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Most research in the material industry has ambiti on to 
improve their material and develop new products that 
expand the range of the material’s performance. But 
typically, the focus is on increasing performance of the 
materials in relati onship to current benchmarks driven by 
policy or economics. Therefore, more speculati ve or risky 
applicati ons are oft en prevented from advancing by either 
building code or inerti a of the industry. By taking agency 
early in a material’s concepti on, design can play a criti cal 
role in helping to reduce this risk, when given the opportu-
nity to speculate into the future.

For designers to forge unknown territory for an alternati ve 
mode of practi ce, risk is inevitably in the equati on. Today, 
designers are taking more agency in the design process and 
rather than waiti ng for a client, they are seeking out col-
laborators and stakeholders in pursuit of their own agenda. 
Since any building material is a refl ecti on of the status quo 
of architectural producti on, experiments with materials, 
methods, or technologies require designers to start at the 
level of ‘matt er’, before a material is yet to be materialized. 
Similar to the work of the Spanish arti st Lara Almarcegui 
that consists of piles and stacks of raw materials that are 
void of idealizati on, or in other words, focusing on ‘mat-
ter’ as an approach, aims to revoke premeditated formal 
or ideological agendas. Therefore, in order to questi on the 
status quo of how we design with materials, designers can 
take risks by reinterpreti ng ‘matt er’, before it even becomes 
a material. 

Based on this premise, the paper discusses a design research 
collaborati on between an architecture fi rm and the mate-
rial industry that uses design speculati on as a method by 
which innovati on emerges from working with the conceptual 
principles of a material, or, in other words, its matt er. In this 
collaborati on, the design process foregrounds the concep-
tual logic of the material over a metric to avoid premeditated 
outcomes, specifi cally leaving the formal and programmati c 
outcome of the research open-ended. For example, the 
percepti on of concrete as a heavy material was replaced 
by the reality that concrete can be lighter than water and 
fl oat. And the precise strength and structural capacity is not 
foregrounded but rather the concrete mix’s ability to concep-
tually be as thin and light as paper and sti ll maintain structural 
strength. From this knowledge, a prototype emerged that 
alters the percepti on of concrete as a solid, heavy material, 
from the concepti on of its matt er, to become a light, fl oatable, 

porous material. This, in turn, defi nes a new type of resilient 
shoreline infrastructure that fl oats and conti nually adapts to 
rising sea levels. The paper will use the project to exemplify a 
design research process that starts with matt er and requires 
design to take agency in material research and take risks that 
can lead to unchartered territories.

INTRODUCTION
Most research in the material industry has ambiti on to 
improve their material and develop new products and appli-
cati ons that expand the range of the material performance. 
But typically, the focus is on increasing performance of the 
materials in relati onship to current benchmarks that are 
driven by policy or economics. Also, the mate-rial industry is 
oft en not trained to consider a material’s functi on in a larger 
context; hindering speculati on and innovati on with new tech-
nology, especially when it comes to design. Which suggests 
that more speculati ve applicati ons for a material are oft en 
prevented from advancing by either building code, inerti a, 
or simply lack of foresight. Therefore, designers and engi-
neers, the team developed new knowledge and experimental 
methods of form-making by reversing the design approach 
and collaborati ng at the research and development phase 
of a material. This partnership off ers architects, as facilita-
tors, an opportunity to achieve novel approaches to design 
that questi on norms and percepti ons of materials that lead 
to unforeseen possibiliti es for design that otherwise would 
never have been discovered.

COLLABORATION AS PROCESS FOR INVENTION
The material industry is interested in new applicati ons for 
their materials, but realize they lack the platf orm necessary 
for conceptualizing beyond the technical and per-formati ve 
capacity of the materials. But in order to bring innovati on 
to architectural de-sign with new materials, the process of 
design needs to be reversed from fi xed systems of material 
and constructi on to an open-ended system where materials 
are criti cally explored. To do so, the design team has equal 
roles and has to be free from pre-concepti ons of the mate-
rial in order to explore emergent ideas, how new forms can 
be constructed and what the potenti al applicati ons are if we 
examine the properti es of a material.

