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aggregationconcrete

Iindividual elements added

‘ elements combined
-_ supplementary
element added
rotating kiln

aggregate product
produced

aggregation
Agggregalmn ghe collection of units or parts inlo a mass catalysit applied
or whole. In order to fuse the individual parts together a
specific process is applied. During this process a catayl-
ist is used which changes the molecular structure of the
elements. Once altered the individual elements combine
{o create a new product. In the disgram above heat and
rotation are used as the catalyist to transform the raw ma-
terials into cement.

product divided
into usable units
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molecularmetal T unitbentmetal  applicationbentmetal fieldbentmetal

: proteinbentmeta
metallic bonds ﬁro peties -
are similar to covelent bonds in that electrons are shared by ically metals are shiny, have high density, and are very malleable, They are usu-
multiple positive ions. Metallic bonds are extended, though, ally hard, conduct electricity, heat, and sound well,
meaning that electrons are shared by larger numbers of ion
resulting in high conductivity. strength, and relatively low melt- rncess
ing paints. nding is a simple process in which pulled metal is forced into shapes meeting

@ @ @ @ E} anz.rnumbercinee:;lﬂ,
@. Gf @ '{E} @ EIP J'Fei!lliaca?plltl!darrdieby in eonstruction, through many differant methods.

bant metal is often used as a unit that joins components logether. it also can be

G} @ @ @ @ @ .@ (9' @ -@ applied as an individual unit that recurrs to make larger metabolic structures.
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weavingfiber
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molecularcarbonfiber R cellsheet | fieldtruss

licationcarbontower.

E roperties
ron fiber is made up of tiny threads or filaments, Each carbon filament thread

iz a bundie of many thousand carbon filaments. A single such filament is a thin
tube with a diametaer of 5-8 micrometers and consists almost exclusively of carbon

rocess

& carbon atoms are bonded together in microscopic crystals that are more or less
aligned parallel to the long axis of the fiber. The crystal alignment makes the fiber incredibly
sirong for its size. Several thousand carbon fibers are hwisted together to form a yarn,
which may be used by itself or woven into a fabric. The yam or fabric is combined with
apoxy and wound or molded into shape to form various composite materials.

ap lication
Ca rme-ﬂr is most nolably used to reinforce composite materials, particularly the class of
materials known as carbon fiber reinforced plastics. This class of materials is used in air-

crafi pans, high-performance vehicles, sporting equipment such as racing bikes, radio con-
trolled vehicles, wind generator blades and gears and other demanding mechanical appli-
calions
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molecularconcrete
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fieldconcrete

pro perties
ortland cement + Water + Aggregates (rock, sand, gravel)

Poriland Cemeni - The cement and water form a paste that coats the aggregate and sand
in the mix. The paste hardens and binds the aggregates and sand together.

innovationsconcrete

Water- Waler is needed to chemically react with the cement [hydration) and too provide
wworcability with tha concrete. The amount of water in the mix In pounds compared with the
amount of cement is calbed the water/cement rathio. The lower the w/c ratio, the stronger the
concrede, (higher sirength, less permeabifity)

Aggregates- Sand is the fine aggregate. Graved or crushed stone is the coarse aggregate
in oSt mixeg.

FOCESS

oncrete s a handenad building matenal creatad by combining a chemically inert minaral
aogregate (usually sand, gravel, or crushead stona), a binder (natural or synthatic cameant),
chemical additves, and waler.

application

how the specific material is used 1o make certain structures
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extrudedaluminum extrudedaluminum
EI"D perties " ] '
xt

rusion is the process by which long straight metal parts can be produced. The cross-sections
that can be produced vary from solid round, rectangular, to L shapes, T shapes. Tubes and many
other different types. Extrusion is done by squeezing metal in a closed cavity through a tool, known
as a die using either a mechanical or hydraulic press.

