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ABSTRACT

I om designing a Caose Study House to be sponsored by Royal Dutch
Shell which utilizes the by-product of oil extraction, pefroleum gas, fo
produce a zero waste, 1007 petroleum based house. The motiva-
tion of the Case Study House is fo address the housing shorfoge in
Irag, and demonstrate the capacity of pefrochemicals as a buiding
material.

In the Western hemisphere an dbundance of frees provides wood,
an easy to work with construction material In confrast, kaq current-
Iy lacks a pervasive natural resource for construction. However, rag
does boast one of the largest reserves of oil in the world

During the ail production process natural gas is tfrapped under-
ground with the petroleum. Because of the pressure change during
extraction, natural gas wiill surface with the crude ail. This type of
natural gas is knouwn as associated petroleum gas: it is released as

a byproduct or waste product of petroleumn extraction. With the right
facilties in place these associated gases can be harnessed for ener-
gy. and become a feedstock for pefrochemical industries.

| om inferested in using Basra, raq's second most populous cify, as a
case study for improving the housing need in Irag. There are several
key reasons why Basra wiilll serve as both a strategic and necessary
site fo develop this idea. Basra's crucial location on the southern fip
of Irag, and af the intersection of the Tigris and Euphrates rivers, has
made it rag's main port and a gateway info the country. This access
fo various kinds of fransportation through primary ports, as well as rail
ines to Baghdad, coupled with a rapidly growing economy stem-
ming from, oil and downstream petroleum based industries, makes
Basra an opporfune location for a housing infervention.

In conclusion, Irag has the capacity to produce vast amounts of
building material domestically from petroleum gas, a by-product

of ail its primary export. With plastics beginning to emerge as vicble
building materials in the construction industry. rag could likely be on
the forefront of making the use of plastics as building materials main-
stream.
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THESIS

Irag, the cradle of civilization and birthplace of the world's
obrahamic religions, adbandoned in the despair of de-
struction with the people left uwandering as was once
common among their nomadic ancestors. A country with
obundant resources, yet incapable of restoring the condi-
tions of return. An imagined utopia of black-gold riches for
Western petroleum companies with the obility to restore
stability fo wandering and displaced Iragis. A bridge of
opportunity betuween the investment drauwn, and those
who seek return-- the Monsanto phenomenon in contem-
porary rkag-- petrochemical redemption for milions of
displaced Iragis.

The "Monsanto House of the Future”, illusionist in scope but
innovative in impact. With the infenfion fo demonstrate the
potfential of petrochemicals as bulding materials, Goody
and Homilfon breached the wall of what was common in
construction. Premature in development, its manually infen-
sive nafure led to its disregard. Yet, the time to reconsider
petroleum based materials in architecture is now.

IRAQ. WAR. HOUSING

On Sunday, December 18th, 201 the last convoy of
American soldiers was pulled out of Irag, marking the
end of an eight year war befueen the United States
and Irag. This war, knouwn as the Third Persian Gulf War or
Operation Iragi Freedom [2003-2011), was one of three
large scale wars which took place in Irag over the last
three decades. The other two being, the Iran-lrkaq wuar
also known as the First Persian Gulf War (1I980-1988), and

Operation Desert Storm also referred to as the Second
Persion Gulf War I990-1991). Additionally, during this time
span Irag saw many smaller conflicts, revolts, and acts of
sectarian violence. Altogether, the various wars and con-
ficts have left Iraq in a state of complete disarray, char-
acterized by war torn builldings, piles of rubble, lack of
infrastructure, and outdated social services.

The post-war destruction of the housing sector, coupled
with a preexisting need, has created an extreme housing
shortage in Irkag. Baghdad, as both the capital and largest
city in Irag, has been the main target of infernational aid
and reconstruction efforts. Though Baghdad has seen
mild improvements in the need for housing, the rest of
the country has been largely neglected, with very few
improvements in the housing sector. According to the
Infernal Displaced Monitoring Center, Iraq has over 23
milion internally displaced peoples (IDP) currently within its
borders, with 900000 of those coming from conflicts
before the 2003 war! Inifial reconstruction efforts have
been made, yet they have largely fargeted high income,
wealthier classes, which make up a minority of the Iraq
population. According fo the Republic of Iraq Ministry of
Construction and Housing, over tuso milion duselings are
needed by 2016 predominantly fo serve the lower and
middle income communities [UN Habitat 2010)? In addition
to IDPs, many refugees are returning to Iraq following the
conclusion of the war, adding another community in dire
need for housing.

