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Latest advances in digital architectural design enable
applications of computation and fabrication strategies
for the development of adaptive mechanisms. Adaptive
design processes, influenced by environmental and
human related conditions, are only developed partially
with regard to the design, fabrication, and multiobjective performance based context.The current
paper proposes an adaptive design process that
investigates the design of a kinetic structure
emphasizing material behaviour, embedded technology
and computation. In parallel, it allows design proposals
to adapt or transform with regard to geometrical
configuration and structural behaviour according to
external and internal influences. An adaptive hybrid
structure is developed at digital and physical prototype
level, where its behaviour is examined in real time
under the influence of physical conditions.The
development is based on a holistic design approach
driven by environmental and human activity related
conditions, while focusing on the application of elastic
materials and embedded technology.
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1. INTRODUCTION
In general the term adaptation refers to the process of changing to suit
different conditions. In biology, adaptation is explained as a mechanism of
evolution that gives to organisms the ability to survive and reproduce by
adapting their behaviour according to influences from the environment. An
early scientific explanation was given by D’ Arcy Thomson, whereas
organisms’ morphological characteristics transform with regard to their
ability to adapt to different conditions [1]. Similar concepts have been
introduced in architecture to emphasize the capacity of designs or other
form of systems and structures to adapt their geometrical configuration and
behaviour according to environmental, human related or other influences.
Gradually the concept of adaptation has become main source of inspiration,
influencing design, both at theoretical and practical levels. Steadman
discussed the biological analogy in architecture through historical examples
and Jencks predicted the future of architecture influenced by the biological
age [2, 3].This idea has been further investigated with parallel application of
mathematics and computers in architectural design. Alexander stated the
unselfconscious form-making process that can be found in primitive
architecture based on adaptation and possibly characterized as homeostatic
(self-organizing) in producing well-fitting results [4]. Negroponte discussed
the use of adaptable machines in architectural design that can change or
respond to changes of context [5]. Later on, the pioneer work of Frazer [6]
offered new possibilities in the area of digital design, considering this as an
adaptive and evolutionary process that applies natural principles and
behaviour for the design investigation of the built environment.
In all the above cases, either at theoretical or practical level the concept
of adaptation as described in biology and the parallel use of computers can
be interpreted as an integrated process of a feedback loop mechanism that
alternates between design solutions and external or internal condition
influences. Along these lines, Flake [7] describes the term of adaptation as a
feedback process in which external changes in an environment are mirrored
by compensatory internal changes of an adaptive system. Such an approach
can be positioned within the broader field of cybernetics, introduced by
Norbert Wiener and discussed in the work of architectural theorists [4], as
well as in the work of Sterk where two early examples of cybernetic
applications in architecture, provided by Charles Eastman and Yona
Friedman, are discussed [8].
Nowadays, a plethora of structures in architecture use adaptation in
parallel to digital mechanisms and processes that are distinguished according
to the level of investigation and the process applied. A number of examples
concentrate on adaptive design of systems by suggesting solutions to be
examined only at digital-theoretical level, other examples introduce in
addition, adaptive digital design and prototyping of systems that involve
investigations into real time physical behaviour based on environmental,
human related or other conditions.
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2. RELATED APPLICATIONS
Adaptive structures and systems may obtain different forms and expressions
according to the methods applied, as well as the results obtained.Terms like
‘interactive’ or ‘responsive’ may also describe similar or close interrelated
concepts. Fox and Kempt explained that interactive architecture brings
together two areas, embedded computation and kinetics, in order to achieve
adaptation due to environmental and human related influences [9].The
application of embedded computation, which consists of sensors,
microcontrollers and actuators, aims at mimicking the behaviour of physical
organisms that collect information from the environment, process these and
respond respectively. Such systems are usually embedded into kinetic
structures, in order to automate their movement and reaction behaviour.
These are distinguished according to the method applied, the controlling
devices used, as well as the final outcomes provided.
Embedded systems are applied in kinetic structures, in order to activate
structural behaviour with various types of actuators, like for example
pneumatics and hydraulics. Structural control succeeds through digital or
mechanical processes according to specific requirements.The Expanding
Geodesic Dome and the Expanding Helicoid by Hoberman, or the Bascule
Bridge by the architects von Gerkan, Marg and Partners and engineers
Schlaich, Bergermann and Partners are related examples of deployable
kinetic systems [10, 11].
Obviously, motion in kinetic structures differs from adaptive or
interactive systems’ behaviour, which is the result of responsiveness due to
environmental, human related or other conditions. In such systems, sensors
are used to gather information in real terms and process these into the
control system for the actuators to activate the systems behaviour. In this
frame, the Institute of Arabic Studies in Paris is representative of initial
attempts made for achieving a responsive facade that alters its openings
according to changes of external natural light conditions [12].The Emergent
Surface by Hoberman is based on similar principles in reconfiguring the
geometry of an interior structure that changes its geometrical configuration
according to spatial conditions. In other cases, human related conditions are
added into the control system, like in the Ageis Hyposurfaces by dECOi
[13]. In these examples, the investigations refer to the production of art and
architectural installations, building facades or roofs.
Besides functional requirements, conditions and types of responsiveness,
as well as the role of applicable technology have been gradually
reconsidered [14, 15]. Specifically, the convergence between kinetic
structures and embedded computation or systems has found to be
technologically expensive presupposing high-end technological principles
[15]. Hence, the term ‘soft’ emerged, initially introduced by Negroponte
with his description on design mechanisms that take into account soft
material and technological principles for the production of adaptive,
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interactive or responsive structures [16]. In this frame, the Hylozoic
Ground, the Canadian pavilion at Venice Architecture Biennale 2010 by Philip
Beesley and the Applications Gallery project by Michael Fox, where soft
materials are used, focus mainly on the development of architectural
installations influenced by human related conditions [9, 17]. In the Muscle
Body by Kas Oosterhuis similar principles are applied, by examining
structural response under the influence of human related conditions [18].
The application of soft principles aiming to produce a complete responsive
structure that takes into account environmental and human related
conditions has been further investigated by Sterk through embedding
pneumatic pistons in tensegrity structures [8].
In terms of soft material usage, a number of recent examples are based
on the application of new materials, which can be characterized by their
passive properties derived from nature.The use of bending-active elastic
members and their ability to move and change their shapes due to natural
adaptation processes are discussed by Knippers and Speck [11]. Compared
to the technical systems, adaptive structures in nature replace local hinges
by elastic deformations of their members and thus distribute the acting
forces over a wider area in which bending takes place.This alternative
approach renders the possibility to form complex single- or double-curved
primary structures from straight or planar members that are able to
undergo reversible deformations. Elastic members are triggered by active or
passive control mechanisms and their application in architecture can be
enhanced due to their ability to accelerate feedback loop mechanisms
during the adaption process [15, 19, 20].
Altogether, the above-mentioned examples suggest that the systems
complexity increases when both environmental and human related
conditions are considered. In achieving sophisticated responsiveness in a
multi-objective performance based context, a dialectic relationship between
environmental and human related conditions may be aimed at, based on
effective technological applications and a continuous feedback loop
mechanism.
In this paper, the design and prototyping of an adaptive hybrid structure
is presented to introduce a holistic approach to architectural design that
takes place in a cyclical and interactive process between design and
manufacturing.The investigation tries to cover all aspects of the design
process through the application of environmental and human activities
related conditions that influence the development in different phases, from
the conceptual to the detailed design phase.Therefore, real conditions are
embedded into the design investigation from the beginning.The hybrid
structure consists of lamellas of fibre composite material of high tensile
strength and low stiffness, positioned in the weak axis to allow for
adaptability and reversible elasticity. A secondary system of struts and cables
is integrated to the lamellas with embedded technology.The performance of
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the adaptive structure in real conditions led to intermediate design
decisions at various levels of the development. In this framework, digital
models and physical small scale models were developed and investigated
parallel to the use of latest parametric design software for the simulation of
the kinetic behaviour of the structure and the direct correlation between
the digital and the physical information.

