s  in  Diamond Shamrock i n d i c a t e  
averah; l e v e l s  o f  20 (215  l u x )  t o  60 f o o t  c a n d l e s  
(645 l u x )  i n  t h e  d i f f u s e  o r  shaded l o c a t i o n s ,  and 
r ead ings  o f  up t o  2000 f o o t  c a n d l e s  (21500 l u x )  i n  
t h e  d i r e c t  s u n l i g h t ,  a s  can be seen  i n  F igu res  6  
and 7 .  As i n  C i t y  H a l l  t h e r e  was some diminishment 
in t h e  ends  ( s t a c k e d  c i r c u l a t i o n  a r e a s )  and t h e  
co rne r s .  

Both b u i l d i n g s  had a d e q u a t e  l i g h t i n g  f o r  
t y p i c a l  lobby ueages  10 f . c .  (107 l u x ) ,  a s  
recommended f o r  c i r c u l a t i o n  a r e a s ,  and could  do 
w e l l  u s i n g  p r i m a r i l y  d a y l i g h t  and supplement ing 
l e s s e r  l i t  a r e a s  w i t h  a r t i f i c i a l  l i g h t .  

D a y l i ~ h t  l e v e l s  i n  D a l l a s  C i t y  H a l l  p e r i m e t e r  
o f f i c e  a r e a s  f e l l  f a r  below t h e  50 f o o t  cand le  
(540 l u x )  l e v e l s  r equ i r ed  a t  a  t y p i c a l  work 
s u r f a c e .  F i e u r e  2  i n d i c a t e s  t h e  l e v e l s  recorded i n  
p e r i m e t e r  o f f i c e s  on t h e  n o r t h  and s o u t h  a i d e s  o f  
l e v e l s  f o u r  and s i x .  Even s i x  i nches  (15  cm) i n s i d e  
t h e  g l a s s ,  t h e  d a y l i g h t i n g  c o n t r i b u t i o n  was 
in8  i g n i f  i c a n t  , and no r e d u c t  ion i n  a r t  i f  i c i a l  
l i g h t i n g  could be  made. A s  i n d i c a t e d  p r e v i o u s l y ,  
r ead ings  i n c r e n s e  in  p r o p o r t i o n  t o  t h e  p rox imi ty  o f  
t h e  r e a d i n g  l o c a t i o n  t o  t h e  s k y l i g h t .  For  t h i s  
reason t h e  8 i x t h  l e v e l  p e r i m e t e r  o f f  i c e  r e a d i n g s  
a r e  h i g h e r  t han  t h e  f o u r t h  l e v e l  c o u n t e r p a r t s .  

Day l igh t  l e v e l s  p e n e t r a t i n g  abou t  10 f e e t  ( 3  
m )  i n t o  t h e  p e r i m e t e r  o f f i c e  a r e a s  o f  Diamond 
Shamrock were on t h e  o r d e r  of 10 t o  20  f . c .  (107 
t o  214 l u x ) .  T h e r e f o r e ,  a r t i f i c i a l  l i g h t i n g  l e v e l s  
a t  t h e  a t r i u m  p e r i m e t e r  cou ld  be  s i g n i f i c a n t l y  
reduced. F i g u r e  3 i l l u s t r a t e s  r e a d i n g s  a t  bo th  
l e v e l s ,  on t h e  e a s t  and west  s i d e s  o f  t h e  a t r i u m ,  

a t  t h e  a t r i u m  e d g e ,  10 f t .  ( 3  m), and 20 f t .  ( 6  m) 
i n t o  t h e  p e r i m e t e r  o f f i c e  a r e a s .  'These r ead ings  
were  t aken  a t  column l i n e s  and a c t u a l l y  i n d i c a t e  
lower  I l l u m i n a t i o n  l e v e l e  t han  were  expe r i enced  i n  
t h e  c e n t e r  o f  bays where r e a d f n g s  a t  10 f t .  
reached 20 f . c .  (210 l u x ) ,  and a t  20 f t .  reached 
14 f . c .  ( 150  l u x ) .  