1 Unknowun. Infernally displaced population. Infernal Displacement Monitoring
Centre. 2011 Web. 2012

2 Republic of Iraq Ministry of Housing. Ikaq National Housing Policy. UN Habifar.
2010. Web. 2012
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RESOURCES & RECONSTRUCTION TREES = STICK FRAME

Among the many housing challenges facing Irag, the
most formidable are: the dbsence of a department

of housing and urban development, infrastructure and
service backlogs, and the deficiency of bulding mate-
rials® The lack of building materials has fremendously
hampered the reconstruction and housing development
efforts. In standard Western construction, there is an dobun-
dance of trees and sustaindbly certified forests, uhich
provide a renewoble, easy to work with consfruction
material. Wood frome homes can be constructed within
weeks and require very little equipment. In contrast, Iraq
currently lacks an dbundant natural resource for consfruc-
tion. In a survey conducted by the United Natfions Habitat,
called the Iraq Market Housing Study (IMHS) Builders Survey,
contractors were asked fo cite three primary problems
with the housing market. Of those infervieued roughly 81/
of the builders indicafed that availobility and high prices of
building materials caused them the greatest problem.™

Most buildings in Iraq are made from concrete and con-
crefe blocks. Houever, the use of concrete in Iraq has
faced many challenges over the last decade. From the
1970s to the 1990s, raq was a large exporter of cement;
unfortunately, most of the cement manufacturing plants
were desftroyed during the war. Currently, Iraq is being
forced to import large amounts of its cement from Turkey

3 The third aspect of the housing challenges is the only one that caon be
addressed through an architectural solution and therefore wiill be af the heart of the
thesis.

L Republic of Iraq Ministry of Housing and Construction raq Housing Marketf
Study. Rep. PADCO. 2006. Web. 2012,
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TYPICAL CMU CONSTRUCTION

and Iran in order to supply the only buiding material used
in IrkaQ, concretfe.

In oddition to the shortoge of concrete, constructing
homes from concrete blocks is a slouw and laborious
process. Building with relatively small heavy unit concrete
blocks (2m x Lm x 2m)] which require additional concrete
for infill. as well as steel rebar in order for the wall to be
load bearing, has resulted in homes that take months

to construct. In order to avoid cracking, concrete block
homes require very large foundations to minimize mMove-
ment. Lastly, all insulation and services such as electrical
and plumbing, must be added outside the wall cavity
because unlike wood stud construction, they cannot be
embedded into the wall system.
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stick frame construction common in the West, Ikaq boasts
one of the largest ail reserves in the world In recent
years, oil production has surged quickly becoming the
country's largest commodity, a trend that oppears to be
increasing. In fact, Iragi Ol Minister, Hussain al-Shahristani
wanted fo boost “oil production from its current level of
some 2L milion bpd to 10 milion-12 milion within the next
decade,” which would exceed what both Saudi Arabia
aond Russia are currently producing® Because of the de-
struction associated with the war, as well as decades of
conflicts and sanctions, rkaq has yet to fully copitalize on its
natural resource and lead the oil market.

S5 Unknown. Iraq Eyes OPEC Top Spot, Seeks India Pact. United Press Internation-
al. 2011 Web. 2012.
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BY-PRODUCT = NATURAL GAS

Pefroleurn and natural gas are both trapped underground
during oil production; during the extraction process the
pressure change allows natural gos fo surface with the
crude oill This type of natural gas is knoun as associat-
ed petfroleum gas, solufion gas, associated gas, or flare
gas. Associated gas is released as o byproduct or waste
product of the petroleum extraction process. Without

the correct infrastructure in place the gas is typically set
oblaze; this is known as flaring.

The flaring of associated gas is a waste of a valuable
natural resource. With the correct facilities in place, these
associated gases can be harnessed for energy, and be-
come feedstock for petrochemical industries. In Irag, the
necessary infrastructure is just begnning fo be developed
in an effort to utiize these associated gases.

NATURAL GAS = PETROCHEMICALS

When the proper infrastructure is in ploce fo manoge
associated gases, they can serve as feedstock for a very
exciting and dynamic dounstream petrochemical indus-
try. Petrochemicals are petroleum based chemical prod-
ucts which can be used fo create, among many other
things: elastomers, resins, floers and plastics. These asso-
ciated gases have drawn attention from some of the big
name ol companies. According to the Vice President for
New Business Development and Ventures at Shell, Lain Lo,
‘raq is a very interesting future possioility because it has
large ail reserves, and uwhen you produce that there will
be associoted gas that comes with it.. [and] clearly feed-

ASSOICATED GAS FLARING
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SHELL souRck : <httpi/logoswikiacomiuwikifFileSheliongl>

stock for petrochemicals.®

In 201, Royal Dutch Shell won a large contract fo begin
oil production in southern Iraq betting out many other big
ol companies. The contract, for over 172 bilion US dollars
includes an agreement by Shell to “capfure as much as
700 miilion cubic feet of associoted gas a day from the
giont aifields in the south™ with the infention of building

“a liquefied natural gas plant in Iragq once domestic gas
needs are satisfied” to then channel "gas info a down-
stream industry .. [and)] utilize the gas surplus.” 7

1930 19L& 1955
LN )
. Shell

1958 1961 1971
Ihe large petrochemical plant will redirect hundreds @ @
6 Unknown. Shell Plans Venture to Expand Presence in Irag. The National. 2011
i 20 S '13959 n 1999
7 Unknown. Shell Plans Venture to Expand Presence in Irag. The National 2011
Web. 2012
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IRAQ IN RELATION TO PETROLEUM NATURAL RESOURCES
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- . . . OIL = PETRO HOUSE
of milions of cubic feet of associated gas from flaring.

and ropidly develop a large petrochemical and plastics
industry in Irkag. Learning from their neighboring Middle
Eastern countries, such as Saudi Arabia, which is one of
the world's fop producers of plastics, rkaq will soon be af
a place where it is producing large quantities of plastics,
both for domestic use and exportation. ©

o) David, Morgan. raq Petrochemicals & Plastics Sector. Global Arob Netusork.
2009 Web. 2012.
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WOOD STUD WALL // WEIGHT 8LO LBS CMU WALL // WEIGHT 5600 LBS
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COMPOSITE WALL // WEIGHT 230 LBS

S ADVANTAGES OF COMPOSITES

There are many advantages and some limitafions uhen

it come to using petroleum based materials for building.
They would result in a radically different type of duweling,
one that has social cultural, economic and urban conse-
quences and architectural potentials. | will discuss the lim-
itations and key advantages of how the use of composite
nmaterials impact architecture.

