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Rear panorama of the Crawfor-Smith home. The Meditation room walls (red) are internally lit.
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Preliminary sketch of PLUG and air movement across the structure (left).

FIGURE 22. (&F7)

DRAWING BY JONATHAN KING, 2006 (FAR USE)

128 saFT - PL.U.G.

MAHALE MTNS, TANZANIA

PL.U.G. (Portable Living on Uncommon Ground) is a
collaborative research project between the College of
Architecture and Urban Studies and the College of Veterinary
Medicine within Virginia Tech. The program comes specifically
from the Bush-to-Base Bioinformatics research project within
the College of Veterinary Medicine, calling for a field-ready
research laboratory with comfortable living accommodations to
be deployed in remote and environmentally sensitive locations.

Bush-to-Base Bioinformatics is an electronic architecture
designed to facilitate the study of dynamic interrelationships
between animals, humans, and the environment. This belief in
a dynamic and perpetually interwoven relationship serves as
an important organizing principle for research and educational
endeavors. Bush-to-Base’s cyber infrastructure is designed
to capture, organize, store, share, analyze, and disseminate
biological data by technologically bridging the gap between
field and lab work.

Conceptually, PL.U.G. is an architectural component solution
that benefits from the repetition, reuse, and standardization
of details to create lightweight adaptable and interchangeable
structure.  Specific programmatic demands and locations
dictate refinements to this “kit of parts.” This interpretation
of the Bush-to-Base program facilitates long-term field
research in the Mahale Mountains National Park, Tanzania.
P.L.U.G. simultaneously acts as a research lab and dwelling
for researchers collection observational and physical data
on chimpanzees. Therefore the structure must respect the
delicate environment it is located in, and can leave no memory
of its stay when removed.

Like all buildings, PL.U.G. is system of parts. Unlike most, it
must meet the technological demands of laboratory research
while maintaining a capacity for light-weight rapid deployment
and removal. The project is dominated by a vast number of
constraints and demands that are measured against one general
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criterion — two people must be able to carry and assemble it.
Nothing is useful in the bush if you cannot get it there, and in an
environment where each step is often a pioneering effort, the
degree to which this rule is satisfied can be the determinate of
success or failure.

On paper adequate shelter may seem to be the primary
concern for PL.U.G., but this would be an incorrect reading of
its program. Integration, by every means and sense of the word
is the concern. A rigid orthogonal volume enveloped by the
more freely-formed compound curves of a fabric skin becomes
a means through which researchers can integrate a laboratory
into their research and home environment. Autonomy of power
is derived from photovoltaics with a battery bank as the storage
medium.

The structure containing the laboratory is comprised of
modular aluminum moment frames serving as chassis, infilled
with structural insulated panels (SIP) for floors and walls. Four
adjustable foundation posts elevate and level the structure,
mitigating site impacting and flooding during seasons of heavy
rain. Component connectivity is achieved through a tool-less
assembly process by two people. The roof of the lab-box
serves as sleeping quarters under a tent superstructure. The
fabric tent provides rain, wind, and thermal protection for the
lab-box, keeping the working space passively temperate. A
lightweight modular frame of 1” diameter structural fiberglass
rods, metaythlcrylate adhesive, and articulating structural
pipe fittings translates the dimensional plans of the lab-box
to a compound canvas field that echoes the surrounding
tree canopies. Aluminum exterior decks fitting the module of
design permit a doubling of the usable floor space and blur
the boundary between interior and exterior. The decks can be
rotated vertically over the lab openings and transformed into an
additional layer of security when the laboratory is not in use.

L | o

| /ATvavivaaaD

The laboratory program divides the box interior into three

FIGURES 23, 24, 25, 26 (LerT), 27 (ABOVE) RENDERINGS BY PLUG DESIGN TEAM, 2006 (FaR USE)



64

FIGURE 28.

