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UNIVERSITY VISIT

A group of 23 ISS members, including Professors Charis Gantes and Pavlos Thanopoulos, visited the Civil
Engineering Department of Southeast University in Nanjing, China, to attend the “2025 China—Greece Joint
Workshop on Advanced Deployable I ‘

Structures for Rescue Operations in ;
Extreme Environments”. In the face of
natural disasters and extreme
environmental conditions, the need for
resilient, adaptable, and rapidly deployable
engineering solutions has never been
greater. Deployable structures - lightweight
systems capable of swift assembly,
disassembly, and transformation - play a
vital role in providing emergency shelters,
temporary bridges, and adaptive
infrastructure during crises. By combining structural efficiency with mobility, these systems enable effective
responses to urgent humanitarian and environmental challenges.

Building upon a foundation of international collaboration, the program contributed towards answering pressing
questions: How can deployable systems be
designed to withstand the demands of
extreme environments? What innovative
materials, mechanisms, and design
methodologies can make them more
reliable, adaptable, and scalable?

Teams of Chinese and Greek students
partnered to explore innovative design
strategies for rapidly deployable shelters,
emergency bridges, and adaptive
infrastructure. They proposed innovative
deployable structures concepts, integrating
architectural, engineering, and disaster

management perspectives for holistic solutions. Moreover, :
they built physical models, thus acquiring hands-on \ £ N -
ony of Awarding Guest

experience, and presented their ideas in a closing event.

A highlight of the workshop was a special lecture day, which
brought together eight distinguished international experts,
providing a diverse perspective on deployable systems,
lightweight structures, advanced materials, and innovative
applications for extreme environments. Through these talks,
participants gained a deeper understanding of current
research directions, practical challenges, and emerging -
opportunities in the field. On the lecture day Prof. Gantes was [ = ‘ﬂ“
awarded the title of Visiting Professor of Southeast University

in a prestigious ceremony. In addition to the workshop
activities, several technical visits as well as social and cultural
events were organized, strengthening the cooperation and mutual understanding between the two groups. All ISS
participants extend their warmest appreciation to Southeast University for organizing and hosting this event, and
in particular to Professor Jianguo Cai (https://civil.seu.edu.cn/cjg_en/list.htm) and Dr. Marco Meloni for their warm
hospitality.

outheast University for
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RESEARCHER’S NIGHT 2025

The Institute of Steel Structures actively participated for one more year in the
Researcher's Night on September 26, 2025.
With a focus on research and innovation, with pioneering ideas and young
people as protagonists, the Researcher's Night was organized with great
success for the 12th consecutive year by the National Technical University of
W Athens. The oldest and largest
technological institution in the country,
faithful to its appointment with the
European institution, opened its gates and
its hospitable spaces to welcome the
general public, the Greek citizens, to guide
them through the spaces where research
is produced, innovative ideas are
implemented and science is
promoted. For the first time,
the event was organized and
held at the premises of the
Technical University in the
Zografou Campus. For six
hours, thousands of citizens
: R 3 visited the area in front of
the NTUA Central L|brary, observing with obvious interest the
presentations and research exhibits. The Institute of Steel
: Structures, in
addition to its
presence in the central area of
the event, welcomed the public
to its facilities. Visitors, from
professional engineers to
students, were divided into small
groups and had the opportunity
to tour the fully equipped testing
area, observe experiments and
talk to the Institute's Teaching
and Scientific staff.
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Modular deployable origami habitat

Disruptive events can severely affect basic needs and
essential services, including shelter and critical
infrastructure such as healthcare, food and water
supply, and social support systems. The proposed
origami shelter addresses this challenge through a
modular design based on a single repeating unit. By
replicating the same element, structures of different
scales and functions can be configured, allowing both
vertical and horizontal orientations to support uses such
as housing, storage, medical facilities, and community
spaces. This modular approach simplifies production
and transportation, enables scalability from individual
units to community-scale complexes, and allows
customization according to site-specific needs. Through
the repetition of a simple foldable unit, the system

provides a versatile and efficient solution for post-
disaster recovery scenarios. The parent deployable
structure concept aims to define and develop a
structural form that can be rapidly deployed while
maintaining adequate stability and protection for
emergency-response use.