LIMITATIONS

The main limitations on plastic becoming a vidble building
material stem from the many misconceptions that have
been harbored through decades of previously unsolved
problems. In the past, plastics were stereotyped and
stigmatized as “‘cheap” and “disposable” and overtime
have been bound to early skepticism stemming from high
toxicity, consistent off-gassing, and poor UV ray resistonce.
However, in recent years composites and plastics have
evolved quickly and through consistent use and research
many of the previous concerns have become obsolete.
We are constantly coming up with new innovative solu-
tions to plastic’s shortcomings, such as the use of low
VOC resins that are non-foxic.

A /I LIGHTWEIGHT

Plastic materials boast an extreme strength to weight ro-
tio, resulfing in unparalleled thinness and lightuueightedness.
This component allows for a house to be rapidly assem-
bled, on the order of days and with minimal equioment.

25



FACTORY TO SITE TRANSPORTATION
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ON SITE PLACEMENT AND TILT UP

27

This lightness also simplifies the transportation of materials
to the building site, which means an entire house can be
brought to the site af one time and filted up.

The magnitude of the weight difference beftuseen using
plastics and more typical bulding materials is incompre-
hensible. A typical wood stud wiall is fuuelve feet high by
fuuenty four feet wide, weighs approximately 8LO Ibs, it

is made of 2 x L wood studs on 16 inch increments, and
clad in plywood sheathing and drywiall. In comparison

a typical CMU wiall of the same dmensions weighs ap-
proximately 5800 los, this does not include the rebar or
infill concrete that wuould be required to make it structural
and load bearing. In contrast, o composite wall. again of
the same dimensions, would weigh a few hundreds of
pounds. The wall is made up of three to seven composite
layers on both sides of a few inch thick foom core. Houw-
ever, until we begin to build with these neuw materials it is
impossible to fully understand the implications that such
reduced weight may have on architecture and construc-
fion.

Architectural features that have been discouraged if nof
impossible to accomplish with steel, concrete and wood,
can now be achieved through plastic. For example,
through the light-weighted feature of plastic, a structure
could be cantilevered five fimes more than steel, while
still reducing weight. There are also newfound possibilities
with this dromatic decrease in weight, allowing founda-
fions fo become much less environmentally altering.







| APERATURE |
APERATURE B // DYNAMIC SECTION

Composite materials present the opportunity fo collopse
many buillding systems info a single dynamically chang-
iIng wall section. To understand the dynamic section one
must begin by understanding the nature of composites.
First, forces are transferred through a skin; typically the skin
IS separated by a core forming an inferior skin, and an
exterior skin. The core can be made of a number of ma-
terials; the most common types are light materials such
as an aramid honeycomb, or a expanded polyurethane
foom.

The strength of the composite is in direct relation to the
thickness of the core. As the interior and exterior skin are
held apart, the core works to transfer a load betuween
the two skins. IWhen the interior skin goes info compression,
the exterior skin is put info tension. Composites remain ex-
fremely strong in both tension and compression. The core
creates a radius of curvature betuween the fuo skins, the
greater this offset, the stronger the composite.

In addition, the cavity created by the core, creates an
exciting potential. This delomination of the interior and
exterior allows for a thickening and thinning of the wall
section and creates opportunities for apertures, storoge
and integrated joints.

29
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C // LONG LIFE SPAN

Another important advantage of composites are the
extremely long life spans. | om proposing that my Case
Study House wiill last over one hundreds years, with little
or N0 Mainfenance.

One of plastics most confroversial aspects is the life span.
However, in many ways the long lifespan is also one of
the best advantages of plastic. Plastics are famous for
polluting our oceans and shores they are resistant to
weather, chemicals, water, etc, and have a tendency to
be indestructible and impossible to dispose of. However,
this durability can also be part their advantage and fortu-
nately, some plastics can be recycled

When plastics were first intfroduced into mainstream Amer-
ican culture the world was in a very different place; oil
was cheap and plastic was unlimited. The infroduction

of plastic during this environment lead to a mentality

and culfure that has been ingrained into us. Driven by the
idea that plastic is cheap and disposable, it has become
a representafion of the excessive. Plastic has become

a synonym of cheap and a description of poor qualify.
However, it is important that these misconceptions cloud-
ing the reputation of plastic are cleared, and ifs true value
redefined




BOEING 7L7 // PARTS : 6 MILLION // ASSEMBLY L MONTHS BOEING 767 // PARTS : 31 MILLION // ASSEMBLY 3 WEEKS
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BOEING 767 // PARTS : 10 - 15 // ASSEMBLY 3 DAYS

We consume plastic ot incomprehensible levels, from our
daily use of plastic bags and tupperuware, to packaging
and bottles. It is as though we do not realize that it is one
of the longest lasting materials created Other materials
such as wood rot and even steel rusts.