To start the discussion, CEMEX outlined the conceptual prin-
ciples of their materials but did not provide a specifi c metric 
to avoid hindering architectural potenti al of the materials. For 
example, the precise strength and structural capacity of their 
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Resilia® mix was not foregrounded but rather its ability to 
conceptually be as thin as paper and sti ll maintain structural 
strength. Or in other cases, intenti onal contradicti ons were 
prompts to questi ons of current mixes and their capabiliti es. 
For example, could the high strength mix also be light and 
buoyant? Could a high-density mix let in light? Or how does 
a pervious mix slowly release water? These criti cal questi ons 
led to new approaches for architectural design by not design-
ing for the material, but designing beyond it. 

THE ROLE OF CONCRETE IN DESIGN
Typically, many projects are developed from either ‘program’ 
or ‘site’ with form, mate-riality and constructi on coming later 
in the process. With this approach, most materials are devel-
oped as a response to social, environmental or economic 
factors rather than as speculati ons. And even though the 
technological advancement of concrete had a direct infl u-
ence on architectural form that went beyond the traditi onal 
architect / con-tractor relati onship, it was sti ll used to fulfi ll 
pre-existi ng needs or aestheti c desires. One example is the 
patenti ng and licensing of early reinforced concrete systems 
by Francois Hennebique, a Belgian contractor who gave up 
contracti ng in 1892 to concentrate on licensing the patents 
he developed1. His licensing system made him instrumental in 
an unprecedented amount of reinforced concrete structures. 
But Hennebique promoted his system not as an opportunity 
for design innovati on; rather as a structure that was safe from 
potenti ally disastrous fi res, and ideally strong “for supporti ng 
the exuberant, decorati ve surfaces,”2 that were desired by 

the architectural fashion of his ti me. 

It is rare that materials and constructi on methods take cen-
ter stage in a broader argu-ment for design intenti ons. Even 
in the case of Giedion’s proclamati on in his seminal 1928 
publicati on, ‘Building in France, building in iron, building in 
ferroconcrete,’3 he saw new materials as the key ingredient 
for a new architecture but only to serve a modernist aes-
theti c. His approach originated more from a fascinati on with 
the forms created by new concrete applicati ons for industrial 
buildings, rather than the actual opportuniti es of the material 
itself. And despite Giedion’s asserti on, it was not a mod-ern 
design vision that made cement one of the most proliferate 
building materials on the planet4, but rather the material’s 
capacity, with its technical advantages, to create larger spans 
and faster constructi on processes.

Italian architect and engineer, Pier Luigi Nervi, invented his 
own version of concrete called ‘ferrocemento’5 that allowed 
him to create both lightness and strength with half inch-thick 
concrete. It was Nervi’s innovati on in the development of his 
concrete’s structural properti es, in combinati on with careful 
structural observati ons, that led to his expressive designs. 
The design of a complex corrugated cylindrical arches and 
great spans in the 1949 Turin Exhibiti on, for example, was 
only achievable because of ferrocemento. It is this type of 
innovati on of prefabricated concrete, that determined the 
shift  towards lightness within architecture.

Similar to Nervi’s approach, the following case studies aimed 
to use materials as the initi al design criteria that forms 
the basis for design innovati on. Each of the projects aim 
to rebuke the percepti on of concrete as a heavy and mas-
sive material and rethink beyond the material itself when it 
becomes extremely thin and light. Sheila Kennedy’s argu-
ment in Material Misuse that, ‘the percepti on of qualiti es 
att ributed to materials, and our multi ple understandings of 
what it means to be material, are all integral parts of media 
culture,’6 was the departure for investi gati ng the materials in 
full scale prototypes to fi nd new programmati c and formal 
potenti al of the material. This intenti onally questi ons cultural 
percepti ons that typically shape the form and expression of 
the architecture.

DESIGNING MATERIAL INNOVATION
In order to innovate with material as a new medium, and not 
using it for a parti cular form, program or site, the methodol-
ogy needed to reverse the order by which conceptual ideas 
emerge. To avoid the material being in response to other 
design criteria, materiality is foregrounded as the criti cal 
component to the process. The three projects that will be dis-
cussed refl ect on this reversed process of design where ideas 
emerge from a material’s properti es. In the ‘reversed design 
process’ diagram (fi gure 1), the left  side is the typical process 
that starts with ‘program’ and ‘site’ as design initi ators with 

