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ABSTRACT 

Natura l  l i g h t  ( d a y l l g h t l n g )  I n  o f f i c e  
b u l l d l n g s  I s  o f t e n  used t o  supplement o r  e l i m i n a t e  
t h e  a r t l f l c i a l  I i g h t l n g  o therw lse  requl red.  When 
d a y l l g h t  can be e f f e c t i v e l y  admi t ted and 
d l s t r i b u t e d ,  then energy I s  conserved, and t h e  
dependence on e l e c t r l c  l l g h t  lng i s  reduced. 
T r a d i t i o n a l  means o f  a d m i t t i n g  d a y l l g h t  I n  o f f i c e s  
a r e  windows, skylights, atr lums, l i g h t  cour ts ,  and 
I lghtshelves. 

Th ls  study involves two s i g n l f  i can t  Texas 
o f f l c e  bu l ld lngs :  Lockheed Company's F a c l l l t l e s  
Systems D l v l s l o n  I n  Aust in  and She l l  011 Company's 
Woodcreek O f f i c e s  near Houston. Bo th  o f  these 
I n s t a l l a t i o n s  have used l i gh tshe lves  t o  a i d  I n  
energy reduct lon.  The Lockheed b u l l d l n g  was 
designed w l t h  t h e  l l g h t s h e l f  l oca t ions  determined 
by t h e  o r l e n t a t l o n  o f  t h e  va r lous  facades and open 
I  l gh t  cour ts .  On t h e  o t h e r  hand, t h e  She l l  f a c l  l l t y  
was conceived and b u i l t  on t h e  concept o f  
l l gh tshe lves  and uses them on every facade, both on 
t h e  e x t e r i o r  and I n t e r i o r  o f  t h e  b u l l d l n g  and 
around t h e i r  many covered a t r l  urn. 

Th ls  paper compares and c o n t r a s t s  t h e  
l l gh tshe lves  I n  these two i n s t a l  l a t l o n s  based on a  
number o f  c r l t e r l a .  S p e c i f i c  cons idera t ions  a t  each 
loca t ion  Inc lude t h e  o r l e n t a t l o n  o f  t h e  glazed w a l l  
w l t h  t h e  I i g h t s h e l f ,  t h e  magnitude o f  t h e  ex te rna l  
l l l u m l n a t l o n  a t  t h e  noon equlnox t imes o f  
measurement, and t h e  e f fec t i veness  o f  each system 
a t  d a y l l g h t  d l s t r l b u t l o n  a t  va r lous  depths from t h e  
g laz ing .  The reduc t ion  e f f e c t  o f  a t r i u m / l l g h t  c o u r t  
c o n f l g u r a t l o n s  I s  a l s o  consldered. Graphics and 
emp i r i ca l  data a r e  lncluded which I n d i c a t e  these 
f a c t o r s  as w e l l  as var lous b r lgh tness  r a t l o s  and 
sub Ject l ve assesments whlch serve as an l n d l  c a t  i o n  
of l i g h t i n g  q u a l i t y  f o r  each f a c l l l t y .  

F i n a l l y ,  t e n t a t l v e  conclus lons a r e  drawn based 
on t h e  f l e l d  data whlch i n d i c a t e  t h e  e f fec t l veness  
o f  each l l g h t s h e l f  system and l l g h t s h e l v e s  i n  
general.  Addl t  lona l suggest lons a r e  made regard ing  
a l t e r a t  lons t o  each I n s t a l  l a t  Ion  whlch could make 
each one m r e  e f f e c t i v e  a t  d a y l i g h t  d l s t r i b u t l o n  as 
w e l l  as maxlmlzlng energy savlngs. 

The I n t e n t  o f  t h i s  study i s  t o  document t h e  
day I l g h t  lng measurements I n s l d e  two s i g n  I f  l c a n t  
Texas o f f i c e  b u l l d l n g s  taken a t  noontlme on two 
f a l l  days (Tue. Sept. 21.1986 and Thurs. Oct. 
2,1986). Since t h e  sky cond l t  ions v a r i e d  between 
locat lons,  correlations may e x l s t  between t h e  
l l g h t s h e l f  t y p e  and o r i e n t a t i o n  and t h e  l n t e n s l t y  

o f  d a y l l g h t  d i s t r i b u t i o n  l n t o  t h e  o f f i c e  areas 
tested.  The r e i a t l v e  g lass  t r a n s m l s s l v l t i e s  and 
r e f  l e c t l v i t i e s  o f  t h e  ' i n t e r i o r s  o f  t h e  
" I l g h t s h e l f - l I t w  areas o f  each b u l l d l n g  a re  
exam1 ned and compared. 

The t r a d l t l o n a  I  method of 'day l i g h t  c a l c u l a t i o n  
has been t o  use data based on d l f f u s e  l l l umlnance  
I n  t h e  overcast  sky, and equations based on t h e  
phys ics o f  I l g h t .  Th ls  methodology I s  c o m n  l y  
c a l l e d  t h e  D a y l i g h t  Factor  Method and was developec 
by Hopklnson ( 1 ) .  J. W. G r l f f l t h  then developed , 
some c a l c u l a t i o n  methods based on extens ive s tud ies  
o f  models under an a r t l f l c l a l  sky whlch a l lowed 
p r e d i c t i o n s  o f  c l e a r  sky as w e l l  as d i f f u s e  sky 
r e s u l t s  ( 2 ) .  Recently these calculation methods 
have been adapted f o r  p r e d i c t i n g  d a y l l g h t l n g  
Impacts on b u l l d l n g s ,  b u t  a  maJor shortcoming o f  
these methods I s  t h a t  they a r e  n o t  d l r e c t l y  
app l l cab  l e  t o  l l g h t s h e l f  s t u d i e s  and o t h e r  types o f  
c o n f i g u r a t i o n s  a t  present .  

The f  lnd lngs o f  t h l s  s tudy represent  a  p o r t  Ion  
o f  a  la rger  d a y l l g h t l n g  p r o j e c t  conducted a t  Texas 
AbM U n l v e r s i t y .  That p roJec t  was deslgned t o  
eva lua te  a  v a r i e t y  o f  a t r l u m  conf l g u r a t  lons ( 3 )  by 
ac tua l  measurements as w e l l  as by sca le  model 
s t u d i e s  i n  A m ' s  28 f t .  diameter by 12 f t .  h l g h  sky 
s imu la to r .  The r e s u l t s  o f  t h e  present  work a r e  
Included w l t h  va r lous  l i g h t s h e l f  c o n f l g u r a t l o n s  
t e s t e d  I n  t h e  s lmu la to r  as w e l l .  A s e r l e s  o f  new 
algorithms have a l ready  been developed whlch w l l l  
be used t o  eva lua te  new a t r i u m  designs and t o  s tudy 
po ten t  l a  I energy sav ing a  l t e r a t  ions t o  e x i s t i n g  
a t r i a  ( 4 ) .  S i m i l a r l y ,  a lgo r i thms whlch p r e d i c t  t h e  
resu  I t  ing day l l g h t  d l s t r l b u t  Ion o f  severa l  
l l g h t s h e l f  t ypes  may be developed. 