The shift in many airlines companies to use composites
and plastics results primarily from their long lifespan with
very litfle maintenance. The costs saved from switching
from aluminum to polymers would be immense.

D // INTELLIGENT PARTS

Because of composites’ nature the panels are mold-

ed, this allows for extremely complex geometries fo be
produced in a single panel. It also reduces the number of
required parts, greatly smplifying and accelerating the
assembly; assembly can be completed with a handful of
individuals, rather than a large construction crew.

Traditionally structures made of wood or steel are broken
down. They are then cut info individual parts and assem-
bled, either by welding, gluing or with fasteners. Even in
the construction of the simplest buildings, it could toke
thousands and thousands of parts, with some joints, re-
quiring hundreds of individual components. When it comes
to composites and plastic, extremely complex joints or
assemblies can be made atf one time. The advantoge of
a simplified assembly is that when using fewer, smarter
parts an entire house can be made by smply plugging a
handful of parts together.

33



2 STORY CMU HOUSE 2 STORY WOOD STUD HOUSE

Sl



10r
te

| un-

ing
and where the inter

Us
e the
e, ond

ites

h wood

ifion-
tudy

iona
icipQ

tations do

hich they

im
by four peopl

in height.

INCi

imits and capac-
imitations, trad
in w

iS O case s
der to ant

€. IN Ort

opertures, stress loads and progrom

iNn span
ite ot one t
day
I challenge trad

al dwelings range from two to three stories

d Twelve
h thick concrete slabs can be reploced

h thick composite.

(@]

iS Wi
verg

INn one

ble, however with compos
Th

i
dd

19
1.

ts have a certa
these spans are greatly expande

are efficient, and plyuood has a certain distance upon

ign an

jois
inc

ion is neg
ts and eight

We have aluays been bound by the |

Whereas with composite materials the same im
The result of these various advantages

house that will have a one hundred year life span
parts that will be delivered fo the s

n
[
(®)
Q
(%)
0O
C
O
D
c
O
()
e
o
(0]
0
()}
£
0O
C
i)
2]
o
(0}
O

E // INCREASED CAPACITY

ity of our materials. Due to mater
home can be assembled

with no large equipmen

not opply. Wood
which deflect

by a four inc
RESULT

and exterior skin al

jois

MM

7

7
7
7

™,y

L XX i:H DMK

Tk
MMDINMN
LMUMIN

LULHLIMMIINDBDBB.JIIJTI I T
LLL . MIMMUNBMIMMMMMISY
\ AMLLM1LMMRMINDDMIDMDMUDDIJT]ITIN MDD
j LMLLMMIDUDBDBDBDBDB0D3BD7TDMDADPWDDDNNR
i DAL L LA
g i i///// //////////Z MAHMMMMDMDIINHNMIINI N
I \ NN\ ?//VV/V/W//V//%&W %%n,w,&%/,/d%/////»%///ﬁmcﬂ NN
7 NAImHlHnHnn 1 IITIH i \ \
<N NMMMIMNMNANIRIRNRRHNKMKKMHI iHITMN
nNiiiiaa ¥ MIMHMUMHIMIMNIZMZLLLNIMHIDHHHMIUIZIMMHIUIJHJNMIDMPIJM IDIDNN
LA LALNMHMNMUIEUNDMHMNMEJMEIJNSTTIPIITIIDDansnmin
LALLMMIBMMIN NAMMITIHIHn: Hij;lH;IHn HiDhHhHhlHTHOHOhOh O O o;;;0Dn nij:i: Dliv
MMM A NMiMNiI N7 iahni ki hilDb anrnnae
LLLNMNMMMINNK LA LLAMMIJMLIMIIDDMMIMIDIDIIIMMDIDMDMDMDMNN

LLLHHEMLNMIHHHHHHHHHHHHHIIDDINAMMMN
ZAMIMMMNM€MIMNNMUINMIMNIDIMMMIUNI’NN

MBI MU

RAMMDUOIMIDIN

ALLMNDIMNN

7

.

i

MAAN

7
7
7

LALLM i LLLAAALL AL
\ DM o JUEAMIMNMIHDBIDODOO"MDIMIMIDMIAN
W\ LAMNN o 557 NMMIMMLNMIIDII IILARMBIONMNN
NN ALNIMN AMMDDHH i Nnhd nzr;zonn; i anmooe;ne
NN\ RMUDINNN o " V6 \ LU AAAAAANMNMNN
NN\ \ NN y . 7 \ FAMULIHIMIHIHIHDIMIDIDI (1A
\ AN 3 )
), RSN o o g .

