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ABSTRACT

There was a continuation in utilizing and applying of fabrics (such as foils, fiberglass and some
innovative fabrics) which became an inspiring tool in architecture both in construction and architecture, to
suit various ideas and requests with notable impacts on building performance in comparison with other
materials. The aim of this study is to identify the essential features of fabric materials and how the fabrics
may promote the flexible architecture approach. It explores the role of the fabric in the innovative
constructions by facilitating the techniques and principles of flexible architecture in design and construction
to examine how the compatibility of cloth to be achieved. To attain the aim, the paper was based on SWOT
analysis method as a way to examine the flexible approach of fabrics on the architectural performance.
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1. Introduction

Fabric structures help in creating limitless design opportunities with potentials in architecture.
Twenty years ago, “Fabric Architecture” referred to outdoor tents or canopies, while today, an
expanding range of materials was significantly improved the structure, lighting, and graphics
technology features, which allowed fabrics to take on new roles; as multimedia canvas, iconic
sculpture, and branded symbol skins [1]. Thus, the fabric could offer flexible designs to
architecture by providing creative solutions to adapt with specific spaces in different environments.
Nowadays, many architects were exploring a countless usage of fabric in architectural
applications; that changed the space’s nature and act as a landmark in its region, that may need
optical lightness, transparency, or exciting envelopes, Fig. 1 [1]. The study concentrated on fabrics
that were used for achieving the flexible purposes for improving the building ability. Flexible
buildings can adjust to the changing needs and patterns, via environmental, economic and
aesthetical ones, either prior or after occupation. Accordingly, innovative fabrics were varied to
conserve limitless possibilities in fabric architecture, to reach the flexible architecture which
depended on Adaptability, Movability, Interactivity, and Transformability.

Centre Pompidou, Metz Zenith of Strasbourg Allianz Stadium, Nice

Fig. 1. Examples of Different Fabric Application in Architecture [1]
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1.1. Research aims

The research approach was to measure the compatibility of using fabric as a building material, and how
it may well attain the concept of flexible architecture, either in design or construction stages, by investigating
and emphasizing on the fabric’s importance to Improve the building’s abﬂltl&ﬁ and properties.
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Fig 2. Research Aims [Author]
2. Literature review
2.1. Fabric in architecture (textile, fabric, and fiber)

The textile was defined by “The Textile Institute” as “a general term applied to any
manufacture from fibers, filaments or yarns characterized by flexibility, fineness and high
ratio of length to the thickness” [2]. Recently textile products may be made from a mixture
of fibers, films, yarns, sheets, foams, furs, or leather. While “Fabric” includes a broader
selection of materials than “textile”.

Further, it could refer to fabric construction or to fabric structure, and may be described
as a thin, flexible material made of any mix of cloth, fiber, or polymer (film, sheet, or
foams). Whereas “Fiber” was initially a thread-like, which could be natural or artificial; the
natural ones had limited properties which reduced their application. However, artificial
fibers could be obtained by using a wide range of materials [2, 3]. Such as; ETFE
(Ethylene Tetra Flouro Ethylene), AFRP (Aramid Fibers Reinforced Polymer), PVC
(Polymerizing vinyl chloride), PET (Polyester / Polyethylene Terephthalate Fibers), ePTFE
(expanded Polytetrafluoroethylene Fibers), PES (coated Polyvinyl) and Metal fibers [4].

2.2. Types of fibers and its application

There were several common types of fibers that used in buildings, which differs
according to its properties, cost and application in buildings, as seen in Table.1.

Table 1.
Common types of fibers, modified from [1, 5, 6]
Material Features
The most used fiber, due to its reduced price, flexibility, good mechanical
Polyester performance and the expected lifespan. Strength and durability, make it very common

for temporary and seasonal structures. The laminated or coated with PVC films were
usually the least expensive option for longer-term fabrications.

It was used for low-budget applications despite its shorter life span compared to
Polyethylene polyester. Knitted fabrics for shading requests were the most promising uses of high-
density polyethylene in architecture.

