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Formwork has often been defined as a temporary building element, typically neglected and rarely
interpreted by architects as anything more than a byproduct of construction. However, by
reconceptualizing its role as a permanent building component, its construction performance now can be
evaluated in parallel with its architectural function. This research reinterprets standard casting
conventions as a means of rethinking design parameters, one that considers form and formwork during
and after construction as equals in terms of architectural significance.
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Introduction

The separation of the act of construction from
the way in which we experience architecture has
resulted in a detachment from the fundamental
connection to the human act of making. At some
point, a division was created, one that drew a line
between architect as “thinker” and the builder as
“maker.” Semper suggests that the act of making
is a defining factor in architectural form and
expression, especially a material’s influence over
the process of construction. He evaluated this
based on two criteria “1.The work as a result of
the material service or use that is intended…2.
The work as a result of the material used to
produce it, as well as the tools and procedures
applied.” (Semper, 107) Here, both form and
meaning are conveyed through the understanding
of the act of making and the materials and
processes engaged with it.
Architecture, in many cases, uses the
construction industry as a catalogue of elements
(assembly required), not often construction itself
as a design resource. The research in this paper
explores the opportunities within a specific
construction process, casting, in order to use, and
in many cases misuse, traditional conventions as

architectural design parameters. The aim is to
develop a formwork system that is as integral to
the practice of architecture as it is the
construction process.
The work is now focusing on permanently
integrating formwork with form. This research
provides an alternative to the traditional approach
where formwork, in both its construction and
deconstruction, is where a majority of time and
energy are expelled. With the formwork no longer
temporary, the value of the construction process
becomes absorbed into the architecture.
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Reinterpreting Conventions

One of the most compelling aspects in working
with concrete is the necessity for the “other.” The
process of casting always requires the use of
formwork, jigs and moulds, which are often
temporary, ad hoc structures, not intended for
architectural application. These structures operate
based on efficiency, both materially and
structurally, forming a minimal boundary condition
to resist the unstable forces of wet concrete.
Traditionally, contained within this boundary are
other systems, i.e. form ties, internal reinforcing
and form liners, which simultaneously provide
both form and structure. With a permanent
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formwork system, these elements play a more
essential role in the design process, and as such
each can become evaluated as part of the
architectural condition. Making their presence
evident allows them to be revealed for their
function as spatial and structural elements, with
form emerging as a result of the process and
material/structural interactions by which it was
created.
Concrete is by nature impressionable, so the
process from which it is created has a direct
impact on its form and perception. Whether it is
the grain of wood imbedded into the surface of
concrete, or apparent softness created from fabric
formwork, each creates a visual association with
the process of construction. Fiona McLachlan
explains in Fabric Formwork, “Its most natural
expression, as a product of a process, is part of
its appeal.”(McLachlan 37) The natural plasticity
of concrete becomes a vehicle by which process
is captured in form.

system that balances flexibility with sufficient
rigidity to be self-structuring. This flexibility can be
adapted to generate complex forms and reduce
excess material, making each cast specific in
terms of structural efficiency (similar to mass
customization); techniques which traditional
formwork cannot satisfy. Figure 1 shows the Flex
Form system which uses individual linear
elements that connect both with a hinge and
attach directly to the fabric form liner. This
system enables the concrete to dictate the form
based on its stiffness. The fabric, acting itself as
both a hinge and a form liner allows the concrete
to release excess water, strengthening the final
cast. The formwork reattaches itself by utilizing
the imbedded form ties cast into the concrete.

That is perhaps one of the most captivating
aspects of concrete, its ability to tell a tale. Yet,
we only seem to have half of the story with
concrete. We see the affect one material had on
the concrete, but what about the affect the
concrete had on it? Did the wood swell or shrink,
the fabric tear or stretch? And if these materials
are to remain permanent, how do we harness that
energy in specific and intentional ways?
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Deconstructing the Duality

Flexibility is often interpreted as a material’s
physical ability to be adaptable, to exist in multiple
conditions. An objective of this research is to
develop a formwork system that not only remains
a part of the architecture, but that also takes
advantage of the temporary plasticity of concrete.
For instance, formwork such as fabric could
remain imbedded in the concrete, adding tensile
strength and utilizing the weight and wetness of
the concrete to absorb the fabric. Concrete not
only has the ability to receive form, but it can also
generate form by the force of its own weight and
heat.
This requires establishing a formwork

Figure 1: Flex Form system
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Flexibility is not only required in terms of physical
adaptability, but also in terms of design
adaptability. The designer is confronted by two
opposing architectural possibilities: one being the
traditional formal/functional exploration and the
other the choreography of making. The methods
of construction become as much a spatiovolumetric exploration, as a material one. Figure
2 (suspension installation), illustrates how
formwork, including elements like form ties and
reinforcing can begin to take on a formal
presence. The suspended system integrates
itself in the space, using the existing context and
methods of production to specify form.