N

y > o

7 7 B 2O @ 1
i v 7

)

D)

4
1 i/,
. .
iy
i,

i/

N
N\

N

QAN
N

100 7 i
7 &N\\\\\\N\\w\\\&\\w\\&\\\&& Ay,
i

A AITMBMINN

OO

/
N

NN
X

i

y b N
i,
y y o
i

>
(@)
I
L
=
[79)
O
a
>
O
O
&
@)
%)
o)

35







Ol // MATERIALS




PROPYLENE

BENZENE |

XYLENE |

| RAW MATERAL

WOVEN BAG, COMEGATED
{ BOARD, FIBER CAR PARTS,
EXTENSION MEMBRANE

SYNTHETIC FLEECE,
STUFFED TOY

HOME ELECTIRCAL,
{ SUITCASE SAFTEY HELMET.,
AUTO PARTS

GLUES, RESINS, EMUSIVE

PAINT

PAINT, INK, EXTRACTIVE
NITROCELLULOSE

POLYSYRENE PRODUCTS,
THERMO LINING, HOME

| ELECTRICAL CASE, FOOD
CONTAINER

HOME ELECTIRCAL,
{ SUITCASE SAFTEY HELMET.,
AUTO PARTS

| MONOMER

’ PLASTICS MATERIAL

| POLYESTER

| PLASTIC PRODUCTS




PETROLEUM MATERIALS

The Case Study House is 1007 petroleum based. Various
petroleum based products will be deployed depending
on the structural and mechanical properties required for
various components. The case study house will be com-
prised of a combination of common plastics, such as
acrylic, polyethylene, PET and polypropylene, fioer rein-
forced plastics [FRPs). and finally composites.

Petrochemicals can be broken into fuo main classes
olefins and aromatics. Olefins include ethylenes and pro-
pylenes, whereas aromatics include benzenes and xy-
lenes. Ethylenes are best known for their use in making
polyester and PVC (polyvinyl chloride]: propylenes are
known mostly for their use in acrylic polymers and epoxy
resins. Benzenes are best known as polystyrene, poly-
carbonate, polyurethane and nylon and xylenes are best
known for their use in PET or polyethylene terephthalate.

ETHYLENE
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EARLY ADOBE COMPOSITE, IRAQ

FIBER + MATRIX // STRAW + MUD
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MONSANTO HOUSE : AXON

MONSANTO HOUSE

The Monsanto House of the Future wias the first of very
few precedents of a high performance, composite struc-
fure; it was designed by Marvin Goody & Richard Homilton,
and sponsored by the Monsanto pefrochemical compa-
ny. The Monsanto House was built in 1956 from floerglass
composites, and challenged the accepted notions of
building materials and construction.

When the Monsanto House was scheduled for demoilition
in 1967, the process proved to be immensely difficult and
fook over two weeks. The wrecking ball bounced off of
the exterior composite shell unable to demolish the home.
In order to demolish the house, it uuas deconstructed, and
cut info many pieces to be removed

The form of the house was based on a requirement that
all the composites sections could be produced using the
same mold This resulted in the biaxial symmetry that lead
to the failure of the Monsanto House. Due to the one off
nafure of the house, and the manually infensive and ex-
pensive construction, it was not a vidble housing concept
at the time. However, nearly sixty years later with digital
mManufacturing, we now possess the technology to make
the develooment of the Monsanto House feasible.
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FABRIC AND MATRIX SHEAR AND DELAMINATION
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FABRIC DIRECTIONALITY

LS

COMPOSITE CONSTRAINTS

In order to make the shift from composite rhetoric to a
physical manifestation, | have outined some of the most
important design guidelines when working with composite
materials. These guidelines include ideas of delamination
in response fo shear, compressive and tensile forces, droft
angles proportional to part depth, fioer orientation in lami-
natfion, and Mold design such as undercuts, sharp corners
and single part molds versus multi-part molds.




UNDERCUT MOLD 2 PART MOLD
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90 DEGREE MOLD 10 DEGREE MOLD
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BAD MOLD GOOD MOLD
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SHALLOW PART & DEGREE DRAFT ANGLE

DEEP PART 15 DEGREE DRAFT ANGLE
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MATERIAL TESTING

In an aftempt to truly understand the limitations of the
material as well as the potentials, | began to work with
them. Through prototypes, installations, furniture, and full
scale models, the concepts and understanding that
come from wiorking with the materials could be applied
and deployed across various scales.

My infroduction to composite materials come through an
elaborafe series of mini fests. | began by testing various
floers and matrices. What became most clear through
these tests was that the criteria by which the success or
progress of a new material is judged, is very different with
architecture than other fields. This is especially important
when these materials and tfechnologies are adopted from
another field In the adaptation of composites to architec-
ture, we must also develop our own criteria for judging
the success of integration, rather than copying the some
criteria used in other fields. For example, in the field of
high end sailboats, where composites have been used for
many years, companies pay milions of dollars in order

to save hundreds of pounds and achieve extreme light-
weightedness. In architecture, we have the same chance
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02 // CONSTRUCTION




CNC MOLD PRODUCTION

FOAM




MOLD ASSEMBLED AND GEL-COATING

COMPOSITE MANUFACTURING

A typical composite part begins with the production of

a mold The geometry of the part is usually CNC milled
out of a large sheet of foam. The many foom parts are
then assembled and coated with a gel that seals the
foom and provides a high surface quality for the part.
The completed mold typically is used in one of four Main
processes: hand or wet layup, vacuum boggng wet
layup, vacuum bogging resin transfer molding, or wet
layup compression molding. In order to further understand
how these processes work, | reproduced these tradition-
al methods of production.