rocess

sions, often minimize tha need for secondary machining, but are not of the same dimensional accuracy
o surface finish as machined parts. Surface finish for steal is 3 &microm; (125 i in), and Aluminum ard Mag-
nasium is 0.8 pm (30 g inp. Howewer, this process can produce a wide variety of cross-sectons that are hard 1o
produce cost-affectively using other methods. Minimum thickness of steal i about 3 mm (0. 120 in), wheareas
Aluminum and Magneasium is about 1mm (0,040 in). Minimum cross sections are 230 mm2 (0.4 in2) for stesl
and lass than that for Aluminum and Magnesium. Minimum cormer and fillet radii are 0.4 mm (0,015 in) for Alu-
minum and Magnesium, and for steel, the minimum comer radius 5 0,.8mm{0.030 in) and 4 mm (0,120 in) fllet
radws.

E:tnmEn produces comprassive and shear forces in the stock. No tensile is preduced, which makes high de-
formation possible without tearing the metal. The cavity in which the raw material is contained is lined with a
wear resistant material, This can withstand the high radial loads that are created when the material is pushed
- the dis.
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weavingfiber

fieldfiberstructure fieldshell

pl’DPEF{iES applicationshell
Silie

a + Air+Polymer + Various Elements
Sllica - The main component of fberglass & silica. This subsiance is constantly in a liquid state and contains

. I‘:‘f,‘Jcn a high level of visoosity, Inorder for silica to mainiain fs orystyln @ struciure # must be heated 1o high tem

peratures.

Waccuum Alr Dry- In order o preduce wrapping forms the fine fibarglass fillaments are placed over a ply-
wiood mold. Once in plate a vaccuum sealed container is placed over mold and al the air i removed, Thes
process saals the filimeents and gives the fiberglass strength,

Elemants. Specdic slements such as alkal, soda ime, and carbon are added io the silica during tha melting
process. These alemants give tha fibargiass differsnt charactenstics, which allow fior its varnying uses.

Process

Glass fiber is formed when thin strands of silica-based or other formulation glass is ex-
truded into many fibers with small diameters suitable for textile processing. Glass is unlike
other polymers in that, even as a fiber, it has little crystalline structure (see amorphous
solid). The properties of the structure of glass in its soft stage are very much like its prop-
erties when spun into fiber.

apBI ication

Fi 5 textiles are commonly used as a reinforcement matenial for molded and laminated plas-
tics. Fiberglass wool, a thick, fluffy material made from discontinuous fibers, is used for thermal in-
sulation and sound absorption. It is commonly found in ship and submarnine bulkheads and hulls;
il automobile engine compartments and body panel liners; in furnaces and air conditioning units;
acoustical wall and celling panels; and architectural partitions

coen
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forgedmetal

forgedmetal .
PI’D perties

rging Is the process by which metal is heated and is shaped by plastic deformation by suitably
applying compressive force. Usually the compressive force is in the form of hammer blows using a

power hammer or a press.

rocess

argings are consistent from plece to piece, without any of the porosity, voids, inclusions and other defects
Thus, finishing operations such as machining do not expose voids, because there arent any. Also coaling op-
erations such as plating or painting are straightforward due to a good surface, which needs very little prepara-
tion. Forgings yield parts that have high strength 1o weight ratio-thus are often used in the design of aircraft
frame members

application

FargE]ngpmﬁnas the grain structure and improves physical properties of the metal. With proper design, the
grain flow can be oriented in the direction of principal stresses encountered in actual use, Grain flow is the di-
rection of the pattern that the crystals take during plastic deformation, Physical properties {such as strength,
ductility and toughness) are much better in a forging than in the base metal, which has, crystals randomly ori-
ented
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extrusionmetals
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extrusion+casting
Extrusion is a manufacturing process used to create long
objects of a fixed cross-sectional profile. A material, often
in the form of a billet, is pushed and/or drawn through a
cie of the desired profile shape. Hollow sections are
usually extruded by placing a pin or piercing mandrel
inside of the die, and in some cases positive pressure is
applied to the internal cavities through the pin. Some
materials are hot drawn while others may be cold drawn.
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molecularsteel injectionsteel injectionsteel fieldsteel

