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Following an introduction about the use of
materials which are built and thought without
taking into account the damages they can
create to the environment, clear it appears that
building components and technical solutions
are increasingly designed towards the idea of
dry-assembled and modular elements or of
mono-materials. With the birth of precast
components, the artefact becomes flexible, by
matching its new functions. The latest ‘open’
industrial strategy owns a positive potential of
evolution which could favour products’
maintenance through an integral substitution
of some parts.
One of the most critical stages, for it provides
great damage to the environment, is indeed
that of disposal, whose process has been only
lately started to be considered. A lot of
researches in the field of recycling are now
carried on, among which one theory can be
considered as the inspiration of this PhD
Thesis: "delete the concept itself of waste
starting from the design."
In fact the present research would like to
deepen the potential of bio-composite
materials, in particular those at fibre
dispersed phase, i.e. short fibres dispersed
within the matrix. Fibres and matrix are the
components or phases of a composite, which,
once assembled, provides as final result a
material with properties wholly different from
both the initial constituents and with better
performances. The Design world has soon felt
the potential of these innovative materials, for
they are also highly bio-degradable, by
proposing various prototypes. They in fact
runs to be inserted into the market as
substitute of the most malleable, flexible and
polluting material of the history, i.e. the
plastic.
The research benefits of the collaboration of
the Department of Chemical Engineering of
Federico II University of Naples, thanks to
which the characteristics of the material, as
well as the tests have been carried out,
starting from the development of an innovative
bio-composite. The latest is made up with 30
% of Kenaf fibers, non treated but crumbled
till achieving the lenght of 1mm, and by 70% of
a co-polymer with mixed biodegradability. The
carried out tests have shown that the
performances of such a polymer are suitable
also for architectural employment, for it is not
subjected to volume reduction under use
temperatures (TGA test), so responding to
dimensional stability. It offers a good
mechanical resistence, a good resistence to
impacts, is bio-degradable and can be recycled.
Moreover, being a plastic substitute, presents
great aesthetical potential as a semi-finished
cladding.

The state of the Art of the Thesis research has
then investigated upon the internal partitions,
with the result that those at frame have the
following advantages: dry assemblage, facility
suitability, openness to inspection, readiness
to mount and ease to substitute of both the
external board and internal insulation.
At last a new system has been proposed for a
wall aimed at easing de-assemblage by
components - for maintenance and/or
substitution - and at allowing at end-of-life the
reuse or recycle of the components. The final
project is that of a framed system made up by a
sustaining structure in wood, dry assembled,
with internal insulation in sheep-wool and a
board as cladding, made up overlapped to the
structure by means of specific joints.
NOTES
1. See: Mcdonough, W., Braungart, M. (2002)
Cradle to Cradle: Remaking the Way We
Make Things, North point press, New York.
2. The research team was: E. Gallo, B. Schartel,
D. Acierno, F. Cimino, P. Russo, Phd.
Francesca Cimino, Prof. Domenico Acierno,
Prof. Cosimo Carfagna.
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Biocomposite Materials in Architecture. An
Hypothesis for an Indoor Vertical Partition

Fig. 1 - WPC-thermal-siding-QVWPC-China-300x201
[http://blog.composites-europe.com]een acclaimed designer Werner Aisslinger and BASF
[http://www.ecocomposites.net/].

Fig. 2 - Sheep wool insulation (http://
www.nordtex.it)

Fig. 3 - Renders of the proposed project
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Building´s refurbishment has assumed an
important role in the construction activities
panorama. According to published estimates,
in Europe, this activity represents about 45%
of the total volume of investment
(Euroconstruct 2009). The technological
innovations transform permanently the
construction market, opening horizons for new
products, including textile and polymer
materials.
While in the past, architectural membranes
(textiles and foils) have been used principally
as a covering system, a wider range of
requirements is emerging nowadays and thus,
a multiplicity of diverse textile architecture
solutions can significantly fulfill many needs
dealing with functional building refurbishment
(protection and valuing cultural heritage).
Membrane materials have some intrinsic
benefits for buildings rehabilitation, such as:
lightness, translucency, water tightness,
flexibility, easy incorporation of technological
upgrades (functionalization), among others.
However, there is need to promote these
potential among designers. Textile and
polymer industries have invested in the
development of materials that have not yet
been implemented significantly in
construction, or at least this has not been
carried out by taking advantage of all its
potentialities. The reason for this is related
with some cultural resistance of innovative
responses to conventional solutions.
There are few studies on the membrane
materials applications for buildings
rehabilitation. The present study aims to