The pattern is a rigid, foldable polyhedral system
designed to remain structurally stable while enabling
deployment through a controlled folding mechanism.
By reducing the degrees of freedom required for
motion, the structure can be opened and closed with
straightforward actions. Its foldability also allows
compact stowage, supporting efficient storage and
large-scale transport by multiple logistics routes.

(a)

(c)

Fig. 1(a) Plan view of the origami segments (b) 3D modelling of the prototype (c) numerical model of the prototype

Deployment sequence

Once the transportation is complete, the structure is
deployed and positioned on the ground at the
designated location. The deployment procedure relies
on a rope-activated mechanism that unfolds the
structure in two distinct stages, from the ground floor
to the upper floor.

Fig. 2(a) 1° step: Activation of the ropes of the ground floor,
(b) 2™ step : Activation of the ropes of the upper floor

This approach ensures greater control during
deployment, limiting lateral displacement from wind
loads and enhancing the available interior space.

Manufacturing process

The manufacturing process relies on the prefabrication
of standardized rigid panels that define the origami-
inspired geometry of the structure. Precise fabrication
methods ensure dimensional accuracy and predictable
folding kinematics, enabling controlled deployment
with a reduced number of degrees of freedom. Hinge
mechanisms and connection interfaces are integrated
during prefabrication to provide structural stability in
both folded and deployed states.

The origami-based design supports efficient
manufacturing through repetitive components and
planar elements, reducing material waste and
facilitating mass production. Primary assembly is
completed off-site, while on-site operations are limited
to deployment, positioning, anchoring, and modular



interfacing. This approach minimizes deployment time
and operational complexity, making the system well
suited for emergency-response applications.

(b)
Fig. 3(a) Separate structural panel segments (b) laser cutting
process of the origami paper

Detailing

Several aspects of the proposed system require further

examination and detailed evaluation.

1. With respect to material selection, stiff panels are
considered a viable solution; however, the optimal
material choice is highly dependent on the specific
operational and environmental conditions of the
application.

2. To guarantee structural integrity in the deployed
state, locking hinges may be incorporated at the
joints. These mechanisms provide mechanical
restraint against unintended motion, thereby
ensuring that the structure remains stable and
maintains its load-bearing capacity during operation.

RESEARCH

In scenarios where horizontal space is constrained but
increased capacity is required, the introduction of
additional vertical levels represents a feasible design
strategy. In such configurations, the direct application of
forces to the ropes from ground level is insufficient to
produce the necessary horizontal force components.
This limitation can be mitigated through the use of
extendable columns equipped with pulleys at their
upper ends, which allow more effective force
redirection and system control.

Ease of transportation

Regarding the ease of transportation, the deployable
origami habitat can be transformed in various ways. In
terms of terrestrial transport, due to its symmetry, it can
be stacked and carried using large transport vehicles
and other means of terrestrial transport, such as all-
terrain vehicles.

Regarding aerial transport, provided that the
manufacturing material is lightweight, UAVs can be
used for simpler applications. For not easily accessible
sites, the structure can be carried by helicopters or
dropped with a parachute from cargo airplanes into
hazardous areas, etc.

Ground transport can be extremely cost-effective for
accessible sites with road networks, such as urban areas
or city areas. It can be feasible using vehicles that are
capable of carrying medium to heavy payloads. By using
atruck equipped with a small crane and a trailer, loading
and unloading can be made very easy. However, in cases
of a complex route, surveying may also be necessary,
along with road permits and clearances.