Figure 1: ‘Reversed Design Process’ diagram (drawing by author). 
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Figure 2: Element of Rhizolith Island (Photo by author). 
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Figure 3: Pop-up Surfaces. Top: concrete sti ll in ‘pop-up’ molds, 
Bott om: Final folded forms (Photo by author). 
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material and constructi on strategies applied later. On the 
right is the reversal of the process where material and fabrica-
ti on techniques are the design initi ators of form, program and 
site. This is seen as an ‘emergent tectonic’ approach similar 
to the one described by Deleuze and Félix Guatt ari in relati on 
to gothic architecture as ‘...inseparable from a will to build 
churches longer and taller than the Romanesque churches…
But this diff erence is not simply quanti tati ve; it marks a quali-
tati ve change: the stati c relati on, form-matt er, tends to fade 
into the background in favor of a dynamic relati on, material-
forces.7 While a dynamic relati on between material and force 
can be seen as the core conditi on of any tectonic approach, a 
more contemporary reading of the term ‘force’ requires one 
to react to many dynamic conditi ons.

This ‘reversed design process’ can be described in three 
phases: Material Inventi on, Formal Inventi on, and Sites 
of Inventi on. Material Inventi on is the phase by which 
mixes, fabricati on techniques, and assembly methods are 
questi oned as key drivers for formal and programmati c 
innovati on. Formal Inventi on is the second phase and tests 
the potenti al and limits of the material and conceptually ti es 
the mate-rial investi gati on to a new performance, program 
or site constraint. Finally, Prototyping Inventi on is the stage 
where formal and material ideas are tested through physical 
prototypes. At this stage, a prototype may need multi ple revi-
sions to successfully achieve the desired formal outcome or 
to resolve design problems with the fabricati on techniques. 

The described projects serve to demonstrate this reversed 
design process: Rhizolith Island (fi gure 2), Pop-Up (fi gure 3), 
and Thinness (fi gure 5), all exemplify a novel formal or pro-
grammati c approach to using advanced concrete technology 
and questi on concrete as a heavy, massive material as a point 
of departure. Respecti vely, the projects either see concrete 
as not mass but a plane, not mass but a composite, and not 
mass but hollow. And it was through either the formwork, the 

mix, or the opti mizati on of sur-face that the projects demon-
strate how rethinking concrete as thin and light rather than 
heavy and massive can lead to design innovati on. 

MATERIAL INVENTION
The origin of any of the projects is a fascinati on for material 
characteristi cs that lie beyond the normati ve applicati ons 
that are typically associated with it. The technical possibiliti es 
to cast ultra-thin yet strong sheets of concrete or the capac-
ity for concrete to fl oat due to extremely low density mixes 
become points of departure for design inquiries.

With Pop-Up, the team questi oned the properti es of the 
concrete as not mass but a plane. Concrete structures are 
typically perceived as heavy, massive forms but the Pop-Up 
strategies att empt to fl ip that percepti on to create thin and 
light folded casts. The mix is poured into a fl at formwork and 
folded or ‘popped’ into a fi nal three-dimensional positi on. 
This new method uses a singular formwork comprised of thin 
planes that fold the concrete into thin and complex, geo-
metrical forms. 

The goal of APTUM was to challenge the formal potenti al of 
the varied angles while CGRD tested the ability of the mix to 
not slump or sag when rotated up to 90 degrees. The innova-
ti on in the material is the ability of CGRDs Resilia® mix to be 
thin and light enough to cast the concrete in formwork that is 
folded up aft er only a few hours of curing and create refi ned 
and geometrically sophisti cated forms with just a few folds 
of one formwork. 

In Rhizolith Island, the intenti on was to showcase contra-
dictory terms; concrete that can be strong and durable yet 
buoyant and fragile. The percepti on of concrete as a massive 
and indestructi ble material is counter to the argument of this 
next project, Rhizolith Island, where the team conceptualized 
the concrete not as homogeneous mass but as a composite 
of diff erent performati ve mixes (Figure 4). To achieve this, 
APTUM was interested in adapti ng the high strength, light-
weight concrete as a fl oati ng surface that would be strong 
enough to withstand heavy storms, similar to XBlocks or 
tetrapods8, but light enough to fl oat on water. In this phase, 

Figure 4: Pop-up technique for Rhizolith Island element comprised of a 
composite of diff erent concrete mixes in one form to make element light 
enough to fl oat. The formwork uses the ‘pop-up’ technique that folds a 
simple fl at formwork into a complex geometry (Photo by CEMEX).
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CGRD composited a new combinati on of CGRDs Pervia® and 
Resilia® concrete mixes for a composited to create a struc-
tural, protecti ve shell on the exterior and a light fl oati ng 
volume on the interior. As a goal for the team, the innova-
ti on was in creati ng a composite of two materials with vastly 
diff erent properti es, high strength together with light and 
britt le, to form a ‘third’ material type that could be used for 
new programs latent in the material properti es. 

