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ABSTRACT 

Acoustics and climate are two aspects which are taken into consideration in the design of a building. These areas 
share many similarities, and yet, not much study has been done regarding the possible conflicting issues between 
them. A research was conducted in order to reveal these conflicts, by comparing the influence on acoustical 
conditions with the influence on climatic conditions of several design parameters. The focus of the research was on 
the acoustical performance of sunshades. For this purpose, a computerized model, APS, was developed and used to 
create different geometries of climatically satisfying horizontal sunshades, and evaluate their influence on acoustical 
conditions inside a room. This paper presents the importance of developing such a model as a tool for architects and 
climatic designers for a better acoustical-oriented design of sunshades. 

INTRODUCTION 
Many aspects interact in the design of a building envelope, among which are climate and acoustics. Each of these 
aspects is essential for the function of the building, and a lot of research has been done in both fields.  

The energy crisis of 1973 focused attention on climatic sensitive design, therefore, much research has been done in 
this area. Studies of the parameters that influence the energy efficiency of the building were made by researchers 
such as Olgyay & Olgyay (1957), Shaviv (1979) and Shaviv & Capeluto (1992). One of the most important 
parameters was shading, therefore, many computerized models for designing or evaluating shading devices were 
developed. Models such as KOSHAD (Smith, 1978), the model of Rogers (Rogers et. al. 1978), the model 
developed by Fanchiotti (Fanchiotti et. al. 1983), and that of Franceschini (Franceschini et. al. 1983) are models for 
the evaluation of shading on the building. There are other models that evaluate mutual shading between objects: the 
Kroner model (Kroner et. al. 1985), the Shapiro model (Shapiro, 1990), GOSOL (Goretzki, 1989), SHADING 
(Yezioro & Shaviv, 1992), and SE-MODAT (Osengar, 1995). Another approach lead to the development of models 
for the generation of solutions. Models developed from this point of view are SUNSHADES (Shaviv, 1975), 
AESOP (McCluney & Sater, 1984), SOLAR-RIGHTS (Shaviv, 1984) and SUST-ARC (Capeluto, 1996). 

Much research has been done in acoustics as well, and computerized models were developed. These models mostly 
deal with two issues – urban issues and large auditoria. Models such as RAYCUB (Ondet & Barbry, 1989), CISM 
(Dance, 1992) and LINDQ-FLOOR (Ondet & Barbry, 1990) evaluate the noise fields generated by problematic 
sources such as industrial plants, while ODEON (Naylor, 1995) and other commercial software, evaluate the sound 
in large rooms and auditoria. 

In spite of all this research in both fields, there has been little attempt to study the mutual effect of noise and solar 
radiation, and only few models that combine these two aspects were developed. These models were developed to 
deal with the overall performance of the design, and are trying to evaluate the degree of satisfaction for different 
aspects, including climatic issues and noise reduction. The Fenestration IDeA (Kalay, 1996) deals only with 
fenestration issues, while the focus in SEMPER (Mahdavi et. al. 1997) is the spaces of the building. It does not 
evaluates the effect of different geometries of sunshades, for example. Nevertheless, noise and solar radiation share 
many similarities such as the goals of blocking the radiation to achieve lower temperatures, and at the same time to 
reduce the noise levels inside the building. Solutions to achieve these goals may be: orienting the building to a 
prefered direction, adding elements like balconies and sunshades, as well as treating more carefully the weakest 
building component – the window. However, some design alternatives may give a good solution to both goals but 
others might evoke design conflicts. 
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Nowadays, many architects take into account the local climatic conditions and are especially conscious of the need 
for sunshades. Few check the acoustical effect of their designed sunshades. As sunshades can be designed in many 
shapes and still be climatically efficient, it is important to be able to propose a solution that will reduce the 
acoustical problems, or at least, not increase them. This is an issue that was not adressed by previous models. 

This paper presents the use of a computerized model to design different climatically satisfying sunshades and 
evaluate them acoustically. It is a part of a work that examined the relations between blocking the solar radiation 
and noise screening, together with a search for parameters that could evoke conflicts of interests in a mutual design. 
The work focused on the acoustical performance of sunshades. The paper poses two questions: does the geometry of 
the sunshades affect the noise levels in the building? And is this effect strong enough to make the acoustical 
performance of sunshades important to designers? These issues are discussed through a case study of horizontal 
sunshades, based on the building codes and technologies practiced in Israel. 