The s p e c i f l c  obJec t l ve  o f  t h l s  study I s  t h e  
comparison o f  ac tua l  day l l g h t  l l lumlnat lon l e v e l s  
l n s l d e  var ious  o f f l c e  areas o f  t h e  two e x l s t l n g  
b u l l d l n g s  as a  r e s u l t  o f  d l s t r l b u t l o n  by t h e  
l l g h t s h e l f  system. Comparlsons w l l l  l n d l c a t e  t h e  
r e s u l t s  a t  b o t h  f a c l  l l t l e s  based on g l a z i n g  
o r i e n t a t i o n  and depth o f  penetration o f  d a y l l g h t  
l n t o  t h e  t e s t  areas. I t  I s  a n t l c l p a t e d  t h a t  these  
comparisons w i l l  l n d l c a t e  t h e  a c t u a l  e f fec t l veness  
o f  each l l g h t s h e l f  t y p e  a t  day l l g h t  d l s t r i b u t  Ion. 

DESCRIPTION OF PMJECTS 

The B u i l d i n g s -  
The f l r s t  f a c l l l t y  i n v e s t i g a t e d  was t h e  

Lockheed M i s s i l e s  and Space Company's campus b u l l t  
near Aust in, Texas i n  1985-6. Lockheed has two 
b u i l d l n g s  whlch u t l l l z e  l l g h t s h e l v e s  as a  p a r t  o f  
an energy reduc t lon  s t ra tegy .  Not o n l y  a r e  t h e  
l l g h t s h e l v e s  used t o  mln lmize e l e c t r l c l t y  usage, 
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b u t  t o  enhance occupant p r o d u c t l v l t y .  The p r o j e c t  
a r c h i t e c t  f o r  Lockheed was Mike Shea o f  Jacobs 
Englneerlng Croup o f  C a l l f o r n l a  ( 5 ) .  

Each 2-story  b u l l d l n g  houses o f f l c e s  and deslgn 
labs w i t h  t h e  overa l l areas o f  #310 and #312 being 
215,000 and 275,000 sq. f t .  respec t i ve ly .  Each 
b u i l d i n g  uses t h e  I ightshelves on s t r a t e g l c a l  l y  
se lected exposures ranqinq from due east  t o  south. 
Belng s i m i l a r  i n  plan, each b u i l d l n q  has a  small  
t r i a n g u l a r  open a t r l u m  o r  I l g h t  cour t  whlch borders 
on work areas t h a t  use i i gh tshe lves .  The longer 
s i d e  o f  t h e  l i g h t  c o u r t  I n  each case I s  a 
c l r c u i a t i o n  zone and I s  glazed w i t h  r e f l e c t i v e  
g lass.  Other l l g h t s h e l f  locat lons a r e  I n  open 
planned working bays and I n  some cases I n  p r i v a t e  
o f f l c e  areas. A p lan  o f  t h e  Lockheed b u i l d l n g s  I s  
shown i n  F igure  1 .  

The She l l  011 Company Woodcreek Exp lo ra t ion  and 
Product ion O f f  ice, b u l  I t  In  1980-1. I s  located o f f  
i n t e r s t a t e  10 near Houston, Texas. She l l  has p u t  
together  an a t t r a c t i v e  800,000 sq. f t .  f a c i l i t y  on 
a  t r e e  studded campus s e t t i n g .  Seven l n d l v l d u a l  
l b u l l d l n g s '  each w l t h  i t s  own 4- o r  5-story c e n t r a l  
glazed a t r l u m  comorlse t h e  She l l  facility. The 
a r c h l t e c t s  f o r  t h e  p r o j e c t  were C a u d l l l  Rowlet t  and 

' S c o t t  (CRS) o f  Houston, Texas. A  p lan  o f  t h e  She l l  
f a c l  l l t y  I s  shown i n  F lgure 2. 

A  gu id ing  concept I n  t h e  design o f  t h l s  complex 
was reduc t lon  o f  operating expenses, whl l e  
p r o v i d i n g  I n d l v l d u a l  o f f l c e s  w i t h  views f o r  t h e  
h lgh  l y  valued lnhab l tan ts  ( 6 ) .  Th ls  was addressed 
by a l l o w l n g  t h e  s t r u c t u r e  t o  operate as a  s o l a r  
shade mln lmlz lng t h e  d i r e c t  sun al lowed t o  h l t  t h e  
b u l l d l n g  fascade, whl l e  r e f l e c t l n g  d i f f u s e  l l g h t  
l n t o  t h e  o f f l c e s .  The HVAC system was deslgned t o  
a c t  as a  perlrneter l l g h t s h e l f  system, c l r c l  ing each 
f l o o r  o f  o f f l c e s ,  b o t h  i n s i d e  (towards t h e  at r lum),  
and ou ts ide .  

Slnce t h e  l i g h t s h e l f  system I s  employed on t h e  
e n t i r e  perlrneter o f  a l l  seven bu l ld lngs ,  
measurements a r e  obta lned a t  var ious f l o o r  leve ls  
and on each exposure. However, p r  lmary emphas I s  was 
g lven t o  thorough documentation o f  t h e  t r u e  n o r t h  
and south exposures. Secondary emphesls was g lven 
t o  t h e  i n t e r i o r  o r  a t r i u m  exposures. 

Glaz ing Transmiss lv l t i es -  
T r a n s m l s s l v l t i e s  o f  g l a z l n g  rnater la ls  a re  

ca lcu la ted  from measurements o f  a v a i l a b l e  normal 
I l lurnlnance lmmedlately o u t s i d e  t h e  des i red  
g laz ing,  d l v l d e d  l n t o  t h e  measured a v a i l a b l e  l i g h t  
lmmedlate l y  Ins l d e  t h e  t e s t  g laz ing .  Expressed as a  
percentage, t h l s  t r a n s m l s s i v i t y  Ind ica tes  how much 
.of.  t h e  ava l lab l e  I  l g h t  I s  a  I lowed t o  pass through 

Because day l i g h t  ing was emphas ized from t h e  
conceptua 1 stages, sca l e  mode l t e s t  l ng  was 
performed throughout t h e  design o f  t h e  f a c i l i t y  t o  
p r e d l c t  t h e  d a y l i g h t l n g  leve ls .  Th is  t e s t f n g  was 
extens ive and included m d e l l n g  o f  e n t i r e  b u l l d l n g  
pods ( t o  t e s t  a t r l u m  cover types f o r  d a y l l g h t  
t ransmlss lon)  and I n d l v l d u a l  o f f l c e  m d u l e s .  A 
small  s c a l e  and a  f u l l  s l z e  o f f l c e  model were used 
by t h e  a r c h i t e c t s  and a  d a y l l g h t l n g  consu l tan t  t o  
t e s t  t h e  d a y l l g h t  p o t e n t i a l  a t  va r ious  exposures 
and t o  d e m n s t r a t e  t h e  concept t o  execut ives and 
occupants ( 7 ) .  Measurements obta lned a t  t h e  
f a c l l l t y  can be compared t o  p r e d l c t e d  r e s u l t s  and 
Inferences made about any s l m l l a r i t i e s  o r  
differences encountered. 

t h e  g laz lng .  
A t  Lockheed, t h e  s l g n l f l c a n t  g lass data f o r  

wlndows was obta lned from manufacturers data and 
t h e  o r i g i n a l  a r c h i t e c t u r a l  s p e c l f l c a t i o n s .  The 
g lass  above t h e  l i g h t s h e l f  was 1/4" c l e a r  g lass  
w i t h  a  t r a n s m l s s l v l t y  o f  09 percent  and a  shadlng 
c o e f f l c l e n t  o f  0.95. Th is  c l e a r  g l a s s  I s  where the  
maxlmum p o r t l o n  o f  t h e  day1 l g h t l n g  penetrates, and 
I s  then r e f l e c t e d  i n t o  t h e  room o f f  t h e  l l g h t s h e l f  
(F ig .  3) .  