BRIGHTNESS RA'IIOS: 

A b r i g h t n e s s  r a t i o  i n d i c a t e s  t h e  r e l a t i v e  
b r i g h t n e s s e s  of  t h e  d a r k e s t  s p o t  i n  a  f i e l d  o f  view 
a s  compared t o  t h e  b r i g h t e s t  s p o t .  I t  i s  a l s o  an  
i n d i c a t o r  o f  e x c e s s i v e  g l a r e  i n  a  f i e l d  of view. I f  
t h e  r a t i o  o f  d a r k e s t  t o  t h e  b r i g h t e s t  s p o t  exceed8 
1:20, then t h e  view i s  cons ide red  t o  be  t o o  b r i g h t ,  
and p e o p l e  have t r o u b l e  ad1 u s t  i n g  t o  t h e  r ange  o f  
b r i g h t n e s s e s .  R a t i o s  below 1:20 a r e  i n  accep ted  
comfor t  r anges .  

The b r i g h t n e s s  r a t i o s  t aken  in  t h e  D a l l a s  C i t y  
H a l l  f e l l  a lmos t  e x c l u s i v e l y  w i t h i n  t h e  comfor t ab l e  
range,  w i t h  t h e  o n l y  e x c e p t i o n s  being a  d i r e c t  view 
o f  t h e  s k y l i g h t  c l a s s  and t h e  r e a d i n e s  o f f  t h e  
l a r g e  lobby windows. These e x c e s s i v e  r e a d i n e s  were 
1  :25 and 1  :94 r e a p e c t  i v e l y .  

Diamond Shamrock had a  number o f  r a t i o s  which 
exceeded t h e  I:20 comfor t  l e v e l ,  bu t  eve ry  one  
involved look ing  d i r e c t l y  a t  o r  towards t h e  
s k y l i g h t  o r  major s t r u c t u r a l  e l emen t s  and t h e n  t o .  
a  r e l a t i v e l y  d a r k  second s u r f a c e .  Views which were 
on t h e  p l a n e  o f  t h e  f i r s t  o r  second l e v e l s  had no  
r a t i o s  t h a t  exceeded t h e  comfor t  limits. 

SUBJECTIVE FINDINCS 

The s u b j e c t i v e  f i n d i n g s  abou t  t h e  d a y l i g h t i n g  i n  
t h e s e  two b u i l d i n g s  a r e  based on use r /occupan t  
r e sponses  t o  a  su rvey  completed t h e  day of t h e  
measurements,  a s  w e l l  a s  t h e  p e r s o n a l  a p p r a i s a l s  
o f  t h e  i n v e s t i g a t o r s  . 

D a l l a s  C i t y  H a l l  su rvey  r e sponses  i n d i c a t e d  a 
g e n e r a l  a c c e p t a n c e  o f  t h e  a t r i u m  a s  an  amen i ty ,  
but few f e l t  t h e r e  was b e n e f i c i a l  d a y l i g h t  a s  a  
r e s u l t  of t h e  a t r i u m .  The i n v e s t i g a t o r s  t end  t o  
a g r e e  t h a t  t h e r e  was a d e q u a t e  l i g h t  p rov ided  
n a t u r a l l y  f o r  c i r c u l a t i o n ;  b u t  i t  was n o t  b r i g h t  
enough t o  a i d  i n  t a s k  l i g h t i n g  i n  t h e  p e r i m e t e r  
o f f i c e s ,  e x c e p t  t o  p r o v i d e  a  uni form g l a r e - f r e e  
environment .  The c i r c u l a t i o n  a r e a 8  a t  t h e  s i d e s  
and c o r n e r s  of t h e  a t r i u m  were  a r t i f i c i a l l y  
l i e h t e d  by n e c e s s i t y  s i n c e  t h e  d a y l i g h t  d i d  n o t  
s a t i s f a c t o r i l y  l i g h t  t h e s e  a r e a s .  Also ,  u s e r  
o p p o s i t i o n  was e x p r e s s e d  a b o u t  t h e  g l a s s  which 
s e p a r a t e d  t h e  working a r e a s  and o f f  i c e s  a t  t h e  
a t r i u m  p e r i m e t e r  from t h e  a t r i u m  p rope r .  Some 
u s e r s  seemed s e l f  consc ious  a b o u t  t h e  ' g l a s s  
f i shbowl '  e f f e c t  p rov ided  by t h e  o f f  i c e s  behind 
g l a s s .  P r i m a r i l y ,  r e sponses  d e a l t  w i t h  
t h e  e x c e s s i v e  g l a r e  t h rough  t h e  b u i l d i n g  from 
e x t e r i o r  windows, and e s p e c i a l l y  t h e  l a r g e  
windows a t  t h e  n o r t h  s i d e  o f  t h e  lobby. 