HAND WET LAYUP VACUUM BAGGING WET LAY UP
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VACUUM BAG RESIN TRANSFER MOLDING WET LAY UP COMPRESSION MOLDING
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HANKER L»OOO BUS|NESS JET bLIJ HANKER BEECHCRAFT SOURCE . <http//wuwwmmsoniinecom/articles/getting-to-knou-black-aluminums

T
ilﬁ‘\'ﬁi‘r

o,

l&l I

“-———)




DIGITAL MANUFACTURING

The possibility of a 100/ petroleum based house has
only become feasible within the past five years as digital
manufacturing and ideas of mass customization have be-
come mainstream. For example, automated fiber place-
ment has allowed for the first fully composite fuseloge,
eliminating the more typical manually infensive processes.
The benefit of this fransition from manual to automated

is clearly demonstrated by automobile assembly lines,
which are becoming more autonomous each year. The
digital manufacturing paradigm has allowed the efficien-
cy and accuracy of robotics to accelerate production in
many fields, and wiill soon become fully manifested in the
way we construct homes.
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ONFIGURABLE MOLD WITH VARIOUS SURFAC

SURFACE DISCRETIZATION
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RECONFIGURABLE MOLDS

Molds have been a large inhibitor fo the infegration and
deployment of composites, particularly of a large scale,
due to high costs and slow production times. Housever,
as a result of digital manufacturing, molds are becoming
cheaper and faster to produce. Innovation in Mold pro-
duction has been the deciding force on uhether com-
posites can become mainstream.

One innovation that is beginning fo emerge, is the potfential
for molds that are reusable and even reconfigurable. This
opportunity or possibility fo produce multiple composite
partfs from the some mold, has been crucial as seen by
the Monsanto House experiment. However, this possioility
has only just begun to emerge. If we can begin to pro-
gram molds and automate this aspect of composite
production, they will become much cheaper and faster
to produce.

This notion of a reconfigurable mold has few precedents.
For example, in Nevada massive molds that are digitally
progrommed are producing yacht sails in which the ge-
ometfry and the fioer placement of each sail is custom to
the racing yacht. All sails are very similar in geometry and
size but stil vary in dimensions and depth.
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WOOD STUD WALL SECTION

CMU WALL SECTION
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IWALL SECTIONS

In order to understand how a 100/ plastic/composite R
house would work, | began by drawing the typical res- | ‘
idential wall sections. | considered both a load bearing
CMU wiall with concrete slabs, and a wood stud wall with
a brick facade and compared these with a potential
composite wall section. | chose fo focus on three com-
prehensive conditions: the wall to foundation, the wall to
floor sldb and the wiall to roof condition. My understanding
of these three conditions in terms of waterproofing, as
well as various load transfers, helped inform the design of
my Case Study House.
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URBAN FABRIC SOURCE : https/ipicasowebgooglecom/inihoto/ENzOycRNSDLBYULLOWWMHQ
BASRA. IRAQ G i TS | R AR e

From a socio-cultural aspect, the Case Study House must
address issues of raqi domesticity, environmental con-
straints and cultural fraditions in order to meet the housing
need in Basra. Basra is raq's second most populous city
and a maqjor port city between the Tigris and the Euphro-
tes. Surrounded by some of the largest oil reserves in the
world, Basra will serve economically as the backbone of
a recovering nation, therefore it is both a strategic and
ideal site for festing the Case Study House.




FIRST FLOOR
IRAQI DOMESTICITY
| began by studying the traditional Iragi duseling in terms
of programs, sizes, adjacencies, general organizations,
separations, and boundaries. Some of these boundaries
were religious, others were climatic, and some culfural;
altogether the house exemplifies the conditions of the
society in which it is observed These intfangible aspects
of the dweling define the scope at uhich the case study
house can intervene. A LIVNG ROOM
B. DINNG ROOM
C. KITCHEN
D WC.
E. FAMLY ROOM

F. COURTYARD
G. FORECOURT

7




ROOF ACCESS

SECOND FLOOR




INTERNAL COURT (9 SQ M)

FORECOURT (9 SQ M)

PARKING [8 SQ M]

12 WC. [2 SQ M2 WC. [2 SQ M]

KITCHEN [12 SQ M]

DINING [20 SQ M|

LIVNG ROOM [20 SQ M]

WC.[6 SQM]

BEDROOM 3 [12 SQ M]

BEDROOM 2 [12 SQ M|

BEDROOM 1[12 SQ M|
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PROGRAM

Combining these notions of the traditional duseling with
requirements that were put forth by the Nafional Invest-
ment Commission for Irag, determined the general pro-
gram, as well as the approximate sizes of the various
spaces. The National Investment Commission for Iraq was
estoblished to assist and guide anyone interested in in-
vesting in the reconstruction and development of Iraq. For
each market sector, the National Investment Commission
(NIC] sets regulations and guidelines in order to control the
types of investment coming into the country. Under the
housing sector, the NIC lays out the specific guidelines in
regards to program, financing, infrastructure, efc. They are
as follows:

The Housing Units would be required to comply with certain basic
criteria in considering size, layout, energy efficiency, construction ma-
terial et.al We believe that. in light of the housing shorfages and the
available plots of land in urban environments, the likely requirements in
such areas would be that the units area betueen 100 to 150 square
meters (containing, of a minimum, three bedrooms, living room, bath-
room, kitchen, and storage areq).