The I l a h t s h e l f  i t s e l f  shades t h e  vlew g l a z i n g  
below, so a1 1 day 1 l g h t  adml t ted through it- I s  
d l f f u s e .  The lower g l a z i n g  i s  1/4" t h i c k  t l n t e d  
glass, w i t h  a  t r a n s m l s s l v i t y  o f  7 5  percent  and a 
shad lng coef f  l c l e n t  of, 0.69. 

The g  lass I s  a  l I by t h e  same manufacturer I n  
identical frames and presents no n o t i c a b l e  
d i f f e r e n c e  t o  t h e  observer. However, t h e  t i n t e d  
lower g lass prov ldes eas ler  viewing due t o  t'he 
shade from t h e  I lgh tshe l  f  and t h e  lower g lass  
t r a n s m l s s l v l t y .  

At  She l l  Woodcreek, t r a n s m i s s l v i t i e s  were 
measured t o  determine t h e  data f o r  each o f  t h e  
t h r e e  g l a z l n g  types. A  t l n t e d  g l a z l n g  i s  used f o r  
,both t h e  at r lurn and e x t e r l o r  s ldes  o f  each 
t r l a n g u l a r  b u l l d l n g .  The g l a z i n g  t r a n s m l s s l v l t y  o f  
t h i s  t y p l c a l  wlndow I s  74 percent .  The second t y p e  
o f  g l a z i n g  I s  located above t h e  l l gh tshe lves  and 
c o r r l d o r  w a l l s .  Th ls  g l a z l n g  i s  a  commn c l e a r  
g lass w l t h  a  t r a n s m l s s l v l t y  o f  86 percent .  The use 
o f  c l e a r  g lass  a l lows  maxlmum penetration o f  
day l l g h t  I n  t h e  l l g h t s h e l f  app I  l c a t  ion, whl l e  t h e  
less t ransrn lss lve t l n t e d  g l a s s  I s  used I n  w lndows 
where views a re  Important (see F ig .  4) .  

F lna l ly,  t h e  sky l i g h t  t ransmlss l  v l t y  above t h e  
seven Shel l a t r lums I s  t h e  same I n  each atr ium,*and 
measures about 37 percent.  

M a t e r l a l  Reflectances- 
Measured re f lec tances  o f  t h e  pr imary rnater la ls  

a t  t h e  Lockheed b u i l d i n g s  and a t  S h e l l  Woodcreek 
can be found I n  Table I  : 

Table I  
MEASURED REFLECTANCES OF MATERIALS ( 5 )  

Lockheed She l  l  Woodcreek 
Llqhtshelf  : 
In ter  lor  Shelf (White) 54 
Exterlor Shelf (Whlte Metal1 65 
HVAC/Llghtshelf (Metal)  -- 

Carpet 
C e l l l n g  T l les  
Concrete Cel l  lnq (White) 
Concrete Column; 
Floor T l l e  (Atrlurn) 
Plants 
Grass (Llghtcourts/Exterlor)  

AVAILABLE EXTERIOR ILLWINANCE 

Unobstructed t o t a l  l l l u m i n a t l o n  readings were 
taken a t  each f a c i l i t y  a t  about noon (Cen t ra l  
D a y l i g h t  Savings Tlme). The h o r i z o n t a l  Global 
reading a t  t h e  Lockheed f a c l l l t y  on September 
18,1986 was 8890 fc., whl l e  t h e  read ing  a t  Shel l 
Woodcreek on 0.ctober 2,1986 was 9065 fc. 
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Solar  Energy Research I n s t i t u t e  (SERI) d a y l i g h t  
a v a l l a b l l l t y  data i n d i c a t e  a  t y p i c a l  Global reading 
f o r  Waco, Texas f o r  noon I n  mid-September t o  be 
7900 fc .  ( 8 ) .  The read lng a t  Lockheed i s  1 1  percent  
higher than t h e  SERl data f o r  Waco, w h l l e  t h e  
Woodcreek reading I s  h igher  than t h e  SERl data by 
13 percent.  However, t h e  two s l t e s  d i f f e r  from one 
another by on ly  2 percent a t  about 12 noon. 

F igure 5 l l  l u s t r a t e s  t h e  comparison o f  e x t e r l o r  
cond i t l ons  a t  each measurement s i t e  as compared t o  
SERl t y p i c a l  data f o r  four  loca l  Texas c i t i e s .  Data 
was gathered f o r  Aust in ,  F o r t  Worth, P o r t  Ar thur  
and San Antonlo, and I s  shown I n  t h e  f l g u r e  as a  
band o f  data (San Antonio being t h e  h igh  end and 
P o r t  Ar thur  t h e  low end. The measured e x t e r i o r  
l I lumlnat lon values a t  bo th  loca t ions  i s  shown w i t h  
t h e  SERl data f o r  compar ison. 

Measurements a t  bo th  locat  lons were ob ta  lned 
w l t h  a  d i g i t a l ,  hand-held photometer. 

FUNCTION OF LIGHTSHELVES 

Des ign Ob Jec t  l ves- 
Each t lme I l g h t  h i t s  a  su r face  it i s  p a r t i a l l y  

absorbed and p a r t i a l l y  r e f l e c t e d .  The co lor ,  
t e x t u r e  and s p e c i f i c  m a t e r i a l  I n  each case 
determl nes t h e  p ropor t  lons o f  incoming l i g h t  which 
gets  r e f l e c t e d  versus being absorbed. As F igure  6 
shows, t h e  l i g h t  must then be r e f l e c t e d  a t  l eas t  
one m r e  t lme t o  become use fu l  In  t h e  work areas o f  
t h e  room. It I s  t h e  goal  o f  I l g h t s h e l f  systems t o  
p r o j e c t  r e f l e c t e d  l l g h t  as deep i n t o  t h e  space as 
poss lb le .  I n  o t h e r  words, t o  t a k e  v e r t l c a l  s u n l i g h t  
o r  overhead d i f f u s e  s k y l i g h t  and d i s t r i b u t e  It 
h o r l z o n t a l l y .  As a  December 1984 study by Bur t ,H I I I  
Kosar, Ri t te lmann and Associates ( 9 )  c l e a r l y  
s tates,  t h e  phys ics o f  r e f  l e c t l n g  I i g h t  o f f  common 
b u i l d l n g  m a t e r i a l s  and c o l o r  works agalnst  t h l s .  

