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ABSTRACT 

In addition to the environment that atriums provide, 
the daylight admitted in to  such spaces can be ut i -  
l ized t o  displace part  of the e l e c t r i c  l ight ing load 
during the daylight periods. While within the 
atrium i t s e l f  only the l ighting required for  circu- 
lation or plant growth i s  displaced, the surrounding 
perimeter spaces (which a re  often off ices)  can a lso  
benefit from available daylight that  can supplement 
e lec t r i c  task lighting. I f  the e lec t r i c  l ighting 
system can be e i ther  turned off o r  dimned when day- 
l ight  is  available, energy savings can be achieved. 

Several prototype atrium configurations within a 
"standard" building a re  addressed to  study the 
analysis process f o r  daylighting energy performance. 
~ u l t i - s t o r y  atriums of the three-sided, square, and 
l inear types a re  considered, a s  a re  warming and 
cooling functions for the atrium. The analysis 
process involves using detailed computer simulations 
to generate simplified design algorithms. The pro- 
cedure for  incorporating these atrium design s t ra-  
tegies in to  the ENERCALC prediction model developed 
a t  Texas A&M University is described along with the 
rationale and format of the resul ts .  

A t r i u m  designs are  typically used t o  address several 
specific issues concerning aesthetics,  thermal con- 
ditioning, and lighting. From the viewpoint of 
aesthetics,  atriums are  ut i l ized t o  s e t  mood, define 
space and provide an environment f o r  growing plants. 
Thermally, atriums can be used t o  supplement heating 
needs or  provide breezeways t o  help with ventilation 
and cooling. This is a climate sensit ive function 
and must be approached carefully t o  avoid over- 
heating i n  the hot and humid climates. The t h e m 1  
nature of the building must be evaluated along with 
the climate to  determine which approach is to  be 
used fo r  the atrium design. Some of the interac- 
tions that must be considered a re  graphically depic- 
ted i n  the network i n  Figure 1 [Saxon 19831. The 
l ighting benefits of an atrium include the general 
public circulation spaces (e.g . , hotel  regis t ra t ion 
desk, cocktail lounge, and le isure  space) but can 
a lso  include l ighting of perimeter spaces adjacent 
to the atrium, such a s  corridors and offices.  This 
paper describes the procedure f o r  developing algo- 
rithm for  assessing the daylighting and t h e m 1  
impacts i n  both the atrium space the perimeter 
spaces. 

The illumination c r i t e r ion  fo r  general public circu- 
la t ion space is not verydemanding. According t o  
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Fig. 1 A t r i u m  Thermal Type Selection [Saxon 19831 

the American IES (Illuminating Engineering ~oc ' ie ty  ) 
Standards, 5 t o  20 f c  (50 t o  200 lux) is  suff ic ient  
[Stein, Reynolds, and McGuinness 19861 . Most spaces 
within an atrium, especially those which sustain 
plant l i f e ,  w i l l  eas i ly  meet o r  surpass 100 percent, 
of th i s  l ighting requirement during daytime hours 
through the use of daylighting. Office spaces,l 
however, require illumination levels  of 20 Lo 100 f c ,  
(500 t o  1000 lux).  It is  comnon t o  find off ices  
located around the perimeter of atrium spaces.1 
These off ices  can u t i l i z e  pa r t  of the atrium light1 
to  o f f se t  some of the o f f i ce  l ight ing task f o r  sig-I 
n i f icant  annual energy savings. Therefore, i t  is, 
c r i t i c a l  to have re l i ab le  methods fo r  estimating 
daylighting contributions not only t o  the atrium 
space i t s e l f  but a l so  t o  the perimeter o f f i ce  
[Arasteh, Johnson, Selkowitz, and Connel 19851. 
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Previous work has been directed a t  predicting day- i 
l ighting levels within the a t r i m  space by rnodeling 
the atrium a s  a l igh t  well [Aaronson 1982, Windheim' 
and Daly 1983, Nawab and Selkowitz 19841. Some of 
t h i s  previous research produced contour l ines  of 
daylight illumination levels  both on the atrium 
f loor  & on the atrium walls. These resul ts ,  
provide a valuable s t a r t i n g  point f o r  extending the 
i l l m i n a t i o n  prediction model beyond the atrium 
space i n t o  the surrounding o f f i ce  spaces. 

.- 
Uannlng 
a t r i m  

More recent work a t  Texas A&M University is targeted 
a t  extending the prediction of l ight ing l eve l s  in to  
spaces adjacent t o  a t r i m s  [Boyer and Degelman 19851 
Methods used t o  measure daylighting levels  within 
.the atriums and the correlation between measurements, 
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and predict ive algorithms a r e  described i n  several  
publications [Molinelli and R i m  1986, Kim and Boyer 
1987, and Kim 19871. 