PHOTOGRAPH BY DR. JATINDER SINGH, 2007 (FaR USE)

A tool-less connection system facilitates true hand assembly.

distinct spaces: a controls center, a clean room, and a swing
space. The control center houses an electrical power panel,
electrical research equipment, charging stations, and heavy
electric-load appliances. The clean room is a semi-sealed lab
environment that offers more environmental control for sensitive
biological analysis. The swing space is a dynamic interstitial
room that can flow into the control center, clean room, and
exterior decks to accommodate daily living, meetings, and
exhibits as needed.

In the early design stages of PLUG a component-based
structure became inevitable. With that comes the necessity
of fastening components and their supplemental tooling. To
increase the universality of the project, great effort went
towards developing tooless connection details and hardware
for decreasing the overall loads being transported and mitigate
detrimental impact from the loss of special tools. An adjustable
wrench can be hard to come by in the bush, especially when you
need one. This also makes them quick to disappear. Standard
and common mechanical fasteners were employed often as
possible. This meant research into what was available locally if
parts need to be replaced or modified. All critical components
were duplicated with many of the building’s details exhibiting
a controlled level of redundancy, should parts not make the
full journey. Intended to be transparent in its assemblage, large
components are stamped with symbols matching them to their
correct mates. The structural frame could be erected upside
down without any affect towards assembly afterwards. Parts
are color coordinated to make their function and location within
the system more discernible. A rationality of systems governs
the assembly process of PLUG, therefore it was decided not to
have a printed how-to manual for assembly. We believe who
ever comes to move the structure will gain enough knowledge
through its disassembly to competently rebuild it. We dream
instead that they may find a more beneficial arrangement and
use of the components we left in those mountains. That would
be an exciting thing to see.

PHOTOGRAPHS BY DAVID CLARK;, 2007 (FAR USE)
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FIGURE 29.

PHOTOGRAPH BY DR. JATINDER SINGH, 2007

The lightweight aluminum structural frame is rapidly deployable and easily leveled using trailer jacks.

(FAIR USE)

FIGURE 30. PHOTOGRAPH BY DR. JATINDER SINGH, 2007 (FAR Usg)

Panelized wall modules enclose the frame. Fiberglass rods give form for the tent and general identity of the lab.
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FIGURE 31. PHOTOGRAPH BY DAVID CLARK AND JONATHAN KING, 2007

Research and building components had to be carried off the transport boat and in-land to the site.

(

FAIR US

£)

The greatest challenge for the project may have been
transporting it from Blacksburg, Virginia, USA to Mahale
Mountains National Park, Tanzania. To meet the scope of the
project, more than just the building needed to be transported.
A forty foot shipping container was filled with all necessary
items for the Bush-2-Base endeavor to be initially executed
for one year. That includes all research equipment, building
components, miscellaneous goods for daily living, and a
seventeen foot aluminum boat for transport to neighboring
villages and outposts. The shipping container left Blacksburg,
VA for Norfolk, VA. There it was loaded onto a container ship
which crossed the Atlantic Ocean into the Mediterranean
Sea, passed through the Suez Canal, and ended in the port
of Dar-es-Salaam, Tanzania. The container was then loaded
onto a truck and trailered west across the entire country to
Kigoma Town and Lake Tanganyika. At the water’s edge, the
container’s contents were transferred to a wooden boat and
motored 17 hours south to a beach off the Mahale Mountains.
With the boat moored fifty yards off shore, each item had to
be hand carried to the beach and staged for the next leg of
the journey into the forest to the laboratory site twelve-hundred
yards away. Unlike other National Parks in Tanzania, Mahale
has no roads or infrastructure, only foot trails and bush camps.

Much of the travels within the country of Tanzania were met
with unanticipated challenges. Initial plans for transporting
the project changed often and unexpectedly. Each new leg
of the journey proved to be more difficult and less certain as
PLUG moved west and into more remote regions. The two-
man criteria for all project goods and materials proved itself
to be quite adaptable in transport. It was best demonstrated
when packed deep in the bowels of a local fishing and transport
ship; the ship’s crew, researchers, and build team perched atop
and around all that comprised PLUG for over 130 kilometers
through a body of water that acted more like an ocean than a
lake.

