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Abstract. This article describes the design and making process of a 
textile shading mesh, developed as part of a master degree thesis at the 
School of Architecture of the University of Santiago. This is a collaps-
ible shading mesh that can be used in combination with curtain wall-
ing in order to block sun rays in summer and decrease indoor tempera-
ture. Due to its materials, this mesh is lightweight and resistant. It 
incorporates a novel 3D geometric pattern, similar to certain types of 
Arabic screens, which ensures efficient shading at critical times of the 
day during the summer, without impeding vision from inside. The 
mesh was tested by digital modelling, showing favourable results in 
terms of reduction of indoor temperature in summer (between 5 and 6 
degrees Celsius) and a marginal heat loss in winter. A prototype was 
built and then attached to an actual building allowing further observa-
tion and testing in situ. Different materials, various fabrication meth-
ods and attaching systems were explored at this stage. 

Keywords. Shading; mesh; textile; temperature.  

1. Introduction  

Problems of overheating inside buildings due to solar radiation are frequent-
ly related to the "international style" that still persists in many cities. Santia-
go de Chile, located at latitude 33° 27´ south, is one of these cities. In spite 
of having a long summer season with temperatures that can easily exceed 
30° C, and a direct solar radiation of over 1000 W/m2, many buildings boast 
extensive glazed facades, neglecting these local climatic features. As a result 
of this, a significant portion of the buildings regular management budget has 
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to be spent on active cooling systems in order to maintain acceptable levels 
of thermal comfort inside them. 

As a plausible response to the problem described, this article describes 
the design and making process of a textile shading mesh, developed as part 
of a master degree thesis at the School of Architecture of the University of 
Santiago. This is a collapsible lightweight shading mesh that can be used in 
combination with curtain walls of new buildings, in order to block sun rays 
in summer and decrease indoor temperature. The working method -research 
by design- was based mainly on the development of physical scale models, 
digital models, and a full scale prototype module temporarily attached to the 
facade of an existing building. The models were digitally tested, yielding en-
couraging results. The mesh described here is at the moment in the process 
of patenting, of which the initial steps have been successfully accomplished. 

2. Initial Studies  

The first intention during the design process was to develop a woven shading 
mesh. This led to study local Andean ancient fabrics and contemporary 
meshes as well. Among others, the study included some pre-Columbian tex-
tiles of high perfection and diversity; contemporary warp knitting methods 
used in the making of industrial shading meshes; and some military camou-
flage nets which have a highly resistant auxiliary threads net that inspired the 
auxiliary ladder threads constraint used in the final design.  

In parallel, some Arabic window screens and mashrabiyas were observed. 
Among them there was a particular one (Figure 1) used in the Alhambra, 
Spain, that suggested a key change in the design approach. The idea of a 
woven shading mesh was discarded at that moment in favour of using very 
thin textile strips, arranged like the Arabic screen.  

 

   
Figure 1 (Left) and 2 (Right): Window screen in La Alhambra (Left). Spain. One of the initial 

paper models (Right). 
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This decision ultimately led to develop a modular system of heat fused 
elements, as will be described later. The working hypothesis that guided this 
stage was that such configuration was able to reach a high shading coeffi-
cient, while minimizing the visual blocking that could occur. 

In the following step the potential of different geometric configurations 
was studied, using paper models exposed to sunlight at different times of the 
day and the year (Fig. 2). These studies led to confirm the initially chosen 
rhombus configuration, as a more efficient shading option compared with 
some traditional solutions, such as horizontal overhangs (Fig. 3). On this 
point, it was observed that the rhombus geometry is able to block the sun 
rays more effectively, especially before and after midday periods. In the lati-
tude of Santiago this is relevant because in those moments of the day, after-
noons particularly, sun rays are still strong and the temperature increase in-
side buildings due to the solar effect may be more critical during the 
equinoxes than in the summer, as the elevation angle at noon is 54.7 degrees, 
and direct radiation may be around 1000 W/m2. While in winter part of the 
sun rays are blocked, the penetration is deeper due to the low solar elevation 
angle. 

