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1. Abstract
Fabric structure, as a relatively new kind of structural system, has its advantages and weaknesses. Its build
is novel, weight is light, it could be easily across a large span than other form of structure. It is a flexible
structure which easily influenced by wind rose, rain and snow. Therefore, it is important to adopt the right
design method, process according to the procedure accurately and construct accordingly.

In order to ensure the final product or form is in consistency to the design, it is a must to design in accurately
and knowing how to handle the fabric materials and understand the characteristics of the structure is a must.
Fabric structure is like a skin and bone system. The form of the whole structure is formed by the bones with
skin covered. Understanding the basis of composition and relationship between the skin and bone helps to
optimize the building in the way of comfort, safety and economy, with beauty form.
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2. Introduction of Fabric Structure
Fabric structure is formed by two principal components, fabric and supporting structure. The fabric is only a
thin layer of fabric which could only withstand tension or compression other than shear force and moment.
The supporting structure in the other way equilibrates the prestressed force and loading on the fabric and
transmits them to the ground. In order to form the shape by such a thin layer of material, the fabric is either
air supported or tensioned supported. Because the fabric is light, it will be easily affected by external force
and induce in vibration. Therefore, masts, beams and cables are incorporated with the fabric in order to
make the whole structure stable.
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3. History and Development of
Fabric Structure
3.1 Origin & Recent Use

Fabric structure is just like the ‘tent’ in the old time. Long time ago, people used tent as the basic structure for
their home and shelter to protect from rain. Tent in the past was structurally supported by tree rods or animal
bones with top covered by animal skins or natural fibers. Tent could be the first fabric structure in the form of
suspended structure and later developed into air-supported or retractable according to improvement of
design and technology. Actually, fabric structure is not regarded as a structural system for building before
1940s.

In 1950s, PVC (PolyVinyl Chloride)-coated fabric was first used for industrial use. People then started to
analysis the tension of the fabric and the design of fabric structure using the soap film, simulating the tension
behavior. The music pavilion at the biennial Federal horticulture show in Germany (Bundesgartenschau),
erected in 1957, was the first structure designed after soap stimulation. Strength and durability of the PVC
was later developed to a mature stage, together with the invention of the cable, PVC was widely used for
temporary structure for exhibitions in open space.
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Music Pavilion at the Bundesgartenschau

However, at that time, PVC was not applicable to be used for permanent material for the roofing, due to its
weakness in strength, durability and fire resistance. In 1970s, NASA created a new kind of PTFE
(Polytetrafluoroethylene) fabric in the space development project, which is good at strength, durability and
fire resistance. Because of these, PTFE was widely used for the fabric material in fabric structure until now.
The athletics complex of University of La Verne in California was the first fabric structure using PTFE as the
fabric, which was constructed in 1973. After almost 40 years, the complex is still in use and the property of
the PTFE fabric is almost the same as new, the life span of PTFE is amazing.

From 1980s till now, fabric structure system has rapid development on the property of the material and the
form of structure. Technology for fabric structure is now much advanced and computer software is also
developed to help for more complicate and precise design. Computer software helps in form design and
structure analysis, improves details and speed up the process of design. As a result, the strength, life span,
fire resistance, and self-cleaning ability could go to a new standard.
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ETFE (Ethylene tetrafluoroethylene) is another material which is now commonly used for fabric structure. It
has high corrosion resistance and strength over a wide temperature range. Examples of its application are
the Beijing National Aquatics Centre (the Water Cube) or the Eden Project, the largest greenhouse in United
Kingdom.

The Water Cube

Facade of the Water Cube

The Eden Project
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3.2 Structure System

Diagram 1
The evolution of fabric structure could be traced by simple supported beam, on how the flow of tension and
compression acting on it. Referring to diagram above, a supported beam under load is subjected to tensile
stress in the lower part and compression in the upper. It is not efficient as the central region is having
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significant load but not for the outer part of it. A truss does a better job of it because each component carries
tension or compression individually which is relatively efficient than a beam. Referring to the system diagram,
the left hand column shows structures carrying load in pure compression. The two directional compression
arch is developed into a bidirectional grid shell, then a triangulated grid shell and finally a sold shell. The right
hand column shows those solely in tension. The simple catenary cable is developed into a bidirectional cable
net. It is then became triangulated and finally into woven like fabric. The central column represents those in
mixed, with tension and compression in the same system.