- It was mostly used for permanent heavy-duty applications due to its high modulus of
ergl elasticity, the tensile strength, its essential high resistance to fire and UV degradation.
Was always used for lightweight, stretchable projects and products which require

Nylon relatively low mechanical properties. Thus, it was commonly used in small temporary
and deployable structures.
Expanded ‘Was relatively new and used for seasonal and deployable structures due to its high
PTFE translucency, strength, flexibility, long lifespan and high chemical resistance.

was widely used in architecture, due to the reduced mechanical performance, suitable
for small deployable tents and umbrellas due to their flexibility, good resistance to

Acrylic N N
chemicals, and corrosion from sunlight exposure.




123
1. Abdelsabour, Fabrics as an inventive building material and their compatibility with flexible architecture

2.3. Fabric patterns

The fabric/membrane was made of yarns that were fabricated the fibers, which were
organized in parallel or woven together, by technigues act a significant role on its ability to
bend and extend, [7, 8]. Knitted textiles; had better elasticity and form finding, which
could be helpful when applied to a highly geometrical surface. Woven textiles; the most
used types of architectural applications, which composed of two types of yarn; the wrap
and the weft. And Non-woven textiles; that built by the overlapping of randomly oriented
yarn welded together by an adhesive, with high tensile strength and lower stretch level.

From the architectural point of view, woven fabrics usually useful in outdoor
application due to its high strength. Besides, fabric weaving pattern state water tightness,
translucency, sound-reducing, and it could be used as load-carrying structural elements.

2.4. Properties of fabric materials

There were several properties must be considered during the selection of the fabric’
type for structure; mechanical and non-mechanical properties.

Table 2.
Propertles of Fabric Material, Modified From [1, 2, 5, 9]

Tensile strength; to measure the required force to split the material.

Tear strength; which was the resistance to propagate an existing tear.

Elastic properties; such as stiffness, which was the link between the modulus of
elasticity and the area of the cross-section of fibers.

Adhesion strength; to measure the bond’s strength between the base material
and coating or film laminate that protect it for evaluating the strength of welded

Mechanical
Properties

joints.
Durability; that measures the structure’ life span, and wasinfluenced by the UV
radiation resistance or wicking,

Fire resistance; all materials must undergo the standard fire tests for safetv.
Translucency/dbsorption; had both aesthetic and technical effects, help in
lighting and shading the enclosed spaces, which affected the structure’s form
and the energy behavior.

Coloration; either in a uniform or patterned design by dying and printing that
affected the fabric’s aesthetic for visual effects.

Acoustic insulation; it had weak acoustic insulation properties, but by adding
foil materials under the fabric lavers may enhance the absorption values.
Thermal insulation; could be treated by multilayered unites by air-cavities
between them.

Ultraviolet radiation protection; it could be attained with light-resistant
additives in the fiber material or Ultraviolet (UV) absorbers in the coating

Non-Mechanical Properties

2.5. Types of fabrics/textiles

In fabric architecture there were three main forms of fabrics that were used; Coated
textiles, Open mesh fabrics, and Foils [8].

2.5.1. Open mesh textiles

They were used as a permeable textile for the solar control, with a definite level of
permeability to light, wind and moisture. As well, they were coated either before the
weaving process or by dip coating then laminated. So, knitted high-density polyethylene or
metal shade fabrics were trendy, due to its amazing elasticity, cheap cost, and adequate life
span [8]. In consequence, it might be used in renovating old buildings, as in the old textile
factory that was transformed with wave shape of the custom metal mesh into remarkable
theatrical, concert performances and fashion shows building, Fig. 3 [10]. And in the Rice
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University’s parking garage, the wrapped facade with printed shade screens coated PES
tensile mesh cladding with fig leaf pattern, Fig. 4 [11].

Fig. 3. The Old Textile Factory [10] l-‘lg 4. Rice University Office Bmldmg [l 1]

2.5.2. Coated and laminated textile fabric composites
Fabrics for architectural purposes were mostly a combination of textile fabrics (two or more

layers) and polymer coatings (at least one polymeric layer), which were bonded by an added
adhesive [2]. The coating had a major role in bend cracking resistance, mechanical strength, and
protection from the weather’s effects, light transmittance, and fire protection. Besides, it helped in
creating a smooth surface, reducing the possible pollution area, and improving the fabric’s aesthetic
values and functionality [2, 6]. Coated textiles could be divided into three main types, each one has
a different internal structure that provides to use |n a different application, as shown in Fig. 5.