F l a t  p a i n t s  (even whi te) ,  common c e l l  lng t i l e s ,  
and concrete t o  name a  few, fa1 l t o  r e f l e c t  I i g h t  
I n  a  specular  fashion as water o r  a  m i r r o r  would. 
Rather, they r e f l e c t  i n  a  d l  f f u s e  manner w i t h  t h e  
pr ime r e f l e c t e d  component a t  a  perpendlcu lar  ang le  
(90  degrees) t o  t h e  r e f l e c t i n g  surface. A 
h o r i z o n t a l  l l g h t s h e l f  would t h e r e f o r e  r e f l e c t  
p r i m a r i l y  v e r t i c a l l y  (back up a t  t h e  c e i  l i n g ) ,  and 
I i g h t  f i n a l l y  c o n t r i b u t e d  t o  t h e  space would be 
very d i f f u s e .  Th is  I s  con t ra ry  t o  commonly 
p r a c t i c e d  I l g h t s h e l f  deslgn whlch assumes a  
specular r e f  l e c t l o n  and deep pene t ra t ion  o f  l  l g h t  
l n t o  spaces. Studies by b o t h  Bur t ,  H l l l  e t .  a1.(9), 
and Lawrence Berkeley Labs (LBL) ( l o ) ,  a r e  
conc lus ive  t h a t  s lmple l l g h t s h e l v e s  do n o t  p r o v l d e  
Improved pene t ra t ion  o f  d a y l i g h t  under most sky 
cond It lons. 

The b u i l d i n g s  o f  t h l s  study each e x h i b i t  
e f f o r t s  t o  deal w i t h  t h l s  phenomenon I n  a  
particular way. The Lockheed l l g h t s h e l f  I s  sloped 
away from t h e  g l a z l n g  so t h a t  I t s  pr imary r e f l e c t e d  
componant I s  d i r e c t e d  i n t o  t h e  space r a t h e r  than 
s t r a i g h t  up towards t h e  c e l l l n g .  The c e l l l n g  s lopes 
down from t h e  window wal l ( 11 f t .  t o  t h e  work bay 
(10 f t . ) ,  so t h a t  t h e  l i g h t  r e f l e c t e d  o f f  t h e  
c e i l i n g  I s  a l s o  b e t t e r  d ispersed t o  t h e  work areas. 

Shel l Woodcreek used a  rounded HVAC duct as t h e  
l i g h t s h e l f .  Since It I s  no t  f l a t  and h o r i z o n t a l ,  
I i g h t  r e f l e c t e d  from It I s  r e d i r e c t e d  l n t o  t h e  
space and a t  t h e  c e i l i n g .  An exposed s t r u c t u r a l  
concrete system was used f o r  t h e  c e i l i n g ;  and t o  

he lp  d lsperse  I l g h t ,  It was p a i n t e d  white. The 
S h e l l  f a c i l  i t y  a l s o  deals s o l e l y  w i t h  d i f f u s e  l l g h  
(no d i r e c t  sun) on a l l  facades as a  r e s u l t  o f  i t s  
s t r u c t u r a l / s h a d i n g  system. 

Pro to typ lca  l D i s t r  l b u t  ion- 
The d l s t r l b u t i o n  s tudy by B u r t ,  H l l l  e t  a t .  

(91, s t a t e s  t h e  f o l l o w i n g  about d a y l i g h t i n g  w l t h  
'convent lona l w indow wa l Is  ; l t I s  important t o  n o t  
t h a t  t h e  amount o f  d a y l i g h t  prov ided by t h e  lower 
view g l a z i n g  I s  general l y  s u f f  i c l e n t  t o  cos t  
e f f e c t i v e l y  dim those l i g h t  f  l x t u r e s  w i t h i n  15 t o  
20 f t .  o f  t h e  b u i l d l n g  per lmeterv.  They i n d i c a t e  

I 
standard g l a z i n g  can p rov ide  reduc t ions  o f  

f e e t  l n t o  a  space. F igure  7  shows a  g raph ic  
e l e c t r i c a l  l l g h t l n g  cos ts  by even 40 percent  a t  201 

I compar lsono f  I l l u m l n a t l o n  d l s t r l b u t i o n  p r o f l l e s  , 
f o r  l l gh tshe lves  by severa l  prominent researchers. 
The LBL p r o f  l l e  deals  w I t h  c l e a r  sky m n d l t l o n s  and 
a  l l g h t s h e l f  glazed o n l y  above t h e  s h e l f  (10) .  The 
curves by F u l l e r  Moore a r e  f o r  overcas t  cond i t l ons  
and show a p r o f i l e  f o r  g l a z i n g  w i t h  and w i thou t  a  
l l g h t s h e l f  ( 1  1). Bur t ,  H i  1 I, Kosar and R l t te lman '! 
p r o f i l e s  a re  a l s o  overcast  sky curves f o r  a  t e s t  
f a c i l i t y  w l t h  and w i t h o u t  a  l l g h t s h e l f  (9) .  

F l n a l l y ,  the re  i s  a  band o f  measurements 
Inc luded which represent  s c a l e  model s t u d l e s  by Ber 
Evans on t h e  She l l  f a c i l i t y  under overcast  sky 
c o n d i t i o n s  ( 7 ) .  Also  I n  t h i s  band o f  data a r e  t h e  
c l e a r  sky measuremen+s taken a t  t h e  Shel l bu i l d i n g  
f o r  b o t h  n o r t h  and south e x t e r i o r  exposures. It I s  
i n t e r e s t i n g  t o  n o t e  t h a t  t h e  band including b o t h  
scale-model and a c t u a l  measurements o f  t h e  S h e l l  
f a c i l i t y  f a l l s  s i g n i f i c a n t l y  below a l l  t h e  
predicted values by a  f a c t o r  o f  a t  l e a s t  three.  It 
needs t o  be recognized t h a t  ac tua l  b u i l t  
environments o f t e n  f a l l  t o  produce f l n a l  r e s u l t s  
which a r e  as h i g h  as those p r e d i c t e d  a t  t h e  deslgn 
stages. Perhaps a  "sa fe ty  f a c t o r w  o f  3 o r  4 needs 
t o  used d u r i n g  p r e l i m i n a r y  d a y l i g h t i n g  system 
deslgn so  t h a t  ac tua l  values f a l l  I n  more use fu l  

'ranges In  t h e  f  i n a l  b u l  I t  environment, as 
-previous l y  suggested by Boyer ( 12). 

INTERIOR ILLUMINANCE LEVELS 

Lockheed- 
A t  Lockheed, t h e  spaces u t  1 l l z  i ng  t h e  

l igh tshe lves  f o r  d i s t r l b u t  ion a r e  open-p Ian work 
bays w l t h  s l o p l n g  c e l  l i n g s  (11  down t o  10 f t . ) .  
Because o f  t h l s  design, these c e i l i n g s  tend  t o  
p rov ide  deeper pene t ra t ion  and d i s t r i b u t i o n  o f  
d a y l i g h t .  Few w a l l s  and o b s t r u c t l o n s  keep t h e  
absorpt lon and r e f l e c t i o n  o f  t h e  incoming day l l g h t  
t o  a  mlnlmum. There a r e  severa l  f a c t o r s  which keep 
Lockheed from r e a l i z i n g  I t s  day l i g h t i n g  and energy 
savings p o t e n t i a l .  These areas o f  concern a r e  
discussed now, and i n  a  l a t e r  s e c t i o n  p o s s i b l e  
improvement s t r a t e g i e s  a r e  g lven  as we l l .  

