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Abstract. In this research we examine the use of textile building
elements and investigate on their potential scope of application in
architecture. Other than commonly used for spanned or tent-like
structures we concentrate on the use of textiles for folded, crinkled and
procumbent assemblies, as these seem to correspond much better with
the textiles´ inherent properties. On closer examination of these
properties it becomes obvious that textiles primarily exist in a loose,
uneven and irregular physicality that can be adjusted and configured
into different states that match specific criteria. That is why textiles are
mainly used for covering, protecting or hiding objects, e.g. in the form
of fabric as apparel for people. Only at a second glance does one
recognize that textiles can be used for many other purposes such as
collecting, separating, filtering or even healing. Thus, in the first
instance of this research we examined customary usages and classified
them into different categories that aided us to further develop practical
application areas for the architectural domain. Subsequently to the fact
that the shape of a textile might alter under the influence of forces, the
further focus of this research lay on the appraisal of digital simulation
techniques and simulation engines to provide sophisticated instruments
for the generation of the associated time-based geometric form of the
fabric. External elements that might drive this deformation process
such as wind, temperature, precipitation, as well as static and dynamic
building components were considered in the simulation process in
order to generate visual output of the corresponding shapes.

1. Introduction
The term textile is often used synonymously with the terms fabric and cloth.
There are however differences in terms of their specialized usage. “Textile
refers to any material made of interlacing fibers. Fabric refers to any
material made through weaving, knitting, spreading, crocheting, or bonding
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(Wikipedia, 2010).” Cloth usually refers to a piece of fabric that is used for
the creation of apparel or other basic commodities. Apart from this main
area of usage, textiles always played an important role in the construction of
buildings. Amongst the earliest forms of housing one finds simple as well as
complex tent-like structures that make use of textiles to protect their
occupants from harsh exterior conditions. The textiles used usually act in
form of membranes that are mainly characterized by receiving tensile forces
only (Hensel and Menges, 2008). These membranes belong to the most
elegant architectural means to organize space since they are the thinnest and
most lightweight building elements available. However, building with
textiles in form of membranes is still a specialty. Commonly membranes are
only applied to large-scale structures such as sports stadiums or large public
halls. They are also employed as canopies of large open spaces. In addition
to their low weight the inherent advantage of using suchlike textile building
elements, let it be in form of a membrane or in any other occurrence, is the
wide availability and the associated low cost of the raw material. There are
however many other forms of textiles that play more than ever important
roles in the architectural domain. These so called technical textiles are
products that are not only produced to serve aesthetic but more functional
purposes. These textiles can be used for insulation, protection (noise, sun,
temperature, and liquids) or reinforcement of other building elements. They
achieve their fabulous properties through a combination of a coating with a
fabric, e.g. PTFE coated glass fiber, and became widely acknowledged with
their appearance in roof constructions for large sport facilities.
2. Treatment
As we know from some of the buildings that use suchlike construction
methods their forms are not merely restricted to those of membranes nor
might they be thoroughly described with common rectilinear geometry. But
unlike conventional building elements the form of a textile element might
not necessarily be defined through summation of diverse properties of
multiple different system elements as we see them in most traditional
constructions. In fact they might be driven by the intrinsic properties of the
overall system. Alterations can be achieved by changing the status of some
of these system elements. The summation of these changes can result in a
rearrangement of the overall system. A suchlike change to a textile is
traditionally achieved through folding or gathers. It can also be achieved
through a random combination of folding, gathers or crimps that result in
concavities or convexities of the material. The difficulty however is to
explicitly define suchlike curvatures with traditional geometric approaches
and proceedings. It is obvious that a controlled impact onto the structure can
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only be achieved through the use of a methodology that uses real-world
conditions such as friction, density, weight or other parameters.

Figure 1. Folding of a textile through rotation.

In order to be able to control textile building elements it is quite evident that
their intrinsic material parameters have to be available in whatever system is
used to manipulate the textile. Apart from that, the impact that these
parameters have and how they might be successfully used to direct the
manipulation of the textile have to be understood as well. The basis for an
effective understanding of the different abilities of woven, knit or other
machined fabric lies in the accessibility as well as in the accurateness of the
simulation software used. It also lies in the systematic to be developed to
understand the textiles behavior and its resulting potential capacity. The
difficulty however is to depict a structural systematic of a material that
comes in a multitude of different flavors.
3. Generation of Form
In order to develop a systematic to intentionally drive processes to generate
textile forms a set of experiments had to be developed to figure out those
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aspects that might be of particular importance. The experiments are
independent of any further usage or area of implementation. They solely
serve the exploration of the textiles materiality and its behavior with regard
to various folding techniques. They also serve the aspect to figure out the
properties and conditions of a suitable test environment.

Figure 2. Rotational folds on different textiles.

3.1 MATERIALITY
The following diagrams display the behavior of miscellaneous textile
materials under unified conditions in Max. Two different materials, namely
taffeta and wool were used to simulate the textiles´ behavior under ordinary
conditions. The textiles fall from a certain distance onto a rigid, unmovable
surface that thereby acts as a collision object. The idea was to generally
compare the behavior of two textiles with different properties such as
weight and friction.
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Figure 3. Taffeta as well as wool textiles and the corresponding shapes.