)

FIGURE 33.

PHOTOGRAPH BY J. KING, 2007

(FAIR USE)

(FAIR USE)
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FIGURE 34. PHOTOGRAPH BY D. CLARK AND J. KING, 2007 (Faruse)  FIGURE 35. PHOTOGRAPH BY D. CLARK AND J. KING, 2007 (FAR USE)
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Infrared thermal photography documents the tent’s effectiveness for mitigating extreme daytime temperatures.
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Pictures from a thermal imaging camera (used by the biology
researchers to identify abnormalities in their subjects) shows
the effectiveness of the tent/lab double-envelope system
(far left). Before 11 am, the tent has reached a temperature
of 164 degrees Fahrenheit while the lab interior stays in a
comfortable range comparable to the forest beyond it. The tent
shape also serves to direct airflow around the lab, increasing
the presence of even the slightest breeze. As impossibly
hot as the ridge of the tent may get, this buildup surprisingly
becomes advantageous (aside from having an inhouse sauna).
Convection currents are created with the rising heat, creating
passive air circulation through the lab and out the ends of the
tent ridge. As evening sets in, the tent rapidly cools while the
lab still maintains temperature. Evenings spent sleeping under
the tent and on top of the lab box are as pleasant and cool as
the location’s daily climate will permit.

The Mahale mountains experience a great rain season during
the winter months. Coupled with this is an increase in the
insect population and likewise the spread of disease. The
tent becomes a critical line of defense for this period, offering
partially covered exterior spaces and a means for attaching
invaluable insect screening in the sleeping quarters above.

Tent Specifications:

- exterior umbrella canvas, sealed

- custom tailored from panelized design

- approx. 1000 sqft, 120 lbs

- zip-in insect screens, two ply constuction (safety mesh,
no-see-um insect screen)

- storm flaps for lab entrances

Living in PLUG can best be described as an ‘executive camping’
experience. Every effort was made to provide the resources
needed for comfortable living and quality field research. The
laboratory creates and stores its own electricity, pumps water,
and incorporates a shower/outhouse/wetroom component, all

FIGURES 36, 37, 38, 39, 40. PHOTOGRAPHS BY DR. J. SINGH, 2007 (FaR USE)
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PLUG - complete and operational, looking towards the sacred mountains of the Mahale range.
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FIGURE 41. PHOTOGRAPH BY JONATHAN KING, 2007 (Far Usg)

with minimal ecological disturbance as possible. At a meager
126 sqft, the structure can quickly grow small for two people
through the course of a year. Separating work and living
spaces is critical to the researchers’ well-being. The sleeping
loft above the lab box can be accessed independently of the
working space below. Drop-in panels comprise the ceiling of
the lab box and offer an array of configurations to meet the
demands of specific live/work relationships. Ladder access
to the sleeping loft can therefore be accomplished from inside
to increase security and convenience by removing one of the
ventilation grates (lower right).

The terrain is mostly rugged and hilly, and is dominated by the
Mahale Mountains chain that runs from the northwest to the
southeast across the park. The mountains are considered a
sacred place for the local Watongwe people; the highest peak
Nkungwe (2,462 m) is a spiritual focal point and tribal burial
ground for chieftains (left). A typical day begins with breakfast
on the deck of PLUG as the sun rises over the mountain
ranges in the distance and ends with a cooling swim in the
lake watching the sun set over the Congo across the water.
Evenings are spent compiling data and exchanging information
with researchers who are just starting their days on the other
side of the world. The laboratory is situated at the base of
the Mahale Mountain range at one of the last flat sites before
constant steady elevation increases. The area was chosen for
its balanced proximity to the lake, established guide trails, and
chimpanzee feeding areas.