The f l r s t  f a c t o r  deals  w l t h  t h e  l l g h t l n g  
system, whlch I s  arranged I n  a  g r l d  o f  3-tube 
f lou rescen t  f i x t u r e s ;  t h e  f i r s t  row o f  whlch i s  
about 6 f t .  f rom t h e  window wal Is .  The problem i s  
t h a t  t h e  e n t i r e  g r l d  o f  l i g h t s  f o r  t h e  whole s i d e  
o f  t h e  open p l a n  bay I s  sw i t c h e d  c e n t r a l  l y  and 
w i thou t  c o n t r o l  over  i n d i v i d u a l  f i x t u r e s  o r  ,rows of 
l i g h t s .  Simply t h i s  means t h a t  a l l  t h e  l i g h t s  burn 
a t  a l l  t h e  occupied t imes whether f u l l y  occupled or 
on ly  a  few workers a r e  present  on a weekend. Th is  
e l i m i n a t e s  any lowered e l e c t r i c  usage from t h e  

ESL-HH-87-09-02

Proceedings of the Fourth Symposium on Improving Building Systems in Hot and Humid Climates, Houston, TX, September 15-16, 1987



supplemental d a y l i g h t ,  and any savings I n  coo l ing  
costs from lowered heat ga in from I i g h t  f l x t u r e s .  
Th ls  s l t u a t i o n  a l s o  p r e ~ e n t s  problems I n  t a k i n g  
measurements s lnce  e n t l r e  banks o f  l l g h t s  over 
workers desks could n o t  be turned o f f  du r ing  our 
v i s i t .  

A second f a c t o r  which a f f e c t s  Lockheed and many 
open p lan  f a c i  l It ies, I s  t h e  p a r t  I t  ion system and 
p lan layout.  l n d l v i d u a l  llofflceslg a r e  s e t  up us lnq 
panel system p a r t i t i o n s  which a r e  a l  l a t  least  5 
f t .  hlgh, and many covered i n  a  coarse, dark b l u e  
c l o t h .  These a r e  a t t r a c t i v e ,  b u t  they pass no 
d a y l i g h t  t o  t h e i r  occupants. Th is  l i m l t s  l l g h t  a t  
any workers desk area t o  o n l y  t h e  l l g h t  coming from 
above (some o f  t h e  l l g h t s h e l f  l l g h t  may have been 
a r r i v i n g ,  b u t  due t o  t h e  g r i d  l i g h t  system t h l s  
cou Id  no t  be documented. 1. 

The arrangement o f  t h e  p a r t l t l o n s ,  gthallways" 
and b a r r i e r s  mlght  be considered w l t h  respect  t o  
a l low lng  t h e  most poss ib le  l l g h t  t o  penetrate as 
f a r  as p o s s l b k .  The f i r s t  row o f  cub ic les  could 
s t a r t  6 o r  8 f t .  from t h e  window wal I, and be open 
on t h e  s i d e  fac lng  t h e  glass. Thls  a l lows 
c l r c u l a t l o n  a t  t h e  wlndows, and l e t s  the .  l l g h t  
begin t o  d  lsperse I n  t h e  space be fo re  b  lockage 
occurs. 

She1 l Woodcreek- 
I n  She l l  Woodcreek t h e  t y p i c a l  area served by 

the  l l g h t s h e l f  I s  a  p r i v a t e  o f f l c e  about 10 f t .  
wide by 16 f t .  deep. Extens ive t e s t l n g  o f  t h e  She l l  
deslgns was done by b o t h  t h e  a r c h i t e c t s  and 
d a y l i g h t i n g  researcher Ben Evans, on small sca le  
and f u l l  s i z e  models. Test measurements were made 
and studled i n  a  sky s imu la to r  and I n  Houston sky 
cond i t i ons  ( t h e  l a t t e r  I n  a  f u l l  sca le  mck-up 
m d e l )  (7). Th ls  p r e l i m i n a r y  t e s t i n g  lnd lca ted  t h a t  
t h e  lower g l a z l n g  would admit h lgh  amounts o f  
d a y l i g h t  l n t o  t h e  space from 5 t o  7 f t . ,  w h i l e  t h e  
h igh g l a z i n g  would d e l l v e r  I i g h t  l eve ls  o f  over 30 
footcandles even t o  t h e  rear  w a l l  o f  t h e  o f f l c e .  

A major shortcomlng a t  t h e  She l l  f a c l l l t y  I s  
t h e  f a i l u r e  o f  t h e  occupants t o  use t h e  
specia l ly -des lgned I l g h t i n g  system as It was 
intended t o  func t ion .  A d d i t l o n a l l y ,  t h e  
ind i sc r lm inan t  use o f  mlnl-b l inds on  t h e  w indows by 
occupants reduced o r  e l  lmlnated a  g r e a t  deal o f  t h e  
d a y l i g h t  from t h e  t y p i c a l  o f f l c e .  

The l l g h t l n g  system was designed t o  be 
swi tchable by t h e  occupant from h is /her  desk so 
t h a t  on any occasions when It was dark,(heavy 
overcast ) ,  o r  a t  n l g h t  etc., they cou ld  r e l y  on 
c e i l i n g  r e f l e c t e d  f lou rescen t  l i g h t i n g .  The 
sw l tch lng  was i n t e n t l o n a l l y  designed t o  be a t  t h e  
desk area (by t h e  wlndow) so sw l tch lng  cou ld  occur 
as t h e  need arose. Dur ing t h e  course o f  occupancy 
though, t h e  switches have a l l  moved back t o  t h e  
w a l l  bes ide t h e  door, where they a r e  used t o  t u r n  
t h e  l i g h t s  on upon e n t r y  and o f f  upon e x i t  a t  days 
end. The l i g h t s  now burn f u l l  t l m e  desp i te  t h e  
s l g n i f l c a n t  d a y l l g h t  c o n t r l b u t l o n s  whlch were 
measured i n  n o r t h  and south fac lng  o f f l c e s .  

The m l n l - b l l n d  phenomenon began when some 
executives f e l t  exposed t o  s c r u t i n y  from wlndows 
across a  cour tya rd  and I n s t a l l e d  b l l n d s  t o  screen 
t h e i r  vlews. Once t h e  f i r s t  b l i n d s  were i n s t a l l e d ,  
a l l  workers were a l e r t e d  t o  t h e  p r i v a c y  Issue; and 
t h e  b l i n d s  became a  s t a t u s  Issue. Once t h e  b l l n d s  
were i n s t a l l e d ,  t h e  Issue o f  t u r n i n g  o u t  l l g h t s  and 

us lng day l l g h t  became a  m o t  p o i n t .  There were some 
locat  Ions which r a t e d  c l o s e  t o  d lscomfor t  l e v e l s  i n  
terms o f  b r igh tness  r a t l o s  (see s e c t l o n  f o l l o w i n g ) ,  
b u t  g l a r e  and b r lgh tness  were n o t  key reasons g iven 
f o r  t h e  use o f  b  I  inds. 

D l s t r l b u t i o n  Prof  i les- 
Numerous sets  o f  measurements were taken 

throughout t h e  bu l ld lngs ,  t h e  data was sor ted  by 
f l o o r  and o r i e n t a t i o n ,  and then p l o t t e d  and 
compared t o  e x l s t l n g  prediction p r o f i l e s .  The 
database f o r  Lockheed was severe ly  l i m i t e d  by  an 
l n a b l l l t y  t o  t a k e  measurerrents deeper l n t o  spaces 
than 3 f t .  ( t h o  l l g h t l n g  system was unable t o  be 
s e l e c t i v e l y  switched o n / o f f ) .  A t  She l l  data were 
c o l  l ec ted  around I n t e r l o r  a t r lums on a l  l f l oo rs ,  
and t o  t h e  t r u e  n o r t h  and south e x t e r i o r  exposures. 

