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2. Concrete Issues
ductility
CO, generation

durability




concrete and composites ductility
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concrete and composites

Failure strain, €,

€, - measure of the deformation of the
material at final fracture stress

Ceramics

Fracture and failure is unpredictable

ductility

Probability function

x

Fracture stress (ceramic)

Figure X

Material Er
concrete, unreinforced 0
(compression)
concrete, reinforced 0.02
soda glass 0
low-alloy steel 0.02-0.03
mild steel 0.18-0.25
carbon steel 0.2-0.3
stamle;g steel, 0.45-0.65
austenitic
stainless steel,
ferritic 0.15-0.25
cast irons 0-0.18
iron 0.3
aluminum 0.5
copper 0.55
brasses and bronzes 0.01-0.7
natural rubber 5.0

Images by MIT OCW.

Tensile Ductility, € (except for certain
materials such as concrete, unreinforced)



concrete and composites

Toughness, G;, and

Fracture toughness, K,

measures of energy absorption potential through
resistance to crack propagation.

G; ( toughness), K, (fracture toughness) -

both material properties.
G; = energy per unit of crack area

Various ways of measuring depending on the
material.

Therefore, search for materials that have high
resistance to cracks that are formed through
loading or other lifecycle stresses.

Sometimes toughness is also referred to as the area
under the stress-strain curve.

ductility

Material Gy K,

(kJim2) | (MN/m?3/2)
concrete, 0.03 0.2
unreinforced
concrete, 0.2-4 10-15
reinforced
soda glass 0.01 0.7-0.8
mild steel 100 140
medium carbon 13 5
steel
high strength 15-118 | 50-154
steel
cast irons 0.2-3 6-20
aluminum alloys 8-30 23-45
pure ductile 100 100-350
metals -1000
Cu, Ni, Al
GFRP 10-100 20-60
CFRP 5-30 32-45
fiberglass 40-100 42-60
common woods 052 0.5-1
|| to grain
granite 0.1 3
polypropylene 8 3
polyethylene 6-7 1
(low density)
polyethylene 6-7 2
(high density)

Figure X

Toughness, Gy, and fracture toughness,
K., for a variety of materials.

Source: Ashby, Engineering Materials |



Fracture Toughness (ksi.in*1/2)
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Young's Modulus, £ (GPa)
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concrete and composites

Ecological Issues

Concrete production contributes 8% of world’s total CO,

emissions.

Research in building materials for the developing world

is a moral obligation.

Issues

.

Cultural Issues

Poverty allevation
Safety
Health (IAQ, toxicity)

Resource Management

Form (resonance with place)
Process (acknowledges local skill set)

Material (regional resources)

Percentage change of forest coverage 1980-1995

-12

CO, generation

Developed

Developing
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concrete and composites durability

Concrete

Need for durable reinforcing and water impermeable
concrete matrix

Especially for freeze/thaw climates
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3. Improved Structural Materials
substitution
dematerialization

technology transfer
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US materials use in construction Assembled i data fiomithe
following sources:
A aluminum R: copper Moavenzadeh: pg. 517.
B: brick s(r): steel Us M‘;jr‘:i ggf“’x
C: concrete s(n): steel, non-residential : <t
G: glass W(r): wood, residential Others
P: polymers Win): wood, non-residential

dematerialization, substitution, technology transfer

Common abbreviations

Polymers (homopolymers)

CA cellulose acetate
CN cellulose nitrate
CSF casein-formaldehyde
EP epoxide
PA polyamide
PAGE polyamide 66
PAN poly(acrylonitrile)
PBA poly(butylacrylate)
PC polycarbonate
PCTFE poly(chlorotrifluoroethylene)
PE polyethylene
PE-HD high-density polyethylene
PE-LD low-density polyethylene
PEEK poly(etheretherketone)
PET poly(ethyleneterephthalate)
PF phenol-formaldehyde
Pl polyimide
PIB polyisobutylene
PIR polyisocyanurate
PMMA poly(methylmethacrylate)
PP polypropylene
PS polystyrene
PSU polysulfone
PTFE poly(tetrafluoroethylene)
PU polyurethane
PVB poly(vinylbutyral)
PVC poly(vinylchloride)
PVC-P  plasticized poly(vinylchloride)
PVC-U unplasticized poly(vinylchloride)
sl silicone
SP saturated polyester
UF urea-formaldehyde
4] unsaturated polyester
VF vulcanized rubber
Copolymers

ABS acrylonitrile/butadiene/styrene
EPDM ethylene-propylenediene
ETFE ethyleneftetrafluoroethylene
SB styrene butadiene