Special consideration had to be given to the ‘neighbors’ sharing
the site. Encounters with warthogs (upper right), baboons,
vervets, porcupines, snakes, monkeys, and leopards can be
a daily occurrence. Even if they are not seen, signs of their
presence can usually be spotted. Precautions must be taken
in regard to the building itself - its tent structure must be able
to withstand curious baboons, monkeys, and chimpanzees
climbing it. The elevated lab and decks can serve as a haven for

PHOTOGRAPHS (ricH1) BY D. CLARK AND J. KING, 2007 (FAIR USE)

FIGURE42.
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FIGURE 43.
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FIGURE 44.

The PV annex for PLUG, provides power generation via an electrical cable umbilical. It is partitioned inside to serve as a secure storage space as well as a bathroom and shower
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PHOTOGRAPHS BY D. CLARK AND J. KING, 2007 (Far use) FIGURE 45.

space. The steel mesh will be woven with dried grass for privacy and security.

animals escaping the sun or rain, so visibility to the underside is
a safety precaution. Doors cannot be left open and equipment
left out if the building is unattended. Baboons are aggressive
enough to walk in and steal anything they can carry, even when
you are there. Food always attracts attention, so it must be
stored appropriately. Leopard droppings from the night before
spotted beside a deck the next morning meant most food
would be moved to the PV annex before nightfall, especially
fresh caught fish.

Power production for the laboratory comes from a photovoltaic
electric system sized to meet the demands of the research
program and provide continuous power even through the
rainy season of October through May. Eight photovoltaic
panels (PVs) and eight deep cycle batteries are managed by a
custom power panel distributing alternating and direct currents
throughout the lab (center, right). The design and budget
constraints of the project meant the PVs could not be integrated
directly into the lab design, therefore an annex structure was
devised and built from spare components and local materials
to serve as a support structure for the lab (left). PVs roof a
pipe-framed structure clad in steel mesh, floored with grating,
and braced with shipping straps. A galvanized wire fence gate
offers securable access to the space. Lumber initially used for
packaging containers is repurposed for mounting electrical
components and creating storage for research material. Half of
the annex interior is dedicated to large and hazardous storage,
the other serves as a shower and restroom facility. Grass
is eventually woven into the steel mesh offering privacy and
weather resistance.

Space is at a premium in the lab, so having dedicated work
environments is a necessity to protect equipment and the
integrity of the research. A ‘wet’ space can be quickly configured
if a more controlled environment is required by unfurling clear
vinyl panels that velcro shut, separating it from the central
swing space (top, right). Opposite side is the electronics space,

N
FIGURE 48. PHOTOGRAPH BY D. CLARK AND J. KING, 2007

(FAIR USE)
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FIGURE 49,

76

,//{ﬂf‘fl?

The laboratory with its constituent auxillary compoents: weather station (left), thatched PV annex (right), and satellite dish obscured by the annex.

dedicated to heavy-draw appliances and charging bases. This
space can also be partitioned off by unfurling zip-in bug screen
panels if the central swing space is left open to the outdoors.

Famous for containing some of the last remaining wild
chimpanzees in Africa, the Mahale Mountains National Park is
a 1613 km? peninsula on the eastern shore of Lake Tanganyika.
The land in and around Mahale is the traditional homeland
of the Watongwe and Waholoholo tribes. Japanese primate
researchers began exploring along the shore of Lake Tanganyika,
south of Kigoma as early as 1961. In 1965, the researchers
established their first camp, ‘Kansyana’, in Mahale and began
habituating chimpanzees. The cinder block compound they
constructed is still in use and serves as an interesting case
study for the ecological impact of long-term research facilities.
It is situated further into the mountains, well over 3 times the
distance from the lake as PLUG. Its permanence has led to
inefficiencies as the chimpanzee population slowly moves
about the vast park. Japanese researchers visited PLUG,
impressed and complimenting it for its lightness, compactness,
and efficiencies; a great measure of success coming from
seasoned researchers fully accustomed to life in the bush.
Local managers of the Mahale Mountain National Park service
and leaders of TANAPA (Tanzanian National Park Authority)
made regular visits to PLUG during its first weeks to assess how
the proposal for such a research venture was carried out and
executed. Again, it was received with praise and excitement
for the potential of more facilities like it, both in Mahale and
across all the other national parks of Tanzania.