THE MODEL 
APS (Acoustical Performance of Sunshades) is a computerized model that was developed to examine the co-
relations of noise and solar radiation, and specifically the effect of the geometry of external sunshades on the noise 
levels inside the building. This is a two-part model which includes the design of sunshades through SUNSHADES, 
an existing model for the generation of sunshade solutions (Shaviv, 1975), and the evaluation of acoustical 
performance of these sunshades as well as other design parameters.  

The model requires simple input, and may offer: 

• A preliminary analysis of noise levels on an unshaded window and in the room 

• The means for designing sunshades for a given window 

• An analysis of the acoustical performance of the designed sunshades 

• An analysis of the effects of the exterior noise on desired interior sources (e.g. a speaker). 

• A simple and easy-to-understand presentation of the results. 

Acoustical formulae used in APS 

The acoustical calculations in APS are based on basic formulae for the calculation of sound propagation in a free 
field, sound levels of several sources, sound reflections, reduction of noise by a barrier and sound propagation in a 
closed space (Rosenhouse, 1989). In all calculations, the noise sources (both exterior and interior) are considered as 
an ideal point source.  

The sound levels generated by such a source in a free field are calculated by the formula: 

(1)  2
1010log ( / 4 );p wL L Q R dBθ π= +

where:  

Lp is the sound pressure level at a specific point, 

Lw is the sound power level of the source, 

Qθ is the directivity factor of the source, 

R is the distance of the calculation point from the source. 

The sound levels at a specific point inside a closed space are based on formula (1), but takes into consideration the 
absorption of the room faces: 

(2)  ( ) ( )2
1010 log / 4 4 / ;p w cL L Q R R dθ π⎡ ⎤= + +⎣ ⎦ B

where: 

Rc is the room constant and is given by: 
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(3)   ( )/ 1cR S= α −α

where: 

S is the total area of room faces, 

α is the average absorption coefficient of the room. 

When more than one source is present, the total sound level at a specific point is calculated by: 

(4)   ( )0.1
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The evaluations of the sunshades use two different acoustical principles. The first principle is the reflection of sound 
from different planes. Reflections are calculated by locating a reflection of the source at the same distance on the 
other side of the reflective plane, and calculating the sound level generated by it at the calculation point, taking into 
account the absorption coefficient of the plane. This sound level is then added to the direct sound radiation using 
formula (4). The model takes into account only first order reflections, given by: 

(5) ( ) 2
' 1010 log 1 *1/ 4 ;ps wL L Rπ⎡ ⎤= + −α⎣ ⎦ dB

dB

 

The second principle used is the calculation of the noise reduction level caused by a noise barrier. This calculation 
is based on the difference in the distance between the direct path and the difracted path made by the sound due to 
the barrier: 

(6)  ( )1010log 3 20 ;pL N∆ = +

while 

(7)  2 /N x= ∆ λ
where: 

 λ is the wavelength of the sound (in meters), 

∆x is the difference of distances, calculated by: 

(8) ;x A B C m∆ = + −  

where: 

A is the distance from the source to the end of the barrier, 

B is the distance from the end of the barrier to the calculation point, 

C is the direct distance from the source to the calculation point. 

Designing sunshades with SUNSHADES and APS 

SUNSHADES is a simple model with few input data. The output is the nomogram of all feasible solutions of 
external sunshades for a specific window. The results are presented both as a graphic nomogram and numerical 
data. The input data required are: 

• The geographical location 

• The orientation of the window 

• The size of the window 

• The number of window divisions 

• The desired period of shading in terms of months and hours. 
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APS uses a special version of SUNSHADES in which both the input and output are files. This way, the user of APS 
does not have to be familiar with SUNSHADES and the way of using it. Some of the input data (the geographical 
location, the orientation and the size of the window) are written automatically by APS into a file as the designer 
enters the specifications of the room to be analyzed. The rest of the data are obtained directly from the designer as 
soon as he requests this option (designing sunshades). The output of the nomogram is then presented automatically 
on a 3d drawing of the window (Figure 1).  

The design of different sunshades is done in two stages. First, the designer determines the geometry of the sunshade 
by picking the desired points on the nomogram using a mouse (Figure 2). The designer can draw any shape for the 
sunshade, based on the nomogram. Then, he defines the number of the sunshades and their position on the window 
(Figure 3). 