Commercial introduction of important

1910
1924
1930
1939
1939
1941
1946
1949
1949
1950
1953
1959
1961
1983
1983

polymers in the US

Rayon
Acetate
Rubber
Nylon
Vinyon
Saran
Metallic
Modacrylic
Olefin
Acrylic
Polyester
Spandex
Aramid
PBI
Sulfar



concrete and composites dematerialization, substitution, technology transfer
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4. Material Selection and Evaluation (CES)
multi-objective optimization

material indices/ CES software



concrete and composites multi-objective optimization

il HE ittt : Pmm e . Fmmmmmm e "
: famili 'V individual . l : | '
i property families ., individual properties \ material families | : see chapters .
. i ductility k | ' | 3.1-3.5 '
1 B + ~ 1 1 1 1 ]
! sreenennaneen i elastic moduli I ! d N '
. intrinsic ' yield strength k : i : :
' ' tensile strength Ji S . ! ferrous 1
] H LN > il

i mechanical L compressive strength ) - metals : ] -
E - E 'E' toughness i E E i nonferrous E
- phys|ca| ] density 1 " ' 1 1
i e thermal conductivity e - i " thermoplasti A
i s thermal diffusivity i - ' - ermoplastics '
' thermal E1H melting temperature i i E i E
: ‘ -:- maximum service temperature i | pOlymers + * thermosets v
: 1 LI Tinear thermal expansion coefficient : i 1 '
: : ' radiation transmission L : : : elastomers :
E optical T[:: or f : : : :
i : r | corrosion i - . : fired cla i
i deteriorative _FE: mechanical wear Is i E ! y :
hlII“;;:;:;:;:;:;:;;;IIIdlhlllllllllllllllllllllllll i i E E concrete E
1 [ ] 1 =

: extrinsic ' ! i ceramics ; i E
, 11 . ) H stone '
' . v capital cost - construction ' ! ' ' '
! economic 1 ! . i . H
| _E'[;: life cycle cost K ! ' : glass E
] [ ] 1 1 1

1 e . . N | 1 1 I
' | 1 energy consumption (embodied) I ! ' ' wood '
' ; 1 material use (MFA] |1 ! ' | .
1 environmental s pollution and greenhouse gases 1 I H 1 - '
E i 4:- ecology (ecological rucksack) i ! ' ! natural fibers '
! ' toxicity, IAQ, well-being ! 1| inatural materials: [ | _ '
i | poverty alleviation I i H H E ; biopolymers '
i = i+ safety k I ] ! !
' societal ol health F : ' : earthen materials E
i e social equity i i E ] -
' Ve k i 1 ' GFRP/CFRP '
i ' historical resonance F - ] ] -
! cultural L theoretical ramifications ! I : 1 ! " '
! ' characler | i composites T fibergias :
1 [ ] I e 1 [
' i I ! other :
' | I ) I—— !




concrete and composites multi-objective optimization

1 1
] ]
MNC i fibers i
metal-metal composite i i
] 1
i : " cellulose — viscose rayon
. . natural
i e - protein — ardil
metals : st
! ! H cellulose derivatives |—— acetate
: i rubber
/ i [ manufactured |!
] ——
i i — polyamides — aramid, nylon 6, others
i : a polyesters — polyethylene terephthalate
steel-fiber concrete l steel-fiber reinf. polymers || fiber reinf. H H | : - — -
1 i organic }—_ polyacrylics — polyacrylonitrile, modacrylic
= = polymers ! F
CMCs, MMCs | natural fiber reinf. hybrid fiber reinf. (polymer ; i : polyolefins ——  polyethylene, polypropylene
clay and concrete polymers fibers, FRP) | H L elastomers _— Xx
(NFRC) (metal-polymer fibers) 1 i synthetic
straw-reinf. brick - 1| polymers
= | i i carbon - carbon fiber
cerammcs [ ] polymers i E silicon —— glass, silica, silicon carbide, others
| | i E inorganic aluminum — alumina, aluminosilicate
1 1
carbon fiber reinf i i boron — boron carbide, boron nitride
glass fiber reinf. concrete polymer (CFRP) | glass fiber reinf polymer (GFRP) | H others  — zirconia, fitania, others
(whiskers, fibers and textil - i i . -
rainforcing] laminated g|ﬂ$$ : "
polyvinyl butyral interlayer(s) - F
between layers of glass 1 ! fax
E E sisal
] ]
! ! | vegetable I jute
i E i: straw
E E others
! natural !
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i : - glass
| - : i
glasses ; : ik
' i | animal I E s
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] ]
: ;

*Glasees have been separalely represented here because
of the importance of glass whiskers, fibers and lexties in the
resnforcement of various types of composites.
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ceramics

» (lass ceramics

Machineable, good fracture
toughness

» Very HPC (Ductal)

Ductile concrete

» Ceramic foams

Lightweight, structural material

* New laminated
glasses

Laminated glass (Dupont SGP
interlayer)
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Ductile concrete

Steel whisker reinforcement

Increased toughess

Increased water impermeability (few

micropores)

new concrete

Bending strength, MPa

ductile concrete
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