F igure  &' i l l u s t r a t e s  t rends  whlch show 
groupings o f  se lected Lockheed measurements i n  b o t h  
unobstructed ( e x t e r l o r  l oca t lons ) ,  and partially 
obs t ruc ted  o r  obs t ruc ted  vlew loca t lons  ( I n  t h e  
l i g h t  c o u r t s ) .  There i s  an obvious d l f f e r e n c e  I n  
t h e  data which c l e a r l y  show a  decrease i n  t h e  
day l i g h t  lng i n  l i g h t c o u r t  l oca t  ions vs. e x t e r i o r  
locat lons,  even though these cour ts  a r e  no t  
covered. 

F lgure  9 I l l u s t r a t e s  t h e  ranges o f  t h r e e  bas ic  
grouplngs o f  She l l  measurements. The h ighest  band 
o f  l l l u m l n a t i o n  values occurs I n  t h e  per lmeter  
o f f l c e s  fac lng  due south. The nex t  h lghest  values 
occur a t  no r th - fac lng  e x t e r l o r  o f f i c e s ,  w h i l e  t h e  
lowest values occur a t  i n t e r l o r  a t r i u m  o f f l c e s  a t  
var ious f  l oo r  levels .  

One cur ious  t h l n g  worth n o t i n g  I n  t h e  She l l  
curves I s  t h a t  the  5 t h  f l o o r  readlng f o r  the  
nor th - fac ing  e x t e r l o r  o f f l c e s .  Th ls  curve n o t  o n l y  
f a l l s  o u t s i d e ' t h e  band, b u t  has a  very d i f f e r e n t  
shape. The p r o f i l e  f o r  t h i s  curve begins t o  decay 
unt  l l about 5-7 f t .  from t h e  g l a z l n g  where an 
Increase I n  day I  l g h t  values I s  no t i ced .  From t h l s  
new e leva ted  p o i n t ,  t h e  p r o f l l e  again shows a  
c l a s s i c  decay curve. I t  I s  t h e  o p l n l o n  o f  t h e  
researchers t h a t  t h l s  p r o f i l e  represents a  t y p i c a l  
l l g h t s h e l f  curve, where t h e  p r lmary  c o n t r l b u t l o n  
from t h e  s h e l f  occurs severa l  f e e t  from t h e  g lass  
as ind ica ted  by t h e  LBL curve i n  F i g u r e  7. When 
t h l s  curve i s  combined w i t h  a  c l a s s l c  decay curve 
. f o r  a  v iewing wlndow, a  r e s u l t l n g  p r o f i l e  I s  
s l m l l a r  t o  t h a t  I n  F lgure  9. Th ls  probably  occured 
o n l y  i n  t h e  top  f l o o r s  due t o  t h e  e levated 
p o s l t l o n ,  and t h e  much g rea te r  sky component 
aval l a b l e  from t h e  horl.zon t o  a  t o p  f l o o r  loca t lon .  

A  s l m l l a r  t r e n d  I s  n o t l c e d  I n  t h e  o n l y  deep 
measurement obta lned a t  Lockheed whlch i s  shown I n  
F lgure  8. Th ls  I s  lnconc lus lve  by I t s e l f  bu t  
Ind ica tes  a  s t r o n g  l l g h t s h e l f  c o n t r l b u t l o n  severa l  
f e e t  l n t o  t h e  o f f l c e ,  I n  a d d l t l o n  t o  t h a t  o f  t h e  
wlndow g l a z l n g  whlch had begun t o  decay. The data 
p r o f l l e s  f o r  b o t h  b u l l d l n g s  c l e a r l y  show a  
v a r l a t l o n  I n  t h e  magnitude o f  l l l umlnance  whlch 
seems s t r o n g l y  r e l a t e d  t o  l o c a t l o n  i n  p  Ian and 
e leva t ion .  The south- fac lng s l d e  o f  She l l  
outperforms t h e  n o r t h -  fac lng  o f f l c e s  by about 2 
1 / 2  t lmes, and a t r l u m  loca t lons  f a l l  below t h a t .  
Lockheed shows t h e  same tendancy f o r  t h e  
a t r i u m - l i k e  I i g h t  c o u r t  exposures t o  p r o v l d e  up t o  
about 2 1/2 t lmes less day l l g h t  t o  t h e  per imeter  
o f f i c e s  than do t h e  e x t e r i o r  l oca t lons  tes ted .  
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A l l  t h l s  indicates t h a t  d i f f e r e n t  o r i e n t a t i o n s  
need t o  be t r e a t e d  lndependantly t o  maximlze o r  
t a i l o r  d a y l i g h t i n g  t o  the  d i f f e r e n t  needs o f  the  
'var lous exposures. And, t h e  needs o f  covered 
at r iums and open I l g h t  c o u r t s  r e q u i r e  add it ional  
study t o  f u r t h e r  d e f l n e  t h e  reductions I n  d a y l i g h t  
whlch occur as a  product  o f  depth and 
'conf igu ra t  ion. 

The r e s u l t i n g  d a y l l g h t  d l s t r l b u t l o n  p r o f i l e  f o r  
a  I i g h t s h e l f  w i l l  depend on many f a c t o r s  i n c l u d i n g  
s h e l f  design and mater ia ls ,  sky cond l t l ons ,  
o r l e n t a t l o n s ,  t r a n s r n l s s l v l t l e s ,  r e f l e c t l v l t l e s  etc .  
Yet, r e s u l t s  o f  t h l s  study supported b y  t h e  LBL 
component curve f o r  d i r e c t  sun above t h e  
l i g h t s h e l f ,  tend t o  i n d i c a t e  a  c h a r a c t e r l s t l c  
p r o f i l e  whlch v a r l e s  s l g n l f l c a n t l y  from t h e  curves 
o f  Moore, Evans, and B u r t  H i  I  I  Kosar Rit telmann. 
Th ls  suggests t h a t  much care  must be excerc lsed I n  
conduct ing p re l im inary  evaluations t o  determine t h e  
expected performance o f  l l g h t s h e l f  systems. 

LIGHT QUALITY ASSESSMENTS 

B r  lghtness Rat los-  
Br ightness r a t l o s  i n d i c a t e  t h e  r e l a t i v e  

c o n t r a s t  o f  t h e  darkest  spot  i n  a  f l e l d  o f  vlew as 
compared t o  t h e  b r l g h t e s t  spo t  i n  t h e  same f l e l d .  
I t  can be used as an i n d i c a t o r  o f  t h e  a m u n t  o f  
g l a r e  I n  a  p a r t i c u l a r  f l e l d  o f  vlew. I f  t h e  r a t i o  
o f  t h e  spot b r igh tness  readlngs o f  t h e  darkest  t o  
l i g h t e s t  spots  exceeds 1:20, then  t h e  vlew may be 
considered t o  be t o o  b r i g h t ;  and people may have 
t r o u b l e  a d j u s t i n g  t h e l r  eyes t o  t h o  range o f  
b r  lghtness present .  Researchers have determined 
t h a t  r a t i o s  o f  1:20, and below, general l y  fa1 l I n  
accepted comfor t  ranges ( 13). 