Figure 3: Bulge Wall by Mark West

Figure 4: Endless House By Frederick Kiesler
Figure 2: Mock up of the formwork for suspension
installation
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Current Research

The research has been an empirical
investigation, creating and exploring casting
systems as well as challenging traditional
conventions. In all cases, the formwork remains a
part of the cast, although each in a unique way
enabled by the individual process by means of
which it was created.
The preliminary investigations began by exploring
two architectural projects that where formally
driven by unique casting circumstances, the
Bulge Wall by Mark West (Figure 3) and the
Endless House by Frederick Kiesler (Figure 4).
Each presented the opportunity to explore casting
in an a-typical manner. These projects were used
to initially determine the formal and structural
strategies for casting.

The Bulge Wall, while utilizing an unconventional
use of a fabric form liner, challenged the role of a
form tie, whereas the Endless House internalized
the notion of formwork and structure. Each series
of models I have produced illustrates formal
relationships dictated by explicit material
manipulation. By exploring formwork and form
under these altered conditions, standard
conventions are rethought, forming new
architectonic relationships.
This produces a more active engagement
between design intent and material limitations.
The process, by default, helps the architect in
assuming the role of both “thinker” and “maker,”
relinquishing a certain amount of formal control to
the materials and process, while deconstructing
the relationship between cast and mould. All
models produced in the initial investigations are
18” wide 18” tall, all measuring approximately 1”
in depth. This allows all models to be compared
and analyzed collectively.
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Series 1

The Bulge Wall by Mark West and CAST
(CAST, 2006) serves as the preliminary
inspiration for the first series. “This technology
recombines ordinary materials, tools and
techniques that are standard in contemporary
cast-in-place
concrete
construction…taking
advantage of the flexibility of the fabric liner within
the rigid limits set by the plywood wall
forms.”(CAST, 2007) The misuse of fabric liners
and form ties set the stage for this investigation.

Figure 5: Wooden forms with fabric liner

5-1 Bulge Wall Revisited
The first model in this series explores the
process of the Bulge Wall, in order to determine
both the structural and material responses
created under these casting conditions. Unlike
the Bulge Wall, the form liner in this case is sewn
directly to the wooden forms (Figure 5), making
use of a flexible connection. The form ties in this
system are wooden blocks (Figure 6), located in
conjunction with the openings in the wooden
exterior panels, fastened together with a sewn
connection. The ties (wooden blocks) resist the
forces of the added pressure placed on the forms
as a result of the openings, where the fabric acts
as the primary boundary condition.
The bulges created lateral stiffness, acting as a
buttressing system, reinforcing the plane of the
wall (Figure 7). Strength is also achieved from the
fabric form liner, which releases excess water
during the hydration of the concrete, producing a
more efficient water/cement ratio (West 2005).
The sewn connection allowed the formwork to
expand and contract during curing, with figures 6
and 8 showing this elastic condition and the fabric
moving outside of the initial boundary set by the
wooden forms. The irregular openings in the
wooden forms however placed uneven stresses
on the wood forms, deforming them to the point
where reusability was not an option, which
became a clear disadvantage. The system did
prove however to handle the use of the sewn
connection in a positive way, which is further
investigated in following studies.