We currently propose that the targef sales price for each housing unit
will not exceed fifty thousand US dollars ($50000USD, given 100
square meter unit] or $500USD per square meter.

In light of Irag's housing shortage, the NIC will look favorably on Devel-
opers who intend to complete their proposed projects using modern
building fechnologies. which would be anficipated to complete such
Developments in a more timely and cost-efficient manner than the
traditional buillding processes utiized in Iraq. Developers should note,
however, that the NIC wiill review such modern fechnologies to ensure
that quality uould not be affected and that the materials and de-

77

signs will be specific to regional requirements and market demands.

The dweling should incorporate a forecourt to serve as
tfransitional space betuween the street, and the dwelling.
In addition, it should capitalize on the traditional Iraqgi inter-
nal courfyard which provides privacy for families, as well
as safety for children. The interior of the dweling should
reflect the cultural issues of privacy by strictly separafing
public, and private programs. The public programs in-
clude: the forecourt, the front living space, and a shared
resfroom. The private program includes; 3 bedrooms, an
infernal courtyard, and a private restfroom. Usually the
private and public progroms are separated by the dining
room.




EXTERIOR OVERHANG CROSS VENTILATION
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httoi/lwwwglogstercom/ashO8131998/cil-non-renewable-resources/g-Blko-

BASRA IRAQ SOURCE : ,5s5080f6i60ukasa0

ENVIRONMENTAL CONTEXT

Basra has a hot desert climate, so environmental consid-
erafions for a dweling should include: exterior overhangs,
cross ventilation, shaded light wells, double height wind
towsers for air circulation, shaded courtyards, night cool-
iNg. exposed thermal mass, an airfight insulated envelope,
nafural ventilation, summer full shading with solar access
in winter, water conservation, and low cost waste man-
agement.




LIGHT WELL COLLECTION AND STORAGE
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SHADED COURTYARD COOLING TOWER
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DWELLING

In an effort fo transition these concepts of materials, con-
struction and cultural constraints, | began by critiquing the
traditional dwelling. Iragi duwelings are characterized by

a strict adherence fo the division of private from public;
both cultural and religious beliefs reinforce this separation
of male and female territories within the house. This divi-
sion of public and privafe has architectural implications,
resulfing in overly compartmentalized plans, made up of
vast amounts of corridors and dooruays.

The case study house hopes to challenge the traditional
notions of division and separafion, while respecting the
culture and religion. | began rethinking the plan through
the geometric development of the duuelling; reorienting
the building on site, created a new vertical directionality.
This verticality is made possible only through exploiting the
many potentials provided by the use of plastic materials.
The result is o smaller footprint, and a much taller dweling
in which the program is stacked, with the most public on
the ground, and most private on the top.

In oddition fo the reorientation, | conceived the building as
a series of tubes, rather than as one monoaolithic structure.
It is broken down info four carefully sized tubes, and di-
mensionally amounts to the size of a truck in width, and
the length of the truck bed in height. These tubes would
be prefabricated nearby, brought to site and assemblead;
the discretization would make the fransportation to and
on site easier.

These tubes are then formed and shoped based on
various requirements. While the backside of the house is
tapered to eliminate unneeded floor space on the lower
levels, half of the house is lifted and cantilevered, creafing
a forecourt, as well as sheltered parking. In addition, the
tops of each of the tubes is carved out to create light
wells, and pulled douwn to open up these light wells into a
courtyard, with a direct view outuard

In ferms of their relationshio with the environment, these
light wells are derived from the traditional dweling. Tradi-
tionally courtyards, light wells, roof decks, and verandas
serve to blur the boundaries between inferior and exterior.
In raq, courtyards serve not just as a means for priva-
cy, but also become inhabitable spaces. Because of the
climate, shaded courtyards are frequently furnished with
fables and couches, and actively used, in some case
more than interior living spaces. The deployment of these
inhabitable light wells/courtyards serves to effectively
double the livable space.
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DOUBLE HEIGHT SPACE VERTICAL SEPERATION
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INTERNAL PORCH ROOF ACCESS
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REOIRENT INITIAL VOLUMNE
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REDISTRIBUTE VOLUME LIGHT WELL




OPEN VIEW EXTERIOR SHADE
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PULL DOWN

FINAL BASE FORM
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FOUNDATION PLUG AND SOCKET

FOUNDATION PLUG
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FINAL GEOMETRY

CREATE CONTROL POLYGON
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RAPID ASSEMBLY

One of the most important driving forces behind the
case study house, has been the assembly sequence on
site. For it fo be assembled in no longer than a day, the
case study house must be composed of the feuest
number of parts possible and come together in a sim-
ple, unobscured way. To accomplish these goals of rapid
construction, the dweling was conceived as a series of
plugs and sockets, which could be molded info the tubes.
This composition would allow for them to be smply
plugged in to one another on site.

