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The base objective of this PCI Foundation funded
studio is two-fold. First, it’s intended to develop an
engagement with industry, as a strategy for learning
about construction technology and the precast
construction industry, in particular through the design
and fabrication of full-scale architectural components.
Second, situated as the capstone studio in the postprofessional, research-based degree, Masters of
Science in Digital and Material Technologies, it’s
poised to consider the design and production of
precast architecture as advanced building research.
Through the course and the program, the students will engage the full
breadth of resources available at Taubman College, leveraging the
power of computationally-based design and numerically-controlled
machines towards new methodologies, materials, and systems of production. The ultimate goal of the studio being the full scale production of
precast building elements aggregated into assembled prototypical and
experimental building proposals.
STUDIO OBJECTIVE
How material is given agency in a design process is a fundamental
question to our research. Our aim is to renew the interest an architect
plays in making and along with this, consider the role of material as the
matter through which architecture is generated. Within this framework,
this studio will foreground a materialist approach to design, engaging
logics of construction, fabrication, and craft with constituent connections to methods of digital design and manufacture.
Design projects will be pursued through a methodology that privileges thinking through making-fabricating designs and material /detail
investigations at working and 1:1 scales. However, the roll of 3D modeling and computer coding will not be discounted as an essential tool in
the process. Foremost is the development of a productive feedback loop
between digital designing/analyzing and physical production.
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“Design projects will be pursued through a
methodology that privileges thinking through makingfabricating...”
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A light-weight aerated concrete
and Glass Fiber Reinforced
Concrete (GFRC) - a strong thinshelled hybrid of fiberglass and
concrete.

LIGHTNESS
Seemingly antithetical to the properties of concrete we want to
speculate on the subject of lightness in both form and material. We’ll
investigate the use of Aircrete [1]. Formal lightness will be considered
through the introduction of both steel and composite reinforcing. We will
evaluate and speculate on the general tendency of concretes strength to
decrease as lightness increases.
VARIATION
Standardization in production was the hallmark of the industrial revolution. The ability to mechanically reproduce identical building components efficiently and quickly had a profound impact on how we conceive
and produce architecture, the effects of which surround us daily. Rather
than denounce mechanical production and standardization of the
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modern project and lament the loss of hand craft, we instead understand
that it is through the mechanical means of standardization that the possibilities of digital variation are born.
Variation and the non-standard are the hallmarks of the digital
age. The ability to create variation in degree and kind will not only be
an aesthetic driver in the studio, but potentially enables us to shape
projects specifically for programmatic need, structural capacity and
material properties. The numerically-controlled machines that are a
ubiquitous component of our contemporary environment, do not care if
every element we produce is the same or different, as they simply read
data—whatever data we choose to input. This opportunity for variability
will radically alter how we conceive of and produce geometry, formwork
and precast components and assemblies.
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“The ability to create variation in degree and kind
will not only be an aesthetic driver in the studio, but
potentially enables us to shape projects specifically for
programmatic need, structural capacity and material
properties.”
2

The art and science of cutting
three-dimensional solids.
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Evans, Robin,. “The Projective
Cast : Architecture and Its Three
Geometries.” Book. Cambridge,
Mass. : MIT Press, 1995. Chapter
5: Drawn Stone (pgs -179-239.)
by Robin Evans, an architecture
historian, that discusses stereotomy through the technique
of trait.
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Expanded Polystyrene foam (EPS).

STEREOTOMY
Stereotomy [2] is an ancient technique that was used to project geometrical lines on stone, for cutting into complex forms for assembly into larger
structures. In ‘Drawn Stone [3],’ Robin Evans noted that, in many ways, stereotomy was a peripheral art, being “on the edge of classicism and every
other stylistic category—baroque, rococo, neoclassical, Gothic, and
even modern.” The art of stone cutting flourished only where “definitions
blurred, where one thing began to glide off into others; where structural
theory met technical drawing, where neoclassical blended with rococo,
where mathematical geometry came into contact with architectural
composition.”
Although we are no longer relegated to the load bearing constraints of solid masonry construction and limited by techniques specific
to stereotomic projection, the historical trait of shaping space through
the volumetric carving of solid forms assembled into aggregate wholes
holds great potential when paired with contemporary means of design
and production.
Stereotomic constructions differ greatly from normative masonry
construction in which units are standardized. With Stereotomy, one
determines the profile of the cut and thus the specific form of the unit.
The technique opens up the structural, formal, spatial, and ornamental
potential of the unit in relation to the whole. In both Gothic and Baroque
periods this was exploited to great effect.
In this studio we will explore the ornamental and structural
potentials of stereotomic techniques through the use of robot-controlled
hot-wire cutting and 3 and 5 axis CNC milling of EPS foam [4] and other
mold and part materials. These materials will be used to develop
formwork for casting concrete elements for assembly. In addition,
research in the history and theory of stereotomic constructions and the
implications of the ornamental/structural dichotomy will be conducted
as a basis for formal/material design projects.
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Precise Imprecision by Ester Lo and Leon Ko 2019