injectionsteel injectionsteel
EI"D EI‘TI es

e most commonly used thermoplastic materials are polystyrene (low cost, lacking the strength
and longevity of other materials), ABS or acrylonitrile butadiene styrene (a co-polymer or mixture of
compounds used for everything from Lego parts 1o electronics housings), nylon {chemically resis-
tant, heat resistant, tough and flexible - used for combs), polypropylene (tough and flexible - used
for containers), polyethylene, and polyvinyl chloride or PVC (more common in extrusions as used for
pipes, window frames, or as the insulation on wiring where it is rendered flexible by the inclusion of
a high propeortion of plasticiser). Injection molding can also be used to manufacture pars from alu-
minium or brass.

rocess

njection molding (Brtish varant spelling: moulding) is a manutacturing technigue for making parts from bath
thermoplastic and thermosetting plastic materials in production. Molten plastic is injected at high pressure into
a mold (British variant speiling: mould), which is the inverse of the product’s shape. After a product is de-
signed by an Industrial Designer or an Engineer, molds are made by a moldmaker (or toolmaker) from metal,
usually sither steel or aluminium, and precision-machined to form the features of the desired part. Injaction
malding Is widely used for manufacturing a varety of parts, from the smallest componant 1o antire body
panels of cars.

) application

Py Injection melding is the mest common methed of production, with some commonly made items including
( botile caps and cutdoor furniture, Injection molding fypically is capable of an IT Grade of about B-14.
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iInjection moulding
+extrusion

Injection moulding and extrusion are two common meth-
ods for producing polymerized materals. Both methods
require heating up the polymernzed material to a liquid
state where it then undergoes transformation into its final
state, For injection moulding, the liquid state is pushed
into a mould where it is cooled and then released. The
extrusion method chums the liquid into a nozzle where it
is pushed out onto a conveyor belt and cools, forming the
final extruded form.

Su bStaﬂces + PDroCessSesS markbearak+benhowell+patrickoconnor+kyuseonhona+kirktracy+jordantrachtenberg

_l'



10

laminationsynthetics

>

extractionlaminate productionlaminate deploymentlaminate assemblylaminate

energychart
el 1 | | !
extractionlaminate productionlaminate deploymentlaminate assemblylaminate

T

é substances+ DrocesseS markbearak+benhowell+patrickoconnor+kyuseonhong+kirktracy+jordantrachtenberg




polymerizationsynthetics

300y

molecularwood pressurelamination compoundlamination

processlamination

roperties

Bﬂmﬁgﬂa its strangth by means of multiplication. Compressive strength is achieved
by aggregating numerous layers of a given matarial. Wood is a common material used for
laminates, The molecules of wood are amanged in strands that when laminated together in
opposite directions form a structurally scund member in comprassion, The key to lami-
nates is strength in numbers,

l % l , rocess

natural and synthetc materals are used for lamination. Materals gain durability when
sheets or strips are layered and adherad together, usually with a polymer epoky. The pro-
cess of lamination i normally achieved in one of two manners, through pressure lamina-
: tion or rolling lamination. Pressure lamination involves the use of clamps to adhera the
layers together whereas rolling laminmaton requires unwiandeng rolks of a8 material, the use of
| heat and an adheashe, and then rewinding the two rolls into one new laminated material,

a BLICE’[IB n

LmﬂEa were tradiionally used for stationery products and furniture. Recent develop-
ments in material innovations and lamination techniques have lead 1o uses for structural
apphications. Matenals like carbon fiber and other types of polymer sheats have lead to
new uses for laminates. When compounded with an additional technique such as forming,
a versatile, ight weight, and durable laminate is formed.