It was a n t i c i p a t e d  t h a t  t h i s  p a r t i c u l a r  
s k y l i g h t  t y p e  would admit  o n l y  d i f f u s e ,  n o r t h  
l i g h t  and f i l l  t h e  a t r i u m  w i t h  enough d a y l i g h t  t o  
s p i l l  o v e r  i n t o  t h e  o f f i c e  a r e a s .  The f i n d i n g s ,  
however, showed n e g l i g i b l e  l i g h t i n g  l e v e l s  a t  3  
f e e t  ( lm) from t h e  a t r i u m  which rendered a d d i t i o n a l  
measurements u s e l e e s  ( a n t i c i p a t e d  t o  g o  a s  deep a e  
20 f e e t  ( 6  m) i n t o  t h e  o f f i c e s ) .  A d d i t i o n a l l y ,  i f  
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t h e r e  had been u s e f u l  l e v e l s  of d a y l i g h t i n g  in  t h e  
pe r ime te r  o f f i c e s ,  no energy would have been saved 
due t o  t h e  i n f l e x i b i l i t y  of  t h e  l i g h t i n g  sys tem 
des ign .  Each o f f i c e  bay i s  on one l i g h t i n g  
c i r c u i t  and p e r i m e t e r  l i g h t s  could  n o t  be dimmed 
independent ly  o f  a l l  t h e  r e s t  o f  t h e  l i g h t s  i n  
t h a t  o f f i c e  bay wi thou t  some l i g h t i n g  c o n t r o l  
m o d i f i c a t i o n s .  

Diamond Shamrock u s e r  r e sponses  i n d i c a t e d  a n  
overwhelming accep tance  o f  t h e  p l e a s a n t n e s s  o f  t h e  
a t r i u m  space  and t h e  connect ion  o f  t h e  p e r i m e t e r  
a r e a s  t o  it i n  an  open p l a n  f a s h i o n .  The re  was 
s i g n i f i c a n t  d a y l i g h t  i n  t h e  p e r i m e t e r  a r e a s  
a l t hough  n o t  enough t o  work by because  u s e r s  
i n d i c a t e d  t h e  need f o r  t a s k  l i g h t i n g  a t  t h e i r  
i n d i v i d u a l  work s u r f a c e s .  The good view and 
importance o f  t h e  view was he ld  i n  h igh  r ega rd  by 
most r e sponden t s .  One employee even i n d i c a t e d  t h e  
a t r i u m  a s  an ameni ty  was a  pr imary reason f o r  
t a k i n g  h e r  p o s i t i o n  t h e r e  i n s t e a d  of e lsewhere .  
There was concern  by some f o r  t h e  h e a t  o r  g l a r e  
which accompanied t h e  e a r l y  morning d i r e c t  sun .  And 
i t  was mentioned t h a t  on d a r k  o v e r c a s t  days  t h e  
a t r i u m  seemed d a r k  i t s e l f  and l o s t  some o f  its 
charm. 

Based on an  unde r s t and ing  o f  t h e  Texas c l i m a t e  
f o r  mid-July,  it was a n t i c i p a t e d  t h a t  t h e  Diamond 
Shamrock f a c i l i t y  would be  f a r  t o o  b r i g h t  and ve ry  
l i k e l y  t o o  warm. But ,  t h e  p r e v i o u s l y  d e s c r i b e d  
f e n e s t r a t i o n  sys tem k e p t  t h e  g l a r e  problem under 
c o n t r o l  a l o n g  w i t h  t h e  h igh ly  a b s o r p t i v e  a t r i u m  
m a t e r i a l s .  And t h e  t empera tu re  was q u i t e  p l e a e a n t ,  
a l t hough  probably  a t  t h e  expense  o f  t h e  a i r  
c o n d i t i o n i n g  b i l l .  