The curvature of the surface actually indicates how the fabric could withstand load. The amount of deflection
under load is controlled by both the degree of curvature and the amount of permanent stress, or pre-stress,
in the fabric.

Diagram 2
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Diagram 2 shows the fundamental fabric shapes, the hyperbolic parabaloid (4-point sail), the barrel vault
(saddle) and the cone all exhibit “negative” curvature, which the curvature in one direction acts in an
opposite sense in another direction. The dome is in “positive” curvature because the sense of curvature is
the same in all direction. For “positive” curvature, the internal forces are not counter balancing, therefore, the
shape have to maintain by permanent inflation pressure. In a stabilized structure, fabric should show no
wrinkle in any area and cables should be all tightened.

During the installation process, fabric is loaded or pre-stress. It is important as prestressing is efficient for
resisting live loads such as rain, wind etc. After the fabric is tensioned, it is very tight and can take a large
amount of applied weight.

3.3 Category
Fabric structure could category into air supported structure, suspended fabric structure, frame supported
structure and retractable fabric structure.

Air supported structure

Suspended fabric structure

Frame supported structure

Retractable fabric structure
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They all transfer tension but different in structural behavior and application of use. Suspended fabric
structure and frame supported structure are both regarded as tensile fabric structure. Suspended fabric
structure fully expresses the beauty of fabric structure by exploring novel shapes and structural behavior
while for frame supported structure, fabric is only act as the cover skin on top of the structure, which serves
no structural function. Because frame supported structure usually has relatively stable structure than
suspended membrane structure, it is always applied at the area with strong wind or snow.
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4. Application of Use
Sports Facilities
Fabric structure is widely used all over the world for different circumstance. It is common to be found on
sports arena. Because large areas have to be roofed without intermediate supports and the events must be
protected from the influence of the weather. Light weight steel structure covering by translucent membrane
will be a perfect choice and it is in overall financial and energy saving.

Main Olympic venue,

Nelson Mandela Bay Stadium,

London 2012 Olympic

South Africa

Facades
Although membrane is always used to be a horizontal covering, it has also been used in vertical way as
façade. In Seville Expo ’92, the British Pavilion had a slightly curved membrane façade. Another significant
example is the Burj al Arab Hotel in Dubai. It is inspired by the image of sailing ship. The fabric façade with
an area of 10,000m2 is 180 metres high and is divided horizontally into twelve bays. The fabric is made of
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fire-resistant PTFE-coated fibreglass fabric.

British Pavilion, Seville Expo

Buri al Arab Hotel, Dubai

Façade - student design
solar house, southern
California institute of
architecture and California
, institute of technology
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Retractable Roofs
Membrane structure is also used at large spaces for cultural or sporting events with retractable roofs. For
swimming pool, using such roof could extend the swimming season. In other cultural events, further area is
allowed for open air.

Café in

Soho Beach House

Seattle

Sovereign Hotel, Miami

Fabric structure is now widely used in other area like
1) Cultural Facilities --- exhibition centre, museum, public hall, etc.
2) Transportation --- airport, bus terminal, gas station, etc.
3) Commercial Facilities --- mall, restaurant, etc.
4) Industrial Facilities --- Greenhouse, Laboratory, etc.

All the spaces above require significant daylight, translucent fabric with good light penetration supporting by
light weight steel structure makes a good solution.
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5. Fabric Material
5.1 Composition
Fabric material is a layer of woven fabric in the middle, with coating on both sides. Middle layer could be
polyester or fibreglass with PVC or PTFE coating. Polyester has low elasticity, low stability, easily deformed,
UV resistance compared to fibreglass. However, fibreglass is not a durable material as coating. The depth of
the coating not only affects the light reflectance, but also the life span of the material. When the thickness of
the coating increases, life span decreases, vice versa.

Top Coating

Woven Fabric

Bottom Coating

Strength of fabric depends on the material of the fabric and the composition method, it accounts for the
tension, shear, heat and fire resistance. In the other hand, coating gives physical abilities to the fabric such
as, water-proofing, light reflectance and self-cleaning.
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There are two methods for composition of the fabric, plain wove and cross wove.

