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ABSTRACT

This thesis is an exploration in deployable architecture,
focusing on long span structural design. The applica-
tion for the design will be a summer theatre for the Hali-
fax Commons. The deployment of the structure will be
for a fve month duration, therefore important design
considerations will be durability, waterproof ng, as well
as assembly, disassembly and storage.
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CHAPTER 1: INTRODUCTION

Thesis Question

How might an architecture of impermanence facilitate
a cyclical pattern of seasonal activities on the Halifax
Commons?

Deployable Architecture

Our present task is to unfreeze architecture, to make
it a fuid, vibrating, changeable backdrop for the var-
ied and constantly changing modes of life. An ex-
panding, contracting, pulsating, changing architec-
ture would ref ect life as it is today and therefore be
part of it (Fox 2009, 27).
Deployable architecture is a system that allows for the
deconstruction and reconstruction of a load bearing
structure and affords impermanence to place. Deploy-
able architecture has its roots in nomadic dwellings;
structures that were designed to be lightweight and
durable as well as collapsible and compact for easy
transportation. Pragmatism was a main driver for de-

velopment (Fox 2007, 48).

Designs are developed and constructed with an immin-
ent disassembly in mind. The consideration of the life
cycle is important when making decisions concerning
programmatic and building demands such as lighting,
thermal performance, acoustics and waterproof ng. In-
novation within this f eld is largely driven by the mech-
anics of assembly and disassembly to increase the
time and eff ciency of deployment (Fox 2007, 31).

This thesis will investigate the construction challenges
and precedents of deployable geometries as an im-
permanent architectural response to an environment
with a continually shifting pattern of use, but will con-
sider the phenomenological aesthetics of geometrical
transformation as an event itself outside of the prag-



matics of functional deployment and use.

Dynamically Self Erecting Structures

William Zuk, author of Kinetic Architecture, proposes
that there are two types of dynamically self erecting
processes, pneumatic erection and articulated erec-
tion, this thesis will consider the latter. In articulated
erection there is a stable base or core to which an ex-
pandable number of rigid elements are attached. To
be automatic these expandable elements must also
be linked by pins, pulleys, slides, cables etc., so that
through the introduction of an energy source, a turn of
a crank, pull of a cord, the entire assemblage under-
goes its predetermined transformation (Zuk 1970, 51).

The Hoberman expanding geodesic dome is an ex-
ample of a self erecting structure. Developed by invent-
or and architect Chuck Hoberman, the dome expands
from 4.5 feet (1.37 meters) to 18 feet (5.48 meters).
The structure achieves expansion by a pulley system
at the base of the dome and increases in size from
the enlargement of the hexagons and pentagons in the
geometry of the dome. Its shape, connectivity and sta-
bility remain the same throughout the transformation
and the structure reverts to its compact size through a
reversal of the erection process (Baldwin 1996, 149).

A sequential image of the erection Hoberman’s expanding geodesic dome, 1991 (Hober-
man Associates 2012).



Movement

Within human culture there has always been an inter-
est and appreciation for the study of motion, one that
lies in the interpretation of complexity derived from
simplicity, from E.J. Marey’s chronophotographic stud-
ies to Duchamp’s Nude Descending a Staircase” (Fox
2009, 30). Within the feld of architecture the historic
advancement of kinetics has been one that is based in
pragmatic innovation. However, the study and imple-
mentation of motion speak to both the pragmatics of
optimizing solutions for building performance as well
as an aesthetic phenomenology (Fox 2009, 30).

One of the architects on the forefront of kinematics is
Chuck Hoberman, whose work explores transformable
geometries that def ne space and structure. He sug-
gests that:

There is a psychological association between trans-
formation and life, which everyone perceives at an
emotional level. When one sees the special behav-
iour of transformation, one feel’s it in one’s body-
perhaps a physiological connection, because there
is a sensation, a physical sensation and a mental
and perceptual sensation (Fox 2009, 31).

E.J. Marey’s geometric chronophotographic study of the man in the black suit, 1883

(UC Berkeley 2012).
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As described by Hoberman, dynamic components that
allow for a physical transformation in structure, skin or
volume can provide both an innovative solution to a
pragmatic problem such as mobility and adaptability
but can also transcend pragmatism in design of their

movement to provide an aesthetic phenomenological
experience of transformation.

many and illustrates the event of deployment (Hoberman Associates 2012).

Reuben Margolin’s kinetic wave sculptures illicit a hypnotic memorization of the complex-
ity of movement derived from the multiplication of a simple mechanism (Bruyn 2012).