Para l le l  e f f o r t s  i n  the area  of algorithm develop- 
nlent fo r  annual energy simulation i n  buildings have 
a l so  been conducted a t  Texas A&M University under 
WE (Department of Energy) sponsorship, resul t ing  i n  
the development of the ENEKCALC computer program 
[Degelnlan 19801. This model includes the prediction 
of annual energy savings due t o  daylighting received 
from ve r t i ca l  windows. The bas is  of the daylighting 
level  calculat ions i n  ENERCALC i s  an efficacy equa- 
tion which converts the thermal radiat ion in to  
luminous f lux,  a f t e r  which the i n t e r i o r  l eve l s  a re  
predicted by a Coefficient of Ut i l iza t ion  (CU) 
method developed by the IES [Libbey-Owens Ford 19761. 
This model would be the bas is  f o r  estimating annual 
energy savings once the new atrium daylighting algo- 
rithms have been incorporated. 

DAYLIGHT PREDICTION MBXHOWLOGIES 

The daylight prediction nethdologies  thaL a re  
avaiiabl-e caa be classifiecl i n t o  three categories:  
(1) Daylight ava i l ab i l i t y  ( ex te r io r  horizontal  and 
ve r t i ca l  surfaces) ,  (2 )  Daylight penetration (func- 
t ion of glazing, s t ruc tu ra l  configuration, and 
ef fec t ive  transmissivity) , and (3 )  Daylight d i s t r i -  
butioil ( t h a t  f a l l i n g  on the work surface within the 
occupied space). 

A widely known resource f o r  daylight ava i l ab i l i t y  
data is  the SERI (Solar  Enerey Research I n s t i t u t e )  
publication [Robbins and Hunter 19821, which gives 
illuminance and sunlight  probabil i ty da ta  fo r  230 
selected U.S. c i t i e s .  These da ta  a r e  broken in to  
global and d i f fuse  components and a r e  tabulated for 
c lear  and overcast sk i e s  and fo r  horizontal  and 
ve r t i ca l  surfaces. A second method f o r  estimating 
available daylight i s  t o  apply the ef f icacy concept, 
whereby a constant r a t i o  of luminous t o  thermal f lux  
.is assumed to  e x i s t  f o r  energy received from the 
sun. Solar radiat ion models, which a r e  i n  wide- 
spread use, can therefore be used a s  a predictor of 
daylight ava i l ab i l i t y .  This concept i s  described i n  
Steirl, Reynolds, McGuimess [1906, ~1 923-92/t], arld 
supporting data fo r  t h i s  method has been derived by 
other researchers [Gi l le  t t e  , Pierpoin t , and Treado 
i982; Treado and G i l l e t t e  1982; and a l so  Gil l-ct te 
and Treado 19551. Values fo r  lumirious efr'icacy a r e  
usually expressed i n  un i t s  of lumens per watt. 

Dayl.ight penetration may a t  f i r s t  be thought of a s  
merely the glazing transsiissivi ty  value ; however, 
the glazing support systern oil atrium covers adds a 
great  deal of shading to  the j.ncomirig l i gh t .  
Systew such a s  'irusses, space f r m e s ,  waffle gr ids ,  
e tc .  d i c t a t e  vary d i f f e ren t  l i g h t  penetrat ion pat- 
terns when the l i g h t  is  admitted t o  the atrium space 
[Nairvab and Selkowitz 19841. Generally speaking, 
the models which t r e a t  the problem of daylight  pene- 
t r a t ion  u t i l i z e  an overa l l  value known a s  ef fec t ive  
transnussivity, o r  tralismission cf f iciency . When 
multiplied by the incoming l i g h t  f l ux ,  t h i s  value 
adjusts  tile source t o  an average amount admitted to  
the atrium space. 

Once l i g h t  has been admitted t o  the space, a 
daylight d is t r ibut ion  model must be applied t o  
deternine the amount of l i g h t  ul t imately u t i l i zed  on 
the work plane. Several models have been employed 
t o  estimate t h i s  d is t r ibut ion .  Tne IES Lumen model 
[Libbey-Owens Fo-rd 19761 u t i l i z e s  a Coefficient of 
Ut i l iza t ion  (CU) t o  estinlate the f rac t ion  of 1-ight 
which penetrates the space t o  varying depths. An 
al ternat ive  method i s  known a s  the Flux Transfer 
Daylight Factor (FDF) method which expresses the 
in t e rna l  illuminance a s  a percentage of the external  
illuminance normal t o  the aper ture  surface [Robbins, 
Car l i s le ,  Hunter and Vortnlan 19871. This method 
should no t ,be  confused with the t r ad i t i ona l  Daylight 
Factor (DF) method which dea l s  with only d i f fuse  sky 
contributions. 