Advantages; Polyvinylcholoride (PVC) :
= low cost and case of handie H
- durable and good tensile and tear strength and high elasticity = Disadvantages;

« good bend cracking resistance -quhchd’mmalbc

-had a chance of recycling mendbeane re-stressing.

~available range of colours and casily painted or printed "'N“ Vo provide gt tramsmimance.

~manufactured in large .

<Low flammability and waterproof
~good in dirt resistant Rm' mendation usage:
=<uitable for long spans and temporary structures
— wsed for deployable structures
use was for tensioned fawdu

Advantages:

~incombustible, resisted soiling
-more durable and had longer life span - Disadvantages:
-a good light transmittance :::";w"m
~Jow thermal expansion -Jow clasticity factor and bends poorty
limitod printing ceto

-excellent mechanical strength -
~Good resistant to chemicals and UV light ~<an"t be relocuted oc retracted.

Recommendation usage:

use in long-Easting iconic projects

stretch boag spans with minimal curvature
secommended for permanent projects

R R S g

_ Silicone-Coated Glass-Fibre Fabric |
- -}

ransminance Disadvantagess
Hent =it surface charpes up statically and st
-has resistance to UV and flame. #mdhm-‘ﬂwﬂm-ﬂw

~had high flexibility s
~high tensile strength. a high bending resistance —smceptidle 10 wrinkling

Recommendation usage:
-nhly-sdl‘«mm

Fig. 5. ypes of Coated Fabrics in Buildings, Modified From [2, 5, 6, 9]

2.5.3. Foils
Foils had great advantages; it is a very low self-weighted with freedom in shape and

was placed where the translucency was needed. It could be applied to roofs or facades
element (as air cushion) or as a small-span tensile structure (as a single layer), Fig.6 [1].
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- very good long-term stability, resistance to soiling
and high light transmittance.

- can be coloured and printed onto

- used as an air cushion or single layer.

- high fire resistance

- an inexpensive material
- can be recveled

1
Advantages; (ETFE) film :
1

"' Disadvantages;
~continue to creep under load

Recommendation usage;

- chosen for pneumatic structures

- used in small span structures.

- suitable for load bearing envelopes
-suitable for projects that claim a high degree
of transparency or translucency.

Advantages;
- good resistance for stretch cracking Disadvantages:
-good long-term stability. = lower optical properties and
- can be easily welded resistance to soiling S
. = lower mechanical and tearing - 1
~creative colours and themes resistance 1 1
—————— PE Foil I
R dati 8 THV Foil Advantages; i
ecommendation usage: oil - very low price f
- use over medium and large spans. doés not gﬂ-" any relevant Disadvantages;

i e A - very UV and soili
- Affordable way to modernize older features for using in buildings. ':I;)M P::\‘ and soiling

buildings and structures === ===s————-

Disadvantages; RVC Foi Recommendation usage;
- extremely poor mechanical resistance. - Advantages; - mainly limited to greenhouses
=poor long-term stability - extremely low cost and the agricultural field

-flexible } - used for temporary pavilions
-high resistance to soiling

Recommendation usage:
- indoor or temporary applications

Fig. 6. Types of Foils in Construction, Modified From [2, 5, 1, 6, 12, 13]

2.6. Innovative fabric material

New ideas were studied to improve fabric materials, to suit architectural functions,
environmental condition’s control, and energy production, as well as keeping it lightweight.

2.6.1. Green roof textile

These units were thin, flexible, ideal for application on lightweight curved roofs, and to
protect the textile from ultraviolet light, for an environmental structure. It was based on the
hydroponics system for living roofs, walls and vertical gardens, help in merging with the
surroundings [1]. Such as Green textile with a soil substrate, Fig. 7.a, and green
hydroponic textile with an inert substrate in Fig. 7.b. Or by Photosynthesis Membrane, that
used closed-loop vertical photobioreactor plants as algae, which were placed in transparent
plastic bags on top of the textile membrane, Fig. 7.c. [1].