3. PHYSICAL AND DIGITAL ADAPTATION PROCESS
Physical response behaviour of adaptive structures can be achieved by
following a line of action that includes the application of sensors and
actuators, in order to translate physical inputs and outputs respectively and
the mechanisms that control the desirable results and activate a kind of
intelligence in the physical environment influenced by external and internal
conditions. In kinetic structures emphasis is principally given on the control
and actuation mechanism, in order to achieve various movement behaviours
including folding, unfolding or motion, whereas little attention is given on
physical data inputs that might influence the systems kinematics [9]. On the
other side, the application of sensors enables embedded systems to derive
physical information from the environment, to process this through control
mechanisms and to activate motion and interaction behaviour through the
mechanisms of actuation. In this case the systems motion is directly related
to the physical inputs and outputs. Although such behaviour combines the
three basic parts of embedded computation, it does not involve any form of
human behaviour input. As Fox stated, “The main point of adaptive
structures that are environmentally aware is that they have the ability to
educate the people that use them on their current conditions and the
changing state of the environment” [9].
The behaviour of adaptive structures that react according to external
environmental and internal human related influences has been investigated
by using feedback loop mechanisms. Derived from cybernetics, this concept
has been introduced in architecture to describe the dynamic relation
between building skins and environmental or other input conditions. Sterk
describes the application of feedback in architectural design as follows: “By
employing feedback as a new type of form generator, architects began to
conceptualize a new architecture that could tie user needs, wants and
actions directly to architectural form” [8].The relation between human
needs and environmental conditions that influence structural motion
behaviour can be found in the example of elastic modular systems where a
feedback loop mechanism is introduced in the investigation process [21].
In the current paper an adaptation development process is proposed
and applied for the design and physical prototype development as
substantial parts of the holistic design approach.This is described by using a
general flowchart as shown in Figure 1 that contains diagrammatically the
various parts and necessary steps undertaken throughout the development
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process.This flow of action is structured into three basic parts that reflect
the basic steps undertaken in the adaptation behaviour: the physical data
acquisition, the mechanisms of controlling intelligence (in order to achieve a
specific behaviour) and the outputs that actuate the movement behaviour of
the physical prototype.