(b)

Fig. 4(a) Terrestrial transport using a truck and a trailer (b) aerial transport using UAVs or helicopters

While aerial transport enables access to remote or
mountainous and even disaster-affected sites, the
payload is limited due to the helicopter class that is
available (low, medium, heavy-lift), and the crew
operating the transport in this case needs to be highly
trained. On the other hand, aerial transport can bypass

destroyed infrastructure such as road networks and
bridges, making it the best case in many cases.

by Emmanouil-loannis Daktylidis, Erika Liarou,
Minoas-Vasileios Bampatsikos, Vasilis
Panagiotopoulos, lasonas Rossetos, Junyao Wang
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Origami-based deployable structures

In the context of the “China-Greece Joint Workshop on
Advanced Deployable Structures for Rescue Operations
in Extreme environments” a bilateral group of Greek
and Chinese students was formed to explore the
capabilities of origami-based structures in facilitating
the operations of emergency response units.
Deployable origami structures are generally lightweight,
sustainable and reusable, making them an excellent
applicant for emergency shelters for disaster relief
operations.

During the workshop two traditional origami patterns
were explored as shown in Fig.1. The main focus of the
investigation was an implementation study of such
structures, for better understanding their practicality
for real-world deployment in emergency scenarios.

== |

Fig. 1 Origami inspired in-scale structures prototypes

Case study 1
The first design option presents an origami-inspired

foldable deployable structure measuring 9 m in length,
6 m in width, and 3 min height when fully deployed. The
structure is made up of triangular panels and is based
on a traditional origami folding pattern. For the
construction of such a structure, two material options
are proposed (a) photovoltaic panels, which can provide
energy in emergency situations, and (b) polyurethane
panels, which are particularly effective for thermal
insulation. The plan view and two cross-sections of the
structure are included in the geometric analysis shown
in Fig. 2, which gives a more accurate depiction of the
structure's geometry along the longitudinal direction.

The connections that enable the structures to fold are
shown in Fig. 3. During deployment and folding,
continuous hinge joints are utilized to allow for
rotational movement. These joints, located at the
vertices of the triangular panels, enable rapid
deployment, which is essential in emergency situations.

-B A

Section A-A

9.00 l

- B Plan View TA
Fi 6.00 4—‘

Section B-B

(a) (b)

Fig. 2(a) Plan view and (b) Two sections of the 1 case study

A major advantage of the deployable structure is the
ease with which it can be transported following an
emergency event. When folded, the structure is
compacted from its deployed dimensions to 9.18 m x
0.56 m, making it highly transportable. This allows
transportation using standard trucks instead of
specialized ones. The foldable hinged panels enable
rapid on-site deployment by small teams without heavy
machinery, only a crane is required, and no extensive
assembly time is needed. Fig. 4 shows the connection
configuration during the transportation phase, showing
how the structure is kept in its folded state.

9.18

Fig. 3 Connection detail of alternating folds

Tendons are incorporated to enhance the structural
capacity under increased stress demands. They create a



prestressed system that improves resistance to wind
loads, lateral forces, and dynamic loading conditions. In
addition, the tendon system allows for adjustability in
both height and length, enabling the structure to be
adapted to varying operational requirements. The
deployment sequence shown in Fig. 5 (a—e)
demonstrates the progressive unfolding mechanism,
from the compact transportation state to the fully
deployed structure.

A
0.58 I o }

L A Side View

[ )
[ \
[ \
[ \
0.58 ‘ I
i |
[ \
[

1.09
Section A-A

Fig. 4 Connection detail during transportation
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(a) (b) (©

(e)
Fig. 5 Deployment of structure showcased from a scaled-
down origami sample

Case study 2
The second design option investigates another

traditional origami folding technique frequently used in
structures. This structure measures 20 min length, 18 m
in width, and 8 m in height when fully deployed, yet it
can be scaled down to half for better transportation.
The suggested material for construction is aluminum
alloy. It is suggested as a rather lightweight material
without sacrificing its load-bearing capacity. It also
provides great corrosion resistance ideal for harsh
environmental conditions. The deployment sequence
for Case Study 2 is shown in Fig. 6 (a-e), and the 3D
representation is in Fig. 7. To showcase the load bearing
capacity of this origami structure an extreme (for its
size) load is applied to the model structure, as shown in
Fig. 8. The results confirm that the origami-inspired
geometry provides inherent structural efficiency, with
the folded panel configuration creating a system of
elements that naturally resist deformation.

