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The CorkCrete Arch was an experimental prototype built in the scope of a
research project concerning the use of robotic fabrication technologies for
non-standard solutions in architecture. It combined 2 materials, cork and GRC
into a self-supporting lightweight building system, designed to explore the
integration of different robotic fabrication technologies in one constructive
solution. This paper is focused in providing a detailed description and analysis of
the robotic fabrication process used in the production of the GRC components.
The presented solution integrated robotic milling and hot-wire cutting
technologies with a stratified mold design strategy that allowed for overcoming
the limitations of each and enabled a time and cost efficient production process.
Keywords: Robotic Hot-Wire Cutting, Digital Fabrication, Glass Fiber
Reinforced Concrete, Computational Design, Corkcrete

INTRODUCTION

Objectives

The CorkCrete Arch was developed as a design-based
research activity concerned with using robotic fabrication technologies in the production of a novel
building system. By exploring the combination of
two diﬀerent materials - cork and Glass-ﬁber Reinforced Concrete (GRC) - the goal was to merge the
sustainable and insulation properties of the ﬁrst with
the structural eﬃciency of the second. The result is a
lightweight and performative material system suited
for customized prefabrication and easy on-site installation.

The proposed building system was tested through
the design and construction of an arch structure. Featuring double-curved and textured cork panels combined with ruled-surface GRC elements, its geometry
challenged the use of robotic fabrication technologies for its production. Since it was not a single material installation, like in many actual robotic experiments, the process had to coordinate the diﬀerent
physical tolerances resulting from employing diﬀerent materials and diﬀerent fabrication processes, taking place in diﬀerent locations (i.e. laboratory, factory and on-site). Working in collaboration with industrial partners, from the cork and GRC ﬁelds, this
experience envisioned and tested a fabrication strat-
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egy with both materials that revealed to be very productive and eﬃcient for both areas. While an overall design and tectonic description of this project can
be found in a previous text by the authors (Sousa et
al. 2016), the present paper is focused in providing a
detailed description and analysis of the robotic fabrication process used in the production of the GRC
components. In order to address the materialization
problems, put forward by the geometry of the panels,
this process explored a novel stratiﬁed mold concept,
contributing to the existing state-of-the art in robotic
hot-wire cutting of formwork. For its understanding
and assessment, this paper describes the traditional
GRC production process and recent technological innovations before illustrating the CorkCrete arch GRC
components and the production strategy employed.

THE GRC IN ARCHITECTURE
GRC is a composite material developed in the late
1960s that combines the resistance and binding
properties of a cement matrix, with the tension resistance properties of glass ﬁbers to achieve thin, shelllike construction elements. The traditional fabrication processes of GRC panels can be subdivided in
two: premix or sprayed. In the ﬁrst case, the materials which compose the GRC are mixed in advance
and cast into a mold, press molded, extruded or slipformed. In the second, and most common scenario,
the cement paste and the glass ﬁbre are simultaneously sprayed using a two headed nozzle into a mold
(Brookes and Meijs 2008). This procedure is a complex iterative manual process of depositing and compacting the mix of cement paste and ﬁbres, and its
success depends on the skill and judgment of the
workers. A ﬁnishing procedure is used, depending on
the necessity of diﬀerent surface qualities or eﬀects.

Architectural applications
Given that GRC components are thinner and lighter
than precast concrete ones, their main use in architecture is in cladding applications. One of the ﬁrst
relevant works with this material can be found in the
Credit Lyonnais building in London built in 1977, in

which the architects developed modular elements
for a window frame with curved proﬁles. However,
since they can assume any shape depending on the
mold, the use of GRC has become an increasingly
popular solution in recent years to address the complex and variable challenges in contemporary architecture. Built in 2009, the Roca London Gallery designed by Zaha Hadid Architects featured an interior continuous curved space, built with 272 diﬀerent self-supporting GRC sandwich panels. Despite
the formal versatility of the material, the production of diﬀerent molds deﬁnes the main economical constraint of the system. For instance, in the
Heydar Aliyev Center in Baku, also designed by the
same oﬃce, the large-scale application of GRC panels
required a geometric rationalization process to deﬁne and organize the panels into planar, single and
double-curved ones. Despite the exceptional economical means involved in this project this simpliﬁcation process had to be considered for its construction (Bekiroglu 2010).

