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Stress

Rigid and
prittle
(melamine,
phenolic)

Tough and ductile
(ABS, nylon)

- —_—
Soft and flexible
/ (polyethylene, PTFE)

Strain
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final: chains

c(MPa)
60 Kbrittle failure
40— plastic failure
e elastomer
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initial: amorphous chains are
kinked, heavily cross-linked.

Deformation
is reversible!

8 are straight,

still
cross-linked
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Yield strength, o, (MPa)
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a = annealed
hr = hot rolled
ag = aged

cd = cold drawn
cw = cold worked
qt = quenched & tempered
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Metals/ Graph!te/ Composites/
Ceramics// Polymers .
Alloys Semicon fibers
2000
e Steel (4140)at
1000 — 8
—1 ,Ti(5A1-2.55n) ke
700 Wipure) NG
600 —1 ¢ Cu (71500)CW 2o
500 —| $Wo (pure) S 2 5
400 — e Steel (4140)@ O o ‘G
e Steel (1020)cd 4 £ o
300 — 13 g O£
e Al (6061)29 o 9 s X =
200 —| *Steel (10200 3} >, w3
¢Ti (pure)? ©| s o E>
Ta Ppur ) Q| 3 E>T
°Cu(71s00)hr  E|3 ¥
.8 8 - % S
100 — |2 2ol
— cl& dr ® 52
70 — T PC T xg
60 — 3 $ Nylon 6 s &
50 — *A! (6061)@ c BET ’ T -
40 $pvc hum £s
— -
PP €S
30 — $ HDPE £t
¢ £
20 — £
10 o Tin (pure) I ez



Tensile strength, TS (MPa)
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Metals/ Graph!te/ Composites/ [
Ceramics/ Polymer .
Alloys . fibers
Semicond /\
— C nibers
— spramia e ] TS(ceram)
~ | eSteel (4140)at ~
149 ® AFRE(|| fibfr) TS(met)
=] (€ :Ir;)ss eDiamon ®GFRE(|| fibler)
—— o7 nd ®CFRE(|| fib
— g{,e(% ) Si nitrige JRELE
—e %’e(e7l1(51%30) IAI oxide
—1®Al (6061) ag
.TI{ ure
- pure) L
e Al (6061)2 . .
= is'ﬁg stpl + Nylon 6 §r¢ wood([[fiben | 5 — apnealed
—_— eGlass-s¢da SPC —
- -Coans:r: 2 £pvc GFRE(L fiber) hr = hot rolled
- PP CFRE(Lfiber)| ag = aged
= | HDPEI AFRECLTIbEO T o = cold drawn
. Graphite LDPE cw = cold worked
] qt = quenched & tempered
— AFRE, GFRE, & CFRE =
f— aramid, glass, & carbon
1 fiber-reinforced epoxy
I ewood(Lfiber)]  composites, with 60 vol%

fibers.
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E(GPa)

109 Pa
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Graphite

Metals . Composites
Ceramics [Polymer .
Alloys . Ifibers
Semicond
1000
800 — I Diamon
600 —
Si carbifle
400 —] e Tungsten Al oxid Carbon fibers only
® Molybdenums S; nitrige
. ; .
200 — ‘?g%%!a’lyrln KR CFRE(|| fibers)
Platinum Si crystal -
o icu alloys <100> Aramid fibers only
—¥ -
80— ﬁipvce’rT'Gold eGlass-4oda FRE(tl)l fibers)*
60 — umlnu'm lass fibers only
40 — o Magnesium, FRE(|| fibers)*
e Concre¢te
20 — FRE*
FRE*
10 — e Graphite FRE(L fibers)*
g ] CFRE(Lfibers)*
PBIEStET AFRE(Lfibers)*
4 }PET
ps
2 — PC Epoxy only
[}
4 — ohibre
0.8 —
0.6 — e eWood(_L grain)
0.4 —
0.2 e| DPE

ceramics
> Emetals
>> Epolymers

Composite databased on
reinforced epoxy with 60 vol%
of aligned

carbon (CFRE),
aramid (AFRE), or
glass (GFRE)
fibers.
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Elongation Poisson's
in 50 mm ratio
Material UTS (MPa) FE (GPa) (%) (1#)
ABS 28-55 1.4-2.8 79-5
ABS (reinforced) 100 7.5 0.35
Acetals 55-70 1.4-3.5 T9-20
Acetals (reinforced) 135 10 0.35 0.40
Acrylics 10-75 1.4-3.5 50-5
Cellulosics 10-48 0.4-1.4 100-5
Epoxies 35-140 3.5-17 10-1
Epoxies (reinforced) T0-1400 21-52 4-2
Fluorocarhons 7-48 0.7-2 300-100 0.46-0.48
Nvlon 55-83 1.4-2.8 20060 0.32-0.40
Nylon (reinforced) 70-210 2-10 10-1
Phenolics 258-70 2.8-21 2-0
Polyecarbonates 55-T0 2.0-3 12510 0.35
Polycarbonates (reinforced) 110 0 G-
Polvesters 55 2 300-5 0.38
Polyesters (reinforced) 110-160 B.3-12 3-1
Polvethylenes 740 0.1-0.14 1000-15 0.46
Polypropylenes 20-35 0.7-1.2 H00-10
Polypropylenes (reinforced) 401000 3.6-6 4-2
Polystyrenes 14-83 1.4-4 601 0.35
Polyvinyl chloride 1-25 0.014-4 15040
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