In Thinness, the goal was to alter the percepti on of concrete 
as thick poche, and create thin and hollow elements. Thinness 
is situated within the tension of a thin veneer and a volu-
metric poche to create a novel approach to being thin and 
light through opti mizati on of the concrete surface. The team 
began with CRGs Resilia® mix with the aim to go as thin, light 
and as tall as possible without needing traditi onal steel rein-
forcement. The elements were made of only 3 meter tall and 
2 cm thick walls with only 15mm steel reinforcement fi bers 
to showcase the high strength of the material as well as the 
design of very light and thin elements. APTUM designed a 
strategy to use digital opti mizati on to thin out the surface 
with voids that puncture the surface, while CGRD designed 
a mix that could keep the structural integrity of the volume. 

FORMAL INVENTION
Once new techniques of fabricati on and systems of assem-
blies are established for a parti cular mix, the system’s formal 
possibiliti es and potenti al applicati ons are explored with the 
intent to exemplify the system’s idiosyncrati c qualiti es. In this 
phase, the capacity of architects to use design as a specula-
ti ve tool becomes a valuable asset. 

Taking advantage of concrete now as a foldable material, 
Pop-Up studied how a plane could be folded into various 
three-dimensional forms. This strategy, in turn, created an 
infi nite number of forms with varied shapes and angles from 
only one formwork. The formal innovati ons of APTUM were 
driven by a combinati on of digital models of three dimen-
sional folded geometries that provided the CGRD technicians 
geometries to test as unfolded and folded formwork. The 
benefi ts to the Pop-Up strategy was the structural integrity 
of the folded elements, and the rich architectural history of 
folded structures. The Pop-Up geometries allowed the team 
to envision applicati ons for hollow concrete vessels as well as 
verti cal and horizontal structural elements.

In this phase, the collaborati on of Rhizolith Island began with 
material that is durable yet buoyant. This led to creati ng a 
strong yet light composite structure that is designed to fl oat 
on water. The team took cues from Erwin Hauer’s modular 

Figure 5: Thinness Pavilion (Photo by Mike Campos of AerialShotz) 
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studies to investi gate repeti ti ve elements aggregati ng into 
larger surfaces. First, the team developed the program of 
the fl oati ng elements as a buoyant breakwater. Second, the 
goal was for the breakwater to perform as a fl oati ng surface 
that supported new mangrove growth in vulnerable sites 
suscepti ble to storm damage. The elements needed to fl oat 
above water to grow and protect mangrove seedlings unti l 
the roots grew to maturity. As the team developed the ele-
ments, the intenti on was for mangroves to eventually break 
the elements and moor into the seabed. This became an 
innovati ve design asset because water infrastructure is typi-
cally indestructi ble and does not allow nature to return as the 
main source of protecti on for shorelines. Since lightweight 
concrete is a weaker mixture, CGRD designed the mix to 
allow the roots of mangroves to break and grow through the 
concrete over ti me. The design innovati on is in the performa-
ti ve and programmati c hybridity of the composite of mixes 
as ‘mass’ that is both simultaneously strong and weak. The 
speculati ve design of the larger, aggregated public surface 
provides shelter for mangroves, but then provides a much 
larger shelter - the breakwater - for urban space. 

The goals of Thinness were to achieve a formally complex 
geometry that becomes a hybridic cross-vault that works both 
as a hollowed-out volume and a thin veneer. To challenge the 
mix further, a digital technique similar to ‘diff usion-limited 
aggregati on’, was used to create a dense patt ern of voids in 
the surface of the volumes. Diff erent patt erns were designed9 

to comprise a thin and visually light surface. The arc of the 
structural diagram informed the density of the digital pat-
tern to reduce stresses and ensure ideal load distributi on. 
The patt ern on the skin, with a dense distributi on of voids, 
highlights the high strength of the concrete because there is 
litt le concrete comprising the surface to maintain structural 
integrity. The collaborati on between the architects and engi-
neers generated a series of iterati ons to test the ability of the 
elements to maintain structural strength as more voids and 
shapes were altered. 