Spot b r igh tness  readlngs were taken a t  bo th  
f a c l l  l t l e s  t o  determine b r lph tness  r a t i o s  f o r  a  
t y p i c a l  o f f i c e  space I n  t h e  l l g h t s h e l f  t e s t  areas. 
A t  Lockheed, t h e  reading o f  t h e  vlew o u t  t h e  g lass  
above t h e  l l g h t s h e l f  was 948 fc, w h i l e  a  reading a t  
a  dark l o c a t l o n  below t h e  window was o n l y  93 fc. 
Thls  r e s u l t s  i n  a  b r lgh tness  r a t i o  o f  1:lO. The 
measurement a t  Shel l ,  look ing a t  t h e  sky through 
t h e  g lass  above t h e  I i g h t s h e l f ,  was 3000 f c  w h i l e  
the  dark spot  i n  t h a t  f l e l d  o f  view was o n l y  101 
fc. The b r lgh tness  r a t l o  a t  She l l  was 1:30 through 
t h e  h igh  wlndow. These values represent  t y p i c a l  
maximum r a t e s .  

The r a t i o  a t  She l l  appears t o  exceed t h e  
comfort range by a  good margin, b u t  It I s  d l f f  l c u l t  
t o  ge t  I n  a  p o s i t  ion t o  see o u t  t h e  upper pane o f  
g lass  as a  n a t u r a l  vlew. Th ls  o n l y  occurs a t  
distances grea te r  than 15 f e e t  from t h e  wlndows, 
where t h e  r e l a t i v e  brightnesses a r e  less severe and 
n o n d f  fens ive.  

However, a  t y p i c a l  b r lgh tness  r a t i o  o u t  o f  t h e  
regu la r  wlndow g lass  f o r  Lockheed was 1:1.6, w h i l e  
a t  She l l  It was 1:lO. Since these readlngs more 
accura te ly  represent  t h e  normal s l t u a t l o n ,  It I s  
consldered t o  be adequate I n  b o t h  s l t u a t l o n s .  

Note t h a t  t h e  b r igh tness  readings a t  Lockheed 
were taken I n  one o f  t h e  l l g h t s h e l f  l oca t ions  a t  a  
l l g h t  cour t ,  and very l i k e l y  would have y i e l d e d  
h igher  readlngs (approaching S h e l l ' s )  I f  t h e  
loca t lon  were I n  an e x t e r i o r  l oca t  Ion. 

STRATEGIES FOR IMPROVEMENT 

Improvement S t ra teg les -  
As previously mentioned, t h e r e  a r e  areas o f  

concern In  b o t h  f a c i  l it ies where a t t e n t  ion should 
be focused t o  use t h e  c u r r e n t  system t o  i t s  hes t  
p o t e n t l a l ,  and t o  a l e r t  designers o f  p l t f a l l s  i n  
c u r r e n t  t rends.  

The need t o  develop a  l l g h t l n g  system whlch ca 
be used i n  con.[unct ion w i t h  t h e  dav l  i a h t  
c o n t r l b u t l o n  1; e s s e n t l a l  . T h l s  wo"ldwldeal l y  be a  
se l f -adJus t lng  l i g h t  s e n s i t i v e  meter t h a t  could 
vary t h e  e l e c t r i c  l i g h t  l e v e l s  down d u r i n g  h i g h  
d a y l i g h t  per iods,  and up a t  n i g h t  e tc .  Secondly, I 

t h e  l l g h t l n g  system should b e  arranged i n  banks 
t h a t  a r e  sw i tchab le  o f  v a r i a b l e  I n  rows whlch run 
p a r a l l e l  t o  t h e  e x t e r i o r  wlndows. These sugges t lon i  
deal w l t h  la rge  rooms and open p l a n  s l t u a t l o n s .  i 
Lockheed cou I d  do some w l r  ing  adjustments t o  a  l low I 
t h e  I l g h t  banks t o  be turned-down o r  o f f  
Independently by t i m e r  o r  manually. They a u l d  
s imply  remove two bu lbs  from each f i x t u r e  a t  t h e  
wlndows, one bulb from each f i x t u r e  I n  t h e  second 
row , and i n  t h i s  way f o r c e  t h e  acceptance o f  
d a y l i g h t  and reduce l ight -generated hea t ing  loads. 

A t r  l um readings i n  b o t h  bu l I d  lngs came o u t  
vas t  l y  lower than readlngs taken on e x t e r l o r  
exposures. Designers need t o  ga in  g rea te r  
understanding o f  t h e  ways a t r l u m  geometries a f f e c t  
l i g h t  reduc t ion  by mutual s h i e l d i n g ,  shape and 
s ize .  As mentioned, some s t u d i e s  o f  t h l s  na tu re  arc 
c u r r e n t l y  underway a.t Texas ABM. 

The margin o f  e r r o r  from predictive s t u d i e s  anc 
m d e l  measurements needs t o  be documented so t h a t  
r e s u l t s  i n  t h e  schematic stages can be used t o  mrc 
accura te ly  p r e d i c t  a c t u a l  b u l  l d l n g  resu I t s .  T h l s  
stems from var  lances between t h e  s c a l e  model 
p r e d i c t i o n  o f  performances a t  S h e l l  and a c t u a l  
measured r e s u l t s  ( e s p e c i a l l y  In  t h e  a t r i u m ) .  
Perhaps a  " s a f e t y  f a c t o r "  can be b u l  It I n t o  
p r e d i c t i v e  c a l c u l a t l o n s  as It i s  i n  s t e e l  design 
e tc .  t o  he lp ensure more adequate d a y l i g h t i n g  
leve ls .  

B u i l d i n g s  a re  mu l t i - s lded  o b j e c t s  and need t o  
be s t u d i e d  accura te ly  I n  t h a t  fash lon  a t  
p r e l i m i n a r y  stages. To t e s t  o n l y  n o r t h  and south 
exposures f a l l s  t o  deal w l t h  problems t h a t  face  
bu l Id ing s  ides on t h e  east  and west exposures. 
Sunrises and sunsets p r o v l d e  who1 l y  d l f f e r e n t  
problems than noontlme sun. C o n t r o l s  f o r  sun and 
d a y l i g h t  such as shading and t r a n s r n l s s l v l t l e s  need 
t o  b e  d e a l t  w l t h  I n  terms o f  o r i e n t a t i o n  a t  t h e  
e a r l y  stages t o  work p r o p e r l y  l a t e r .  