      
Figure3. Shading produced by rhombus configuration, overhangs in each floor and one big 

upper overhang March 21st 10:00AM  

Once the rhombus geometry was confirmed, a pattern of cuts and folds 
(Fig. 4) was developed both seeking to solve the structure of the mesh on the 
one hand, and reaching a maximum of shading in summer time and equinox-
es, while minimum shading in winter, on the other. 

 
Figure 4. Cuts and folds schemes 
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Along with the shading capacity of the mesh, one of the project aims was 
to reduce as much as possible the costs associated to transportation and stor-
age. For this reason the collapsible capacity of the mesh was an aspect fac-
tored from the beginning. The inherent foldability of the textile was easily 
modelled in paper (Figure 5). Thanks to this capacity the mesh, without the 
attaching system, can reduce its volume by 95%.  

Paper models enabled further exploration of how the various textile ele-
ments could join together, which subsequently determined the prototype 
manufacture method and the joining solution that was finally chosen. 

 
Figure 5. Paper model 

3. Digital modelling and testing 

Due to time restrictions during the development of the prototype, several 
evaluations were performed using software that helped as a reference to 
foresee possible effects in heat gain and PPD in the building if a complete 
solution was to be built on site. The information of the modelling simulation 
was useful to calibrate the prototype during fabrication. 

Before the making of the prototype, the textile mesh was digitally mod-
elled to anticipate its shading ability and heat control capacity. In order to 
offer options of applicability in scenarios with different requirements (indus-
trial, office, domestic) at this stage the performance of the mesh was meas-
ured assuming three different densities, keeping the geometry unchanged. 
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Mesh density 1: rhomb of 60mm height and 45 mm breadth. Mesh density 2: 
rhomb of 120mm height, and 80mm breadth. Mesh density 3: rhomb of 
240mm height and 180mm breadth. The observed aspects were: shading, so-
lar radiation and effective shading coefficient. Here the results of mesh den-
sity 3 are shown. 

3.1. MESH PERFORMANCE ON A BUILDING 

In order to predict its effect in indoor spaces, it was decided to model the 
mesh before attaching the actual prototype to the facade of one of the build-
ings at the   University of Santiago campus. To carry out this modelling, the 
Physics Lab Building was chosen. The main facade of this building faces 
north, is glazed, and presents problems of overheating in summer and equi-
noxes due in part to the lack of shading elements. In winter, however, the 
sun penetration is beneficial and it is desirable to keep. 

 

     
Figure 6 (Left) and 7 (Right): Physics Lab Building (Left). Photomontage of Physics Lab 

Building with the shading nesh on the north façade (Right). 

4. Evaluation Method 

The evaluation method was comparative and consisted in contrasting the 
thermal performance of the building in its current state, ie, without the mesh 
(Building A, Figure 6) against the theoretical performance of a building hav-
ing the mesh attached to its facade (Building B, Figure 7). The aspects eval-
uated were: Air temperature, Predicted Percentage Dissatisfied  (PPD), direct 
solar heat gain. 

The comparison was done using the software  IES<VE> (Integrated Envi-
ronmental Solutions <Virtual Environment>) through a nodes temperature 
calculation. In both cases (Buildings A and B) ground floor, 2nd floor and 4th 
floor were contrasted considering current data about material specifications, 
occupation patterns, artificial lighting and lab equipment contribution that 
could affect internal gains. The exact geo-location of the building was used 
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in order to get the closest results to reality. Here the compared values for the 
2nd  Floor are shown. 

 

 
Figure 8. Annual temperature on 2nd floor. (Red: Building A; Green: Building B) 

 

 
Figure 9. Summer (Red: outdoor air temperature.Peak at 5 PM 33.0o C; Green: indoor 

air temperature Building A. Peak at 5 PM  36.8o C; Blue: Indoor air temperature Building B. 
Peak at 5 PM  32.0o C). 
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Figure 10. March Equinox (Red: outdoor air temperature.Peak at 5 PM 25,7.0o C; 

Green: indoor air temperature Building A. Peak at 5 PM  29.9o C; Blue: Indoor air tempera-
ture Building B. Peak at 5 PM  26.9o C). 