Technological Innovation
Due to its singular properties and its potential
to match contemporary design interests, many researchers have sought opportunities for innovation
in GRC production over the last 2 decades. In order to overcome geometric, manual production and
economical limitations, this continuous investigation
has been mainly focused in the automation of two
moments: the production of molds and the spraying
procedure.
Regarding the ﬁrst, the use of Computer Numerically Controlled (CNC) milling processes has been
adopted to fabricate complex shape molds in wood
or foam parts directly from digital models. Although
these subtractive processes are widely available, they
are time-consuming, expensive and produce large
amounts of material waste in the form of dust, which
is critical for reuse purposes. To minimize these issues, other digital fabrication strategies have been
developed, such as Robotic Hot-Wire Cutting (RHWC)
to quickly fabricate molds in EPS for ruled surface-
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Figure 1
The Corkcrete Arch
3D model with
exploded GRC and
cork components.

based designs with minimal material waste (Feringa
and Søndergaard 2012).
Regarding the automation of the spraying moment, the work in the 90's of Carlos Balaguer and José
Manuel Pastor Garcia with the Spanish company Dragados y Construcciones (Balaguer et al. 1993) introduced the use of robotic spraying processes. Despite
the advantages that were veriﬁed (Peñin et al. 1998),
its adoption by the industry has not happened yet. In
this summary it is interesting to see how the robotic
arm seems to play a key role in driving the development of innovative solutions in both moments.

The geometric complexity of these design elements
was heightened by the necessity of fabricating the
corresponding negative molds for GRC spraying. The
main fabrication challenge was thus the production
of a large-size concave ruled surface mold with variable lateral walls. This kind of geometry requires a
customized mold that can not be achieved with a
single-run RHWC process, over a single raw material.

A STRATIFIED STRATEGY FOR ROBOTIC
FABRICATION OF GRC COMPONENTS
The CorkCrete Arch was speciﬁcally designed for prefabrication. With 280cm wide and 260cm height, it
is a composite system built from the assembly of 3
structural GRC elements and 18 cork panels. The geometry of the CorkCrete arch was driven by two factors: the catenary curve and the robotic fabrication
technologies. On one hand, the catenary curve was
used to introduce a clear structural principle in the
arch. On the other, robotic fabrication technologies
were used as a design driver to shape the material
surfaces, which for the GRC panels signiﬁed an exploration of ruled geometries and their materialization
through robotic hot-wire cutting.
The speciﬁc geometry of the 3 GRC panels posed
several challenges. For each one, its interior face was
designed as the intersection of two ruled surfaces
producing an emergent and progressive crease in the
central axis. The exterior face was delimited by two
planar surfaces to connect with the ﬂat bottom surface of the cork panels. The lateral faces of the GRC
panels performs as the structural reinforcement of
the thin panels, and was also designed as a continuous ruled surface, which increases in width from the
base to the apex of the arch (Figure 1).
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The Stratiﬁed Concept
To overcome the challenges mentioned, a strategy
for a stratiﬁed process to produce the mold was
developed by taking advantage of the beneﬁts of
robotic hot-wire cutting and addressed its limitations
to produce the necessary mold geometry. RHWC is
generally characterized by its limitation to the production of ruled surfaces and its ability to do so with
considerably low fabrication times when compared
to traditional subtractive technologies (i.e. milling)
(Feringa and Søndergaard 2012). Considering the
fabrication of molds in EPS, one of its main advantages is the preservation of excess material when cutting a surface. This feature enables the production of
successive cuts, subdividing a stock block into several
diﬀerent layers. Applying this notion to formwork design results in the concept of the "stratiﬁed mold". A
subdivision of a mold geometry into several layers,
cut from a single EPS block in a short time span and
assembled into a ﬁnal mold that couldn't otherwise
be produced with RHWC technology.
Following this concept, the molds for the Corkcrete
Arch GRC panels were subdivided into 3 layers to
be sequentially cut: the bottom surface; the contour layer, creating the lateral structural folds and the
overall boundary geometry of the panels; the top
surface, deﬁning the exterior ﬂat surface of the panels (Figure 2). To overcome size and geometric constraints (the size of the available hot-wire and the
concave, intersecting ruled surfaces), each mold was
divided in two halves through their central axis for
fabrication, resulting in six halves for the three GRC
elements.

binations of 100x50x50cm high-density EPS blocks as
stock material, with the expected seams considered
in the design of the arch elements. The fabrication
routines were composed of four cutting operations
performed sequentially: (a) hot-wire cut to deﬁne the
interior surface of the arch and removal of the resulting top half; (b) milling of the ruled contour of the
panel with a 20mm diameter bit, in a single pass; (c)
hot-wire cut, deﬁning the planar surfaces for the exterior face of the GRC elements; (d) hot-wire cut of the
EPS core resulting from the previous operations to ﬁt
the interior of the panels (Figure 3). Independently
of surface complexity, each routine was completed
in approximately 10 minutes for all 4 cuts, a relatively
fast process when compared to the necessary hours
of CNC milling to achieve similar ﬁnishing quality.