The above three s t eps  wi1.l remain a s  the key proce- 
dures t o  be followed i n  the derived prediction 
nlodels developed i n  t h i s  work. 

GENERIC ATRIUM TYPES 

l%e three generic a t r i u m  t o  be used i n  t h i s  studqr 
have been described by Xim [1987], representing the 
three-sided, four-sid?d, and the l i nea r  a t r i u m .  
These a re  generally regarded a s  prototypical  fo r  
nn l t i s to ry  buildings using atriums, and a r e  i l l u s -  
t ra ted  i n  Fig. 2. Several corre la t ions  have alrcady 
been made between daylight  l eve l  measurer,ients 
obtained i n  buildings and i n  models. The model 
msasurenients w i l l  be extended with the generic 
atriums so addit ional  da ta  can be generated t o  va l i -  
da te  the numerical model. The main concept here i s  
the "clip-on rmdule" ( see  Fig. 3 ) ,  which i s  a rnodel 
.of a "standard" furnished room tha t  car1 be moved to  
any horizontal  o r  ve r t i ca l  pos i t ion  on the walls  of 
a multistory atriuni. The plans and sec t ions  i n  Fig. 
4 indicate the posit ions of i n t e r e s t  where the 
majority of s t a t ion  points w i l l  be located.  

4- SIDED 

Fig. 2 Generic Forms of Atrium Buildings [Kim 19871 
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Fig. 3 Clip* Office Module Concept fo r  Daylight 
Model Study [ K i m  19871 

- P L A N -  - 4 E C T I Q N  I 
Fig. 4 Typical Measurement Locations f o r  Offices 

Adjoining Atriums 

ENERGY SAVINGS PREDICTION MODEL 

A t  present, the prediction algorithms for  daylight 
levels  throughout an atrium space have been deve- 
loped for  the generic atrium. The next s t ep  is  to  
extend the algorithms t o  the adjacent space: such a s  
,perimeter offices. After correlations have been 
made between the l ight ing l eve l s  i n  the clip-on 
office module and detailed computer algorithms, then 
the a l g o r i t h  w i l l  be incorporated i n t o  the exis- 
t ing ENERCALC energy simulation model. The model 
w i l l  then be exercized using a var ie ty  of a t r i m  
design scenarios t o  assess the impact on annual 
'energy consumed for  l ight ing,  space heating, and 
space cooling. The deta i led simulations w i l l  be 
executed for  a logical  range of design variations so 
that  simplified algorithms can be derived from the 
results.  In this manner, a s e t  of streamlined algo- 
rithms, nomograms, o r  char ts  w i l l  eventually be 
developed for  implementation i n  the form of a design 
.manual. Some preliminary work on t h i s  area has been 
documented by Boyer [ 1981, 19861. 

Esse.ntially, the overall  algorithm encompasses the 
two functions depicted i n  Fig. 5 which shows the 
forms for  deriving (1) daylight i l l d n a t i o n  i n  a 
space and (2) annual energy savings fo r  l ight ing and 
cooling. The second par t  of this algorithm is a 
detailed annualized simulation of the t o t a l  building 
performance i n  a specified climate, and not jus t  an' 
evaluation of l ighting alone. A s  such, i t  enta i ls  
many facets  of the building envelope, mechanical 
system, and controls that  a re  outside the nonnal 
realm of daylighting. These conditions, however, 
are  highly c r i t i c a l  t o  an accurate expression of 
annual energy usage and must be included. Several 
available energy simulation computer programs could 
conceivably handle t h i s  pa r t  of the model formu, 
lation. I 

The d e v e l o p n t  of the algorithm e n t a i l s  four parts: 

Available illumination can be obtained from the 
SERI data base [Robbins and Hunter 19821. How- 
ever, since there a r e  a f i n i t e  number of c i t i e s  
within the data base, an attempt w i l l  be made t o  
determine the dependability of the efficacy 
concept. I f  t h i s  concept can be applied univer- 
sa l ly ,  then the more prevalent thermal radiation 
modeling can be carried out ,  and conversions can 
be made t o  luminous value: within the simulation 
model on an hourly basis.  Preliminary t e s t s  t o  
compare the SERI values t o  those derived f r m .  
efficacy calculations i n  the ENERCALC model a re  
shown i n  Fig. 6 f o r  March and September for  
Austin, TX. A large group of the c i t i e s  i n  the 
SERI data base w i l l  be evaluated before f ina l ,  
conclusions can be made on applying t h i s  con- 
cept, especially f o r  ve r t i ca l  surfaces. 