Fig. 7. a) Green textile with soil substrate, b) Green hydroponic textile with inert substrate, c)
photosynthesis membrane [1]

2.6.2. Intelligent/ smart textiles

Intelligent textiles could sense and respond to environmental conditions or stimuli via
digital elements in their structure. So, the material’s properties were able to modify their
position, stiffness, conductivity in response to environmental changes such as humidity or
temperature. They may be; passive (sense to environment), active (react to the sensed stimuli)
and very smart textiles (ability to sense, react and adapt their act), as in Table. 3, [2, 8, 14].
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Table . 3.
Some Types of Intelligent Textiles, Modified From [2, 8, 14]

Type Of Textile Main Features
Conductive Materials | Which were able to canry and conduct electne energy?

Eleciricity Generating | With built-in solar cells via pnnting, and aids in generating energy

Fabric that could be used as bulding envelopes.
Shape Memory Thatresponded to external stimuli (electric and magnetic fields, pH-
Materials (SMM5); walue, temperature, stress or UV-light) by transfonming their shape.
Phase Change It ncluded microcapsules that store and release energy via the
Materials (PCME) materials’ phase change that may be used in curtains, roof

covenngs, and canopies to collect solar thermal.
Textile Interfaces (TIF) | awoventextile with conducting light units, that canmake the fabrics
conduct electricity and shine, as glass fiber-monofilaments.

2.6.3. Photovoltaic cells in foil and membrane

A layer of photovoltaic solar cells (PV) could be compressed and sealed in a transparent
membrane. The shape, size and the pattern of the solar cells were arranged in a way which
allowed continued flexibility of the material. These cells present a lot of future potential; it does
not require an added sub-structure, but act as an integrated part of the building envelope. From
an architectural viewpoint, it not only provides electricity, but also offer needed shading to
reduce the solar heat gains, and thus helped to reduce cooling loads in summer, Fig. 8 [15, 16].

+ -

a
Fig. 8. a. PV in (middle or top) pneumatic structure. b. A Photomontage of PV [15, 16].
2.7. Types of fabric structure

Fabric structures were a kind of buildings in which the load-bearing capacity was attained
via tension stress in the greater part of the elements, such as cables, foils or technical fabrics.
Thus, it was divided into three main categorizes; Boundary tensioned membranes, Pneumatic
or air-supported structures, and Cable-nets or cable-beams, each type will be illustrated via its
main features, concept, and the suitable fabric that could be used, as seen in Fig. 9.

2.8. Design process

Architects had to prepare the geometry creation to determine the required fabric, the
size of the structural system and the required foundations, through;

- Understanding the applied loads by the fabric itself (as pre-stressed, pre-tension units)
- Calculating the loads that the structure will be exposed to (wind or snow) [9].

Thus, the design process had three main stages: the form-finding, the static analysis,
and the patterning, with the probable addition of dynamic analysis if required;

= Form finding; in this step, material properties were ignored, and the shape is
directed by both the geometry of the supporting structure and the proposed pre-
stress on the membrane, when the ideal shape was found, the forces and shortest
distance paths were continually updated. Many techniques were improved to detect
the structure’s form; such as soap film models; for using rigid and/or flexible
boundaries. Scale models; were commonly used but have drawbacks of not being
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able to show the non-uniform stresses on the surface. And computer simulation; by
using force-density and dynamic relaxation methods to offer more accuracy and
gave better control on the pre-stress, [5, 8, 18].

= Analysis/Structure Modelling; after creating the model, it was analyzed to define
the loads that will create stresses and deformations on the textile, along with the
transferred loads to the supporting structure. So, the stresses in individual elements
were calculated according to the deformation caused by their connecting nodes
deflections [8, 18, 19]. Subsequent to this analysis, the textile then had to be
patterned and manufactured.