RESEARCH

(a) (b) (c) (d) (e)
Fig. 6 Deployment of structure showcased from a scaled-
down origami sample

-

2000 00

1800.00

(a) (b)
Fig. 7 Model structural view in 3D and plan view

Load: 4.44 kg

Boundary conditions

Structure

Fig. 8 Structure under extreme load

Final Remarks

The results confirmed the viability of origami-based
folding patterns for emergency deployable structures,
demonstrating that these designs successfully bridge
the gap between theoretical origami geometry and
practical structural engineering requirements for
disaster response applications. Aside from their role in
emergency units (ex. shelters, hospitals, etc.), the same
structures could also be potentially used for other
purposes. They are also highly scalable, thanks to the
repeatability of each unit and their adjustable height to
width ratio.

by Reina El Dahr, Angeliki Gerontati, Evdoxia
Karaferi, Zhiyuan Mu, Georgios Pantazis,
Angelos Alexandros Poalas, Feng Shen
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Adapting aerospace geometries: Advanced
deployable systems for rescue and exploration

Abstract

Drawing inspiration from aerospace technology and
natural geometries, our team presented a series of
advanced deployable structures designed for extreme
environments, using the principles of Origami
Engineering. While the research originated with the
validation of linear folding patterns (Miura-Ori), it
concluded in the development of radial systems based
on the NASA Starshade. This report details how this
"flower-like" geometry was engineered to create
secure, modular habitats for disaster relief, and how the
same principles were reimagined to design shock-
absorbing wheels for planetary exploration rovers.

Initial investigation: Linear folding geometries

As a first step, we established the principle of Two-
Dimensional Compression, by prototyping a shelter
based on the classic Miura-Ori pattern, utilizing Miura
units for the roof and floor connected by rigid plates for
the walls. This configuration achieved simultaneous
compression in both length and width. Motion tests in
Creo Parametric validated the structure as “rigidly
foldable”, ensuring stability, while its auxentic
behaviour (negative Poisson’s ratio) proved beneficial
for impact resistance.

Design evolution: Radial folding geometries

Shifting our focus to radial kinematics, we looked to the
aerospace industry. Inspired by NASA’s Starshade, we
applied these geometric principles to create a radially
deployable shelter.

Beyond simply replicating the folding pattern, a key
innovation of the design is the development of custom
connection elements that integrate two separate
Starshade units into a single system.

- Mechanical Interaction: These connectors allow the
folded units to link mechanically, creating a unified
modular system.

- Synchronized Deployment: This ensures that the
combined structure opens in a controlled,
predictable manner.




Adaptive mobility applications

Expanding the scope to dynamic mobility, we

conceptualized using this radial folding configuration as

an alternative Deployable Wheel for space rovers.

- Geometric Suspension: A distinct feature is that the
wheel requires no traditional air-filled tires or
suspension springs. Due to its folding geometry, the
wheel itself acts as a shock absorption device.

RESEARCH

- Terrain Adaptation: As the rover navigates rough
terrain, the folding panels compress and expand
locally to absorb impact while maintaining traction.

- Structural Integrity: The central axis is constructed
from hardened aluminum alloy to withstand high
torsional loads during operation.

Materials selection

To balance rigidity and flexibility, the proposed material

strategy includes:

- Aluminium Alloys: Used for core structural elements
to provide a strong, lightweight, and corrosion-
resistant framework.

- Fibre Reinforced Polymers (FRP): Applied to the top
and bottom panels and wheel treads to enhance
specific strength while maintaining the flexibility
required for folding.