Figure 6: Exposed sew pattern on wood form

Figure 7: Final cast with voids/ bulges

Figure 8: Void intersecting bulge
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5-2 Knot Work
Knot Work began by expanding upon the
principles of the Bulge Wall Revisited and
addressing moments of tension that were created.
The bulges were moved to the perimeter of the
wood forms (1/2” plywood), resolving the edge
condition and allowing the integrity of the forms to
remain uncompromised by internal openings.
Knot Work explores the flexibility of the sewn
connection detail as an opportunity to reconnect
the wooden forms. Cables now act as form ties,
using a knot connection around a metal rod,
which enables the rod to be slipped out, releasing
the wooden forms (Figure 9). The initial system
had no rigid support to stand the formwork up, so
the pressure of the wet concrete is used to
rigidize the system. The extra slack in the cable is
eventually used to reconnect the wooden forms,
perpendicular to their original axis (Figure 10).
The rods maintained an even pressure on the
wooden forms, restraining any torque from the
system. The flexibility of the cables allowed each
material to react independently, both expanding
and contracting at different rates, uninhibited by
other materials or rigid connections. The length
of each cable was specific to the relocation of the
wooden forms. Each form was reconnected with
two rows on the top and also tied on the
underside to create a balance of tensile forces on
the wood. The bottom spread of the lateral bulges
(Figure 11) also provides enough surface area to
act as a support structure, stabilizing the wall.
This system enables a specific method for
reattachment, incorporating the form tie as a tool
for generating space post construction. Another
advantage of this system is the reduction in time
for disassembling the formwork to expose the
cast.
This process also doubles as a
reattachment system for perpendicular surfaces,
gaining extra work surfaces or occupiable space.
One disadvantage of this system is the limited
use of the bulge to create more of an impact
throughout the form. The use of a solid planar
element as primary formwork reduces the
possible effect that these bulges could have.

Figure 9: Water released during curing

Figure 10: Cable form tie for reconnection

Figure 11: Metal rods fastening cable to cast
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5-3 Form Attraction
The objective of Form Attraction was inspired
by the previous reduction in the rigidity of the form
tie. In this investigation, a magnetic form tie
system is used, denying any physical connection.
Magnetic cubes are imbedded into the wooden
forms and when combined with the magnetic rods
spacing the forms apart, create a visually
untraceable connection (Figure 12,13). The initial
planes of the wooden forms are reduced to an
open grid, allowing the form liner and concrete to
expand beyond them. This allows the concrete to
form around the wood, anchoring it to the cast.
As the concrete cures and shrinks, the wooden
forms are released by pulling the imbedded
magnets away from the cast-in rods. A double
pour was experimented with in order to test the
strength of magnetism in the rods imbedded into
the concrete (Figure 14).
The magnetic cubes imbedded into the formwork
had to be placed within the chords of the grid, as
previous trials where the magnet was within the
joint failed by the splitting the wood, due to the
strength of the magnets.
The reinforcement
(threaded rod held in place by the force of the
magnets) was extended in the direction of the
second cast in order to distribute the load of the
cantilevered concrete. The magnetic rods did not
lose any strength when cast into the concrete and
provided a strong connection for reattachment for
the formwork. The bulges of the concrete when
cured provide a track for the reattachment of the
wooden forms, creating a more dynamic
relationship between the functions of the concrete
when wet as compared to its function fully cured.
This process begins to break down the formwork
into a point-based system, contradictory to the
conventional planar system.

Figure 12: Magnetic form ties imbedded in forms.

Figure 13: Sewn fabric liner / magnetic cross ties.

One advantage of this system is the ease of
attachment and reattachment of formwork in
virtually any position. However, the imbedded
rods would provide a thermal bridge between the
two sides of the cast, becoming problematic in
some instances.
Figure 14: Cast/ formwork magnetically attached
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5-4 Flex Form
Flex Form explores using the plasticity of
concrete to generate form, no longer solely
relying on formwork. Flexible connections are
used to allow formwork to morph under the
pressure of the wet concrete. This required the
formwork to have a significant flexibility with out
compromising its structural integrity. The wood
forms were broken down into linear elements,
incorporating joints into the surface planes,
increasing flexibility (Figure 15). The connections
are created using tension cables, running
internally between the overlapping wooden
elements.
The formwork becomes restricted
under two separate systems. The form liner
restricts the movement based on the how taught
the fabric is sewn to the forms. Concurrently, form
ties act to constrain the system by pulling the
formwork together, resisting the outward force of
the concrete.
A pin system acts as a
formwork/form tie connection, which makes
removal and reattachment of the formwork
effortless, requiring no hard connection.

Figure 15: Wooden forms (overlapping joint).

Figure 16: Cast and reattached forms.

In the initial studies, linear elements were oriented
in the vertical direction, which caused the system
to buckle under the pressure of the concrete. By
stacking them horizontally, the joints become
vertical, transferring the loads directly to the
ground. The flexibility of the joints allowed the
form to bend, stiffening the plane of the cast
(Figure 16). As water was released and the
concrete continued to settle during the curing
process, the form continually shifted. By creating
a formwork that forms with the concrete, a more
dynamic exchange between materials occurs.
Material properties play an integral part in this
system, dictating the degree to which each will
inform the other.
One dilemma posed by this system is the location
and material of reinforcement. One potential is
FRP (fiberglass reinforced polymer) rebar,
running it through the center of the wooden form
ties. This would locate the flexible reinforcement
in conjunction with the movement of the form.