Plain Wove

Cross Wove

Choice of method affects the depth of the fabric and the ability. Fabric in thicker size will need more coating
and so the cost. Using plain woven, the thickness of the final fabric will be two times of itself. It balances the
tension and shear force but with lower elasticity. Cross wove results in thicker fabric, but the shear force and
elasticity could be achieved accordingly by weaving the fabric loosely or tightly. Loosely wove has high shear
force, low elasticity, spacing between fabric is large, which result in more coating and abrasion.

5.2 Category
There are two basic types of fabric: coated and uncoated. Uncoated fabrics use bond types, the yarn used is
twisted from filaments and then woven into the raw fabrics.

In coated fabric, the raw fabric receives a further series of pretreatments before being coated on both sides
with PVC (in the case of polyester fabrics), or with PTFE (in the case of fiberglass fabrics). For the final
process, a topcoat is sometimes applied, which can be a fluorine lacquer that seals the surface (as with
PVC-coated polyester fabrics) to improve its resistance to soiling moisture and ultraviolet light. Three types
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of coated fabrics have accounted for 90 per cent of all fabrics used in modern architectural projects: PTFE
(Polytetrafluoroethylene)-coated fiberglass; PVC (Polyvinyl chloride)-coated polyester; and ETFE
(Ethylene-tetrafluoroethylene)-coated foil. In addition to these three main fabrics, there are a lot of others:
micro-perforated fabrics with good acoustic values; uncoated or impregnated, narrow- or broad-weave
fabrics for internal applications; polyester fabrics with low flammability coating internally; low-emissivity
(low-E) glass fabrics with fluoropolymer coating and an acoustic absorbent structure.

5.3 Characteristics
PVC-coated polyester fabric has been used for building membranes since the 1950s. PTFE has been used
in construction since the 1970s, and transparent high performance ETFE foil only established itself in the
mid-1990s.

PVC-coated polyester
PVC –coated polyester is the most commonly used for fabric structures. It has little heat insulation, but can
be made non-inflammable and cold resistant. It costs about half that of PTFE fiberglass but less durable. It is
more suitable for movable or demountable structure as it is easily to be folded and transported or stored,
than fiberglass. It is less easy to be damaged during handling than PTFE. It basically need no maintenance
and is relatively easy to replace later. The more transparent a fabric is, the shorter its service life will be.
Because white color reduce surface temperature, and so increase the service life. Translucent PVC –coated
polyester can be guaranteed to last twelve years while opaque ones could up to twenty years.
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PTFE-coated fiberglass
PTFE-coated fiberglass and PVC-coated polyester has similar tensile strength but much more expensive. It
has lower degree of elasticity and less flexible. But it has advantages on durability (service life more than
twenty five years), long term appearance, superior fire rating, resistance to ultraviolet light and light
reflectance. It has high transparence but can also be printed. Unlike most fiberglass fabrics, it can be welded
and made waterproof by special coating.

ETFE-coated foil
ETFE is now the most widely used foil. THV foil is only suitable for small spans because it is less tear
resistant, and PVC foil is used for small to medium spans in interiors and for temporary uses. The Eden
Project and Water Cube swimming stadium in the Beijing Olympic Games 2008 are two important
well-known architectures using the ETFE-coated foil. It has a lower load bearing strength than woven fabric.
But it has greater spans than glass, and has service life for more than forty years. Moreover, using
ETFE-coated foil is environmental friendly, it is fully recyclable with self-cleaning surface.
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6. Fixing of Skins (Fabric) and
Bone (Structure)
6.1 Skin to Skin
Because of the limitation of size, fabrics have to be connected together in order to cover a large roof. There
are basically three connecting methods:

Stitching Connection
Stitching is a firm connecting method, but it could also be easily damaged. It is commonly used together with
Hot Melt Connection for PVC-coated polyester, in order to gain better strength. If it is used in outdoor, it has
to be on top protected by another PVC layer from UV radiation. However, stitching is not applicable for
PTFE-coated fibreglass and any other rigid fabrics.
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Hot Melt Connection
By melting the upper coating of the fabric by heat, pressure the two fabrics together, and let it cool down.
Melting could be done by blowing hot air, contact with heated medium, by high frequency wave or laser. Hot
melt connection is applicable for both PVC and PFFE-coated fabric.