overcome this gap, focusing on the assessment
of functional, environmental and economic
performance of these constructive solutions;
evaluated by adequate simulation,
experimental tests and monitoring and multi
criteria assessment methods.By its lightness,
reversibility and formal neutral solutions,
architectural membranes can be useful in
interventions on existing buildings. As
partitions or linings, membranes have reduced
thicknesses - less than 1 mm as linings or 7cm
as partitions (when combined with insulating
materials) – that allow large floor areas
earnings (Macieira, 2012). This is an
advantage in residential areas to be
refurbished, due to the lack of floor space to
suit current needs. There are solutions that
allow to tension membranes over existing
surfaces by adding just one-centimetre
thickness (allowing to hide imperfections in
the existing surface due to plaster retraction,
etc.). According to Mollaert (2006), by adding
a membrane within an existing space, it is
possible to have a thermal and acoustic
rehabilitation solution as showed at the
rehabilitation project of an industrial building
into an office (Figure 1 b). Here, the inner
lining with two layers of transparent
Polytetrafluoroethylene (PTFE) membrane,
improved indoor comfort without reducing
daylight.
Kenichi Kawaguchi pointed out the risks
associated with false ceilings in case of
earthquake and proposed the use of membrane
ceilings instead of plasterboard. This data (Ogi
et al, 2012) (Kawaguchi, 2015) reveals an
important aspect of these solutions.
The aim of this research focusses the study of
building technologies with membranes
materials (lightweight, adaptable and
reversible) and compare them with
conventional solutions (it comprises the most
used in practice). The objective is to show how

membrane solutions can be an
efficient alternative to
conventional solutions for
functional rehabilitation of
buildings, regarding also
economic and environmental
aspects. To achieve this
objective, several
refurbishment projects will be
analyzed (according functional
aspects, such as thermal,
acoustic and daylight comfort).
To determine how the characteristics of
architectural membranes adapt (or not) to the
demanding requirements of buildings
refurbishment, a detailed analysis of more
than 60 interventions (form literature) has
been conducted. Figure 1 shows some of these
interventions. Some of these examples are
particularly significant by the way they
interact with existing building and contacts
between such diverse construction systems.
The research comprises the main phases:
analysis of the state of the art (milestone 1);
and multicriteria assessment of all design
options regarding many aspects, such as
functional, economic and environmental
impact aspects (milestone 2). Milestone 1
comprises a characterization of building’s
functional rehabilitation activity at the
national and European level and analysis of
existent building’s refurbishment projects with
membrane materials - inventory of case
studies and building technologies available on
the market and in development. Milestone 2
comprises; the design of membrane solutions
for existent buildings, taken as case study; and
a evaluation of its current and post-retrofit
functional performance through experimental
tests and numerical simulations tools;
comparative analysis between membrane and
conventional design options, through multi

PH.D.
RESULTS

Functional Refurbishment with Architectural
Membranes

Fig. 1 - Examples of building refurbishment with membranes: (a) imagination Headquarters, exterior and interior views, designed by Ron Herron (Architen, 2016); (b)
“Eco Membrane” (interior view) designed by Thomas Herzog and Joseph Moro (Tensinet, 2015) and (c) facade of EDF headquarters (Lyon) designed by Jean-Paul
Viguier et Associés.
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criteria, to determine the efficiency level of
each design option.

Construction materials, subjected to the
phenomena of natural ageing and to the common
pathologies of chemical and physical origin,
including those from humidity by capillary ascent,
modify their thermal and mechanical properties.
An experimentation for the evaluation of changes
in the thermal and mechanical characteristics of
brick bricks and tuff blocks subjected to different
degrees of imbibition is in progress in the field of
the development of a PhD in Civil Systems
Engineering at the University of Naples "Federico
II". The research is aimed to investigate the
"innovative and non-invasive systems for the
characterization of wet content and the
restoration of historical walls with moisture from
capillary ascent", conducted in partnership with
the Escuela Técnica Superior de Edificación of the
University of Madrid where the laboratory
analysis on bricks where carried out, meanwhile
testes on yellow Neapolitan tuff will be made at
the University of Naples.

Fig. 1 - Production of traditional bricks for
restoration

Fig. 2 - Dipping bricks in bathtub
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