 
Figure 11. Winter (Red: outdoor air temperature.Peak at 5 PM 12.4o C; Green: indoor 

air temperature Building A. Peak at 5 PM  12.6o C; Blue: Indoor air temperature Building B. 
Peak at 5 PM  12.0o C). 

As can be expected, in Figure 9, for a summer day the shading mesh at-
tached to the building B, always produces lower levels of air temperature 
compared to building A. Around 5 pm, when the heat peak occurs, it 
achieves a difference of  4.8o between the two situations, from 36.8o C to 
32.0o C. During March equinox, in figure 10, temperature control is lower, 
but still significant. Building B, in the peak of heat, achieves a temperature 
of  26.9o c, i.e.  3o C lower than building A. The winter situation, shown in 
figure 11 is different. Around 5 pm the temperature difference is less than 
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0.6o C, i.e., although sunblock occurs, its impact on interior temperature is 
not high. These results confirm, on the one hand the efficiency of the rhomb 
geometry and, secondly, the suitability of the mesh thickness. Regarding so-
lar gain, as shown in Figure 12, it is significantly lower both in winter and in 
summer. 
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Figure 12. Solar Gain (Yellow: Building A; Red: Building B). 

5. Aspects of the prototype making 

Once the evaluation of digital models was done, a  2.25 x 3 meters module 
of  the shading mesh was made to be tested on the same building in which its 
theoretical thermal behavior was previously modeled. The prototype allowed 
to study and define critical manufacturing aspects. It was not possible, how-
ever, to measure the impact of the whole shading mesh in the entire building, 
as had been anticipated in the computational models. Aspects that were de-
fined: textile material, textile strips joining, auxiliary ladder cords constraint, 
attachment system. 

Textile Material: The shading mesh is mainly composed of technical 
textile strips PRECONTRAINT 502, Serge Ferrari. The choice for this mate-
rial was determined by its dimensional stability, UV filter, fungicide treat-
ment, anti-capillary treatment, fire retardant and tear resistance (250 kg/5cm 
in the direction of the warp and weft), and especially for its weldable capaci-
ty. These same characteristics made it possible to implement the pattern of 
cuts and bends previously studied during the paper modelling stage. 

Textile strips joining: The textile strips were joined together by heat fu-
sion. In the particular case the student spent time in a tents and velarium fac-
tory, learning different techniques of working with fabrics. From this experi-
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ence, the student developed a homemade method, with which she managed 
to reach levels of adherence and resistance around 40kg/5cm, suggested by 
the manufacturer. 

Auxiliary ladder cords constraint: One aspect that was not anticipated 
in the previous modeling step and only became evident during the manufac-
ture process of prototype was the need for auxiliary constraint ladder cords, 
similar to Venetian blinds. 

Facade Attachment system: While the fastening system will depend on 
each application, for this particular case a steel substructure temporarily at-
tached to the facade of the building was developed. 

 
Figure 13. Isometric view of the textil shading mesh. 
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Figure 14. View of the prototype. 

Patent Pending: This Textile Shading Mesh currently has a patent pen-
ding Nº 846-2014, issued by the Institute of Industrial Property of Chile 
(INAPI) requested on April 4, 2014. 

5. Conclusions 

The main conclusion is that it is possible to reduce significantly the tempera-
ture of the air inside a building as the chosen in this work and, as a result of 
this, reduce the dissatisfaction of occupants. The textile mesh developed in 
this project allows reducing the temperature around 5oC on a summer day 
and 3o C during the equinoxes, in comparison with a building without it, dur-
ing periods when the outside air temperature is high. Although the obtained 
temperature is still over comfort ranges, this reduction allows a less intensive 
use of active cooling systems in summer. 
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 The geometry of the mesh plays a fundamental role. In this case, thanks 
to a correct geometrical configuration of rhombs, it was possible to efficient-
ly control sun rays penetration in summer and equinoxes, while in winter the 
sun rays could penetrate deeper. On the most unfavourable winter day, when 
heat gains are needed, temperature reduction was only of  0.6o C. 

The geometry of rhombs was particularly efficient to block the rays of the 
sun before and after noon on the equinoxes. This represents an advantage 
over traditional shading systems. 

 
Figure 14.  Detail of the prototype. 

 
Figure 15.  View from inside 
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