Hot Melt Machine

Hot Melt

Mechanical Connection
Mechanical connection is by using mechanical joints to connect fabrics together. Fabrics are either
connected by clamp plate where fabrics are overlapped or with clamp plate holding the side cable of the
fabrics. Usage of mechanical connection has the problem of water leakage, which needs special design to
seal the water from entering in between fabrics.
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Connection Method 1

Connection Method 2

Connection Method 3

Connection Method 4
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Hot melt connection is the most widely used among three, because of its stability and applicable to all fabrics.
For fabric with structural behavior, hot melt connection is always preferable while stitching is commonly used
at non-structural parts.

6.2 Skin to Bone
After the fabric is attached to the steel frame, a fabric structure is completed. Three methods are commonly
used to connect the fabric to the frame.

Clamp Plate
Clamp plate is used to firmly hold the side cables of fabric by steel plate.
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Rope Track
Side cables of fabric are inserted into the rope track and attached to the steel plate.

Cable Connection
This method is by using cable to tight up the supporting. Because the materials for cable and fabric are not
the same, space for tolerance should be allowed in between, in case of abrasion.

6.3 Anti-corrosive & Waterproofing
Fixing for fabric structure is usually exposed to the natural environment, which are easily to be oxidized or
rusted. Rusting could reduce the strength of the fixing and rust water will pollute the fabric. Therefore, it is
preferable to use stainless steel or aluminum for fixing and the steel structure has to be galvanized or
powder coated. Fabric has to be waterproof, and sometimes an extra upper layer of fabric is installed on the
fixing point or by aluminum alloy cover.
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7. Case Study

Brussels Railway Station in Belgium
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Sunny Bay MTR Station, Hong Kong

Using fabric structure is a practical and economic way to protect railway platform. Above shows the Brussels
Railway Station in Belgium, designed by Samyn & Parntners, completed in 1999. It is a very welcoming
project as the design is quite unexpected for a train station at that time. Train stations are always under the
darkness of the tunnels while this is an exception with filtered daylight. The station is covered by a
succession of eleven identical saddle-shaped roofs. Each of them is supported by inverted-V steel frame in
the middle. Each frame is connected to the other and anchored to the ground by cables. Side walls, made of
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stainless-steel fabric, are erected behind the cables. They are translucent which allows passengers waiting
on the platform to see the world outside.

We could find similar characteristics among Sunny Bay Station (case study of previous stage) and Brussels
Railway Station. They both show how extraordinary railway station could be. Instead of staying in a dark
tunnel, diffused daylight is introduced to the railway station. Completed in 2005, Sunny Bay Station is more
advance in technology and design. While the roof of Brussels Railway Station used PVC-coated polyester,
Sunny Bay MTR station chose PTFE-coated fiberglass which has much longer life span. Other than diffused
light, bays of steel frames of Sunny Bay Station also allow direct sunlight into the station, which emphasize
the structure design. For Brussels Railway Station, although the roof solved the problem of shelter, it failed to
protect the interior from rain, water leaks in between frames. On the other hand, roof of Sunny Bay Station is
water sealed, where rain drops are diverted to the ground. Both stations have spatial connection to the world
outside. However, Brussels Railway Station has transparent side walls on both side which acts as the
invisible border in between the station and the roads outside. Sunny Bay Station do it in an more open
design, it has side wall on only one side where fresh air could travel from one side to another with cross
ventilation. We could see from the two examples that fabric structure is so welcoming for railway platform.
But the detail of the design could be so different by the development of technology and site constraints.
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8. Summary
Fabric structure, of course, fabric is being the most important part. The light weight characteristic of fabric
material decreases the requirement of the load-bearing supporting like walls or columns. Steel framework as
supporting for fabric structure is more preferable as it is light weight, manufacturing, finishing and installation
could be easily controlled. For fabric, it is relatively easy than other materials for packing and transportation.
In most case, it is cut to desirable shape and size in the factory and installed on site. This largely reduces the
on-site time and overlapping of other procedures. Basically, time of construction for fabric structure is much
less than normal construction method, but an accurate design and good planning is needed. Reducing the
time of construction also decreases the total cost of the whole project, normally, using fabric structure could
save up 15~30% cost than traditional construction which makes it more preferable then other systems.
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