The second s tep  i n  the algorithm involves the 
transmission efficiency of the atrium cover and 
wall fenestration system. Glazing transmis-' 
s i v i t i e s  a r e  routinely published by the  glazing 
manufacturers. However, a t r i m  enclosure 
systems can vary s ignif icant ly ,  and these a r e  
much l ess  documented. About 14 atrium covers, 
have been examined by Nawab and Selkowitzt 
[1984], including roof monitors, single-barrel 
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Fig. 5 Algorithm Forms f o r  Energy Assessment i n  
Atrium 

vauits, A-frames, pyramids, and f l a t  c l ea r  
glazings. Results indica te  tha t  "system trans- 
mittances" range from around 30 percent f o r  the 
monitor type roof t o  about 90 percent f o r  the A- 
frame type roof. Presumably, the  l i g h t  trans- 
missivity of t in ted  glazings could be simply 
iiniltiplied by these system transmittances to  
obtain an overa l l  "atrium cover transmissivity". 
These measured ranges current ly  appear to be 
applicable, but a more comprehensive l is t  would 
have t o  be developed a s  backup data  f o r  the 
design guide. 

3 .  The next s t e p  i n  the algorithm i s  t o  determine' 
the daylight i l lurunat ion  levels  within the 
atrium space -- both a t  the atrium f loo r  level  
a i~d on ';he a t r i u n  walls  a t  each s tory  level .  
This par t  of the model has had extensive develo- 
pwnt  under the current  NSF research project 
[Foyer and Degelnlan 19851 i n  the form of actual  
building measurements and model t e s t ing  under an 
a r t i f i c i a l  sky. Algorithms developed for  the 
three generic atriurns f o r  f l o o r  and wall day- 
l i g h t  contributions have been documented i n  
Kim's  c1issertatio;l [1987]. These models w i l l  
continue t o  be confirmed a s  the remainder of the 
project  progresses toward i t s  f i n a l  conclusion. 

4.  Step 4 w i l l  be t o  predict  the c1ayli~J-t pene- 
t r a t ing  in to  the perimeter o f f i ce  space and 
f a l l i n g  on the work plane. The a t r i m  wiildows, 
room Eeometrv. room furnishings,  and room color - 
are  the pr&e determinants t o .  the amount of 
in ter - ref lec t ions  tha t  account f o r  the  l eve l  of 
usable daylight within the space. The CU 
(Coefficient of Ut i l iza t ion)  arid the FDF (Flux 
Transfer Daylight 7ac:or) models w i l l  both be 
used a s  carldidatea f o r  t h i s  application.  Final. 

-.-.- S E R l  DATA. MARCH 
--- EFFICACY CALCULATIONS. MARCH 

SERl DATA. SEPT. ------ EFFICACY CALCULATIONS. SEPT. 

0 1 
 AM. 101.~ I~A.M Nom I PM. ~ P M .  3 PM 

SOLAR T I M E  

I 
Fig. 6 Comparison of Illuminance Derived From 

Efficacy Calculations t o  the  1lluru.nance 
From the SWI Data Base (Austin: Mar & Sept) 

se lec t ion  o f  the model f o r  t h i s  calcuLation w i l l  
ix based on i t s  a b i l i t y  t o  perform consistently 
and on its c l a r i t y  arid ease  of appl ica t ion  i n  a 
simplif ied algorithm. (See Fig. 7. ) 

OPTIMIZATION APPLICATIONS 

Use of atrium daylight  i s  acknowledned a s  contri- - 
buting to  the saving of e l e c t r i c a l  l i gh t ing  energy. 
Indiscriminate designs, however , can r c su l t  i n  
"more than suff ic ient"  l i g h t  causing g l a r e  problem 
and the likelihood tha t  the  atrium w i l l  increase 
( r a  tiler than decrease ) the ove ra l l  building energy : use due t o  the crea t ion  of excessive heating and/or 
cooling loads over the annual period.  The strategy 
behind atrium desiga, therefore,  c a l l s  fo r  an opti-  
mization process whereby the  glazing s i z e s ,  t i n t s ,  
and ocie i~ta t ions  can be varied i n  such a way a s  t o  
b;ing about a minimum l i fe-cycle  cos t .  it. i s  only 
through the use of re l iable '  a l g o r i t h m  that  tile 
annualized energy r e s u l t s  of an a t r i m  can be pro- 
perly evaluated. The algorithms being developed 
under t h i s  reseazch project  a r e  intended t o  contri- 
bute t o  the base of analys is  t oo l s  t h a t  ma!ces t h i s  
type of design and evaluation possible.  

I 

Fig. 7 Coefficie,it of  U t i l i z ~ t i o n  (CU) Approach 
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