PROTOTYPING INVENTION 
The producti on of large scale prototypes was used to further 
develop the projects. When working with more normati ve 
material systems, models and drawings might be enough to 
develop a project, but this material is at the center of the 
process of design innovati on, which makes these prototypes 
indispensable. Working collaborati vely, these prototypes 
improve the projects from a formal and technical point of 
view, but more importantly they test the limits of the material 
and how to adapt it to design ambiti ons. 

In Pop-Up, the goal of the prototypes was to construct them 
as fl at planes and fold them into various confi gurati ons. The 

forms were poured with an adopti on of CGRDs Resilia® con-
crete as a thin, fl at plane. Once the consistency of the mix 
was fi xed, the elements were able to fold up to the 90-degree 
limit without the concrete slumping. Without the prototype 
phase, the design of the formwork may have been limited to 
more obtuse angles which would have resulted in far less for-
mal possibiliti es. It was only through making the prototypes 
that the team discovered how far the edges could fold up and 
off er more formal variety with one formwork.

The formal and programmati c innovati on of Rhizolith Island is 
in the asymmetrical plan and secti on of the elements to cre-
ate a formally varied surface area above water and a slender 
secti on with voids puncturing a surface for marine habitat 
below water. The challenge during the fabricati on process 
was to calibrate the composite rati o of high strength Resilia® 
exterior shells impregnated with lightweight Pervia® concrete 
to ensure the design of the asymmetrical element could fl oat. 
A hole was left  in the center of each element for more porous 
concrete, to plant and grow mangroves. To accommodate the 
asymmetrical plan, the CGRD team needed a material com-
posite that would ensure equilibrium between the top and 
bott om of the element. APTUM designed the narrow ‘fi n’ 
extending into the water to off set the asymmetry of the top. 
This was achieved through iterati ve prototypes between the 
designers and the engineers to ensure the elements would 
fl oat but could sti ll confi gure into diff erent surface patt erns. 

The development of the prototypes in Thinness derived from 
the dichotomy of using low tech and high-tech methods for 
constructi ng the formwork. The formwork is a combinati on of 
new digital fabricati on techniques with water jet cut silicone; 
alongside prehistoric techniques of ‘lost wax molds’ that are 
melted and reused aft er each pour. During this phase, there 
was extreme diffi  culty to create a consistent mix with steel 
fi bers that would easily fl ow around ti ght edges in the silicon 
formwork. Through collaborati on, the team realized in order 
to achieve the quanti ty and quality of the voids in the surface, 
the patt ern needed to change to a larger scale to accommo-
date the current 17 mm steel fi bers or maintain the scale of 
the voids and make the fi bers smaller. It was at this point, that 
the team decided it was the patt ern compositi on that super-
seded the current scale of the the fi bers. The CGRD team 
decided to use smaller fi bers in the mix to accommodate the 
lighter patt ern of voids. Without the early prototypes, the 
innovati on in the density of the voids to create a very ephem-
eral and light surface would not have been achieved. 

CONCLUSION
Material methods as a catalyst for design inventi on is both 
an experimental process of making with advanced materi-
als and fabricati on as well as an actual site of collaborati on 
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where new partnerships are fostered between designers 
and industry. The three projects were test-beds to explore 
diff erent design strategies through prototyping that con-
ti nually expand knowledge and untapped capabiliti es of the 
material. The new approach of collaborati on with industry 
reverses the design process to stretch disciplinary habits, 
from engineering to material science to design. The fl ipped 
process questi ons the normati ve protocols of materials to 
expose what is possible when producti vely combining new 
technologies with design.

Rather than exploring material innovati ons or constructi on 
techniques to fi nd the best way to construct a premeditated 
form; innovati on in material and constructi on are driven by 
design itself. As Sheila Kennedy states, “It may seem counter-
intuiti ve for a criti cal practi ce of material research to examine 
the material predicaments inherent in the culture of produc-
ti on as a source of inspirati on. But it is precisely here that 
the greatest challenges to the imaginati on lie.”10 And it is this 
challenge that provokes designers to uncover the relati onship 
between material as a medium and the methods that can lead 
to discovery of novel architectural forms and programs. As a 
methodology, partnering with industry provides architects 
the agency to bring criti cality and imaginati ve skill to the rapid 
development of new materials. 
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