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The calculation of stresses can only serve to
check and to correct the sizes of structural
members as conceived and proposed by the
intuition of the designer. The work itself is
never born from calculation.1
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from another, buckling may be simulated, thus
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Fig1: Portal Frame in Unloaded and Loaded
Condition

The design criteria for the TOIS project was
that the resulting educational models had to

The

depict a specific structural condition or system

employed in the fabrication of the TOIS has

and accurately represent the nature of the

been a vital piece in the overall evolution and

material typical for that system, in a scale

success of this project.
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detail-control
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development of a functioning pin joint.

a specific building material (steel, concrete,
wood).

The current list of materials includes

acetal, acrylic, silicone, and spandex.
Before we were totally adept at utilizing the
fabrication technology in this application, we
had experimented with the use of purchased
mechanical fasteners to simulate pin and roller
connections.

All of

these materials have proven to be easily
manipulated utilizing the laser cutter, and are
uniquely

capable

of

accurately

simulating

large-scale structural behavior.
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is relatively strong but extremely brittle. When
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had set forth.
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The result was a horizontal

the

behavior

of

a

simple

frame
This

member attached to two vertical members by

resistance to such strains.

links whose widths measured merely 8/256 of

nature of acrylic was a perfect analog for
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This success granted us our first

as

it

vividly

The non-ductile

demonstrated

how

sense of accomplishment, proof of our initial

concrete frames could fail without warning.

concept, and evidence that the methods at

This demonstration of the loading of a concrete

hand would be capable of creating the tools for

frame was always with the intent of illustrating
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the potential for collapse through the fracturing

striving to explain.
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were intended for a single use only.
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Our

illustrate the system. What was needed were

use of acetal in the production of the steel

two braces that were free to rotate in response

structural

to loading independent of one another.

models

opened

a

new

of

We

possibilities

and

additional

realized that we needed a modeling material

investigations.

Its material response is ideal

that could portray the behavior of a pair of

for the fabrication process and has, through

independent cables or tie-rods at the given

intense and repeated detailing shown great

scale;

results

in

buckling under compression and elongating

compression. It has been an ideal material for

under a load reversal from compression to

the

tension. At this stage of the project we began
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set

replicating
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set

due

to
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thicknesses.

allows the steel series of models to be used
repeatedly without replacement or permanent
deformation.

The next challenge in the series of steel
models was to find an accurate method to
model the behavior of tension-only X-bracing
members

without

fasteners

or

the

adhesives.

use

of

While

mechanical
acetal

was

incredibly successful in the demonstration of
the buckling of slender steel members under
compressive
prevented

loads,
its

applications.

its

further

inability
use

to
for

stretch
tension

Under the influence of a lateral

load one member of the X-bracing goes into
tension while the other goes into compression.
Acetal performed well in compression but
caused the other members in the frame to
buckle because of its refusal to elongate, and
thus returned an inaccurate illustration of the
system.

In addition, fabricating this form of

bracing was not possible utilizing only one
layer of material because no matter how thin
the link between the braces bacame, they were
still rigidly connected and again did not truly

Fig2: Braced frame studies

of

of

experimenting

even

sheets

be

elasticity and low material memory, which
it,

with

must

silicone,
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Through

extensive

experimentation

with

In excess of three hundred TOIS later, we are

silicone and attachment detailing the X-Brace

currently

configuration, composed of two separate 1/16”

demonstrate

silicone members tightly-fit into a 1/8” acetal

diaphragms (such as plywood) to lateral loads.

frame, became the optimum illustration for the

This necessitates the introduction of spandex

structural

to our material palette to simulate the way in

forces

experimentation

at
with

work.

Further

the

a

system

response

that
of

will

flexible

and

which the diaphragm absorbs the deformation

detailing yielded a system that would remain

itself. When we attempted to represent a rigid

taut and fixed within the frame.

diaphragm it became apparent that the TOIS

Fig3: Array of early studies

pre-tensioning

designing
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system would have to be reconfigured. To this

digital fabrication lab it is certainly provocative.

point all of the TOIS we have produced are

This mass customization has become an area

two-dimensional but to successfully illustrate a
rigid diaphragm a three-dimensional model is
essential.

In contemplating the next generation of TOIS
we realized that we must now move from the
exclusive use of an over-head projector, to
include the use of a document camera.

The

former method of projection works fine for
two-dimensional objects but loses clarity in
three-dimensions.

The

irony

of

these

technologically fabricated models being viewed
by means of the antiquated, but tried and true
over-head projector, has not escaped us.
Fig 5: Chevron bracing schemes

of interest in the machine’s ability to create
masses of customized, “one-off” products that
are

uniquely

articulated

and

structurally

responsive. Digital technology has allowed us
infinite opportunities to experiment and to
“tweak” our models without the prohibitive
time
Fig4: Presentation of T.O.I.S model on overhead
projector

commitment

that

would

have

been

necessary, if these models had even been
possible, through manual means.

We have been busily playing with our TOIS for
over a year now and have not yet reached the

So, as is so often the case, “one thing leads to

end of the system’s potential. Throughout the

another”, and so continues the quest to find a

project we have experienced the meaning of

better mousetrap, or in this case, a better way

mass

to explain structural principles to architecture

customization

first

hand.

Mass

production within this study has never been

students.

our objective, but through the use of our
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