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ABSTRACT: A gradual increase in the glazing area of the an atrium’s walls from the upper to the bottom storeys will 
enhance the daylight performance of the adjacent spaces in atria buildings [19,21]. The improvement is achieved by 
balancing the available light in the different storey levels of the atrium with different window sizes in each storey. 
However, the dimensions for the precise glazing proportions for optimizing the daylight performance in the adjacent 
spaces of atriums have not been well researched. Through computational studies, this paper is an attempt to define 
appropriate glazing dimensions for providing optimum daylight levels at different levels of an atrium. The research 
findings indicated that the gradual fenestration strategy can help achieve desirable light levels in the adjoining spaces 
of the atrium.  The research methodology and testing procedures adopted in this research give new insights into the 
exploration of the relationship between glazing proportion and daylight illuminance in the adjacent spaces at different 
level inside an atrium. 
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INTRODUCTION 
The daylight performance of buildings may be enhanced 
by the incorporation of an atrium space into the design. 
As a result, atria may reduce the energy consumed by 
artificial lighting and improve visual comfort for the 
building’s occupants. However, these potential benefits 
may be achieved only with an appropriate atrium design. 
Generally, the light levels in the building are sufficiently 
high in the atrium spaces. However, proving natural 
light into the adjoining spaces is more challenging. 
Previous investigations had confirmed that high levels 
of light are found near the atrium’s roof [2,13]. 
However, the light levels rapidly fade, and they become 
significantly less in the bottom of the atrium. This 
contrast in the light levels contributes to the difficulty in 
the effective illumination of the adjoining spaces of an 
atrium. A gradual increase in the area of glazing from 
the upper to the lower levels on the walls of an atrium 
may balance the quantity of light in the adjacent space 
of the different floor levels. Smaller windows in the 
upper levels will decrease the amount of light entering to 
the adjacent spaces in  top storeys, and at the same time 
this will allow more light to bounce towards the lower 
levels. There is a need of a study that will contribute to 
the correct designing of the glazing dimensions for the 
different levels in the atrium. The aim of this paper is to 
fill this gap and contribute to define the gradual glazing 
optimum proportions.  
 
ASSUMPTIONS 
Atria buildings drastically vary in height, shape, and 
proportion. The daylight performance of an atrium 
bulding is directly related to these factors. In this paper a 

five storey square shaped atrium was used to conduct the 
research.  The dimensions of the atrium (Fig. 1) were 
taken from previous studies performed [18]. This 
particular atrium was selected due to its potential to 
reflect light in the lower adjoining spaces. Furthermore, 
“the proportions of the atrium (16m x 16m x 20m) in 
relation to its adjoining spaces (depth of 12 m) are 
representative of the building stock. This makes the 
study useful in terms of understanding the impact of 
facades on daylight behaviour in a typical atrium 
building [18].” The atrium space is covered with a 
glazing roof system. 

 
Figure 1: Section of the model used for this resarch showing 
its main dimenstions 

 
The space of interest in this study is the area directly 

lit by the atrium. This criterion was used to define the 
adjacent space. As a result, there are four adjacent 
spaces per storey (Fig. 2). However, the distribution of 
light will be symmetrical throughout the model since the 
C.I.E. standard overcast sky was assumed for this 
experiment. Thus, identical results will be obtained from 
each of the adjacent spaces located in the same storey 



 

regardless of its orientation, geographical location, and 
daytime. Therefore, it is necessary to analyse the 
daylight performance of only one of the adjacent spaces. 
It is also important to mention that the corners of the 
atrium building are excluded of this research.  

 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2: Delimitation of adjacent space in atrium. 
 

It was also assumed that the windows from the 
atrium will provide appropriate illumination six meters 
away from the atrium wall. Therefore, a six meter 
analysis grid was used for the daylight calculation 
(Table 1). The height of the horizontal grid was set to 
0.85 meters above from the floor since this height has 
been “agreed internationally…as an average working 
height [11].”  

 
 
 
 

Table 1: Dimension and number of nodes of the Analyis Gird. 
 

