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PERFORMANCE

Complex system: materials components, assemblies, devices, building systems

Complex process: extraction, refining, processing, manufacturing, construction

Inception, life cycle

PROPERTIES

Material properties: intrinsic, extrinsic

Material families

1.
2.
3.
4
5.
SELECTION

Metals
Polymers
Ceramics
Composites

Natural materials

Current process

Analogs for design

Methodologies of selection
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Material properties:
« Intrinsic
- mechanical
- physical

- Extrinsic
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PERFORMANCE

SELECTION
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Material properties:
« Intrinsic
- mechanical
- physical
Extrinsic

For metals, the compressive strength is the same as the tensile
yield strength.

Polymers are approximately 20% stronger in compression than
in tension.

Foams are linearly elastic up to a strain of between 0.5 and 5%.
Beyond the elastic limit the stress-strain curve has a much lower
slope: low density foams have an almost horizontal plateau;
denser ones have a rising stress-strain curve. The database stores
three measures of the compressive strength. The first is the stress
at a compressive strain of 5% (roughly, at the elastic limit in
compression), the second is the stress at 25% strain (roughly the
middle of the plateau) and the last is the stress at 50% strain (the
end of the plateau).

For ceramics, compressive strength is governed by crushing
and is much larger than the tensile strength . Typically

Composites which contain fibres (including natural composites
like wood) are a little weaker (up to 30%) in compression than
tension because the fibres buckle.

For continuous fibre, polymer composites, where no data was
available, the compressive strength was calculated using the
Maximum Stress Failure Criteria (see [ ]).

Wood, often, is used to support compressive loads: railway
sleepers, pallets, frames of buildings, packaging for heavy
objects are examples. The compressive strength is important in
such applications.

Three strength properties of woods are widely reported (Forest
Product Laboratory [ ']:the compressive crushing-strength, s,
the modulus of rupture (or bending-strength) s,,z, and the
shear-strength parallel to the grain, t,. We define these first,
before going on to the elastic limit, tensile strength and
endurance limit which were frequently estimated from them to
make the database.

___________________________________________________

property families individual properties

ductility
elastic moduli
yield strength
tensile strength
compressive strength |

intrinsic

[ | mechanical | |+

1
]
]
)
]
]
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1
L
]
L
]
L
1
T. —
L toughness
]
]
!
]
H-
1
H
]
L
]
L
]
]
]
]
]

|—§-¢- density

thermal conductivity

| physical

thermal diffusivity

melting temperature

| thermal |-'- ;

maximum service temperature

linear thermal expansion coefficient

| optical

radiation transmission
color

| corrosion
| mechanical wear

IhIIIII-IIIIIIII.IIIIIII*IhIIIIIIIIIIIIIIIIIIIIIIIII

| deteriorative

extrinsic

capital cost - construction
life cycle cost

| economic

i

bttt B CE ket oK ok ToT debdh ok ok ok Sl sttt sl bt

energy consumption (embodied)
material use (MFA)
pollution and greenhouse gases
ecology (ecological rucksack)
toxicity, IAQ), well-being

poverty alleviation
safety
health
social equity

| . environmental

| societal

historical resonance
theoretical ramifications
character

| cultural

___________________________________________________
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Material properties —> families:
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Material families:

- Metals

- Polymers
- Ceramics
- Natural

- Composites
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Material families: T :
i ferrous | A
Metals i metals |
- ferrous ! : .
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i| steels |:
, . i ; high alloy tool
Approximate dates of discovery for the seven metals | carbon |
of antiquity 110.04-1.7% T[ low alloy plain
| (weight%) | i
1 1
gold 6000BC ; i high carbon
copper 4200BC l I heat treatable
H H medium carbon|
silver 4000BC ! ! plain
lead 3500BC i i low carbon
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iron, smelted 1500BC E E high strength
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Material families: o ':
! common |
Metals i nonferrous i pure copper
- nonferrous | metal
E E brass
! ! Cu+Zn
E copper i bronze
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1 1
i |manganese|: i Casting alloys
E Mn E Al +11Si
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: b Al+3Li
+| titanium |
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1 I 1
i i
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| Pb i
1 1
! — !
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Material families: o i
i copper |
Metals . and |
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PERFORMANCE Material families:

- Polymers
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PERFORMANCE Material families: {7 ': e stremaths of
: | ceramics | compressive strengths of a
Ceramics i 1 + [ reactive powder concrete variety of concretes
: : RPC
' ' A
I i
i i
SELECTION = | rirarenas s :
- i| 1 high performance concrete | RPC: 200 - 800 } 200
i i : HPC :
''''''''''''''''''''''''''''''''''''' -1 1
: i | || very high strength concrete ||
References i 1 VHSC 1'
E concrete E i high strength concrete ll 150 3
Ashby Michael F. Jones David RH. 2001. ! T—i HSC | T .g
Engineering Materials I: an introduction to I I ' - ] é
their properties and applications. 1 1 " &
Butterworth-Heinemann. 2001. E E VHSC: 80130 E
E E high performance lightweigh S g
! ! concrete HPLC A 10 €
i i | [autoclaved aerated concrete HSC: 60 - 90 §
| | AAC =
i i conventional concrete k) © | 50
- - cc
i i CC:0-60
: t {_|high volume fly ash concrete
- - HVFC
i Vo ________ - AAC: 2.5-7.0
' b fired clay bricks I =l
1 5 1 |
! vitreous | " ll
1 . 1
: ceramics : : acing bricks :
t |(aluminosilicate| ] | — |
E mineral E : paving bricks ]I
i| kaolinite) |: e .' sandstone
i i n tiles ’: bluestone
i i type 1: erosion brownstone
) 1 B A .
type 2: biogenic limestone
i E sedimentary P ogen
; ) type 3: inorganic travertine
i i : ,
: pr : et type 4: volcanic S
] 1
E E I— L marble
: ! igneous granite
1 1
1 1




Material families:

f i
: ' ceramics |
- Ceramics ; 9 ;
i i
i i
i I
E high E silicon :'""'""- """" i
1 1 - 1 1
‘| performance |!| aumna i €2 ;bn'g es
"""""""""""""""""""" | (engineering) |! boon ~ H!  pitrides |
1 - 1 ) )
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! ! i assemblies,
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E = ! responsive materials
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E E cast glass —I—| profiled glass
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1 | - glass block 1
: s silica !
I ! (70% Si037) float glass 1 T
: : (annealed) E multiple glazing
i i ' low-e glass
i i| | lead alkali : -
i i | | silicateglass | """~ heat ~ =~ o slectrochromic
] L} 1
i I i ' treatments ! ! photochromic
' asses : 1 o
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Material families:
- Composites

MMmC
metal-metal composite

metals
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Material families:
- Composites
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wool

f i

; fibers ;

1 1

i i

; I

1 1

- . cellulose viscose rayon

- - natural o il

E E polymers protein ardi

I : cellulose derivatives acetate

: ! rubber

' | manufactured |:

! —i—

- : polyamides aramid, nylon 6, others
1 1

i E ’: polyesters polyethylene terephthalate
i i organic polyacrylics polyacrylonitrile, modacrylic
1 1

- - i: polyolefins polyethylene, polypropylene
E E elastomers

! ! synthetic

- ! 7| polymers

i i carbon carbon fiber

E E ’: silicon glass, silica, silicon carbide, others
1 ! r n

- " inorganic aluminum alumina, aluminosilicate
i E i: boron boron carbide, boron nitride
E E others zirconia, titania, others
i i

i i

: : _ flax

1 1

1 1 o

: ! = sisal

1 1

: ' | vegetable jute

1 1

i i || straw

i i

) ) L others

: natural !

I i . — asbestos

! s mineral

! ! _— glass

: i

i i : silk

- ) animal

i i

1 1

i i

1 1
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- Analogs for design

- biomimicry
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- Analogs for design
- biomimicry

- other complex systems (vehicles)
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- Next steps
- Tutorial

- Material family assignments

- Software development template
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