There is a necessity for structures and programs like PLUG.
While this particular case was driven by a specific research
agenda, it is built from a conceptual design platform focused
towards light-weight, rapidly deployable structures that are
flexible enough to accommodate broad and varied programs
for remote, inaccessible environments throughout the world.
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In reflecting (literally) on a glass detail he made, Carlos Scarpa
said he hated himself. He had not anticipated that result. In
discussing the event, he said: “These are mistakes which one
makes in thinking, acting, and making, and therefore [it] is
necessary to have a double mind, a triple mind, the mind like
that of a robber, a man who speculates, who would like to rob
a bank, and it is necessary to have that which | call wit, an
attentive tension toward understanding all that is happening.”
3% | enjoy this passage and find it supportive in my positions
regarding primacy to architecture. It is clear that Scarpa has
a predication towards detail, specifically the joint, but in being
cognizant of “all that is happening,” he must recognize the
balancing circumferal logos of architecture - each generator of
architecture exists by virtue of the others and cannot be seen
separately; one is no more than an aspect of the others.

Why Vitruvius settled on three gaulities for all of architecture
to possess, i am unsure. Be it a harmoneous rule of Threes,
or a system of checks and balances, this notion of a Triad has
served as a cornerstone for the development of architecture.
| chose to step into a long line of posited architectural criteria
with a personal set because | recognize an issue with applying
ancient theories to contemporary times; their applicability
is based on relevance to time in architecture. To maintain
equillibrium, these value sets must be reassessed so as to
include new developments in relating and outlying fields, as well
as those already lain down in full governance of architecture.
This personal triad, Form, Material, and Technics, has given me
critical insight into research projects that reflect my approach
to architecture thus far and enabled me to weigh each, both in
its constituent parts and wholly against one another and the
art of architecture. | never conclude the exact successes and
failures of each project; instead | have constructed a forum
based in a specific time period in my development that allows
me to continuously revisit and reassess these criteria against
future positions and values in architecture.

A PERSONAL DEFINITION

In establishing this argument against primacy and absolutisms,
something unforeseen occurred. In stating a position that
all architecture embodies Form, Material, and Technics,
each existing by virtue of the others, | have proposed an
absolute. This comes as slightly self-defeating but at the
same time redeeming. | realize that primacy and absolutism
are not interchangeable; one is a division of the other and the
denouncing of a part is not a denouncement of the whole. So |
find temporary contentment and solace in my absolutism.

Dwelling is a necessity of life, dependent on architecture, and
the essence of architecture is product of man-in-the-world.
Buildings are extensions of people; they are spatial extrusions
of humanity, and record our existence against time and selves.
There is no primacy to humanity; we cannot be something
before anything else without objectifying ourselves and being
reduced to convenient modes of operation. We are more than
constructions, more than just Form, Material, and Technics.
Our humanity lies in the cohesive intertwining of those values.
To say otherwise would be to negate the complexities of our
complete working, and our humanity. Therefore architecture is,
and must be approached on the basis of, acomplete inseparable
working as human product — a human supplement.
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Juhani Pallasmaa, Questions of Perception, 35

These criteria have a kinship to the Virtuvian triad “firmitas, utilitas,

and venustas,” more popular in Sir Henry Wooten’s form, Commodity,
Firmnesse and Delight from the 1624 publication ‘Elements of
Architecture.” “These qualities are so closely related that if one is found
wanting anything, the rest will not meet approval.” — Alberti.

Teleology - being defined as (in vitalist philosophy) the doctrine that
phenomena are guided not only by mechanical forces but that they also
move toward certain goals of self-realization; the study of the evidences
of design or purpose in nature.

Virtuvius gives these terms in the sequence firmitas, utilitas, venustas,
whereas both Alberti and, following him, Andrea Palladio reverse the
order of the first two.

