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Dynamic fracture
Rate effect
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Last section of the course:
Fatigue
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Newer approach is Paris law
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Crack growth rate, da/dN, (m/cycle), log scale
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Difference between ductile and brittle fracture

Brittle vs. Ductile Fracture (1\’ o/)'l- 51 GX\Q \o «A\C))

A. Very ductile, soft metals (e.g. Pb, Au) at room
temperature, other metals, polymers, glasses at high

/\) temperature.
B
\

J

. Moderately ductile fracture, typical for ductile metals

C. Brittle fracture, cold metals, ceramics.
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Stress vs. Strain curve typical 7

of aluminum

1. Ultimate strength

2. Yield strength

3. Proportional limit stress
4. Fracture

5. Offset strain (typically 0.
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Brittle vs. Ductile Fracture

* Ductile materials - extensive plastic deformation and
energy absorption (“toughness™) before fracture

* Brittle materials - little plastic deformation and low
energy absorption before fracture
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Ductile Fracture (Dislocation Mediated)
Crack
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Ductile fracture
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Ductile Fracture

tensile failure ~ shear failure

3

Scanning Electron Microscopy: Fractographic studies at
(Cup-and-cone fracture in Al) high resolution. Spherical “dimples™ correspond to
microvoids that initiate crack formation.

Brittle fracture:

Brittle Fracture (Limited Dislocation Mobility)
» No appreciable plastic deformation ‘
» Crack propagation is very fast

» Crack propagates nearly perpendicular to the

direction of the applied stress S

» Crack often propagates by cleavage - breaking N ak(mVm
of  atomic bonds along specific '
crystallographic planes (cleavage planes). ] ten sl
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Brittle fracture in a mild steel
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Brittle Fracture Ductile Fracture

Steelat 80K i

Steel at 300 K
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Because of all energy absorption mechanisms ductile materials are
much more resistant to (manufacturing) defects and have much less
scatter in their 1) ultimate load 2) toughness (energy absorption)
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scatter in their 1) ultimate load 2) toughness (energy absorption)

Background information

- Indicial notation

.0 (= L4723
N o x @\&‘ ke CMW\W‘
&\> a'k \ ol F)&l;\\\/:qf
] ({[( é(i éls
A VS
éil 522/ /33

U

3
Z Z 0/(L
(

‘\Qrea\Qé
LA X

ey Cr ©w
Vg Pt €n Ea
Es1 C_- o

MES524 Page 11



6{00"1(;
/\D "V‘%u\ug
S —
¢ €
wlllw‘ (s ‘“\\3 GWU\?
Ce
W ~J <§ CLE/ = JM\W@A &»ﬂ‘\j 1»” Ut
o \[q\\)vva

N had s wwk RN
FOHO— T8 6
6 [jl‘ bre ézg
6il -~ dxy gsU

lond vl

MES524 Page 12



\n\}r\;\} Ja\e € -0 — N € %—O

A micl QV\% G abserdad por ol \/oLw\Q?

U; YL; é: (./) B %( 6[ 6(( T €r1, 6(7,\' é\\s éR\'\

S § U~ &y bre + @:) 523 ¢

GZ] é%\ g E’%Z 5—5.1 _\,e%\g 6‘3‘5)

Nf*
Pepesed
23
- | é& o~
2(_‘2[ )‘%I Y
Voi(ﬁ Nelabs—
L mefe Co%@ wag¢ urms des X S foren
/
€ & é"s

6: éu é“LL 6"3

Ca & G

ME524 Page 13



Lé&\ w KS%\ S '

symm)\'\c
e a v e - -
| A\y\ = ou ln&/&)&/\m \IU\B)‘ (‘(” k hoerﬂﬂ/h\j
e A N L e
J[& normr& | K E: )
< - 17 cpwporwé\& z ) €n (;n\c)wwmé
T o)l
1T @A AN |
)]
3] ‘ . At
6(,5 - 7&:(&"3 ’rus,»)
O = 26'2 Oy + 26= 2*% (Um +l&/l\
= (A\glt/ \k'l/ \
/\L'X
—= X\
(¢
23RS xS

—

MES524 Page 14



DA g g/mﬂod] Fonger

" 1
o 5 Ahis o il \/Q'Qjﬁ/j N0l ahovs b
( él\ r Cil |
| 611 o
bo ] b o
62 - .
pISIDY
; ) Zqs
_“ %I 6\(’ > J Zé.g\J &\
bl
Ca
Vo[.é“ @l ~ l(iK\y ’Y\@"\ A\X
| (. €
A z(y

é\l mc’i\
/;-\ 2 A‘ .

ME524 Page 15



5»1,7' é’z,\
- \(Z (6‘ 6, + &b T €17> 0/33
{/Q/G)l) ‘4{2 f(zélg)éz—z 1 @6’5\) 5%\
(51( Ql\
= ) Z; (Qv‘
€33
¢ i’; @ 24
[./%\ e
J ¢
oy
\/a\jl &l re of S \6
R G
o-ld.c s \
7

MES524 Page 16



Material classification /

4.Ce -
v Tensile test
Elastic Visoelastic
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Visoplastic
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