 Figure 1: Flowchart of the
adaptation development process.

During the input stage, the collection of data in real terms is achieved
through the application of sensors and microcontrollers (Arduino
Microcontroller) embedded in a parametric-associative design software
(Firefly plug-in in Grasshopper for Rhino). In the control or computational
stage, adaptation behaviour is programmed and developed by taking into
consideration material behaviour and structural performance.The synthesis
of the collected input data with parametric and programming principles
based on an adaptation algorithm provides responsiveness and movement of
the system. In the output stage, physical behaviour of the system is
generated and examined.Throughout this process, different parts are
organized in a feedback loop, cyclically iterating between the output motion
results and their control mechanism. In this way, continually changeable
outputs become the new inputs that feed the control mechanism and in
combination with the external and internal inputs, influence the physical
behaviour of the structure.The adaptation process, thus, offers a form of
intelligence that allows the acceleration of adaptability.
The process of adaptation is considered to be a substantial part of the
holistic design approach that involves methods and principles also found in
other conventional design approaches.The general design process proposed
incorporates the adaptation feedback loop mechanism within a performance
based design process, initially proposed in [22]. In this case the control
mechanism and intelligence of the system are incorporated to provide a
holistic design approach represented as a cyclical process that moves
repeatedly from “creativity”, given by the physical prototype, to “accuracy”,
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given by digital simulation and real adaptation processes.This is represented
throughout different stages of the process, including the conceptual outer
loop design stage and the detailed inner loop stage.The process is repeated
in an open loop procedure, moving back- and forwards for re-examining the
physical development and simulation until a desirable solution is achieved.