Latin text: Book |, 3.2 of ‘De Architectura’ from the Teubner edition of
1899 by Valentin Rose.

ex. Jaques-Francois Blondel, and his nine-volume ‘Cours d’architecture’
Vitruvius, Alberti, Henry Wooten, Christopher Wren, Corbusier, and
Claude Perrault are a few who have addressed the subject of beauty in
architecture to various lengths across the centuries, ultimately helping
architects to define new movements through their positions regarding
Form and beauty.

Leon Battista Albert, de re aedificatoria, 1.1.7, 4-4v

Leon Battista Albert, de re aedificatoria, 9.5.302, 164-167

Leon Battista Albert, de re aedificatoria, 1.1.33, 20-21v. Alberti writes
regarding this term, “It is remarkable how some natural instinct allows
each of us, learned and ignorant alike, to sense immediately what is
right or wrong in the execution and design of a work. It is precisely with
regard to such matters that sight shows itself the keenest of all senses.”
Le Corbusier, Towards a New Architecture, 15

Le Corbusier, Towards a New Architecture, 16, 19

Lydia Soo, Wren’s ‘Tracts’ on Architecture and Other Writings, 1, 154.
Christopher Wren’s notion of Beauty being distinguished between
“natural” and “customary,” the latter being defined as geometric,
uniform, and proportioned and customary as a result of familiarity.
Claude Perrault, Treatise of the Five Orders. Perrault furthers Wren’s
dualism of beauty and continues to distinguish between absolute
(natural) beauty and arbitrary (customary) beauty.

Robert Venturi’s Complexity and Contradiction in Architecture and
Learning from Las Vegas are viewed as manuscripts for creating and
understanding Post-modernist architecture. Venturi separates beauty
(Form) from its relationship to firmness and commodity by giving new
meaning to décor as seen in the decorated shed.

Bernard Hoesli, Transparency, 88. The 1982 addendum by Hoesli to
Rowe and Slutzky’s Transparency, in regards to form and the notion of
the book’s title, benefits from time to process the notion of the book
much further, making it invaluable to the publication.

Leon Battista Alberti, de re aedificatoria, 2.1.33, 20-21v.
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19
20
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23
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ENDNOTES

Morris being credited as the founder of the Arts and Crafts movement,

| believe it is important to mention him to gain perspective of how long
architecture has spoken of and struggled with the criteria of Form and
Material. Likewise, his (Socialist) political writings had great influence
on designers and theorists in England as well as the United States and
therefore maintain influence as the subject evolves today.

William Morris, The Influence of Building Materials on Architecture.
Peter Zumthor, Thinking Architecture, 85

Peter Zumthor, Thinking Architecture, 10

Peter Zumthor, Thinking Architecture, 33

Marc-Antoine Laugier, An Essay on Architecture, 11-12. Laugier begins
the first chapter of his essay with a romantic notion of man first housing
himself.

Webster’s Third New International Dictionary. Danbury: Merriam-Webster,
Incorporated, 1990.

Marco Frascari, The Tell-The-Tail Detail.

Jacob Voorthuis, Towards a Descriptive Tectonics: Making a Relation, 5
Jacob Voorthuis, Towards a Descriptive Tectonics: Making a Relation, 4
Leon Battista Alberti, de re aedificatoria, 9.5.302-303, 164v/165.
Concinnitas is beauty as the result of the composition and connection of
number [numerus’, outline [finitio], and position [collocatio], the Albertian
triad. “It is the task and aim of concinnitas to compose parts that are
quite separate from each other by their nature, according to some
precise rule, so that they correspond to one another in appearance...”
Alberto Perez-Gomez, Questions of Perception, 8

Marco Frascari, The Tell-The-Tail Detail.

Robert Dunay, No Compromise: the art of integrating technology and
aesthetics.

Juhani Pallasmaa, Questions of Perception, 29

Juhani Pallasmaa, Questions of Perception, 35

Robert Dunay, No Compromise: the art of integrating technology and
aesthetics.

Marco Frascari, The Tell-The-Tail Detail.
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