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ABSTRACT  

Technical textiles are functional fabrics that have applications across including both construction (BuildTech) 
and architecture (ArchiTech). This technical textile is developed for high-tech and high-performance 
applications.  In modern architecture, high-performance textile materials are highly valued and widely used 
in various applications, including self-cleaning, low-maintenance structures, fabric canopies, and energy-
efficient buildings. They are also utilized for high-performance façades, energy-harvesting curtains, flexible 
mega-structures, responsive phase-change materials, air-supported fabric constructions, thermal regulation, 
green roofs, smart living spaces, acoustic solutions, advanced building materials, and creating habitable 
spaces in extreme weather conditions. 

In this study, the types of textiles used in the facade and roofing systems of stadium facilities in Türkiye have 
been examined. The advantageous properties of textiles employed in stadium structures characterized by 
substantial roof and facade openings at the structural scale have been critically analyzed in relation to other 
conventional building materials. The technical textile material summary demonstrates the tremendous 
diversity of today's membrane materials using stadium facilities in Turkey. 
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INTRODUCTION 

Technology-driven materials, designs, and 
construction techniques play a major role in façades 
and roofing systems, becoming essential elements of 
modern architecture (Göppert and Paech,2015). 

Technical textile provide limitless opportunities for 
architectural expression, allowing for free-form and 
complex geometries that are both structurally viable 
and economically appealing in stadium building.  

In Architextile composite structures, the use of glass, 
ceramic, carbon fibers, aramids, liquid crystal 
polymers, and high-modulus polyethylenes provides 
textile materials with high performance and quality 
(Gezer, 2008). 

In a building, façade cladding materials serve 
different functions based on their various 
applications. When assessing the potential demands 
for each cladding material, the following can be 
highlighted as the most important. 

That are protection from external environmental 
conditions (wind, rain, temperature, sun, etc.), 
creation of private interiors, cladding to withstand 
outer loads (wind, temperature,maintenance loads, 
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etc.), thermal performance, solar/light performance, 
fire behaviour, durability, acoustic performance, 
aesthetic surface appearance (translucency, colour, 
etc.),  possible complex architectural geometries, 
material weight for substructure design, material cost,  
installation cost/time and modularity, maintenance 
requirements, and/or replacement methods, 
recyclability, sustainability (Göppert and 
Paech,2015., Hernández, 2006). 

According to the literature, it can be observed that 
studies on the performance of textile materials used 
in the façades and roof coverings of stadium 
structures have focused on topics a, b, and c. 

The relationship between early textile architecture in 
history and in modern period textile façade and 
roofing systems differs from a period where materials 
were applied in layer by layer to a more 
technologically advanced approach that integrates 
these layers together.  

A wide variety of fabric materials are used in 
architecture. These are evaluated as PVC Fabric 
(PVC-Coated Polyester), PVDF, PVF, PTFE Fabric 
(PTFE Coated Fiberglass), Fabric options – PVC and 
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PTFE, PVC / Polyester fabric, and PTFE / Fiberglass 
fabric (Gandi, 2020., Kamal, 2020). 

In stadium structures, a wide variety of textile 
membrane composite materials are used in façade 
systems. Based on the expected demand 
requirements from these materials, combinations of 
various materials are utilized for textile membrane 
composites. Architectural fabrics are commonly 
woven from polyester (PES) yarns coated with 
polyvinyl chloride (PVC) or from glass fiber yarns 
coated with either polytetrafluoroethylene (PTFE) or 
silicone. The purpose of the coating is to shield the 
yarn fibers from environmental factors while also 
enabling individual membrane segments to be 
welded together. Uncoated fabrics are typically 
composed of PTFE or polyvinylidene fluoride (PVDF). 

Uncoated fabrics are typically made from PTFE or 
polyvinylidene fluoride (PVDF). Textile membranes 
can either be fully coated to create a water- and wind-
proof fabric with translucencies of approximately 0–
40%, or woven with gaps between the yarns to form 
an open mesh membrane with localized yarn 
coatings. These mesh membranes are commonly 
used for sunscreens and architectural envelopes that 
provide views in two directions. Various mesh 
patterns are available, differing in size and 
arrangement of open areas. Both glass/PTFE and 
PES/PVC membranes come in multiple colors, with 
some being printable for a customized appearance. 
Depending on structural requirements, different 
strength classes are offered. Recently, laminated 
open mesh membranes have been developed, 
featuring a continuous lamination of transparent 
fluoropolymers, offering high transparency (>50%) 
and material strengths up to 60 kN/m (Göppert and 
Paech,2015). 

Different fibrous materials shaped by knitting and 
weaving techniques in textile technology are also 
used in architectural façades (Gezer, 2007/a; Garcia, 
2006). Woven and knitted fabrics made from metal 
fibers, as well as steel wire meshes, are examples of 
materials used in stadium façades. 

