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Double Curved Segmented Shell Pavilion Made of Bio-composite Elements
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Abstract: Bio-based composite materials in architecture have gained various new applications due to their
low cost, renewable and environment-friendly properties. This paper demonstrates the use of bio-based
building materials for load bearing structures through a one to one double-curved, parametrically designed
segmental shell. The Structure consists of light, single-curved wood and bio-composite elements where
lignocellulosic-based core was reinforced by long wooden-fibres in the form of veneer. In this paper we
furthermore discuss the fabrication technique of the 3.6 m height research pavilion covering 55 m® as well as
possibilities of bio-composites.

Keywords: Bio-composites; natural fiber bio-composites; segmented shell; multi functionality; design for

sustainability; lignocellulosic-based composites; sustainable architecture.
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Reinforcement of bio-composite by long fiber 3D veneer on universal mold
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Vacuum-assisted veneer-reinforcement lamination process
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The building industry is responsible for
more than 35% of global energy and almost
45% of global resource. If the population will
continue the growing in 2030 the population
will need 40% more of energy than today'l.
To meet this demand it is necessary to find
alternative solutions to traditional non-renewable
resources”. Traditional materials such as concrete
or steel are responsible for most of the energy
consumption. To meet the requirements for
sustainable building materials the natural fiber
bio-composites can be used instead of resource-
intensive materials (steel, concrete etc.) or the
other synthetic fibers (Carbon, Glass). Bio-
composite materials, i.e. natural fibre reinforced
polymeric composites (NFRP), are materials
fabricated from at least two main components, a
fibre and a matrix (also known as binder), where
at least one of the two main components is
biomass-based"™. Thanks to high recyclability and
reusability natural fibers can achieve a closed life
cycle hand in hand with modernity, geometric
flexibility and sustainability, especially when new
manufacturing processes are used to achieve
higher architectural goals.

The 3.6 m height, 9.5 m span research bio-
composite pavilion is an interconnected segmented
shell construction consisted of 121 parametrically
optimized curved elements prepared by a
vacuum-assisted veneer-reinforcement lamination
process. Natural-based core of each element was
reinforced by long wooden-fibres in the form of
veneer, then coated with UV-resistant resin to
resist against weathering conditions.

The core of the each element is a flexible
board made from natural fibres mixed with
bioplastic, manufactured by an extrusion process.
The natural fibres, such as straw, are waste coming
from agricultural production, which find its second
life as material for architectural use.

One of the main advantages of this
board in comparison to, for example, MDEF, is

exceptional elasticity which allows for forming
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even extremely double-curved surfaces, without
heat or water treatment. The CNC cut fibre-
board cores are later laminated from both sides
with pre-cut 3D veneer sheets — a kind of veneer
which can be bend in 2 directions at once. The
processes of lamination and forming happen in a
mold inside a vacuum press bag. Lamination not
only allows to form a flexible flat core board into
a stiff 3d bent element, but also allows to create
a composite panel with mechanical properties
higher than core material itself.

For example, during bending test specimens
reached Elastic Modulus of over 5.5 GP which
is equal to MDF. Simultaneously, another
variation of a similar wooden composite plate
was developed, in which a flexible wooden board
with single direction fibres is used as a core. This
variation achieved identical mechanical properties
as the first one and finally, due to logistic reasons,
was used in this pavilion.

All 121 components were later connected
together on-site into 4 fragments, using screws,
and pulled on top of the crossed wooden beams,
where the final connections were realized. Such
approach allows for elements to be separated
later and reused to form various other designs
and constellations.

Foundations of the beams are located at
different height levels, allowing the structure
form for visual and functional adaption to
the local landscape. Within the structure,
components interweave with each other, creating
a segmented shell which resembles a 3D fabric
in which the curved elements are connected to
common nodes in all directions in space.

BioMat Research Pavilion demonstrates the
architectural and structural potential of novel
building materials made from natural material.
BioMat department focuses on a mission of
examining different sustainability aspects in
architecture. This built work is the result of 10
months of intensive work, following many years

of work in the field of applications of bio-based

materials and diverse approaches towards future-

oriented sustainable architecture.
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