= Patterning; to fabricate the fabric, it must be divided into 2D triangular pieces by
unfolding the 3D model. Thus, the joints’ tracing lines must be included in the form-
finding and load behavior analysis to get the optimal result. Therefore, when
"unfolding™ the fabric for fabrication patterning, the actual fabric will be slightly
reduced. For that reason, the patterning process occurred by three steps; Seam (joint)
line; that effect on the panel’s size, and the aesthetics that concern with the structure’s
appearance. Flattening; was the conversion of the seam lines into 2D plane flat surface
by triangulation method And Tension compensation by size reduction' that required to

stressed by stretching the surface to the boundaries made :
of flexible, tension cables, or a rigid frame/beam. 1
- realized by lightweight. highly ﬂcxlblc membranes 1
- tensioned by one dimensional flexible elements such as !
cables or ties. :
- The surface load bearing capacity is provided by its
double curvature and the pre-tension element. 1

r
1 could be from natural fibres: cotton. ceramics (glass fibre).
and synthetic organic fibres such as polyester. Or coated

ones: PVC coated polyester, Teflon coated glass fibre
(PTFE) and silicon coated glass.

—————————— 4
I - the load bearing capacity is achle\ ed by means of air under pressure.
! - Their shape is affected by the difference between the external and 1
: internal pressures. !
1 - it provides cheap choice to permanent structures. :
I - is unstable under wind loads and nced the cables™ support to hold
: structure in place 1
1 - The surface load bearing capacity is provided by its double !
1 curvature and the pre-tension element. :

1d39N0D
STUNLONYLS DILYWNANG

LYW

1
1 a-as compression ring bez
: b-flexible edge cables with :.uppornn&, masts and tie backs
E ; c-take the form of a suspended structure stabilized by a heavy roof cladding.
- Cable beams can be classified into cable trusses and cable girders:
[b (Z) I a-cable trusses. have their top and bottom cables as well as the internal
(@] : members (hangers) all work in tension.
o 1 b-cable girders, incorporate struts as their compression members. It is less
1 flexible than cable trusses.
! - The surface load bearing capacity is provided by its double curvature and
! the pre-tension element.

PRE-STRESSED CABLE NETS
AND BFAMS

pmm
— XA a4

Fig. 9. Types of Fabric Structures, Modified From [1, 5, 6, 9, 17]
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2.9. Flexibility and flexible architecture

Flexibility means; the quality of bending easily without breaking, or the ability of
modification, alteration to various purposes or conditions; freedom from stiffness or
rigidity [20]. From an architecture perspective; flexible architecture was defined by
Kronenburg as a “fluid architecture that became complete once people inhabit it and used
it”. Thus, the designing for flexibility raised as a result of the changing in the occupant’s
needs, and emerged gradually in response to the evolving social and economic requires due
to the environments’ transformation part by part. So, flexibility could be stated as the
ability to adapt to varied requirements of the built environment by incorporating new
technologies to change the building’s function [21]. So that, it contained the changes and
challenges of the dynamic world, with a design that was shaped by way of adding the
present’s requests including the possible future’s changes.

Architects consider fabric as a trendy building material due to powerful range reasons it
provides; [9, 22, 23]

- Design Flexibility; due to its strength and elasticity that hold varying loads for further
design capabilities, to provide clear, free-span areas with maximum floor space.

- Permanent/Transportable; it could be used for permanent purposes or temporary
usage, and its structure was easy for moving to a new location or resell.

- Cost Effectiveness; it was cheap and less installation preparation, when compared to
brick or concrete, and it could be applied in unsettled weather and then removed.

- Transparency and Climate Control; it allowed the daylight penetration or as an
insulator to reduce the usage light and energy’s amount in the operating costs.

- Atmosphere Impression; fabric could give another impact than solid materials, due to
its softness and the way of flowing and folding, and a sense of security and privacy.

In design, there were many principles of flexibility that met the designer’s predictions
for possible future changes to fit better by enabling adjustments as needed to support
function through effective solutions to the today and tomorrow’s problems. Thus,
flexibility allows buildings to remain in use longer, for preventing costly and wasteful full
demolition and rebuilding [24, 25].

3. Research method/ analytical study
3.1. Analytical study aims

The analytical study was applied to state the main consequence of using fabrics as a
building material in flexible architecture to improve the building ability.

3.2. Research statement

That there were many opportunities of using fabrics in architecture to attain the flexible
architecture’s concept by defining the possible applications for buildings, specifically for
flexible building.