A definition of the optimum daylight performance of 
the adjacent space is necessary before starting with the 
glazing proportion’s experimentation. The primary 
purpose of the gradual glazing strategy is to balance the 
quantity of light in the adjacent spaces. Therefore the 
criterion to be considered for the definition of the 
optimum daylight performance is the distribution of the 
quantity of light between the floors. For this study, the 
optimum distribution is assumed to be achieved when an 
equal amount of light quantity is obtained through the 
different floor levels. The Average Daylight Factor 
(ADF) will be used to quantify the light entering the 
adjacent space from the atrium.  
 

A line graph (Fig. 3)may be used to illustrate the 
hypothetical case in which the optimum distribution of 
light is achieved in the different adjacent spaces of a five 
storey square atrium. The graph compares the ADF in 
each storey with two different glazing distributions. The 
first line shows the ADF of the adjacent spaces of an 
atrium with windows of the same size in every level 
(even distribution of the glazing). Since the light levels 

in the top floors of the adjacent are higher than at the 
bottom the line in the graph describes a constant 
decrease through the different levels. The second line in 
Figure 3 represents the ADF corresponding to an atrium 
with constantly increasing windows sizesin each storey 
(gradual glazing). In this line, the ADF in the adjacent 
spaces of the different atrium storeys maintains a 
constant value. This balance in the light levels is 
achieved through the gradual glazing strategy.  

Figure 3: Optimum distribution of light in adjacent spaces. 
 

METHODOLOGY 
The assumed atrium building was digitally modelled 
with the CAD software AutoCAD. Then, this digital 
model was exported to the software Ecotect. The Ecotect 
interface was used to assign the reflectance values to the 
surfaces of the model (Table 2). The daylight simulation 
calculations were performed with Radiance.  
 
 
 
 
 
 
 
 
Table 2: Dimension and number of nodes of the Analyis Gird. 

 

A series of related daylighting studies were 
performed with the computer model. Three stides were 
performed in total for this research. The ultimate 
objective of these experiments was to find the glazing 
proportions that may achieve the optimum distribution 
of light quantity in the adjacent spaces of the different 
storey levels. The result of the first study constituted the 
starting point for the second study. Likewise, the results 
from the second study were the beginning of the third 
and final study.  
 
FIRST STUDY 
The first study consisted of a parametric investigation 
conducted to obtain an equal ADF in the adjacent space 
of the uppermost and the lowest storeys. The most 
contrasting levels of light in the atrium are found 
between the top floor and lowest floor. In the lowest 
floor more light is needed. Therefore, the walls must 
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have the greatest amount of glazing. The size of the 
glazing in the first storey was of 3.00 meters height, and 
15.48 meters long. The total area for this window 
(46.44M2),  is considered as the 100% proportion for 
this experiment. The size of the window in the upper 
floor was the variable modified during the 
experimentation. The size of the window in the fifth 
storey is related as a percentage of the window at the 
first storey.   A wide range of parametric proportions 
were tested at first: 10%  30%  50% 70%  90% (Figure 
4). It is important to mention that only the windows in 
the first and fifth storey were included for this 
experiment. The ADF was the quantitative figure used to 
compare the amount of light between the different 
parametric cases. The aim of this experiment is to find 

the proportion of glazing in the fifth floor in which the 
difference between the ADF of the adjacent space in the 
fifth and first storey is minimized the most.  
 
Figure 4: Variable window sizes at the 5th storey 
 

The results of the first parametric study showed that 
the minimum difference between the lowest and the top 
floor may be found by using a glazing percentage 
between 30% and 50% in the top floor.  Then, a refined 
parametric study wasconducted by adding a second set 
of window sizes. The new tested variable values were: 
30%, 35% and 45%.  The following graph (Fig 5) shows 
the ADF difference between the fifth floor and the first 
floor of all the parametric cases. From the graph, it is 
clear that the lowest difference in ADF is obtained by 
using an opening of 40% in the top floor and 100% in 
the bottom. In this case, the ADF was of 2.38% in the 
5th storey and 2.48% in the 1st storey. Thus, there was 
only a 0.1% difference. These window proportions were 
used as the starting point for the second experiment.   

Figure 5: ADF difference in parametric study.  