4. ADAPTIVE HYBRID STRUCTURE
This section describes the design and prototyping of the adaptive hybrid
structure. A comprehensive description of the procedure applied is shown
in Figure 2 in a flowchart.Throughout the specific investigation, the
production line that consists of different stages does not follow a linear
procedure, but comprises an open cyclical loop that iterates between two
main parts: the design and physical development of prototypes on one side

 Figure 2: Comprehensive flowchart
of the proposed process including
physical and digital prototype
development.
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and the digital verification of intermediate results obtained on the other
side.This adaptive development process aims at a continual evaluation of the
structural and functional performance of the proposed design at each
investigation level according to external and internal influences.Therefore,
physical and digital prototypes that carry certain levels of complexity
according to the respective stage of investigation (conceptual, refined and
detailed) are defined and gradually improved in providing the large-scale
physical prototype.The synergetic relationship of the developed kinetic
structure and its material behaviour, as well as the embedded technology
are demonstrated in the following sections.

4.1. Hybrid system and elastic material behaviour
Hybrid systems are defined through linkage of different components in
parallel and/or in series that are combined to resist forces by developing a
specific mechanical behaviour due to their different resisting nature [23].
Precondition for the hybrid system is that the parallel components are
basically equipotent in their load-bearing function and dependent upon one
another in their novel behaviour [24].The primary members of the
structure consist of lamellas of polyethylene terephtalate glycol, PTEG, a
translucent co-polyester product that offers high elasticity and strength and
ease of fabrication.The lamellas with 5.83 m length, 6 to 20 cm width and 8
mm thickness, are strengthened through a secondary system of struts and
cables.The struts cross section consists of glass fibre reinforced polymer,
GFRP.The connection points of adjacent lamellas forming scissor elements
through their bending and outward rotation are at distances of one third of
the total member length on both longitudinal sides.The lamellas obtain an
initial bending deformation and are interconnected at their upper and lower
edges through vertical members of the same material.The positioning of the
secondary members follows respective geometrical and structural
considerations for minimizing the bending stresses in the primary members
and enabling the kinematics of the system through activation of the cables.
As a consequence the outer lamella areas form increased stiffness
properties with the secondary members trusses.The inner lamella areas
comprise hybrid systems through integration of three struts with
continuous cables in the longitudinal direction (Figure 3). In these areas, the
secondary system is responsible for the reduction of the bending stresses
developed in the lamellas through respective increase of the axial forces
introduced in its members with the deformation of the former. Six
interconnected scissor elements are arranged at the circumference of a unit
that comprises a symmetrical hexagonal hollow structure (Figure 4).The
diaphragm constraint is obtained by horizontal circumferential members
connecting adjacent scissor hinges.
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 Figure 3: Structural scissor element
and horizontal deformation behaviour.

 Figure 4: Structural unit
configuration.

In terms of the kinetic operability of the hybrid structure, different
geometrical configurations may be developed through the movements of its
members. In this frame variable stiffness is achieved at the level of the
primary members’ physical properties defined through the material and
sections used, and at the level of the kinematic system activation, through
alteration of the cables’ length and application of pulleys with
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electromagnetic brakes at the internal cable joints. Embedded technology of
sensors, microcontroller and actuators provides the connection of the
digital to the physical world and vice versa.The system of sensors and
actuators aims at accelerating the structural transformations and,
consequently, the adaptive behaviour of the system.
The structural envelope consists of single PTFE membranes at the
scissor elements areas and the inner hollow core area formed by the
vertical interconnecting lamellas. PTFE cushions span between adjacent
scissor elements, Figure 5. In all cases the membranes are considered to be
flexible enough to accommodate any movements of the primary structure
without interfering with the transformation process.

 Figure 5: Structure and envelope
system of membranes forming the
overall unit shape.