TECHNIQUES
Primary to the studio will be the understanding and implementation of
fabrication techniques and production methods in the development of
the precast elements. One of the intriguing potentials of the studio is the
fact that precast touches upon a breadth of technologies and fabrication
methods.
Some of the potential trajectories for final projects are:
A
Robot-controlled hot wire, EPS foam mold development.
B
Robot bent reinforcing rod/support structures.
C
Robot printed rubber mold inserts.
D
Manual or robot placed pre-preg carbon fiber reinforcing.
E
3 axis or 5 axis mold/pattern milling.
F
Cast Rubber mold development.
G
Vacu-formed mold development.
H
Zund cut inflatable or fabric mold development.
I
Water-jet metal formwork for casting.
J
A select molding process and GFRC.
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STUDENT WORK:
VINYLOLOGY

Lucas Denit and Joon Kang
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This project explores unconventional mold-making practice while investigating potential applications of GFRC in precast concrete systems.
Our project is particularly interested in the calibration between material
properties and digital simulations of those same materials. This is an
emerging field within broader architectural practice that emphasizes
the ability to predict and control unconventional materials, particularly
those that are flexible and reconfigurable, with the goal of applying them
towards more conventional structure and enclosure systems. This is
largely enabled by advances in computational simulation, and the emergence of design packages that allow non-specialists like architects to
develop specific tools suited to their needs.
Our project develops a material system of heat-shrink vinyl, plywood frames, and sprayed GFRC. Through a series of experiments
and prototypes we have developed a level of control and prediction to
design a set of variable precast units. This paper will outline the primary
elements of the system, and explore a number of the more specific
parameters within each element, as a way to explain the behavior of the
material and the logics of the larger process.
9
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“People can't get enough shaping control from
traditional [fabric formwork] type.”
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One of six 6-axis Kuka robots in
the FABLab at Taubman College.

FUTURE WORK
We see this mold-making system as useful in both pre-cast, modular
contexts, as well as in site-cast monumental applications. Although
the vinyl surface is destroyed in the de-molding process, the boundary
frame is reusable. We sprayed all eight of our standard components
in the same boundary frame without any apparent loss of precision in
dimensional accuracy. Because the vinyl patterns are so cheap and fast
to produce, and the assembly of a new mold takes just a few minutes,
we believe that there are potential applications for a similar method
at a commercial scale. We are also eager to investigate the material’s
potential for large and more complex individual pieces. The vinyl has
a nimbleness to it, and can be configured within nearly any boundary
condition. This capacity to assume an infinite spectrum of surface forms
has exciting architectural potentials for customized, site-specific pieces,
rather than modular and serial components.
The most pressing trajectory for further development is the calibration between the material properties of the vinyl and the digital model.
Although we have developed a preliminary level of control, it remains
mainly notional. More accurate calibration would likely require a series
of laser-scanned components, which would both verify those individual
units as well as set benchmarks for future digital calibration. This is a
procedure that could be carried out at the Taubman College using the
KUKA-mounted scanner [5]. This tool generates a point cloud that can be
modeled and studied in the Rhino workspace. By comparing the built
part with the digital model, we could refine the coefficients and scaling
values within the model to improve its accuracy relative to the actual
performance of the material. A series of scans would help us tune the
system and calibrate between the material and the digital.
A second key research trajectory is a physical scaling-up of the prototypes. The vinyl behavior adjusted perceptibly even in scaling between a roughly one-foot by one-foot
prototype to a two-foot by two-foot prototype; it would surely
continue to adjust as the physical dimensions of the system
continue to increase.
This kind of testing would help reveal the potential of the
system for large, long-span shell systems. We imagine that as
the size of the mold increases, the weight of the material itself
might begin to affect the performance of the vinyl. We also
expect that at larger scales, the weight of the concrete and
the sagging of the vinyl surface would be more significant.
These behaviors would not necessarily limit the potential of
the system; rather, they would be new parameters to adjust
for in the digital model. By testing prototypes at a larger scale,
we could collect both observational and quantifiable data
about the changes in behavior and develop new controls to
simulate and anticipate these behaviors.
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Inventor of flexible formwork,
a technique used in reinforced
concrete construction. His
creation has been pivotal in the
field of architecture and construction research. West's work
aims to intersect the disciplines
of sculpture, architecture,
and structural engineering.
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The CNC Knitting Machine is
a STOLL 14 gauge v-bed
weft-knitting machine with 82"
needle bed. The machine
is used to construct textiles
by interconnection looks of yarn
in a horizontal fashion.
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PRECISE IMPRECISION:
Flexible Construction with Robotic Fabric Formwork. To a designer,
fabric can be a flexible, efficient mold. Mark West’s [6] traditional fabric
formwork produces many beautiful architecture objects. Form Found
Design uses a robot to control fabric mold and gets different iterations.
However, both the mold and the robot have disadvantages. People can’t
get enough shaping control from traditional fabric molds, where the
process requires much time to deal with deformations in how the joint
connection operates, along with geometry limitations that come from
the robotic fabric mold.
The project Precise Imprecision defines a new technique through
stack casting fabric molds through robot and human labor. The development and realization of this prototype focused on exploring the capacity
of different stitch structures and the integration of stitch lengths at a
cellular level, in order to influence the overall form and topology of the
surface. The objective was to evaluate the feasibility of CNC Knitted fabric formwork system [7] for the construction of such a large and complex
structure with constraints.
Knitted textiles offer several advantages, such as precise draping
qualities and locally customized material properties, which can seamlessly integrate openings. The system aims at using knitted fabrics with
layers of high strength glass fiber reinforced concrete to retain the form
for a structurally stable system through small-scale studies.
14
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“In architecture, textiles have been used as membranes
forming tensile structures and have proven to be
an effective formwork or reinforcement for complex
concrete geometries.”
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