Figure 17: Cast and form (material transition).
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Series 2

The second series of explorations are based
on Frederick Kiesler’s proposal for the Endless
House, specifically the unusual placement of
formwork. The displacement from the exterior to
the interior provided the opportunity to integrate
formwork with form, not as a reattachment like in
previous studies, but as a fusion of materials.
This also begins to bring in the fabric liner as a
permanent element, unlike previous tests.

6-1 Absorption
By placing the formwork on the interior, the
issue of how to contain the wet concrete is
addressed.
Unlike Kiesler’s application, this
process uses a fiberglass mesh as an exterior
skin. The ambition was to use the open weave of
the mesh to allow the concrete to permeate the
fabric, imbedding it into the cast. What was once
a form liner now begins to add structural integrity
to the concrete, using the fabric to compensate
for concretes inability to perform under tensile
forces. Sewn directly to an inner scaffolding (3”
wooden grid) system is a dethreaded (66% initial
thread count) layer of fiberglass mesh, which acts
as internal reinforcement (Figure 19). The end
result is a three layer woven system: wooden
open grid scaffolding (internal), dethreaded
fiberglass mesh (internal) and an outer layer of
fiberglass mesh standard threaded (surface).
Absorption did occur, but only with a superficial
connection as the fabric was still distinguishable
from the concrete (Figure 21). The outer layer of
mesh proved to be to woven to tightly to allow
concrete to filter through and be fully absorbed. A
bonding agent was also used in this study, which
was added to the concrete and resulted in a very
strong connection between the concrete and
fabric.
After this study, multiple investigations were
conducted to determine the appropriate fabric for
absorption and strength. A fusible fabric was
determined to be the best solution, absorbing into
and stiffening with the concrete.

Figure 18: Internal formwork

Figure 19: Dethreaded reinforcement / scaffolding

Figure 20: Exterior formwork / form ties

Figure 21: Cured concrete texture
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6-2 Suspension
The ambition of this investigation is to reduce
the non-essential elements from the casting
process by diversifying other conventions. In
developing a strategy for eliminating the
scaffolding, the internal reinforcing became an
opportunity to perform another role.
Rigid
reinforcement is reconceived as a suspended
cable system, also serving as a structure to hang
the fabric mesh (Figure 22). A fusible fabric is
used together with a bonding agent, which allows
the concrete to filter through and attach. In this
study, the fabric was soaked in a bonding agent
and it was additionally added to the concrete mix,
enhancing the chemical bond between the fabric
mesh and concrete. Hydraulic cement was used
because as it cures, it doesn’t shrink like typical
concrete mixtures, aiding in the absorption of the
fabric mesh.
The use for a constructed jig became
unnecessary, with a doorway now serving as a
supporting structure; the casting process now
becoming a parasite on an existing environment.
During casting, different concrete mixtures were
used to enable the absorption of the fabric. The
initial pours were a light (higher slump) mixture,
with each succeeding pour a thicker (low slump)
consistency. The heavier mixtures displace the
lighter ones, the pressure of which pushes the
concrete out through the fabric mesh (Figure 23).
With the inability to touch the surface to vibrate
the concrete, the internal reinforcing (suspended
cables) was used to shake the cast, releasing
water and compacting the concrete. The
formwork appears to vanish into the wet concrete,
a seemingly invisible boundary now containing
the wet concrete.
The suspended cables act similar to pretensioned concrete, however in this case using
the weight of the concrete to determine the
tension placed on the cable. Gravity begins to
impact the form, however, it is not doing anything
for increasing structure, other than tensioning
cables. Gaudi’s chain tests begin to present a
possible inspiration for the next test.

Figure 22: Suspended fabric in doorframe.

Figure 23: Wet concrete filtering though fabric.