4.2. Physical prototype development and simulation
The physical prototype and digital simulation of the adaptive hybrid
structure are developed in parallel, from the conceptual stage up to the
detailed stage in scale 1:4.The geometrical configuration and physical
behaviour of the prototype are defined and controlled with the parametricassociative design software Grasshopper (plug-in in Rhino) and the live
physics software Kangaroo (plug-in in Grasshopper) respectively. In the
simulation process, physical properties of the structural elements and
materials are taken into account, in order to capture the systems behaviour.
The structural behaviour is primarily characterised by the bending elasticity
of the PTEG-lamellas, the axial stiffness of the GFRP-struts and the elastic
tensile strength of the cables.The geometry of the structural system is
broken down into the individual scissor elements that are parametrically
controlled in the transformation process.The elements physical behaviour
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simulation is organized in three categories with regard to bending,
compression and tension, according to the type of forces and behavioural
rules applied. Following the idea of the part-to-whole simulation process,
behavioural rules are applied for each structural element at local level in
generating the overall systems behaviour at global level through the
resultant force of the structural elements behaviour. In parallel, following
each transformation process, the relaxation behaviour of the structure at its
equilibrium positions is investigated.
The bending behaviour of the structural elements is simulated through
sets of continuous three points as input components [25]. Each lamella is
parametrically divided into segments and points. In order to activate the
bending behaviour of the scissor elements, the upper and lower hinge
connection points are defined and controlled parametrically.The respective
bending behaviour is obtained through parametric modifications of the
distance between the two points, in compliance to the function of the
actuators responsible for the vertical deformations of the elements.
The physical simulation of the struts is achieved by applying spring
behaviour on the basis of Hooke’s Law of elastic stress-strain behaviour [22,
26]. Spring behaviour is controlled by a number of input parameters that
influence the members’ behaviour under compression or tension including
the ‘rest length’ and the ‘start length’. If the rest length is equal to the start
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 Figure 6: Adaptive hybrid structure
as a result of the physical prototype
development and simulation process.

length, the member is considered to be under compression.When the rest
length has a value, close to the start length (this can be parametrically
controlled by multiplying the start length with a value from 0 to 1), the
member is under tension.
The following paragraphs describe the simulation procedure followed in
parallel to the investigation of the physical prototype development.This can
be summarized in three stages that represent the progress and the
decisions taken throughout the development of the physical and digital
prototypes for obtaining the final design solution, Figure 6.
Stage 1: Conceptual physical prototype development and simulation
In a preliminary stage, the simulation examines the elastic behaviour of the
material under the influence of bending forces, aiming to capture possible
deformations of the scissor elements in three dimensions. In achieving this,
the hinge connection positions of the elements are controlled
parametrically through a linear actuator for possible modification of their
vertical distance. Preliminary simulation results initially provide the
transformation behaviour of the scissor elements and the influence of local
bending behaviour on the overall structural system (Figure 7). Some
correlations with possible future results, derived from the actual scale
simulations, can be observed, showing the potentialities of the material, as
well as the need for further simulation accuracy through encoding the
actual elastic material behaviour.

 Figure 7: Conceptual studies of the
physical prototype development and
simulation process.

Stage 2: Refined physical prototype development and simulation
In the second stage, the optimization of the lamellas sections refines the
physical prototype.The non-uniform section width along the primary axis of
the members allows improved uniform bending stress distributions and
reduced torsional stress concentrations.This supports the respective
modification process of the relative angles of the scissor elements and
provides wider openings, when the scissor elements are further deformed.

Prototyping of an Adaptive Structure based on Physical Conditions 217

The digital transformation of the scissor elements in achieving changes in
the structures height and the elements relative angles is controlled
parametrically through the respective hinge points’ vertical distance. In this
way, the actual physical behaviour can be controlled by linear actuators.
Parametrically relating and controlling the horizontal circumferential
distance of the hinge points preserves the diaphragm of the spatial system.
The simulation procedure shows that the system is capable to sense high
wind loading values and transform its shape by reducing the height and
relative angle of the scissor elements (Figure 8). In cases of low wind loading
values, the system is capable to increase the height and relative angle of the
scissor elements. Diversity with regard to the application of input
parameters in each of the six structural elements according to wind
direction and speed induces differentiated respective deformations of the
elements and the overall unit.