3.3. Analytical methodology

The SWOT analysis method was performed assisting in decisions making to develop
the design plans through; the internal factors; Strengths to indicate the main themes of the
design concept. Weaknesses, to illustrate the shortcomings of using the process. The
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external factors; Opportunities, point to the factors that could be applied to enhance its
application. Threats, which imply the negative effects on its application.

SWOT analysis method helped in achieving the analytical study to assess the most used
techniques between architectural and structural solutions in flexible architectural design
goal. Thus case studies were analyzed according to those features to measure how fabrics
could reach the proposed hypothesis.

4. Results (applying of fabric in flexible architecture by SWOT analysis)

Four different aspects could be utilized in buildings to be flexible building; it must be
capable of adaptation, transformation, mobility; and interaction [21].

4.1 Adaptation

It means the adjustment to different functions, could be changeable with a multi-purpose
space or climate, and freedom usage of users’ activities to create the client’s desired space,
with adaptive systems that offer more occupant comfort, use less energy, and contain better
space efficiency than static building [21, 26]. As in the "Smart" fagade’ concept by Bara
Finnsdottir, the Fraunhofer Institute in Dresden that kept space’ temperature without using
any electricity. It's composed of an individual circular flower-like units, each one had a disc
of fabric with shape-memory wires running through it, which contract to open and to close
the textile pieces according to the external temperature, Fig. 10 [27]. And at the King Fahd
National Library in Riyadh by Gerber Architects, 2013, that got heat support with a tensile
PTFE-coated twisted textile squares facade to shade the building and filled the interior
spaces with natural light without blocking occupant views, Fig. 11 [28]. Also The mixed-
used building by B + U Architects, Los Anglos 2009, that responded to the urban setting, by
a high tech enclosure system from multiple layers of fabrics with various levels of
transparencies, to adjust for diverse exterior light states and offer stable levels in the office
spaces, Fig. 12 [29]. Then, the Kolon Tower by Morphosis Architects in South Korea, 2018,
a crafted high-performance aramid fabric was used in varying degrees of opacity and
thickness in vertical layers to scatter the strong sunlight, which could be switched off to
achieve a smooth organic form with minimal connections, Fig. 13 [30]. Then, these examples
were analyzed by SWOT analysis process, Fig.14.

; . J sy
Fig. 13. Kolon Tower [30]
INTERNAL. FACTORS

; ‘d Used Building [29]

e  More ptability by using 1
fabrics.

e Decreasing floor space due to
new used techniques.

* improvement in heat and light insulation e Increasing sub-structure weights.

*  Aids to design expressive facades.

*  More ability in renovating old buildings.

*  Offer contemporary forms

¢ Economic limitations.

EXTERNAL FACTORS
Fig. 14. SWOT Analysis [Author]


https://www.architectmagazine.com/firms/morphosis-architects
https://www.architectmagazine.com/project-gallery/?co=South%20Korea
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4.2. Mobility

It refers to temporary buildings that offer physical movement from place to another by
relocatable or repositionable structures. The gains lied in the flexibility and diversity of their
purposes and its reusability that allowed for unimaginable motivating projects and ideas [21,
26]. Such as, The Cloud by Jasmax in New Zealand, 2011, which was a semi-permanent,
multi-purpose event and exhibition structure from a series of varied height structural trusses to
achieve the cloud’s organic shape. The roof was made from coated PES fabric and ETFE wall
panels, which creates a window-like appearance, Fig.15 [31]. And the Portable Serpentine
Pavilion 2015 by SelgasCano Architects, that was based on visitor’s experience with structure,
light, transparency, lightness, form, color and materials to combine with landscape. This was
achieved by forming a double-layered shell, made of opaque and translucent ETFE in varying
colors, Fig.16 [32]. The London Shooting Venue by Magma Architecture at the London 2012
Games, which was skinned in a white, double curved PVC membrane fagade and brightly
colored dots openings. The used materials were reused, every joint was designed for
reassembly, and the cladding minimized the need for artificial lighting, Fig. 17 [33]. Then,
these examples were analyzed by SWOT analysis process, Fig.18.

Fig.17. London Shooting Venue [33]
INTERNAL FACTORS
*  Used only modular unites with large

spans need more structure system
*  Should use lightweight structuse

*  Assist buildings to be multfunctional

®  Aids in forming diverse atmospheres for
VArOus activities.