Atomism and Structure

The methodology of this thesis will be to investigate
kinetic building blocks; base units that can undergo a
geometric transformation. The arrangement and rep-
etition of these units will form the pattern of the overall
structure.

Robert Le Ricolais describes the search for structure
as two opposing attitudes: “One is to start with a block
and work by means of excisions, the other is to start
with a germinal cell in order to arrive at the def nitive
form by means of addition, as in some arrangement of
repetitive elements” (Bryan 1973, 31).

Lancelot L. Whyte describes the latter as atomism,
which he defnes as a “reduction of complex data to
f nite numbers of f xed unit factors. They are the ultim-
ate material units that have no internal structure which
can undergo change” (Whyte 1965, 20). These indi-
vidual units constitute the patterning of the whole, or
structure. He argues that there cannot be an under-
standing of the whole without an understanding of the
interactions of the individual components.

Whyte continues by def ning structure as “an arrange-
ment, def nite or changing, of these localized parts,
such as patterns or points.” He argues that structure
is the antithesis of matter, that structure is a system of
relations, and that within the changing pattern of those
relations are discreet points obeying atomic law (Why-
te 1965, 21). This def nition of structure is similar to the
writings of Buckminster Fuller who does not describe
structure as a solid or object, but as a process; “a pat-
tern of energy events” (Fuller 1965, 66). The union of
atomism and structure comprise form.



Precedents

Another example of the work of Chuck Hoberman is a
temporary performance stage curtain called the Hober-
man Arch. The arch is an expanding and contracting
stage curtain that was designed and created for the
2002 Olympic Winter Games in Salt Lake City, Utah.
Hoberman’s frm created a 72’ (22m) wide mechanical
curtain for the opening and closing events at the games.
The arch is a retractable semi-circular iris structure, 36’
(11m) in radius, and when fully opened the stack can
compact to a 5.9’ (1.8m) band. The arch is constructed
from sand-blasted aluminum and 96 translucent, f bre
reinforced panels. The curtain was operated by two
30HP electric motors controlling tension cables that
both opened the structure and supported its weight.
More than 500 computer controlled lights were inte-
grated into the curtain’s opening and closing action so
that its appearance could be dramatically altered as it
moved (Kronenburg 2007, 154).

This design is based on the concept of kinetic building
blocks that connect to make a network that transfers
force, which is converted into motion. The critical fac-
tor in this assembly is how to maintain stability, some-
thing that Hoberman def nes as a process rather than
a state. His frm resolved this challenge by restricting
def ections in the structure’s components (Kronenburg
2007, 153).

Opening sequence of the Hoberman Arch. The deployment is accomplished by the arch
acting as a stable base that the kinetic units are attached (CrossLab Yuki Blog 2012).



Sequence of the Hoberman Arch during the opening of the 2002 Winter Olympic Games
(Poucke 2012).

- ' Ill
® | Al

Section showing the placement of the motors used to control the opening of the curtain
(Schumacher 2010).

Another example is a design by Emilio Perez Pinero
created in 1961 as a self-erecting mobile theatre. The
entire structure is capable of being launched from a
tower attached to the back of a truck. This control tow-
er supports a dome constructed of a three dimensional
lattice geometry. During erection the bundles unfold,
forming the domed shaped roof. Pinero also experi-
mented with a membrane that would be integrated with
the structure to further simply the construction process
(Zuk 1970, 50).



Working study model for a traveling deployable theatre
(Emilio Perez Pinero Foundation 2012).

Studies in Collapsible Geometry

The initial studies were created from paper folded ori-
gami used to understand the base cell of collapsible
design and their accompanying archetype patterns.
The base cell of a triangle that undergoes a geomet-
ric transformation was extracted from this study and
turned into a three dimensional unit to become the ger-
minating cell for a double layer grid structure.
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This image was taken after the tension wires were pulled tight to show the curva-

ture.
AN S
XN/

AR
e

o\

/N

This image is a closer detail showing the repeating strut pattern, as well as the
sketch model connection detail.
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CHAPTER 2: DESIGN

Application Context
Site

In 2011 a permanent 400 metre speed skating oval
was constructed on the southeast corner of the North
Common after the success of a temporary oval that
was constructed in the same location for the Can-
ada Games the previous winter. The Emera Oval has
become a popular social gathering space during the
winter months, hosting 3500-5000 public skating par-
ticipants each day. The Oval is free and open to the
public from December to March, 7 days a week and
offers skate rentals to the public free of charge. (Halifax
Regional Municipality 2012)

The program for the Oval during the winter months in-
cludes public skating, skating lessons, speed skating
clinics, competitions as well as winter festivals. (Halifax
Regional Municipality 2012)

Permanent facilities for the Oval include six refrigera-
tion units to artif cially freeze the ice during the more
temperate winter months in Halifax. As well, a mainten-
ance and power building is located directly adjacent to
the units.