Some educat ion o f  bu l I d  lng  opera t  ions persone l 
as w e l l  as occupants, as t o  t h e  hours these specla 
systems work I s  necessary t o  keep them f rom us ing  
l i g h t s  a l l  day I n  o f f i c e s  where more than adequate 
d a y l i g h t  I s  prov ided.  Also, c l o s i n g  b l  lnds o r  
b l o c k i n g  wlndows w l t h  cardboard o r  p a r t l t l o n s  must 
be avoided I f  maxlmum b e n e f i t  I s  des i red.  By t h e  
same token more care by des igners needs t o  be take1 
t o  help p r o v i d e  v i s u a l  comfor t  by I l m l t l n g  
b r l g h t n e s s  and g l a r e  whlch w l  l l he lp  keep b l lnds 
e tc .  from appearing, and t h e  p r i v a c y  issue must be 

. t a c t  f u  l l y  addressed. 
Care needs to. b e  g  l ven t o  open p  Ian 

arrangements so  t h a t  maximum d1spersa.l' o f  day l i g h t  
i s  ~ o s s i b l e  and It I s  n o t  b locked bv  ~ a r t l t l o n s  o f  
e x c k s l v e  he igh t ,  n o r  by p l a n  a r ran&ken ts .  A  good 
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general approach Is to use day I lghtlng and overhead 
electric llghtlng to provide general Illumination 
for circulation and simple tasks, while provldlng 
individuals wlth switchable task lightlng for 
readlng,wrltlng and typlng chores. This will reduce 
overall Ilghtlng requirements and costs related to 
l Ight lng use and cool lng costs of heat produced by 
I Ight lng. 

Future Work- 
Day lighting measurements have been obtained In 

several bulldings of three baslc atrium 
conf lguration types ( I  lnear, 3-sided, and 4-sided) 
(4). Several types of lightshelf systems are also 
being invest lgated. Extenslve scale model tests of 
these bu 1 ldlng conf lgurat lons are then conducted In 
the sky simulator at Texas A&M University. These 
simulator tests are conducted wlth various sun and 
sky cond It lons. 

Subsequently the development of algorithms wlll 
ald  In the accurate prediction of dayllghtlng and 
energy performance in atriums and l ightshelf 
applications ( 1 4 ) .  These algorlthms, based on the 
physlcs of ilght, are adjusted according to 
emplrlcally derived coefficients from scale model 
and actual bullding studles such as the ones 
reported here. These algorithms can then be 
slmpllfled ta act as preliminary design tools for 
predict ion at' the conceptual and schemat I c des lgn 
phases of the archltectura l design process. 
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E N T R Y  

COURT 

j I n d i c a t e s  l o c a t i o n  o f  L i g h t s h e l f  

Locat ion of Measurements 

FIGURE 1 . BUILDING PLANS FOR 
LOCKHEED / AUSTl N 

FIGURE 2. . PLAN OF SHELL WOODCREEK 
HOUSTON FACILITY 
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T i n t e d  Glass - 1 Transmiss iv i  t y  75% 

Suspended c e i l i n g  slopes down and away from 
windows, f rom 11 f e e t  t o  10 f e e t -  

Dark ca rpe t  - R e f l e c t i v i t y  9% 

E x t e r i o r  l i g h t s h e l f  
R e f l e c t i v i t y  65% 

FIGURE 3. ROOM SECTION & LOCKHEED / AUSTl N 

L i g h t s h e l f  i n t e r i o r  su r face  - w h i t e  p a i n t  on 
gypsum board - R e f l e c t i v i t y  54% 

Typ ica l  s i d e  w a l l  (wh i te )  - R e f l e c t i v i t y  71% 

, 

FIGURE 4 .  ROOM SECT1 ON B SHELL WOODCREEK / HOUSTON 

Clear  Glass - 
Trans, 89% White c e i l i n g  t i l e s  - R e f l e c t i v i t y  54% 

Concrete shading e l  ements b lock  
NO d i r e c t  sun ( d i f f u s e  d i r e c t  sun (south s i d e  o n l y )  
l i g h t  o n l y )  on g laz ing  
due t o  shading devices 
and s t ruc tu re .  

White pa in ted  concre t?  
s t r u c t u r a l  T ' s  as c e i l i n g  

White metal HVAC duc t  
as l i g h t s h e l f  -Ref lecta?ce 

L i g h t  c o l o r  c a r p e t  
R e f l e c t i v i t y 1 2 . 4 %  D a y l i t  

C o r r i d o r  

0 1  3 5 

a c t s  
6 

Metal p a r t i t i o n  w a l l  j 
1% 

- 
R e f l e c t i v i t i e s ;  

T i n t e d  Glass White 74% 
Trans. 75% Beige 39% 
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Range of Typ ica l  SERI data f o r  
Four Texas C i t i e s ;  San Antonio 
(h igh) ,  P o r t  A r t h u r  (low), F o r t  
Worth and Aust in .  I 

< eooo 
4 
0 

7000 
I- 
Z 
0 
N 

Measurement @ Lockhee g 6, 
r Measurement @ She l l  

5000 I 
9 

1 
10 I I  12 I 2 3 

TIME OF DAY 

FIGURE 5 .  COMPARISON OF MEASURED EXTERIOR 
ILLUMINANCE WITH STANDARD SERI 
DAYLIGHT AVAILABILITY DATA 

Th is  i s  an image reproducing 
r e f l e c t i o n  where t h e  angle o f  
inc idence equals t h e  angle o f  
r e f l e c t i o n .  Th is  i s  comnon t o  
m i r r o r s  and po l i shed  aluminum. 

S PE CUL AR 

Here l i g h t  s c a t t e r s  i n  a l l  
d i r e c t i o n s  ( p r i m a r i l y  per-  
pend icu la r  t o  t h e  surface). 
Th is  i s  comnon t o  f l a t  pa in ts .  
concrete and most rough sur -  
faces. 

DIFFUSE 

FIGURE 6. ASSUMED SPECULAR REFLECTION vs. TYPICAL DIFFUSE REFLECTION 
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FIGURE 7. PROTOTYPICAL LIGHTSHELF 
DISTRIBUTION PROFILES 

o 5 10 a (it) 

D I S T A N C E  FROM WINDOW 

LBL curve f o r  a l i g h t s h e l f  w i t h  NO 
1 view g laz ing  below the  s h e l f ,  and 

under c l e a r  sky condi t ions.  

Bur t ,  Hi1 1, Kosar, Ri t te lmann 
curves f o r  overcast  cond i t i ons ;  

2 Without L i g h t s h e l f  
3 With L i g h t s h e l f  

\ 
F u l l e r  Moore curves f o r  Glaz ing i n  
overcast  condi t ions;  

4 W l  t h o u t  L i g h t s h e l f  
5 With L i g h t s h e l f  

Range o f  measurements 
6 which inc ludes  ac tua l  

c l e a r  sky She l l  values 
and Evans' p ro to type  
model measurements f o r  

,ih 
c l e a r  and overcast  skys. 

D I S T A N C E  FROM WINDOW 

Z 
2 I n d i v i d u a l  Deep Room 

150, Measurement 

- 1 0 0  
a Unobstructed ( E x t e r i o r )  
0 
a Typ ica l  Value Range 

I- 

t =OI 

Obstructed ( L i g h t  Court)  
Typ ica l  Value Range 

DISTANCE FROM WINDOWS 

FIGURE 8. DISTRIBUTION PROFILES FOR 
LOCKHEED / AUSTIN 

Typ ica l  P r o f i l e s  f o r  I n t e r i o r  
O f f i c e s  on A t r ium Perimeter 

250 Typ ica l  P r o f i l e s  f o r  E x t e r i o r  

O f f i c e s  Facing Nor th  

Typica l  P r o f i l e s  f o r  E x t e r i o r  

200. 
Of f i ces  Facing South 

FIGURE 9. DISTRIBUTION PROFILES FOR 
SHELL WOODCREEK / HOUSTON 
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