The l i g h t i n g  sys tem i s  s e t  up w i t h  e t r i p s  o f  
f l u o r e s c e n t  l i g h t s  running p a r a l l e l  t o  t h e  long 
a i d e s  o f  t h e  a t r i u m .  T h i s  a l l o w s  f o r  t h e  a r t i f i c i a l  
l i g h t  t o  be  tu rned  down o r  o f f  a  bank a t  a  t ime  
acco rd ing  t o  t h e  d a y l i g h t  c o n t r i b u t i o n  a t  a  g iven  
time. The l i g h t s  a r e  on a  l i g h t  s e n s i t i v e  c i r c u i t  
s o  t hey  can a u t o m a t i c a l l y  a d j u s t  themselves  t o  
suppl iment  t h e  changing d a y l i g h t  ing c o n d i t i o n s .  
The re fo re  l i g h t i n g  ene rgy  is saved t o  t h e  e x t e n t  
t h a t  t h e  d a y l i g h t  supp l imen t s  t h e  normal  l i g h t i n g  
l e v e l s  ., 

One reason Diamond Shamrock can f u n c t i o n  w i t h  
t h i s  t y p e  o f  f e n e s t r a t i o n  is t h e  r e l a t i v e  s i z e  o f  
t h e  f a c i l i t y .  C i t y  H a l l  would pay a s t r o n o m i c a l  
u t i l i t y  b i l l s  w i t h  t a x p a y e r s  money i f  t hey  a l lowed  
any d i r e c t  s u n l i g h t  i n s i d e .  The p r i v a t e  c o r p o r a t i o n  
can choose t h e  b e n e f i t  o f  added d a y l i g h t  and t h e  
amenity v a l u e  o f  sun  i n  t h e  a t r i u m ,  t hen  do i ts  
b e s t  t o  d e a l  w i t h  t h e  expense  (ove rhead )  because  it 
answers t o  i t s e l f .  So ,  t h e r e  seems t o  be a  
c o r r e l a t i o n  between t h e  c o s t  o f  t h e  o p e r a t i o n  of 
t h e  a t r i u m  a s  an  ameni ty  and t h e  c h o i c e  o f  s k y l i g h t  
t ype .  I t  a p p e a r s  t o  be a  d e c i s i o n  based a l s o  on t h e  
r e l a t i v e  s i z e  o f  t h e  a r e a  under  c o n s i d e r a t i o n  
(which would a f f e c t  t h e  c o s t )  a s  w e l l .  The s m a l l e r  
p r i v a t e  f i r m  hae t h e  a p p a r e n t  o p t i o n  t o  u se  an  
'energy hog' rys tem i n  an  e f f o r t  t o  m x i m i z e  
d a y l i g h t i n g  p e n e t r a t i o n ,  w h i l e  t h e  l a r g e r  p u b l i c  
f a c i l i t y  has  t o  c o n s i d e r  t h e  amount o f ,  and 
sou rce  o f  payment o f  t h e  u t i l i t y  b i l l s .  

FINDINGS AND COMPARISONS OF RESULTS 

The e x t e r i o r  i l l u m i n a t i o n  l e v e l s  of t h e  C i t y  
H a l l  and t h e  Diamond Shamrock b u i l d i n g  a r e  w i t h i n  2  
p e r c e n t  f o r  t h e  h o r i z o n t a l  g l o b a l  measurements,  and 

w i t h i n  9 p e r c e n t  f o r  t h e  d i f f u s e  c l e a r  sky 
measurements. T h i s  i n s i g n i f i c a n t  d i f f e r e n c e  a l l o w s  
d i r e c t  comparison o f  t h e  two p r o j e c t s  w i thou t  any 
ad jus tmen t s  t o  t h e  measured d a t a .  

The C i t y  H a l l  s k y l i g h t s  t r a n s m i t  t o o  s m l l  a  
p e r c e n t a g e  o f  t h e  e x t e r i o r  d i f f u s e  i l l u m i n a t i o n :  
on ly  4 .7  p e r c e n t  o f  t h e  a v a i l a b l e  d i f f u s e  sky  
i l l u m i n a t  ion .  The t r a n s m i s s  ion  based on a v a i l a b l e  
g l o b a l  ( d i r e c t  s u n )  e x t e r i o r  i l l u m i n a t i o n ,  is o n l y  
abou t  1  p e r c e n t .  The. s k y l i g h t  a t  Diamond Shamrock 
t r a n s m i t s  abou t  2 3  p e r c e n t  o f  t h e  e x t e r i o r  g l o b a l  
i l l u m i n a t  i on  i n  comparison bu t  a l l o w s  d i r e c t  
s u n l i g h t  p e n e t r a t i o n  . T h i s  y i e l d s  h i g h e r  i n t e r i o r  
i l l u m i n a t i o n  l e v e l s  t han  C i t y  H a l l  by a s  much a s  
1900 f o o t  c a n d l e s ,  bu t  t h e  amount o f  d i r e c t  s o l a r  
r a d i a t i o n  ( h e a t  g a i n )  i s  s t i l l  h i g h .  For example,  
i f  t h e  s k y l i g h t  sys tem were changed t o  admit 
d i f f u s e  n o r t h  l i g h t  o n l y ,  t h e  a i r  c o n d i t i o n i n g  load 
would be  reduced by pe rhaps  s e v e r a l  magnitudes.  