 
Figure 1 The nomogram over the window (shown: southern window, shading required May through September, 

between 8am and 16pm). 

 
Figure 2 Drawing the shading element the user had chosen (dark line over the nomogram). 

 
Figure 3 The final design of the sunshade, after the user defined three elements and pointed the top position. 
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The acoustical evaluations 

APS maps sound levels on the window and in the room. The output is presented either as a 2d colored mapping or 
as a 3d colored map. The acoustical evaluations are done in two phases: first, the noise levels are calculated for the 
basic unshaded window and the room. After the designing of sunshades, the noise levels are calculated once more. 
The results of both calculations are then compared. The designer can design several sunshades and compare the 
results of all at once. 

The input needed for the basic evaluation include: 

• the dimensions of the room – length, width and height 

• the dimensions and location of the window 

• the finishing materials (or their absorption coefficient) 

• the positions and the sound power levels of interior sources (up to 5 sources)  

• the position and sound power level of the exterior source 

The noise from the exterior source is calculated on the elevation of the window. The window is represented by a 
large number of  smaller areas (a grid of 10x10 cm) in order to present a fairly accurate colored map. The noise 
level is calculated for each of the smaller areas, taking into account the direct distance from the exterior source, 
reflection from nearby elements (such as the ground) and possible shielding by the building (if the window 
orientation is different than the position of the source).  

In the second stage of the evaluation the noise levels are calculated inside the room. The exterior source is now 
represented by the window (taking into account the acoustic quality of the window) by dividing the window into 
small areas of noise sources. The room is divided in the same way as the window, and the noise levels at each grid 
point of the room is calculated. the model calculates, for each point, the sound level derived from each part of the 
window and each of the interior sources (if defined), then calculates the total  noise level for this point. The height 
of the mapping in the room can be determined by the designer, but has a default value of 1.3 m.  

For each design alternative of exterior sunshades, the acoustical evaluation is performed very much the same as for 
the basic unshaded window (first, the noise on the window, and then in the room with the window as a noise 
source). However, the noise on the window is calculated with the effect of the sunshades, for four possible cases: 

• The sunshade is shielding the window from the source – this is calculated as a barrier wall (Figure 4A). 

• The source and the window are on the same side of the sunshade – this is calculated as  a combination of 
direct noise radiation and reflections from the sunshade (Figure 4B). 

• In cases of more than one element, the noise levels between the shades is calculated as the combination of 
the first two cases (Figure 4C). 

• There are no shielding nor reflecting of the noise – in this case, only the direct radiation is calculated 
(Figures 4D and 4E). 

The additional input needed for these evaluations is: 

• The dimensions and position of the sunshade (defined by the designer while designing the sunshade). 

• The absorption coefficiet of the sunshade faces (also defined by the designer). 

The algorithm checks the relative position of each calculation point in regard to the source location and the 
sunshade, and calculates the noise levels for this point accourding to the relevant case. 
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Figure 4 Relationship cases between source (S) and control point (P) caused by a sunshade: A. sunshade as a 
barrier, B. sunshade as a reflective plane (S' is the image source), C. a two-element sunshade that is both a barrier 
and reflective, D. no reflection caused by the sunshade, E. the sunshade does not shield the point from the source. 
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CASE STUDY 
The case study was based on building standards practiced in Israel, where built concrete sunshades, that are part of 
the building are quite common. In many cases, the sunshades are designed as a functional element of the building 
such as roofed balconies. The specific group of sunshades chosen was horizontal sunshades, since their geometry is 
fairly simple, and the results can be easily interpreted and understood. The orientation of the window was 
determined by climatic considerations, and two orientations were chosen: the pure south, and 30o to the east of the 
south (azimuth of 150o). The different orientations changed the relative position of the noise source to the window. 
It also produced completely different nomograms, and therefore allowed comparing various possible geometries. 
All sunshades were designed from the relevant nomogram, such as the one shown on Figure 1). 

All the other parameters were constant and were set to: 

• The dimensions of the room were 4x4 m. and the height of 3 m. 

• The average absorption coefficient in the room was fairly high – with wall to wall carpeting and a ceiling 
covered with absorptive panels. 

• The size of the window was 3x3 m. with a single-pane glazing. 

• The shading elements are made of concrete with no gaps and no absorptive coating (NRC of 0.05). 

• The height of calculation in the room was set to the average height of a sitting human – 1.3 m. 