- PVC-Coated Polyester: Selected for the shelter's
exterior cladding due to its waterproof, fire-
resistant, and UV-resistant properties.

Deployment strateqy

To facilitate rapid deployment in disaster zones where
heavy machinery is unavailable, a low-tech deployment
method was proposed. The structure is actuated using
high-strength ropes or cables attached to key geometric
points. Once fully extended, the joints lock in place,
securing the structure is a rigid configuration.

by Chen Huifang, Chen Li, Chen Maolin,
Fotis Smyrniotis, Stefanos Stefanou,
Konstantinos Zorbas

11



12

RESEARCH

Design exploration of a deployable emergency
shelter using Miura and Yoshimura patterns

This study investigates the design and development of a
deployable emergency shelter inspired by origami
folding techniques. Deployable structures are of
particular interest, as they combine the minimization of
the required storage volume relative to the available
shelter space, ease of transportation and rapid
deployment. These characteristics make them
especially suitable for emergency applications, such as
natural disasters, military operations and field missions,
where conventional construction solutions often fail to
meet the required conditions.

Fig. 1 Physical scale model made of paper

A combination of two origami folding techniques was
selected: the Yoshimura fold and the Miura fold. The
integration of these two patterns enabled the formation
of a deployable semi-dome structure with an open
entrance, suitable for human occupancy. This choice
was based on the geometric efficiency of the folding
patterns and their ability to provide structural stability
in the deployed state, while maintaining a high degree
of volume reduction when the structure is folded.

Step 2

The Yoshimura folding pattern was applied to the main
body of the shelter. This pattern consists of successive
diamond-shaped elements, where the edges of each
diamond act as ridge folds, while the diagonal functions
as a valley fold. This geometry provides increased
stiffness and stability to the structural system, making it
suitable for the formation of the primary load-bearing
shell of the shelter.

. Y
Yoshimura

\ /15 /
i A A /1N /

L/ Y|/ '
Wi -/ A/

X |

Miura

Fig. 2 Two-dimensional origami pattern

The Miura folding pattern was implemented in the
entrance area of the structure. The Miura pattern is
composed of symmetrical parallelograms with
diagonals arranged in a zigzag configuration, allowing
controlled and smooth folding and unfolding. To
reinforce the entrance opening, an arch-shaped
structural element was incorporated, improving load
transfer and enhancing the overall structural behaviour
in this region.

The unfolding stages of the shelter are shown in the
following pictures:




Regarding material selection, aluminium was selected
for the main structural framework due to its high
strength-to-weight ratio and resistance to corrosion,
making it suitable for repeated deployment and folding
cycles.

SN (7
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A PTFE membrane was also proposed to span each
segment of the frame and indirectly define the
boundary conditions of the hinged structural system,
contributing to controlled kinematic behaviour during
folding and deployment. In addition to its structural
role, the membrane provides high resistance to UV
radiation, weather and fire, and exhibits a long service
life. The partial transmission of natural light further
improves the living conditions within the shelter.

Aluminium
Truss Members

PTFE
Membrane

Fig. 5 Structural system of the deployable shelter. The circled
region highlights the rear connection of the dome

As part of this study, the configuration of the connection
at the rear of the deployable structure was also
examined, aiming to ensure proper cooperation of the
individual structural elements during folding and

RESEARCH

unfolding, as well as to improve the overall structural
behavior of the system. The study of this connection
constituted a critical aspect of the design, as it directly
affects both the functionality and the stability of the
structure in its deployed state. A single hinged
connection for all members at the rear part of the dome
was found to be structurally and constructively
unfeasible due to the significant eccentricity that would
be introduced. For this reason, the members were
connected via pins positioned at different locations
between two semicircular steel plates, reducing
eccentric effects and enabling a feasible and structurally
efficient connection solution.