The assembly sequence would begin by embedding a
prefabricated foundation info the ground Next, the primary
tubes would plug together, be tited up and then plugged
info the foundation. Mechanical fasteners have been re-
placed with adhesives which are capable of transferring
the loads uniformly across the skin. The secondary tubes
would then be tilted up, plugged info the primary tubes,
and adhered and stropped together until set.




INDIVIDUAL CAPSULES CROSS SECTION PLANE
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PLUG AND SOCKET INTERIOR CONTINUITY
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PRIMARY TOWER 2

PRIMARY TOWER 1
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SEOCNDARY TOWER 1 SEOCNDARY TOWER 2
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TYPICAL KISS-OFF WALL PANEL TYPICAL KISS-OFF MODULE
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STRESSED SKIN

The structure is composed of an interior and exterior load
bearing skin. The interior and exterior skin are fied back us-
ing kiss-offs, a fechnique commonly used when creating
lightuseight hollow plastic parts. The interior and exterior
skins are connected by an inner foom core across uhich
loads are transferred When the stress in the skin is cbove
a cerfain range, the kiss-off serves fo create a more

rigid, structural connection between the tfwo surfaces.
Through mappeing the stress in the skin, a clear relation-
shio can be developed between the max stress levels
and the placement of kiss-offs. A pattern emerges as

the density of kiss-offs increase in relation to higher stress
levels in the skin. The exterior of the dwelling reflects the
gradient of structural loads and load transfer throughout
the skin. Sometimes the two surfaces meet in the middle
Just barely touching off; while in other conditions, the two
surfaces will intersect cutting through and creating an
opening.

TYPICAL KISS-OFF UNITS
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SCAN AND SOLVE STRESS ANALYSIS : FRONT SCAN AND SOLVE STRESS ANALYSIS : SIDE A
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SCAN AND SOLVE STRESS ANALYSIS : BACK SCAN AND SOLVE STRESS ANALYSIS : SIDE B
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DWELLING

After parking, you enter the dweling from a shaded fore-
court where the buillding funnels you inside. Directly upon
entering the dweling you are presented with the opfion
of entering the living room, or going up the staircase. The
living room is the most public space in the house and pri-
marily serves the guests of the faomily. As one ascends up
the stairs and reaches the second level of the house, they
are presented with a choice to go left or right. To the

left is the dining area which welcomes guests and fomily
alike, and fo the right is the more private kitchen. Across
from the stairs is a light well/courtyard that is accessible
through both the dining and kitchen spaces, which allouss
for the possibility to open up and reconnect these two
spaces.

Before entering the more private kitchen zone, a sfaircase
leads up to the third floor. In the gradient fromm most pub-
lic to most private, the third floor falls in the middle. The
children’s bedrooms are strictly fomily spaces, there are
two bedrooms each with fuuo beds, and potfential space
for up to four chidren. The bedrooms share a common
bathroom as well as a light well/lcourtyard

Moving up the now stacked staircases, the most private
room in the house is the parents room, on the fourth floor,
with its own bathroom, seating areq, fifth level roof ac-
cess, and a light well/lcourtyard All of the spaces in the
house are conceived with the idea of a relafionshio fo an
open courtyard The light well/lcourtyard assists with bring-
ing light info the space, while also maximizing privacy.




FIRST FLOOR PLAN
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SECOND FLOOR PLAN
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THRD FLOOR PLAN
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FOURTH FLOOR PLAN
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CONCLUSION

As Irag struggles to come to terms with a housing crisis
that has plagued the country since before the 2003
American invasion and concluding war, the country's
immense oll reserves hold the key fo restoring balance.
By utiizing associated gas, the by-product of extracting
crude oill, as plastic, raq can domestically produce and
construct 100/ petroleum based homes, and eradicate
the displacement of 23 milion Iragis.

With Royal Dutch Shell already committed to copturing
around 700 miilion cubic feet of associated gas”™ with
the intention of also “utilisfing] the gas surplus™ and the
oforementioned housing need, it is a ripe time fo re-
consider the importance of the "Monsanto House of the
Future” and explore the potentials of composites wuithin
architecture.

By using plastics as a bulding material, many new poten-

tials come info play including a long life span, possibly one

hundred years or more; an extreme strength to weight
rafio that allouss for prefabrication of a number of infel-
ligent parts that can be easily fransported and ropidly
assembled on site. Plastics also allow for an increased
capacity fo faciitate a much faller duseling, radically re-
ducing the required land needed to consfruct a home.

Plostics coupled with Irag's unique form of domesticity as

well as cultural and religious factors shape a new type of
dwelling Made up of four petro based tubes, each mold-

1 Unknown. Shell Plans Venture to Expand Presence in rag. The National 2011
Web. 2012

ed with plugs and socketfs that incorporate quick inteligent
assembly, copped with shaded courtyards that dou-

ble as light wells, serve to blur the boundaries betueen
interior and exterior effectively doubling the livable space.
The dweling presents an alfernative way to conceive of
the reconstruction needed fo rebuild the country. Utilizing
what is in its own sail, kg can allow milions of Iragis to
finally return home fo their families, communities, and lives.
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