M a t e r i a l  r e f l e c t a n c e s  a r e  ve ry  low i n  bo th  
b u i l d i n g s .  I f  s t r a t e g i c  s u r f a c e s  were  made more 
r e f l e c t i v e ,  b r i g h t n e s s  and l i g h t  d i s t r i b u t i o n  would 
be b e t t e r ,  however g l a r e  would be l i k e l y  t o  
i n c r e a s e  a s  w e l l .  

D a l l a s  C i t y  H a l l  g e t s  no s i g n i f i c a n t  p e n e t r a -  
t i o n  o f  d a y l i g h t  i n t o  t h e  p e r i m e t e r  o f f i c e s :  
p a r t i a l l y  due  t o  t h e  l a c k  o f  s u f f i c i e n t  l i g h t i n g  
l e v e l s  a d m i t t e d  t o  t h e  a t r i u m  and t h e  g l a z i n g  
s e p a r a t i n g  each o f f i c e  from t h e  a t r i u m  p rope r .  
Diamond Shamrock r e c e i v e s  a  good p e n e t r a t i o n  o f  
d a y l i g h t  i n t o  t h e  p e r i m e t e r  o f f i c e  a r e a s .  Although 
t h e  l i g h t  i s  n o t  a t  l e v e l a  s a t i s f a c t o r y  f o r  working 
(50  f .c. ,  580 l u x ) ,  t h e  l e v e l a  a r e  enough t o  
complement a r t i f i c i a l  l i g h t  l e v e l a  a l l o w i n g  them t o  
be reduced and consequen t ly ,  a l l o w i n g  l i g h t ' i n g  
energy t o  be coneerved.  

Both f a c i l i t i e s  had views which y i e l d e d  
b r i g h t n e s s  r a t i o s  i n  e x c e s s  o f  t h e  recommended 
comfort  range .  In  eve ry  c a s e  a t  Diamond Shamrock 
however, t h e  e x c e a s i v e  b r i g h t n e s s e s  were  a  r e s u l t  
of a  d i r e c t  l i n e  o f  s i g h t  a t  t h e  s k y l i g h t  and n o t  
a  normal ,  l e v e l  l i n e  o f  s i g h t .  C i t y  H a l l  had a  view 
of t h e i r  s k y l i g h t  exceed t h e  1:20 l i m i t  a a  w e l l ,  
bu t  i t  t o o  i s  a  non- recu r r ing  view and may be 
d i scoun ted .  The lobby g l a s s  a t  t h e  n o r t h  s i d e  of 
C i t y  H a l l  however, p rov ided  a  r a t i o  f a r  i n  e x c e s s  
of t h e  comfor t  l e v e l .  The e x c e s s i v e  g l a r e  from 
t h o s e  windows i s  an  loconven ience  t o  t h e  whole 
lobby a s  w e l l  a s  t h e  sou th - s ide  second f l o o r  
o f f i c e s  and c i r c u l a t i o n  balcony.  

STRATEGIES FOR IMPROVEMENT 

Da l l a s  C i t y  H a l l  
* Improve a d m i t t a n c e  o f  day l i g h t  t h rough  s k y l i g h t  
syetem by i n c r e a s i n g  r e f l e c t i v i t y  o f ,  t h e  i n s i d e  o f  
v a u l t s  and by d i r e c t i n g  more l i g h t  i n t o  v a u l t e  from 
o u t s i d e  a s  shown i n  F i g u r e  8. 
* S e l e c t i v e l y  improve s u r f a c e  r e f l e c t a n c e s  t o  h e l p  
d i s t r i b u t i o n  o f  l i g h t  w i t h i n  t h e  a t r i u m .  
* I f  n o i s e  and r e c u r i t y  were  no  o b j e c t ,  remove 
g l a z i n g  a t  a t r i u r d o f f i c e  boundary t o  a i d  i n  amount 
o f  u s e f u l  d a y l i g h t  t r a n e m i t t e d  i n t o  o f f i c e s .  