The performance of fabric structures is significantly 
influenced by the environment in which they are 
located. Key factors affecting fabric performance 
include geographic latitude and temperature, UV 
radiation, humidity, pollution levels, dust 
accumulation, cleaning frequency, deposition of plant 
matter, staining from rainwater runoff, and exposure 
to rainfall that helps remove dirt and dust (Tolani, 
2016., Kamal, 2020). The characteristics of textile 
materials used in stadium structures built in Türkiye 
have been grouped according to these factors. The 
grouping has been evaluated based on regions, 
taking into account the differing seasonal 
characteristics. 

 

 

THE ROOFING MATERIALS USED IN 
STADIUM STRUCTURES 

Factors determining the selection of roofing materials 
include climate, architectural and structural design, 
and cost estimation. The roof surface is a layer 
exposed to external elements. The roofing material 
must be resistant to atmospheric conditions. 
Therefore, the covering material should have water 
and thermal insulation properties, a long service life, 
and be lightweight while also conforming to the shape 
of the roof (Durgut, 2019). 

MATERIAL PROPERTIES 

Materials should be selected and designed according 
to the function of the structure. The materials used for 
the façade and covering systems of stadium 
structures directly affect user comfort. Therefore, the 
compatibility between structure and covering 
materials in stadium buildings is a crucial issue that 
must be addressed (Durgut, 2019). Materials have a 
direct impact on visual, acoustic, and climatic comfort. 
Technological advancements and innovations in 
façade and covering materials have brought criteria 
such as long-term durability, fire resistance, ease of 
replacement and repair, material permeability, 
sustainability, and user comfort to the forefront. With 
a material selected for its permeability feature, 
daylight can easily enter the field, ensuring the 
healthy growth of the field grass (Seçgin, 2023). 

With advancing technology, newly developed 
materials are frequently preferred due to 
characteristics such as their lightness, strength, 
flexibility, and load-bearing capacity. Today, a wide 
variety of materials are predominantly used in 
stadium structures, including steel, concrete, new-
generation plastics (ETFE, PTFE, PVC, etc.), 
aluminum, galvanized sheet metal, and smart 
materials. 

PVC (Polyvinyl Chloride) and PVDF 
(Polyvinylidene Fluoride) Membrane 
Covering 

While the lifespan of PVC is between 10 and 15 
years, it can extend up to 25 years with a PVDF 
(Polyvinylidene Fluoride) coating. It offers a variety of 
colors and is more cost-effective than other building 
materials. PVC is waterproof and, with its light-
transmitting property, allows natural light to enter the 
space, reducing the need for artificial lighting. It has 
strong UV resistance, high fire resistance, and is a 
lightweight, recyclable material (Alioğlu, 2018; 
Uğurlu, 2021). 

PTFE (Polytetrafluoroethylene) Textile 
Membrane 

PTFE is a textile material used in façade and covering 
systems, consisting of fiberglass fabric coated with 
Teflon resin. Commercially known as Teflon, it has a 
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lifespan of approximately 30-50 years and starts to 
degrade above 250 degrees Celsius. It offers strong 
UV resistance, high fire resistance, and reflects about 
60% of light. It does not mold or yellow under 
atmospheric conditions and is waterproof. PTFE 
withstands temperatures ranging from -73°C to 
+232°C. Single-layer membrane structures made 
with PTFE reflect 75% of sunlight and absorb 10% of 
it (Krüger, 2009; Durgut, 2019). 

ETFE (Ethylene Tetrafluoroethylene) 
Membrane Covering 

ETFE is a fluorine-based plastic material used in air-
supported covering systems, with a thickness 
between 0.05 and 0.20 mm. It has high light and UV 
transmittance, an approximate lifespan of 100 years, 
and is recyclable (Compagno et al., 2004; Durgut, 
2019). ETFE allows 90-97% of light to pass through. 
Thanks to the air between the foil layers in ETFE 
cushions, it provides better insulation than glass 
panels. ETFE foils are flame-resistant and can 
withstand temperatures up to 270°C (Durgut, 2019). 
ETFE material can also be integrated with textile 
materials in façade and covering systems. 

Carbon Fiber (CF) 

Carbon fiber is a technologically advanced material 
with a fibrous structure composed of tar, nylon, and 
orlon, known for being rigid, lightweight, and durable. 
It offers high strength, is resistant to corrosion and 
fire, and is non-flammable. Although it is costly, its 
application requires specialized experience and 
equipment (Bajpai, 2013). 

REVIEW OF STADIUMS IN TÜRKIYE 
ACCORDING TO ROOF AND FACADE 
MATERIAL SELECTIONS 

In the literature, due to the direct impact of materials 
on comfort, Türkiye's 7 climate zones have been 
examined, and façade and roof covering material 
selections for stadium structures have been analyzed 
according to these regions. Table 1 provides an 
overview of technical textiles used in stadium 
architecture applications in Türkiye. 