• The exterior noise source was 3 m. across and 3 m. below the center of the window (southern orientation), 
with a sound power level of 110 dB(A). 

The parameters for the design of sunshades were set to: 

• A grid of 3x3 for the subdivisions of the window. 

• Shading period from May till September 

• Shading hours from 8:00-16:00 (summer time). 

Ten possible sunshades were evaluated for each orientation (see numbered cases in Figures 5 & 6): 

1. A single large sunshade 

2. A two-element sunshade – a top medium sized with a lower small sized 

3. A two-element sunshade with a top small sized and a lower medium sized 
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4. A three-element sunshade (all small sized) 

5. A single large sunshade with a window planter (the size of a small sunshade) 

6. A two-element sunshade (like 2) with a window planter 

7. A two-element sunshade (like 3) with a window planter 

8. A three-element sunshade with a window planter 

9. Two large elements – as a roofed balcony 

10. Two-element sunshade (like 2) with a bottom medium sized element (for instance, in case there is a shaded 
window on a lower floor) 

The noise maps on the window and in the room were calculated for each of the sunshades, and compared with the 
basic case of an unshaded window (Figures 5 and 6). All noise levels were in A-weighted decibels. 

RESULTS 
The output of the mapping includes the minimal and maximal noise levels in the room. These data were compared 
to the levels mapped for the basic room (with an unshaded southern window), and the differences in those levels 
were studied in order to assess the acoustical performance of these horizontal sunshades. 

The aim of this paper was to examine whether the geometry of sunshades affects the acoustical conditions, and how 
strong is that effect. The results showed that few sunshades reduced the noise levels by 4-6.5dB(A) (depending on 
the orientation), while others even increased the noise levels (although, not in a noticable degree in these cases). 
Also, the color map uses yellow as a graphical limit for a disturbing noise, and the results of the examples in Figures 
5 & 6 clearly show that the area of higher noise levels differs between geometries. Moreover, some sunshades 
reduced the noise to a level lower than that limit. The change in the orientation not only changed the relative 
position of the source to the window, but also resulted in much deeper sunshade elements. This produced several 
solutions with fairly good acoustical performance. Nevertheless, satisfactory solutions could be achieved even for 
the southern window, which was closer to the source. From the examples shown, the roofed balcony was the best 
type for these conditions (case 9). This means that the effect of the geometry of the sunshades on acoustical 
conditions could be significant, and since there are many different geometries of possible sunshades for a given 
window, it is possible to chose those which are better acoustically. This should be introduced to architects and 
climatic designers, that from our own experience do not think of acoustics as relevant to sunshades design.  

CONCLUSION 
This paper described a computerized model that was developed to evaluate the acoustical performance of sunshades. 
The model, APS, was used to evaluate the acoustical effect of various horizontal sunshades on noise reduction 
inside a room, in order to determine the overall acoustical influence of the geometry of the sunshades. All the 
sunshades were designed to meet the climatic requirements, by using the existing model SUNSHADES (through 
APS) to obtain a nomogram of all feasible solutions. 

The results showed that sunshades can even increase the noise levels, due to leaving parts of the window exposed to 
direct noise, while adding large elements that add reflections. These results strengthen our belief that the geometry 
of sunshades affects the noise levels in the building, and therefore their design should be considered acoustically as 
well.  

APS was developed as a basic model in order to evaluate the relevance of the acoustical effect of sunshades. 
Moreover, the model was developed to assess whether architects and climatic designers, who design the sunshades 
according to climatic needs, should also consider it acoustically. Therefore, a simple case study was chosen, and the 
noise levels were in A-weighted decibells rather than frequency related. In our opinion, and based on the results 
presented here, it is important to evaluate sunshades acoustically. An extended version of this model should include 
material specifications, detailed frequencies and several types of sources. 
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Figure 5 Noise levels in the room and on the window due to a window with various sunshades (southern 
orientation). 
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Figure 6 Noise levels in the room and on the window due to a window with various sunshades (south
orientation). 
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Figure 7 The effect of various sunshades on the differences in noise levels, in relation to a southern unshaded 
window. 

 

NOMENCLATURE 
Lp – sound level at control point; deciBell. 

Lw – sound power level of source; deciBell. 

Qθ – directivity factor 

Rc – room constant; square meters 

α – average absorption coefficient 

N – Fresnel number 

λ – wave length; meters 
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