Diamond Shamrock B u i l d i n g  
* Use a  s e l e c t i v e  f i l m  w i t h  t h e  s k y l i g h t  g l a z i n g  
which a l l o w s  l i g h t  w i t h o u t  h e a t  g a i n  t o  r educe  
d i r e c t  sun  p e n e t r a t i o n  y e t  a l l o w  d a y l i g h t  ( r e d u c e  
A.C. l o a d s ) .  
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* S e l e c t i v e l y  change  m a t e r i a l s  o r  s u r f a c e s  t o  
i n c r e a s e  r e f l e c t i v i t y  and improve d i s t r i b u t i o n  o f  
d a y l i g h t  i n t o  p e r i m e t e r  a r e a s .  
* Also ,  add v e r t i c a l  w a l l s / b a f f l e s  o u t s i d e  t h e  
s k y l i g h t  t o  h l o c k  d i r e c t  l i g h t  i n t o  t h e  a t r i u m  and 
i n c r e a s e  t h e  amount o f  d i f f u s e  l i g h t  a d m i t t e d  by 
r e f l e c t i v i t y .  ( F i g .  9 ) .  

F u t u r e  Work 

Day1 L e h t i n g  measurements a r e  b e i n g  o b t a i n e d  i n  
s e v e r a l  b u i l d i n g s  o f  t h r e e  b a s i c  a t r i u m  t y p e s  
( l i n e a r ,  t h r e e - s i d e d ,  and f o u r - s i d e d ) .  S e v e r a l  
t y p e s  o f  l i g h t s h e l f  s y s t e m s  a r e  b e i n g  i n v e s t i g a t e d  
a s  w e l l .  E x t e n s i v e  s c a l e  model t e s t s  o f  t h e s e  same 
b u i l d i n g s  w i l l  be  c o n d u c t e d  i n  t h e  s k y  s i m u l a t o r  a t  
Texas A&?I U n i v e r s i t y .  These  tests i n  t h e  28  it. 
d i a m e t e r  (8 .5  m), 12 it. (3 .7  m) h i g h  dome f a c i l i t y  
w i l l  b e  c o n d u c t e d  w i t h  v a r i o u s  s u n  and  s k y  
cond 1 t i o n s .  

F o l l o w i n g  t h i s  t e s t i n g ,  a l g o r i t h m s  w i l l  b e  
d e v e l o p e d  which  w i l l  a i d  i n  t h e  a c c u r a t e  p r e d i c t i o n  
o f  d a y l i g h t i n g  and  enerEy p e r f o r m a n c e  i n  a t r i u m .  
T h e s e  a l g o r i t h m s  w i l l  b e  b a s e d  o n  t h e  p h y a i c s  o f  
l i g h t  and a d j u s t e d  a c c o r d i n g  t o  e m p i r i c a l l y  d e r i v e d  
c o e f f i c i e n t s  f rom t h e  s c a l e  model and  t h e  a c t u a l  
b u i l d i n g  s t u d i e s .  The  a l g o r i t h m s  can t h e n  be  
a d j u s t e d  and  s i m p l i f i e d  t o  a c t  a s  a  d e s i g n  t o o l  f o r  
p r e d i c t  i o n  a t  t h e  c o n c e p t u a l  and  s c h e m a t i c  d e s i g n  
p h a s e s  o f  t h e  a r c h i t e c t u r a l  d e s i g n  p r o c e s s .  

T h i s  p a r t i c u l a r  s t u d y  and t h e  e n t i r e  
d a y l i g h t i n g  s t u d i e s  p r o j e c t  is b e i n g  s u p p o r t e d  by 
t h e  N a t i o n a l  S c i e n c e  F o u n d a t i o n  u n d e r  G r a n t  Number 

HSM 8504104.  A l s o ,  t h a n k s  a r e  e x t e n d e d  t o  Dr.  L. 
Boyer and L. D e g e l m n ,  P.E. ,  f o r  t h e i r  h e l p ,  
g u i d a n c e  and  c o n t a g i o u s  e n t h u s i a s m  t h r o u g h o u t  t h i s  
p r o j e c t .  
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