The use of textiles as façade and roofing materials is 
achieved through one of the textile types: plain PVC, 
perforated (mesh), PTFE (Teflon), and ETFE 
materials. When grouping these textile types 
according to regions, eight stadium structures built in 
the Marmara Region were examined. Of these, one 
stadium uses only PVC membrane covering, while 
three use a combination of PVC membrane covering 
and other cladding materials. One stadium uses both 
PVC membrane and PTFE textile covering along with 
other cladding materials. Another uses PTFE textile 
covering, one employs aluminum roofing, and 
another combines PVC membrane and PTFE textile 
coverings. Overall, a mixed covering system has 
been applied in five of the stadiums. 

In the Aegean Region, four stadium structures were 
examined. Of these, two use only PVC membrane 
covering, one uses a combination of PVC membrane 
and other (composite cladding) covering systems, 
and one utilizes an alternative (polycarbonate 
cladding) system. In the Central Anatolia Region, five 
stadiums were studied; two of these use a mixed 
system of PVC membrane and other covering 
materials, while another two use a combination of 
PVC membrane and PTFE textile covering. Lastly, 
one uses an aluminum roof covering. In the Black Sea 
Region, three stadiums were analyzed, all of which 
share PVC membrane covering as a common 
feature. Among these, one employs a combination of 
PVC membrane and PTFE textile covering, one 
combines PVC membrane and other covering 
materials (PVC mesh), and one uses PVC membrane 
alone. In the Mediterranean Region, of the five 
stadiums constructed, two use PVC membrane 
alone, two combine PVC membrane with other 
covering systems (PVC mesh and standing seam 
roof), and one uses a combination of PVC membrane, 
ETFE membrane, and other (standing seam roof) 
systems. In Southeastern Anatolia, three stadiums 
were examined: one uses a mixed system of PVC 
membrane, PTFE textile, and other (GFRC, GRC 
precast) covering systems, one uses ETFE 
membrane, and one employs other (composite 
cladding). In Eastern Anatolia, two stadium coverings 
were analyzed: one uses PVC membrane, while the 
other combines polycarbonate and standing seam 
roofing systems. 

In Figure 1, the distribution of materials used in 
stadiums by region can be seen. In Figure 2, the 
usage rates of materials used in stadiums across 
Türkiye are shown. 

In Türkiye, regarding the roofing material usage in 
stadiums, a single roof material using is utilized in 
43,3% of cases, while 56.7% prefer composite 
material usage. A stadium roof design plays a critical 
role in determining the amount of light that penetrates 
the field, thereby affecting the growth of the turf. If the 
roof design is not covered with an appropriate light-
transmitting material, artificial lighting has to be used 
to sustain grass growth. This practice contradicts the 
principle of sustainability and results in significant 
energy costs. In line with the UN (United Nations)'s 
SDG 7 and SDG 11 principles, it is recommended that 
the design of the southern facade and roof sections 
of stadium structures incorporate a light-transmitting 
textile material to promote low-energy, sustainable 
living environments 

RESULT 

Technological advancements playing a role in 
architectural textile interactions are influencing the 
shaping of architectural structures. As a sustainable 
material, the high-performance textile group stands 
out and diversifies into new composite forms through 
technological advancements. This diversity not only  
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Table 1. Material Selections and Stadium Facilities in Türkiye. 
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Figure 1. Materials Used in Stadiums by Region. 

 
Figure 2. The Use of Materials in Stadiums in Türkiye. 

makes significant contributions to stadium 
architectural design but also alters the symbolic 
values of the structure on an urban scale. Among the 
examined examples, regional differences have been 
observed in the textile materials used for stadium 
facades and roofing. Facade and roofing materials 
selected in harmony with the covering system and 
structural characteristics play a key role in the formal 
shaping of stadium structures, enhancing their 
visibility within the city. Material choices become the 
focal point of stadium designs, and the way the 
selected material is used gives the structure an iconic 
quality. This study has presented that PVC 
membrane coverings are the most commonly used in 
stadiums in Türkiye. The study has shown that the 
use of composite materials is also prevalent as a 
secondary choice in facade and covering systems. 

The findings of the study have shown that in Türkiye, 
covering materials used in stadiums were not 
selected in accordance with the climate 
characteristics of the regions, nor was light 
permeability taken into consideration. This lack of 
alignment could lead to issues in the development of 
grass in stadiums, supporting the hypothesis that this 
relational mismatch may contribute to such problems. 

In this context, the study serves as a foundation for 
further research. 
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Konya, Türkiye, 2019.  

15. Seçgin M.: Stadyumların Örtü Sistemlerinin Örneklerle 
İncelenmesi, Yüksek Lisans Tezi, İstanbul Aydın Üniversitesi 
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16. Sürgülü U.: Stadyum Yapılarında Çatı Strüktürlerinin 
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