®  Shorter construction time, costs and
produce less waste.

*  Saving energy and enhancing the
efficiency.

o Aiding in union with the surroundings.

EXTERNAL FACTORS
Fig.18. SWOT Analysis [Author]

*  Required heavy cranes 1o get it in place.
*  Fear in obtaining the same building
efficiency every time it 1s re-mnstalled

4.3. Transformation

These buildings were characterized by modular design roofs, windows or other fagade’s
parts (capable of adding, removing, opened or closed units) and able to modify their form
by the physical alteration to their structure or skin components. So that it could give the
impression of being alive to react with the external environment and respond to climatic
conditions [21]. For instance, The Fortress Arena in Austria by Kugel and Rein Architects,
2006, a multimedia event center, the roof was created from ePTFE fabric to build a
retractable circular shelter, protect the area from bad weather conditions and expand the
outdoor space, Fig.19 [34]. And in Tenerife Astronomic Observatory by Pedretti of
Airlight, the structure’s opening and closing units were attained by the power of
pressurization. Two steel arches lifted and rotated on a central axis pulling the PVC fabric
which inflated and pulled up the smaller arches to the pneumatic shell shape, Fig.20 [35].
In addition, The Dynamic Mashrabiya of Al Bahr Towers in Abu Dhabi by Aedas
Architects 2012, a thin screen of PTFE fabric mesh panels with an origami pattern was


https://www.dezeen.com/2015/06/22/serpentine-pavilion-2015-iwan-baan-london-selgascano/
https://www.dezeen.com/2015/06/22/serpentine-pavilion-2015-iwan-baan-london-selgascano/
https://www.architectmagazine.com/project-gallery/?co=Austria
https://www.architectmagazine.com/firms/kugel-rein-architects-and-engineers
https://www.architectmagazine.com/firms/kugel-rein-architects-and-engineers
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driven by a linear actuator. Each unit was an umbrella-like, which opened and closed
during the day in response to the sun's movements, Fig. 21 [36]. Besides in the Swiss
University, by Dominigque Perrault Architecture 2014, a 3D zig-zag facade from movable
aluminum fabric mesh panels, was used to renovate its exterior and benefited from solar
protection gave it a unique appearance. The panels were motorized and moved on rails for
efficient solar protection, and natural ventilation, Fig.22 [37]. Then, these examples were
analyzed by SWOT analysis process, Fig.23.

" = R sy e 5
Fig. 19. Fortress Arena Kufstem [34]  Fig. 20. Tenerife Astronomic  Fig. 22. Swiss uni 37
Observatory [33]

INTERNAL FACTORS

*  Changing in the element’s purpose easily
due to designing new moving systems.

*  Enhance the building’s efficiency due to
different needs of users.

* Increased the building volume.

e Adaptability to the changing weather
conditions (light and ventilation).

*  Reduce costs of the building"
maintenance

®  Safety concemns during
opening and closing of the
structure,

*  just using light weight fabrics
in moving pasts.

¢ Economic limitations.

®  Risk in utilizing low
experienced labours. |

EXTERNAL FACTORS
Fig.23. SWOT Analysis [Author]

4.4. Interaction

These buildings prepared an interaction between building, people and appliances that
responded to external stimuli, such as environment, usage, or occupation. The interaction
relies on the technological system’s usage in the formation of the interactive building,
which response to users’ requirements in automatic or natural ways [21, 38]. Such as the
dynamic skin of Media-TIC, by Enric Ruiz-Geli of Cloud 9 in 2011, that had two systems
from ETFE cushions consist of three layers with two air chambers. For flexibility, the
south fagades could be inflated or deflated as needed, which were activated by sensors.
While the southwest facade used vertical cushioned panels, which had a nitrogen and oil
mixture that temporarily merged into a “cloud” and transformed into translucent, Fig.24
[39]. Also, the Swiss Pavilion at Shanghai Expo 2010, by Buchner Brundler Architects,
that was covered with a curtain that had a semi-transparent solar technology of woven
aluminum elements to produce energy that was released individual LED flashes that varied
according to the intensity and angle of light. These electronic sensors that reacted to light,
turn solar radiation into a visible form of energy, Fig. 25 [40, 41]. Besides the facade of
Atelier a Torcé factory by Batir France in 2007 that was transformed into a display of light
color, and detailed graphics by using large panels of illumination and media mesh.
Through daylight, the stainless steel facade sparkles at the sunlight, while at night flushes
with the reflected light of its inserted weatherproof LEDs, Fig.26 [42]. Also by installing
an energy-efficient membrane that used printed organic photovoltaic (OPV) at “solar trees”
in the German Pavilion by Schmidhuber at Expo 2015, an energy-efficient membrane
shelter of high aesthetic and technical quality to generate energy, Fig. 27 [43]. Then, these
examples were analyzed by SWOT analysis process, Fig.28.