SECOND STUDY 
Windows were added to the reaming levels in the second 
study. Let us remember that the result of the first 
experimentation, in which the fifth floor had a 
proportion of 40%, was used as the starting point of the 
second part of the methodology. To define the 
proportion of the reaming three storeys (2nd 3rd and 
4th), a constant increment was applied to the area of 
glazing in order to get  a 100% in the fifth storey. The 
constant increment for each storey may be 
mathematically described with the simple linear 
formula:40+4X=100.When solved, this equation 
determines a 15.00% increment for each level (Fig. 6).  

 
Figure 6: Linear increment of Glazing 
 

The ADF of the adjacent space of every level was 
calculated using a daylight simulation (Table 3). A 
reasonable similitude was found between the ADF in the 
adjacent spaces of all the storey levels. However, the 
ADFs in the adjacent space from the second to the fifth 
storey were higher than the one obtained in the first 
floor. Therefore, it is necessary to decrease the size of 
the glazing in these levels in order to optimize the 
daylight performance. This also suggests that a linear 
increment is not the optimum distribution pattern for the 
glazing increment. In order to refine the distribution of 
the quantity of light, the proportions of the glazing in the 
atrium walls must be changed. The problem to solve is 
to find a logical principle that may be used to determine 
the proportions for the glazing.  

 
Table 3: Dimension and number of nodes of the Analyis Gird. 
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THIRD STUDY 

The proposal of the third study is that an optimum 
proportion for the glazing of the atrium walls will be 
obtained by relating the size of each window to the 
available light in the different levels of the atrium. It was 
possible to estimate the amount of light in the different 
levels of the atrium by using a vertical grid parallel to 
the atrium wall in the computer model. The grid was 
located 100 mm apart from the wall of the adjoining 
space. The grid measured approx. 16 meters (width) and 
20 meters (height)(Fig. 7). 

 

 
Figure 7: Section of model showing vertical analyis grid. 
 

The results obtained with the vertical grid were 
summarized in a table (Table 4).The first column in the 
table contains the height of the row in relation to the 
floor level of the atrium. The second column contains 
the ADF of each row. The third column inversely relates 
the ADF values to the glazing opening. The lowest ADF 
is 8.07 corresponding to the, lowest point on the grid.  
The lowest light value requires the highest percentage of 
opening. Thus, the lowest ADF of 8.07  was set as the 
100% of size opening. In this way, the opening´s size is 
inversely proportional to the light quantity. The inverse 
percentage relative to the available light in the atrium 
was obtained dividing the lowest row ADF value (8.07)  
by the ADF value in every other row. For example, a  
95.19%.  is contained in the third column of the second 
row. This percentage was obtained dividing 8.07 by the 
ADF of that Row (8.07/8.48). This procedure was 
repeated for each row to find the percentage of the 
glazing inversely related to the light level. The height 
for each window was highlighted. The proportion for the 
opening size of each window was obtained calculating 
the average percentage of the highlighted area. This 
average percentage is found in the fourth column. An 
exception occurred in the size of the window in the first 
storey since it remained as a 100% in order to admit as 
much light as possible into the interior of the adjacent 
space.  

 

The data from table 4 was plotted in a line graph 
(Fig. 8). This graph is useful to describe the relationship 
between the available light and the proposed 
percentages. The first line in the graph shows the light’s 

fading pattern.  This line shows that the levels of light in 
the top floor are higher than at the bottom. As light 
travels deep into the atrium its intensity decreases. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 

 

 
 
Table 4: Summary of data form vertical grid. 
 

The graph also shows that the tendency of the light´s 
decrease may be described with an exponential formula. 
The second line in the graph represents the size of the 
windows in relation to the available light. The size of 
the windows are inversely proportional to the light 
levels. Thus, the glazing area will be reduced as more 
light is available and vice versa. The proposed window´s 
proportions for the atrium´s walls were also plotted as 
points in the graph.  
 