Cartain “intelligent” laminates are currently in development. MASA in collaboration with
DuPont created a technologically active laminate for the Mars Rover that could withstand
the harsh climate of Mars, Laminates can now serve a technological purpose as well as a
structural one.
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Lamination can be accomplished by adhering numerous
pieces of material under pressure, or through the use of
machinery such as rollers. The pressure method of lami-
nation production is effective in producing members of
any size that can be assembied on site or shipped away.
Rolling lamination is restricted to the size capabilities of
the machinery. The process produces sheets that can be
further manipulated by material hybridization and/or the
use of compressive forms.
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mutecutanrﬂn magneslum pouringmetal panelmetal fieldmetal

properties applicationmetal

some metals and metal alloys possess high structural strength per unit mass, making them useful
materials for camying large loads or resisting impact damage. Metal alloys can be enginearad to have
high resistance to shear, torque and deformation. However the same metal can also be vulnerable to
fatigue damage through repeated use, or from sudden stress failure when a load capacity is ex-
ceeded. The strength and resilience of metals has led to their frequent use in high-rise building and
bridge construction, as well as most vehicles, many appliances, tools, pipes, non-illuminated signs
and railroad fracks.

Metals are good conductors, making them valuable in electrical appliances and for carrying an electric
current over a distance with Iittle energy lost. Electrical power gnds rely on metal cables to distnbute
electricity. Home electrical systems, for the most part, are wired with copper wire for its good conduct-
ing properties.

The thermal conductivity of metal is useful for containers to heat materials over a flame. Metal is also
used for heat sinks to protect sensitive equipment from overheating.

The high reflectivity of some metals is important in the construction of mirrors, including precision as-
tronomical instruments. This last property can also make metallic jewelry aesthetically appealing.

some metals have specialized uses, Radioactive metals such as Uranium and Flutonium are used in
, nuclear power plants 1o produce energy via nuclear fission. Mercury is a iquid at room temperature
and is used in switches to complete a circuit when it flows over the switch contacts. Shape memorny
;__,x alloy is used for applications such as pipes, fasteners and vascular stents.
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molecularaluminum plaster castaluminum plaster castaluminum fieldaluminum

plaster castaluminum . plaster castaluminum
- = properties

In plaster mold casting, a plaster, usually gypsum or calcium sulfate, is mixed with talc, sand, asbes-
tos, and sodium silicate and water to form a slurry. This slurry is sprayed on the polished surfaces of
the pattern halves (usually brass). The slurry sets in less than 15 minutes to form the mold. The
maold halves are extracted carefully from the pattern, and then dried in an oven.

'-.I

rocess

a mold halves are carefully assembled, along with the cores. The molten metal is poured in the maolds. After
the matals cools down, the plaster is broken and the cores washed oul. Low temperature melting materials
such as aluminum, copper, magnesium and Z2nc can be cast using this process. This process 15 used to make
guick prototype parts as well as imited produchon paris.

" A

lication

app
e The volatiles are removed using a flame torch or in a low temperature oven. It is then baked in a furnace at
about 1000 "G (1832 *F) yielding a ceramic mold, capable of high temperature pours. Additionally, the pour
can take place whils the mold is until hot. This process is expensive, but can eliminate secondary machining
e e s p cperations. Typical parts made from this process include impeflers made from stainless steel, bronze, complax
ey b e e cutting tools, plastic mold tocling.
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Emperties .
lymers gain their strength through the process that bonds molecules together in chains. PI'DGESSEE p|EStIE
H H Polymers are used for their high strength, light weight, durability, and thermal properties

c—C rocess

4 any palymer materials are synthesized from natural resources. One example s a South i

/ n American free that extracts latex when its bark is removed. Other examples of polymers B
H H derived from natural resources include silk, lacquer, and nylon

The Polymerization process is achieved by one of two processes; addition or condensa-
tion. Molecules become chains gaining significant strength by eliminating or adding water J