Fig. 6 Front view

Fig. 7 Side view

Fig. 8 Aluminium member detail

In conclusion, this work demonstrates that the
application of origami folding techniques to the design
of deployable emergency shelters can provide a
functional and geometrically efficient solution for
emergency situations, combining reduced storage
volume, ease of transportation and rapid installation.

by Wang Zhuangzhuang, Wei Tinghui,
Ren Shenglong, Anastasia Alexandridi,
Anna Bentzia, Foteini Andreakou,
Konstantina-Aikaterini Smiriliou

13



14

RESEARCH

Innovative joints for protecting continuous
buried steel pipelines against faulting

Introduction

Buried onshore transmission steel pipelines serve as the
primary highways for fuel transportation. However,
they are susceptible to damage caused by seismically
induced geohazards related to permanent ground
displacements. Fault rupture is relatively infrequent but
can cause severe pipeline damage as the pipe follows
the ground movement.

A promising mitigation concept involves introducing
flexible joints in the pipeline, thereby converting the
continuous system into a hybrid segmented one. Joints
act as internal hinges, concentrating rotation at the
joints due to their low rotational stiffness relative to the
pipe flexural rigidity, thereby keeping pipe segments
essentially unstrained. Bellow-type joints are the
appropriate type of joints, being welded between pipe
segments; thus, maintaining axial and transverse
continuity while allowing rotation without leakage.

Therefore, the system combines the integrity of
continuous pipes with the flexibility of segmented ones.
The capital cost, installation, and maintenance
considerations affect the overall pipe life-cycle cost; the
configuration of joints should be optimized for both
economy and safety. Therefore, an optimization
framework is developed for pipelines crossing active
faults using a hybrid flexible joint (biangular rotation
plus limited axial movement).

Innovative joint
A hybrid bellow-type joint, not currently available

commercially, is proposed. The concept is based on the
Gimbal-type bellow with added (limited) axial
displacement capability to reduce pipe axial strain and
improve performance at low crossing angles 8 and high
fault offsets. Axial movement can be achieved by
allowing the hinge pin to slide within an oval slot. The
key joint’s mechanical properties are: axial and
rotational stiffness, and maximum allowable axial
displacement and rotation. Two design constraints
govern joint movement: (a) axial displacement must

remain small because internal pressure may pre-expand
the joint during regular operation, and (b) rotation
capacity must be limited to allow uninterrupted in-line
inspection procedures.

Topology of flexible joints

Designing with flexible joints requires determining the
number of joints to use and their spacing within the
fault-trace  uncer-
tainty length. Earlier
studies on strike-
slip faulting placed
joints at locations
where the bending
moment is at a peak
and then spaced
them uniformly.

Fig. 1 Proposed flexible joint

Still, this approach cannot be applied to normal or
reverse faulting, necessitating formal optimization.
Unlike continuous pipelines, which deform over curved
and unanchored lengths influenced by stiffness, soil
properties, and fault offset, flexible-joint systems
concentrate rotation at the joints. Their effective
deformation length is therefore independent of these
factors. Consequently, the primary parameter
controlling joint topology is the width of the fault-trace
uncertainty zone.

Optimization process

The design goal is to identify a lower-bound, cost-
efficient pipeline-fault crossing layout, defined by the
minimum number of joints that still meet performance
requirements. For pipelines with flexible joints, the
objective is to minimize the number of joints required
for a given fault-crossing geometry and expected fault
offset. The design variables are: number of joints, joint
spacing, axial stiffness, and rotational stiffness. The
performance constraints are: pipe maximum tensile and
compressive strains, joint maximum axial displacement,
and joint maximum rotation.




The design optimization is multi-objective. It
includes integer variables and involves nonlinear 15
constraints; thus, a derivative-free method is
required. A Genetic Algorithm (GA) is adopted,
as it reliably handles such problems and has
demonstrated strong performance in structural
optimization. The optimization is executed using
an in-house MATLAB implementation that
employs MATLAB’s GA function. Constraint
handling uses a tournament selection scheme
that prioritizes: (i) feasible over infeasible
solutions, (ii) lower objective values among
feasible options, and (iii) lower constraint
violations among infeasible options.