Stage 3: Detailed physical prototype development and simulation
The detailed physical prototype development stage aimed at finalizing the
physical prototype and verifying its behaviour digitally.The physical and
digital prototype solution concentrated on the detailed development of the
overall structural system, including aspects of sensors and actuators
positioning, virtually described and closely examined through simulation
studies. Respective results obtained from the previous investigation led to
the development of the adaptive hybrid structure that integrates elastic
material properties, the secondary system of struts and cables, as well as
sensors and actuators (Figure 9). Analytically, servo actuators of full rotation
positioned at the hinge points of each scissor element control the
modifications of the cables’ length, whereas the linear actuators (positioned
at the hinge points) control the lamellas’ deformations, as well as the
relative angles of the scissor elements (Figure 10). Finally the diaphragm of
the structural unit is achieved through linear actuators at the respective
hinge points.Through the synergy between sensors and actuators and upon
calculating the overall behaviour by using an adaptation algorithm, motion
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 Figure 8: Refined studies of the
physical prototype development and
simulation process.

 Figure 9: Implementation of servo
actuators of full rotation and linear
actuators within the physical prototype.

and responsiveness of the system (based on environmental and human
activities related influences) can be achieved.

 Figure 10: Detailed drawings of
actuators and their positions on the
structural element.
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4.3. Physical prototype adaptation process
The detailed physical prototype of the development stage 3 is tested in real
conditions based on the physical structure in scale 1:4. As in previous
investigations, a fabrication machine is used for the development of the
structural components and embedded system’s supporting parts, Figure 11.
The components are designed and customized by taking into account the
type and scale of the sensors, actuators and structural members.The
detailed prototype’s morphological and structural transformations resulting
from the elastic materials and kinetic structures behaviour are triggered
through embedded technology, in order to obtain a controlled adaptive
behaviour.

Embedded technology application
For examining the adaptation behaviour of the detailed physical prototype,
sensors and actuators work in parallel and are incorporated into a feedback
loop mechanism.The encoding of environmental, human related and
structural conditions and the actuation of the systems motion and
transformation behaviour in form of inputs and outputs respectively are
investigated using the software Firefly (plug-in in Grasshopper).
In the current case study, a first group of sensors measures physical
information derived from the environment; in this case, air pressure.This
information is related to airflow, direction and pressure and is recoded in
Bits/V. A second group of position sensors record human presence and
movement in the interior of the unit. A complementary group of sensors
measure the rotation angles of the scissor elements during structural
transformations and the height of the elements in each deformation. In
taking into consideration the scale of the actual physical model, the sensors
are calibrated according to the working space environment.The air pressure
sensors ranging from 0 to 1024 Bits/V are calibrated from 300 to 800
Bits/V. In addition, the linear actuators that control the relative angle of the
scissor elements are replaced by circular mechanical motion servo
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 Figure 13: Physical prototype of a
structural element and cases of
adaptation.

 Figure 11: Fabrication of physical
prototype; structural elements with
actuator mechanism.

standards, enabling rotations of 180 degrees.The scissor elements are
calibrated for respective rotations in the range of 30 to 100 degrees.
The two types of sensors related to environmental and human presence
translate the information derived digitally as external and internal inputs
respectively. Air pressure sensors are embedded into the system working as
collectors of data with regard to the wind loads and direction. External
information input derived from these sensors influences the way the
structure is transformed according to the wind forces acting on the
envelope. Human presence and movement related internal inputs vary
according to the position of the users in the interior in compliance to the
users comfort.Wind loads and human presence digital inputs influence
respectively the structural transformation behaviour.This is expected to
reach an equilibrium stage in adapting the unit’s morphology. In this way, a
dialectic relation between environmental parameters (influencing the
exterior of the structure) and human presence parameters (influencing the
interior of the structure) can be achieved. Both recorded parameters act as
inputs in the adaptive algorithm influencing the systems transformation
behaviour that is physically simulated through microcontroller and
actuators.

 Figure 12: Flowchart of adaptation
algorithm.