 
Figure 8: Window’s proportions and light distribution (%) 
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From these results the glazing proportions were 
derived. The proportions have a slow increase in 
openings on the higher floors followed by a steep 
increase in openings on the lower floors. Thus, the 
increment is gradually increasing in a ratio inversely 
proportional to the available light. The curve tendency 
for the glazing increment may be approximately 
describe by the exponential formula y=0.25e0.26x . 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 9: Window’s proportions related to light level. 
 

A new computer model was built with the glazing 
proportions with the exponential increase.  A daylight 
simulation was again performed using RADIANCE. The 
parameters were the same as in the second study. The 
ADF and the corresponding difference with respect to 
the adjacent space in the lowest storey were obtained 
(Table 5).  
 

 
Table 5: Results from model with exponential increment in 
glazing. 

An average of the area of glazing of the exponential 
distribution was calculated to build a new model with an 
even distribution of glazing. The following formula was 
used to obtain the required percentage.  

 
 

 

In this way, the atrium’s model had a 61% 
proportion of glazing in each storey. Finally the ADF of 
this model was obtained in order to compare the ADF of 
the different options investigated in  this research. (Fig. 
10). 
 
 
 

Figure 10: ADF in adjacent spaces comparison between 
atrium models with different glazing proportions. 
 

Figure 10 compares the ADF in the adjacent space 
obtained in the different storeys with different glazing 
proportions in the atrium’s wall. The first line 
corresponds to the proportion of glazing that was 
constant in every storey. It shows a constant decrement 
in the light levels as light travels to the lower storeys.  
The second line corresponds to the ADFs obtained with 
an exponential increment of the glazing from top to 
bottom. The third line shows the ADF of a linear 
increment of the glazing. The graph shows that the ADF 
in the adjacent spaces obtained from the linear 
distribution and the exponential distribution showed a 
greater similitude through the different storeys than the 
even distribution of glazing.  However, there are 
differences in the results between the exponential and 
linear proportions. 

 

The ADF values are closer to each other in the 
exponential fenestration than the ADF of the linear 
proportions. Therefore, the ADF results of the 
exponential model are more similar to the hypothetical 
graph that shows the optimum distribution of light (Fig. 
3). Therefore, the optimum distribution of light between 
the adjacent spaces of different floors –for this particular 
atrium building- was obtained by inversely relating the 
size of the windows to the light available in the atrium. 
 
 
CONCLUSIONS 
The optimum distribution of light into the adjacent 
spaces in the different levels was obtained by relating 
the available light in the atrium to the window´s 
proportions. The relationship between the windows and 
the available light in the atrium is inversely proportional. 
In this particular case, the exact proportions were 
derived from an exponential increment of the atrium’s 
fenestration. However, these specific glazing 
proportions exclusively correspond to the atrium’s 
model and the criterion of optimum distribution adopted 
for the study. A change in the atrium’s characteristics 
will result in a change in the available light, and 
therefore a new glazing proportion would be needed. 
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Likewise, a new proportion of windows would be 
needed if a different optimum criterion is adopted.  
Nevertheless, the criterion used for this research is 
applicable in atrium building design since it increases 
the daylight available in the lower levels of the atrium 
and balances the light levels between inside the adjacent 
spaces in different heights.  

 
A similar methodology to the one used in this 

research may be follow to determine the glazing 
proportions for atria buildings with different 
characteristics and/or optimum criterion than the ones 
adopted for this study. The first step for doing so is to 
identify the atrium´s main characteristics. The atrium 
geometry, dimensions, number of storeys, roofing 
system, surface´s reflectance s etc. must be known, or 
defined. The second step is to determine the optimum 
daylight parameters according to the design criteria. The 
desired illumination levels should be linked to the 
function on the different adjacent spaces. The third step 
is to investigate the available light in the atrium. One 
option to achieve this is by modelling a computer model 
that will enable the performance of daylight simulation 
studies. Finally, the available light in the atrium must be 
related with the desired light criteria in the adjacent 
space in order to determine the size window for each 
level. This procedure may be applied to determine the 
glazing proportions in atria buildings in which the 
gradual glazing strategy is feasible.  

 
FURTHER RESEARCH 

It is advisable to perform a study that incorporates 
the light introduced to the adjacent spaces from the 
exterior windows.  The interaction of these different 
sources of light could be better understood with this 
research.  
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