10

number of joint: n

15

Implementation

A typical large-diameter X65 pipeline is
considered. The beam-type modeling approach
is adopted, where the pipeline is meshed into
beam-type finite elements, and the surrounding
soil is represented by a series of translational
bilinear springs in four directions: axial
(frictional), lateral horizontal, vertical upward,
and vertical downward. The pipeline is
intersected by a tectonic fault at the middle of
the pipe modeling length. The fault trace
uncertainty length considered in the analysis is
adopted after EN 1998-4:2006. The expected fault
offset magnitude equals three times the diameter of the

pipe.

number of joints: n

Results and discussion

For strike-slip faulting, pipeline deformation is
symmetric about the fault, and the crossing angle 8 is
the dominant parameter influencing response.
Optimization results [Fig. 2(a)] show that the required
number of joints decreases as 8 increases, since larger
crossing angles cause primarily bending, allowing joints
to accommodate fault offset through rotation.

For normal faulting, pipeline behavior is asymmetric
because vertical soil resistance differs between the
stationary and moving fault blocks. The response
depends on the fault dip angle ¢ and the pipeline—fault
crossing angle 8. Optimization results [Fig. 2(b)] provide
the required number of joints and their spacing for each
)—B8 combination; ¢ is treated as a fixed geological
parameter, while 8 is determined through the pipeline
route selection procedure.

RESEARCH
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Fig. 2 Optimum number of joints and distance between two adjacent
joints (variables) with respect to the pipeline—fault crossing angle: (a)
strike-slip faulting and (b) normal faulting

Refining the fault-trace uncertainty length, using
detailed site stratigraphy, can improve estimates of the
rupture zone width and may reduce the required
number of joints.

The optimization framework assumes that rupture
occurs adjacent to a joint, representing a worst-case
scenario for strike-slip faults. For normal faulting, this
may not govern, as indicated in prior segmented
pipeline studies. A practical alternative is to adopt a
uniform joint spacing equal to half the optimized value,
accounting for uncertainty in the actual rupture
location. Still, further analysis is needed to evaluate this
scenario.

Part of this work has been published in: Melissianos et
al. (2026). “Optimized configuration of flexible joints for
the protection of onshore buried steel pipelines against
tectonic rupture.” Soil Dyn. Earthq. Eng., 200, 109776.
https://doi.org/10.1016/j.s0ildyn.2025.109776

by Vasileios E. Melissianos, Moussa Saliba,
Charis J. Gantes
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Results overview of the recently concluded
research project DY.RE.B.

University C.FUND
of Cyprus

ONISILOS

Funding
DY.RE.B. (Investigating the Dynamic Behaviour of

Reconfigurable Buildings by means of Numerical
Analyses and Experimental Investigations) has been
part of the ONISILOS program at the University of
Cyprus. It was financially supported by the author’s
Marie Sktodowska-Curie Grant and the ONISILOS
COFUND fellowship. The fellowship also included two
secondments: the first at ILEK - University of Stuttgart (1
month) and the second at ISS NTUA (2 months).

Research objective

Reconfigurable structures depart fundamentally from
conventional fixed-geometry systems and must remain
structurally adequate across multiple configurations
and intermediate transformation stages. This
introduces challenges to their application in engineering
practice. The main objective of the project was to
address these challenges related to conceptual design,
structural performance, dynamic behaviour, joint
functionality and compliance with existing design codes,
using combined numerical and experimental
approaches.