H: H: H: or alcohol

. c c J c Once polymerized, traditional methods of preduction include blow moulding, injection
b P . o e maulding, spinning into fibers, or extrusion. All methods involve heating the salid polymer-
C C C ized bits to a liquid state where it then further manipulated into Its final form

application = I [

Applications of Polymers ramge from the micro to the macro scale. Products at the smaller o 1
' end of the spectrum include botles, containers, parts for larger objects,and industrial E— —_—
\ design objects. Large scale applications of Polymers include sheels, structural members, -] e L L e WX,

and automaotie, nautical, aviation, and architectural uses, i i e dewere Fabrea i o ik ity P e
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polyurethane foam polyurethane columns eavy duty polyurethane floor

moiecu arpuly’u retnane

3 EFD[JEFTIES applicationpolyurethane
lyurethane is the mixing of two components, namely Polyol and Isocyanite, and be-

longs to the greater family of plastics. Contrary to the usual plastic materials, polyure-
thane has countless applications and uses in several areas. Today, pgﬁwla!hani is
one of the mast important and unstable members of the family of plasties; and its
structure is exactly what makes it so useable. Polyurethane can be q:pned toave
wide spectrum of preducts. from making special molds, to being'used as an insul
tion material and to creating machinery and fumiture, -




= 4]
| ) =y Trem & —orm-cw-om
=" — B
rmrrbaar il
kT S e T T ey

i i e e i ik
L1 B iy g 0 darrey Loy and begles sbpreeay

!mr.urmni"-rlw_':-._rn-:p: :"'!Il.:ﬂf!llfﬂhl'ﬂr
| L = X

Mgy fides clgessie ol mdigs ad msigs

el wn et bl ks sl g iy -
e (@) s w—— diisocyanate polyhydroxyester
ngﬁractiunpolyurethane productionpolyurethane deploymentpolyurethane assemblypolyurethane
10
. I energychart
6 —
.-'"-'-- — —

4 -~ f - . —

— f__‘_,.ﬂ"'-ff-—- __-_\___\___‘- — T
2k o~ o

-~
i [ | | I |
extractionpolyurethane productionpolyurethane deploymentpolyurethane assemblypolyurethane

T

substances+ DrocesseS markbearak+benhowell+patrickoconnor+kyuseonhong+kirktracy+jordantrachtenberg

(>



pouringfluids

*—-.._\_ S

Pour something to get solidity

., T

- A substances+ DrocesseS markbearak+benhowell+patrickoconnor+kyuseonhong+kirktracy+jordantrachtenberg



aggregatmncmncrete

B e

o 8 tT.‘:;E

AR

. “
| [
-
& .J
= -
- e

[* =
4 o ki '
|

"

L H
|

extractionconcrete productionconcrete assemblyconcrete depluymentzmc

10 energychart
8
6
a4
2
0 extractionconcrete productionconcrete assemblyconcrete deploymentconcrete

~ substances+pProcessesS markbearak+benhowell+patrickoconnor +kyuseonhong +kirktracy +jordantrachtenberg



L
%
¥

molecularresin ' naturalresin castresin resin product

roperties
esin ::rﬁasm (Oxford dictionary) is a hydrocarbon secretion of many plants, particu-
larly coniferous trees, valued for its chemical constituents and uses such as var-
nishes, adhesives, as an important source of raw materials for organic synthesis, or
for incense and perfume. Fossilized resing are the source of amber. The term s also
used for synthetic substances of similar properies.

applicationresin

roperties
he hmEransparent resing, such as the copals, dammars, mastic and sandarac, are
principally used for varnishes and cement, while the softer odorferous oleo-resins
(frankincense, elemi, turpentine, copaiba) and gum resins containing essential oils
(ammaoniacum, asafoetida, gamboge, myrrh, and scammaony) are more largely used
for therapeutic purposes and incense.

Resin in the form of rosin is used for the upkeep of bows for stnnged instruments (i.e.
violin, viola, cello, double bass), because of its quality for adding friction to the hair.

Resin has also been used as a medium for sculplure by artists such as Eva Hesse,
and in other types of artwork.

' Also, resin s used in some skateboard decks. it makes the skateboard more durable,
making it less likely to get pressure cracks, chippings, or break in half.
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