The first series of experiments displayed abnormal behavior of the textile
(taffeta) as there were no external forces other than gravity that effected the
environment. Thus, the textile behaved as if it would have been situated in a
vacuum. A wind force was added that slightly blew from the west under an
angle of 20 degrees. As expected, we’ve observed that the woolen material
which is heavier and stiffer appears to act much slower and more inactive
than the taffeta. Interestingly enough both materials demonstrate the same
deformation shape. Even if it cannot be determined if the materials behave
exactly as they would in the real world, it can be said that there is a massive
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similarity between the computer generated shapes and the shapes that were
expected to appear.
The next series of experiments is based on rotational folding techniques.
The idea is to generate folds with the aid of actuators that might in the real
world be systems that can apply forces to the textiles. In this particular
example an array of 4 x 5 actuators is placed on top of three different 12m x
12m textiles (burlap, cotton, taffeta). Every second row of actuators is
shifted half the distance between two actuators towards north. The actuators
are connected to the underlying vertices of the textile. In the real world this
kind of connection would be established by sewing a set of plates that are
connected to motors onto the surface of the textile. The actuators rotate 360°
degrees counterclockwise around their individual center of gravity.

Figure 4. Deformation shapes of burlap, cotton and taffeta.

Independent of the materials used the results show that all deformation
shapes are similar. The slight differences that are visible obviously result
from specific material parameters that enforce the generation of suchlike
patterns. It might be said that textile materials that can be described as being
stiff and rigid are usually better suited to generate detailed patterns than
others. It is important to notice that this refers to the generation of the
pattern only. It doesn’t mean that these textiles are better in terms of other
conditions that relate to their potential scope of application. Fig. 5
demonstrates another shape that is generated through two rotational folds
with two actuators that rotate counterclockwise on the horizontal middleaxis of a cashmere textile. It indicates that the folding process is not linear.
Some folds that were generated in between the first and the last frame of
this sequence disappear or newly form other folds. Also fold-like patterns
that appear in the second and fourth quadrant and that are not directly
connected to the center of the actuator come and go. The sequence starts
with a multitude of tiny small folds that surround the center of the actuators.
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These folds extend themselves up to the end of the textile until they
suddenly disappear (frame 5). At the same time the two central folds
consisting of three major folds were generated surrounding the actuators. In
between these folds are three other mirrored s-shape folds that are driven by
the rotating forces of the two actuators. The folds in the following sequence
of frames are characterized as being much smoother and larger than the ones
generated at the beginning of the process. Rotational folds as well as slightly
curved fold patterns in quadrant two and four alternate.

Figure 5. Rotational folds with two actuators on the horizontal middle axis.

An important aspect of this investigation is the fact that the deformation
shape does not extend itself in a regular manner. Whilst watching the whole
amount of frames in sequence it appears as if the actuators generate a
pattern of wafting folds. It was expected to see a linear process that
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generates more and more folds that get smaller amplitudes as time
progresses. Other than that we see that the tiniest folds exist at the beginning
of the process. Fig. 6 demonstrates the same example with 2 x 3 actuators
that rotate in the same direction.

Figure 6. Rotational folds with six actuators.

4. Summary
Other than expected, a huge amount of our work had to be spent on the
correct determination and manipulation of a multitude of input variables for
the simulation of the textiles properties. It was astonishing that some of the
patterns generated by the various actuators did not match the patterns that
were likely to appear. It is up to further investigation to identify how
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accurate the physics engine simulated the behavior of the textile under
various forces. The underlying idea of forces that drive the movement of the
textiles in our simulations can successfully be established in the real world
through the use of sensors and diverse actuators, i.e. motors or physical
forces such as wind. The benefit of the textile is clearly its ability to
intentionally change its shape with regard to varying demands. Thus,
potential areas of application we were confronted with during our studies
are especially those where alternating external settings such as climatic
conditions (temperature, solar radiation, shadow, rainfall) contradict with
user-specific requirements. As an example for its applicability we refer to a
project in Dubai where an existing walkway has to be used by pedestrians to
bridge a gap between a metro-station and a popular shopping mall. Being
approximately 1km in length it would be extremely cost-intensive to canopy
and air-condition the walkway. It is also not possible to partially close it as
there are varying conditions that would affect the optimal shape of the roof
differently throughout the year. It is even more problematically that a
canopy would hide the beautiful view the pedestrians have to some of the
most stunning buildings Dubai has to offer. As there are a multitude of
varying conditions that affect the shape of the canopy the only auspicious
solution is a dynamic roofing system that adjusts itself to maintain greatest
flexibility as a counter-reaction to the environmental challenges. This
embeds that the shape of the textile roof automatically alters during the day
to always fulfill all conditions with optimal performance. There are indeed a
lot more potential areas of application. It is important to notice that the
properties of the textile used such as its friction, dilatability, durability, and
coating formulate the basis for effective usages that rely on varying
environmental conditions. Commonly used membranes are hardly able to
fulfill suchlike needs as they are too inflexible to change shape accordingly.
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