Case study: Reconfigurable pavilion

The research project concentrated on a reconfigurable
research pavilion, shown in Fig. 1, developed as a
demonstrator for lightweight and adaptive spatial
structures. The pavilion employs a bar-linkage structural
system that enables controlled transformations, as
illustrated in Fig. 2, between multiple spatial
configurations through adjustable joints with locking
and unlocking functionality. A central telescopic column
acts as a vertical effective crank—slider mechanism with
a single actuator at ground level. Two axisymmetric
configurations were selected for detailed investigation:
a semi-paraboloid and a semi-ellipsoid shape.
Redeployability and manual handling were key design
requirements. Hence, all components were conceived
as lightweight and modular, allowing redeployment and
reconfiguration by a small group of users without heavy
equipment. These constraints strongly influenced the
conceptual and structural design.

Central pillar

Linkage bars
s -
Cﬁ% Secondary bars
A~y «‘ﬁ\%

[_— (z,— 4-- i\\;\\

/A Pinned support
) Reconfigurable joints

—gL ‘\\\‘5‘
/ & \V;

Fig. 1 Pavilion in semi-paraboloidal and semi-ellipsoidal
configurations
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Fig. 2 Feasible reconfiguration sequence from the paraboloid
to the ellipsoid shape

Research scope and key contribution areas

The research programme produced results across
several interrelated fields of reconfigurable structural
systems, summarized as follows:

Conceptual design of reconfigurable structures: Shape-
finding strategies for constructing spatial systems with
linear structural members that can reconfigure to
several shapes, an inherently mathematical problem,
was addressed either through numerical analyses in
MATLAB (Fig. 3) or with the use of 3D parametric design
software tools (Rhino and Grasshopper).

Structural analysis and Eurocode-based design:
Structural verification of reconfigurable structures to
the Eurocodes, assessing ULS and SLS, and critical
evaluation of their code assumptions when applied to
such temporary and adaptable systems were carried
out. Comparative assessment of the suitability of
aluminium and structural steel for lightweight
structures was performed. The structural design in
discrete configurations was performed with the




commercial design FE software RFEM, see Fig. 4, left.
Conceptual design, optimization and experimental
testing of reconfigurable joints: Development and
structural optimization of novel, adjustable joints
capable of accommodating repeated adjustments was
carried out, supported by numerical modelling with
ANSYS (see Fig. 4, right) and experimental testing (see
Fig. 5) at the laboratory of ISS. Structural topology
optimization was applied for weight minimization.

Parabola and its linear approximation
o Bar length = 1 m, No of bars = 16, Span = 12 m
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Fig. 3 Approximation in MATLAB of an ellipse of 12 m span
with a set of 16 bars of 1 m (due to symmetry only half is
approximated)

0o

Fig. 4 Left: Envelope values of bending moments [kNm] for
the ellipsoid configuration for ULS load combinations; Right:
Numerical analysis of the reconfigurable joints in ANSYS

5 ‘ 5 d ,
Fig. 5 Experimental testing of the reconfigurable joint’s
rotational capacity at the Institute of Steel Structures NTUA

Wind performance and structural design: With wind
actions being predominant, the working hypothesis that
a more efficient structural design, leading to material
savings, can be achieved if the structure reconfigures
into more aerodynamically efficient shapes when strong
winds are expected, was formulated. This hypothesis
was confirmed, based on the results of CFD analysis
carried out in ANSYS Fluent and experimental wind

RESEARCH PROJECT

testing at the Laboratory for Innovative Environmental
Technologies at NTUA, see Fig. 6.

Optimizing reconfiguration sequence for actuation
energy minimization: Numerous reconfiguration paths
exist from one compatible structural configuration to
the next. Based on mathematical and structural
analysis, optimized motion sequences that minimize
actuation energy for a full reconfiguration from the
paraboloid to the ellipsoid shape were identified. The
methodology can act as a basis for finding optimum
reconfiguration sequences for all compatible shapes.

M Wind direction C——1

-0.46

Fig. 6 CFD Analyses (Cp distribution) and wind tunnel
testing of the pavilion’s aerodynamic performance

Outcome

The DY.RE.B. project delivered a robust framework for
the design of lightweight reconfigurable structures,
covering the conceptual and structural design of the
bearing structure and the reconfigurable joints.
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