http://www.bbarc.ch/
https://www.archdaily.com/office/schmidhuber
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. German Pavilion Expo2015 [43]

Need more maintenance.

Expensive structure and used units.
Limited in structure system’s types
Continugy in needing for high

technology
Continuity of maintaining the
fagade's aesthetic form.

e Growth of new aspects of the
architectural facades.
o Unlimited kinds of innovative fabrics.

EXTERNAL FACTORS
Fig. 28. SWOT Analysis [Author]

5. Discussion and conclusion

The study introduced the relation between the fabric types as a building material and
the flexible architecture through its concept of applying in different buildings. By
analyzing the case studies via SWOT analysis process, the internal factors (strength,
weakness) must be improved and external factors (opportunities, threats) should be
upgraded to maximize strengths and minimize weaknesses. The research concludes some
points lead to a proposed methodology (concerned with material, techniques and function),
Fig. 29, which could help the designer how to use fabric to attain the flexible
characteristics of buildings.

o A well consideration of fabric structures design and construction may allow for the

wide and popular application of fabric of permanent structures.

Over cladding concept by covering old buildings with a modular fabric cladding
panel which acts as a new ‘skin’ for new uses: a low carbon solution that will give a
building more life as well as reducing electricity bills.

The fabric could achieve its high functionality and aesthetic qualities by means of
optimum manufacturing and light-technical specifications.

An increasing trend towards static or dynamic envelopes of Public buildings, office
buildings, shopping centers...... etc.

More freedom in design an applying of fabric range, which included standard
products as well as customized ones for visual richness.

Architectural design freedom and economics with rapid solutions and modernization.
High-tech fabrics can develop a new invention of screens and shades are energy
efficient, sustainable, attractive and functional.
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Effect of Applying Fabrics in Flexible Architecture
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Fig. 29. The Proposed Guideline for Architect [Author]
5.1. Suggested Methodology for applying fabrics in flexible architecture

Based on the previous analysis and the concluded guideline for architects who could use
fabrics a building material in a flexible way, a proposed methodology was deduced as follow,
Fig. 30. The methodology was gathered from the relation between the used material and the

structure system to attain the erX|b|I|ty techniques that leads to achieve the human needs.

! HUMAN NEEDS

FLexiBLE !

Mobility

"
H
H
H
| | SYSTEM | TECHNIQUES | i
Open Mesh | N 1 ! Environmental :
Coated 1 : Boundary : Adaptation H
i 1 i :
Fabric | (I Eneumatic [ Tiensfonmation Economical i
Foil ! 3
22 Cable-nets 1 H

1

1

L

1
. 1
Innovative
Fabrics 1

2
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Fig. 30. The Proposed Methodology [Author]

From Human needs point of view, it could be appeared that all flexible techniques
could attain the Aesthetical needs for occupants. While the Economical needs could be
attained by Adaptation, Mobility and Interaction. Then, the Environmental needs could be
achieved by Adaptation, Transformation and Interaction techniques. On the other hand,
from the flexibility application perspective, it is cleared that both of Adaptation and
Interaction can implement all human needs, followed by Transformation and Mobility.

Accordingly, from the obtained guide line for design with fabrics, the architect should
start with the material selection according to the design’s required structure system. At that
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point, it will facilitate in gaining the requisite flexible architecture technique that will
consequently satisfy the human needs, Fig.31.

Relation between material and

structure system
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