Figure 24:Cured cast, suspended in space

Figure 25: Cured concrete texture
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6-3 Horizontal Tension
The previous models use of suspension and
gravity (concrete displacement) inspired further
investigation, which aimed to combine these
techniques as a structural strategy. By reorienting
the
reinforcement
(pre-tensioned
cables)
horizontally, the form deflects into an arch,
working with the forces of gravity instead of
resisting them, producing a purely compressive
structure. The pour location becomes a
challenging task however, due to the angle and
flexible nature of the mould. To counteract this,
multiple pour locations are introduced so that the
pressure of the concrete can build from the center
outward (Figure 26).
Thread seals (washers) are used, similar to the
previous study, although in this case the two
sides of the formwork are fastened directly
together at the seals. As water was released
during casting and curing, gravity did not filter
water out directly from out the bottom, which was
expected. Instead, the concrete settled and water
was released out the top, draining through the
seals (Figure 28).
The concrete absorbed the fabric by the same
process of bonding agents and vibration as the
previous investigation. However, the texture of the
concrete appeared much different due to the way
the water was released and the fabric was
absorbed by the concrete; a smoother concrete
surface replacing the rough, rippled texture of the
preceding model. Each convention in this
investigation performs a variety of different
functions, demanding more dynamic integration of
systems. Form here, emerges as a result of
decisions made as a response to enhancing
structural and material efficiencies.
The effects of gravity can be most notably read in
this investigation as compared to the previous.
Not only in form, but in the texture and casting
process as well.

Figure 26: Formwork before suspension.

Figure 27: Freshly cast concrete, induced arch.

Figure 28: Water being released and drained.

Figure 29: Inverted cast, catenary arch.
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Preliminary Research Conclusion

These initial investigations have lead to
promising results, providing flexibility in both the
production and design processes. Each of the
outlined approaches proposes specific methods
for reinterpreting the function of casting
conventions, challenging the limited scope that
architects have placed on the value of making.
The constraints of each investigation were
precisely controlled to offer an accurate
comparison of the result each system produced.
Of particular interest to this research was the
effect that standard casting conventions could
have when performing alternative functions,
ultimately increasing the efficiency of the
collective system. The results have produced
casting techniques that can achieve more
flexibility in form and function, while eliminating
waste and exercising a higher degree of material
performance.
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The proposal uses a single silo with a sloped
ceiling condition containing five vertical openings.
One restriction set by the owner was the inability
to penetrate the existing concrete in any way.
This became a design incentive, using the
existing vertical and horizontal openings as
potential suspension points for the formwork.
The installation utilizes the existing openings as
pull points, both forming and suspending the
entire formwork system. The suspension cables,
in conjunction with the cast, work to develop a
new circulation path, as well as to create multiple
inhabitable zones. The installation becomes one
with the existing structure, both contradicting it as
well as directly communication with it. Figures 2
and 31 show a quarter scale mock up of the
installation, which physically investigates the
systems’ response to the actual site conditions
and effects of gravity.

Moving Forward

The next phase of this research is to think in
terms of full-scale conditions, forcing the process
to confront context, circulation and one-to-one
connections. The opportunity presented itself to
utilize one of Buffalo’s most historic sites, the
Grain Elevators (Figure 30). The installation
addresses similar issues as found in the
suspension series, inspired by its possible
relationship to a specific site.

Figure 30: Existing site condition (Marine A)

Figure 11: Casting mock up proposed form
The formwork uses a fusible fabric (absorbed into
the concrete and adding tensile strength), with
resin connections adhering the different layers of
fabric together. The resin allows for the fabric to
never be perforated (preventing ripping),
maintaining its integrity as well as adding strategic
rigidity to the system.
Around each resin
connection is a bead of silicone, which provides a
flexible transition between the fabric and the
resin. In this system as well, the suspension
cables act as form ties, anchors to the site, as pre
tensioned reinforcement. Every element in the
system adds to the structural integrity as well as
the formal presence of the installation.
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This proposal can be read as a mapping system
on multiple levels. It begins by mapping past
movement, using it to dictate its initial form. The
construction process as well as the final cast can
then be read as a map of forces, a direct display
of tension and compression, which dictates its
formal attributes and structural strategy. Gravity
is both literally and figuratively felt when
constructing and occupying the space.
This process uses any existing context as a
casting machine; it can be as simple as two trees
or as complex as a super structure. Its flexibility
allows for it to be vertical or horizontal, all
depending on the locations of cables and pull
points. The result captures the essence of the
context at a particular moment, both resisting and
utilizing gravity to construct form and structure.
The nature of this process forces a somewhat
secondary role for the architect to play in terms of
design. It dictates its own form, depending on the
sequence of pour locations, weather conditions,
pull locations, etc.. The entire process becomes
about pushing every material and connection to
its limit, which increases their efficiency while also
allowing them to more significantly impact
performance.

Figure 32: Full-Scale formwork under production
The final installation is currently under production
(Figure 32 showing the preliminary layout for the
fabric); the opening is set for April 27th 2012.
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