Robotic Fabrication of the Molds
The RHWC system at the DFL laboratory consists
of a stationary Kuka KR 120 R2700 industrial robot,
mounted with a 100 cm wide hot-wire bow, featuring a 0,25mm thick wire. Simulation and toolpath
generation was done in the Grasshopper plugin for
Rhinoceros, with the Kuka|prc software, developed
by the Association for Robots in Architecture. Using this setup, the molds were produced from com-
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Figure 2
The stratiﬁed
concept applied to
the Corkcrete Arch
molds: bottom
surface layer;
contour layer;
sprayed GRC panel;
interior core; outer
layer.

Figure 3
Mold production
process featuring
the four sections for
the center GRC
element: bottom
curved layer,
contour milling, top
ﬂat layer and
interior core
cutting. Completed
mold pieces for the
bottom arch
elements,
illustrating the
mold subdivision.
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After the fabrication process, the ﬁrst and second
mold layers were assembled and glued together,
along with their corresponding halves. Because the
GRC spraying process requires an open mold, the
third layer was not necessary, being only used for
stacking and transportation purposes. Nevertheless,
if necessary, the process could have been further optimized to nest more molds in the remaining EPS material. At this stage, the robotic fabrication phase
proved to be a straightforward process, clearly adaptable for larger production scales, maintaining economic viability.

The GRC Production
The production of the GRC panels took place at a precast facility of the projects' industrial partner, Mota-

Engil, S.A.. Minimal work was done on the mold
surfaces and a simple coating of demolding oil was
applied in order to minimize the overall production
time and costs. Before the spraying procedures took
place, a set of metal anchor elements was introduced
in the molds to be embedded in the GRC matrix for
transportation and as fasteners between the 3 arch
elements. The spraying process used a white GRC mix
to make a clear distinction between the two materials and to accentuate the geometric features of the
arch. It consisted of an initial layer of GRC with an average thickness of 15mm, followed by manual compaction. After this step, the EPS cores were placed inside the mold and a ﬁnishing layer was applied. Embedding the excess EPS cores in the panels added to
the structural stability of the system and created a

Figure 4
GRC production
process: spraying
and EPS core
positioning; center
arch component
after demolding.
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suitable support surface for the cork elements. After
curing for 24 hours, the panels were easily demolded
and shipped inside the used molds.
The robotically produced molds were eﬀortlessly
used in the industrial setting of the precast facility by
the workers. They proved to be suitable for regular
spraying equipment and operating procedures without adaptations or special knowledge required, validating its usage in this environment. (Figure 4)

Results and Installation
As expected, the surface quality of the GRC panels
was not completely polished as is the case with traditional ﬂat steel molds. Nevertheless it had an ac-

ceptable smooth ﬁnish. This is due to the porosity of the EPS material which enables the transference of its cellular texture the ﬁnished surfaces. Also,
faint marks of the hot-wire could be found on the ﬁnal surface which were traced back to vibrations of
the wire during the cutting process. Although unintentional and generally undesired, these textural elements added an interesting aesthetic layer as ﬁngerprints of the fabrication process. After the production
of the GRC components and the corresponding cork
panels, the Corkcrete Arch was manually assembled
several times in diﬀerent settings, without mechanical aid (Figure 5). This demonstrated the lightweight
properties of the system and suggested the feasibil-

Figure 5
Manual assembly
process and
ﬁnished arch
structure. A
continuous
geometrical
transition between
ruled surfaces and
the well deﬁned
central crease
reﬂecting the
precision of the
robotic fabrication
process.
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ity of expanding it for larger applications. The assembly stage also conﬁrmed the accuracy of the robotic
fabrication process. Small geometric deviations from
the modeled geometry were found to be well inside
construction tolerances and were absorbed in the
construction joints of the arch system.

CONCLUSION
The research presented in this paper addressed
the problem of producing custom molds for nonstandard GRC components in a composite building
system. To achieve this goal, the authors devised a
stratiﬁed strategy that combined the eﬃciency of hot
wire cutting and milling in one fabrication process.
The produced results revealed the ﬂexibility and
versatility of the use of robots in relation to traditional CNC systems, by being able to use diﬀerent
tools and optimize their inherent abilities. The stratiﬁed mold strategy proved to be a time, material and
cost-eﬃcient solution for the production of complex
molds when compared to both traditional manual
methods and contemporary milled formwork. The
validation of this solution in an industrial setting promoted the interest of the precast industry in continuing the research into this topic. In this regard, further developments will seek other applications of the
stratiﬁed mold strategy and address 2 key issues: improving the surface quality of the GRC without incurring in a substantial increase in production time and
optimizing stock material usage.
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