The Oval has seasonal structures to facilitate the in-
f ux of winter program. Three temporary site trailers to
house the skate rental facilities, staff off ces and a staff
breakroom are located on the southern side of the Oval.
A mobile stage for music festivals is trucked in during
the winter months. Benches and space heaters also
line the southern edge of the Oval where participants
can change footwear, sit and socialize as well as grab
food from one of the on site food vendors. Portable
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toilets and the Zamboni storage shed are temporary
facilities set up for the winter months. After the month
of March all of these facilities are removed from the site
and all that remains is the concrete pad of the Oval.

Site Analysis/Existing Conditions

Outlined in this section are the current site conditions
of the Oval, showing the programmatic occupation of
the site throughout the year. The analysis shows a lack
of programmatic use during the summer months (May-
October). This thesis will address the inf ux of seasonal
use with a temporary theatre that will consist of both

permanent and impermanent elements.

Southwest aerial view of the North Common, 1969. Outli i the area currently occupied
by the Emera Oval (Oostveen 2011).
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Final Design Work

Program

To facilitate the use of the Oval throughout the year as
a gathering space this thesis proposes a program of a
200 person theatre located on the east side of the Oval
that is capable of hosting a variety of festival events
from May - October. The theatre will be comprised of
two parts: a temporary deployable canopy and perma-
nent seating and facilities for the Oval.

The theatre will become a venue for traveling festivals,
as well local talent that otherwise do not have the facili-
ties to hold outdoor public performances. The seating
of the theatre will become a permanent place-making
insertion on the North Common, and will function as
an amphitheatre for traveling festivals during the sum-
mer months and transition into stadium seating for the
Oval during the winter months. The main challenge of
the seating will be to study the views of the audience
towards the stage as well as towards the Oval.

The support facilities for the theatre that require en-
closure include administration off ces, a ticket booth,
dressing rooms, a green room and storage. The sup-
port program for the theatre will also be permanent,
but will be designed so that in the winter months these
spaces might transition in programmatic use to support
facilities for the Oval. The support spaces for the winter
months include equipment rentals, staff off ces, a staff
breakroom, and a storage and maintenance space.

The theatre enclosure will be a deployable long span
structure that will be erected for a duration of fve
months, therefore important design considerations will
be durability, waterproof ng, as well as assembly, dis-
assembly and storage.
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The placement of the structure on the east side of the
Oval was optimal because of the direct connection to
the downtown area as well as the existing site being
the maintenance entrance, which is ideal for the truck-

ing in of infrastructure to deploy the canopy.

N R ST

Massing model showing both the North and Central Commons with
the location of the permanent theatre elements.

A closer image of the massing model showing the east side of the
Oval and the surrounding area.
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The m“ateri-ality of the model differentiates betwéen permanent and impermanent strUAb:
ture.
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1. Lightweight deployable dome constructed from aluminum pipe and tension
cables with a fabric membrane.

W\%

2. Impermanent structural base consisting of buttressed compression arches that
the dome is secured to and transfers the weight and force of the dome into the
ground. The base also acts as a tension ring to keep the dome from falling outward
to its exterior edge.

-

3. Space frame tower that is constructed for the deployment of the dome and de-
constructed after the dome to secured to the base. The collapsed dome is held at
the top of the tower and pulled into its predetermined geometry by cables at-
tached to winches on the ground.

Diagram showing the different structural elements of the deployable dome.
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/

1. Impermanent base constructed.

/

2. Tower constructed.

IR

/

\ | B
3. Winches attached to collapsed dome.
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‘a{;ii:{?réif;?\'ﬁv‘ég&
N
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4. Deploy dome.

5 Fabric membrane attached, dome secured to base and tower removed.

Diagram showing the sequence of construction to deploy the dome.
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CHAPTER 3: CONCLUSION

The goal of this thesis was to develop a long span de-
ployable structure. Throughout the thesis the investi-
gation was focused on collapsible geometry and the
joints to achieve deployment. This was a crucial initial
development of the design that could answer the in-
itial thesis inquiry of assembly and disassembly. How-
ever, materiality was not addressed in this thesis to the
degree needed to answer the questions of durability,
structural stability, waterproof ng and storage.

The next stage in the development of this project would
be to address the question of materiality of the struc-
ture to be able to construct a larger working model of
the design. This would enable a more engaging con-
sultation with a structural engineer to discuss issues of
structural stability, limits and weaknesses to then mod-
ify the design accordingly.
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