Adaptation process
The three groups of sensors provide all necessary information for the
adaptation algorithm to be created, in order to actuate the structural
motion and control mechanism (Figure 12). Analytically, input data obtained
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from the air pressure sensors is compared with the data obtained from the
users’ presence and the height of the elements.With no users and external
high-speed airflow, the structural transformation is maximum, with 1.20 m
scissors height and smallest possible relative angles.With external lowspeed airflow the structural transformation is minimum; the scissor
elements reach 2.40 m height and maximum relative angles. Otherwise, the
structural transformation is defined according to the interior usage, with the
units perimeter as reference point for minimum height. Consequently, the
relative angles of the scissor elements are adjusted according to the
distance of the users from the centre of the structure. Figure 13 displays
examples of the response of the physical prototype to such conditions.The
respective relative input parameters for the twelve structural
transformation cases presented are included in Table 1.

Conditions
Wind [%]
Human presence
Height [%]
Wind [%]
Human presence
Height [%]
Wind [%]
Human presence
Height [%]

Transformation cases
1
2
10
34
A
Yes
Yes
100
76
18
42
B
Yes
Yes
92
68
26
50
C
Yes
Yes
84
60

3
58
Yes
52
60
Yes
52
74
No
36

4
82
No
26
90
No
14
98
No
2

5 CONCLUSIONS
Elastic materials may provide an alternative and sustainable way towards the
generation of morphological and structural design solutions that effectively
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 Table 1. Relative wind forces and
human presence conditions for the
physical prototype responsiveness.

adapt to environmental, human related or other conditions. At the same
time the materials’ mechanical characteristics have a direct impact on the
way current architectural design can be perceived.Their application in
primary structural members allows terms such as ‘soft’ architecture to
come to the fore, while opening up new possibilities for the investigation of
technologically inexpensive structural systems that provide sustainable
structural design solutions. Furthermore, their integration with embedded
technology yields structural systems enhanced with passive and active
control properties. Contemporary related applications have been mainly
focused on the generation of architecture and art installations, as well as
building component solutions, like building skins, shading devices and
facades. Little attention is given up to date to the whole of architectural
shells or structural systems. In addition, their application as part of a holistic
design and fabrication approach that would enable different stages of the
design, from the conceptual to the detailed stage, to be driven in a multiobjective performance based context, is almost non-existent.
The development of an adaptive hybrid structure presented in this paper
supports a holistic design approach.The case study of the prototype
development involves various stages in the design and fabrication process,
combining elastic material and kinetic structural behaviour together with
embedded technology.This paper focuses on two main aspects of the
development process:The development of the physical adaptive hybrid
structure on one side and the digital evaluation and adaptation process on
the other.The adaptive hybrid structure consists of PTEG-lamellas with a
secondary system of GFRP-struts and cables with variable length for
strengthening purposes and controllability of the primary members.
Embedded technology in the form of sensors, microcontroller and
actuators, acts as the medium that accelerates the structure’s ability to
collect information, digitally process this and control adaptation based on
environmental and human activity related influences.
The process of real time physical development and digital simulation of
adaptive structures following environmental and human related criteria
opens up new possibilities with regard to the ability of the current
technology and processes to be part of a holistic design approach that can
be organically included within the general design framework. In addition, it
enables a closer investigation of adaptive structures behaviour and their
performance based potentialities in real time, an approach that was difficult
to be followed in the past based on conventional digital and physical
simulation tools.
Similar holistic design approaches could be further applied in prototype
experiments for enabling future related developments and solutions in
actual scale architectural problems. Along these lines, by introducing a series
of new case studies, future investigations will concentrate within the
adaptive physical and digital prototype development process and its
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integration within the general design framework. Such studies need to
answer questions related to the application and mechanical behaviour of
smart elastic material structures, as well as the way embedded systems may
achieve characteristic physical adaptive behaviours. Multiple criteria (as input
parameters) define and shape the performance based context of
investigations, resulting from external and internal conditions.
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