
C
o
n
fo

rm
a
l
d
yn

a
m

ics
o
f
p
recu

rso
rs

to

fra
ctu

re

F
elip

e
B
arra

,
M

a
u
ricio

H
errera

a
n
d

Ita
m

ar
P
ro

ca
ccia

A
u
g
u
st

1
7
,
2
0
0
3



•
In

tro
d
u
ctio

n

•
P
recu

rso
rs

to
fra

ctu
re

a
n
d

th
eir

d
yn

a
m

ics
(2

D
)

•
S
u
rfa

ce
ten

sio
n

eff
ects

•
C
o
n
clu

sio
n
s

1



A
fa

ct:
S
o
lid

s
b
rea

k
!

T
h
e

E
n
erg

y
n
eed

ed
to

b
rea

k
a

p
erfect

so
lid

(b
o
n
d

b
rea

k
in

g
)

is
h
u
g
e

co
m

p
ared

to
exp

erim
en

ts.

F
ra

ctu
res

co
n
cen

tra
te

stress
a
t

th
eir

tip
lo

w
erin

g
th

e
n
eed

ed
en

erg
y.

In
g
en

era
l,

fra
ctu

res
a
p
p
ears

in
free

b
o
u
n
d
aries

(b
o
rd

ers
o
r

p
o
res).

2



L
ets

co
m

p
are

th
e

en
erg

y
o
f
a

so
lid

u
n
d
er

ten
sio

n
w

ith
a
n

w
ith

o
u
t

a
fra

ctu
re

o
f
len

g
th

l.E-C l +2Γl
E

2 l

∆
E

=
2
Γ

l−
C

l 2

1
2

ll
0

-
0
.
2

0
.
2

0
.
6 1 D
E

D
E*



•
If

l
<

l0
=

Γ
/C

a
p
erfect

so
lid

is
en

erg
etica

lly
p
re-

ferred

•
T
o

n
u
clea

te
a

cra
ck

o
f

len
g
th

l0
a

b
arrier

∆
E∗

=
Γ

2
/C

m
u
st

b
e

o
verca

m
e.

3



S
tress

d
riven

su
rfa

ce
in

sta
b
ility:

a
n

a
ltern

artive
view

•
S
u
p
erfa

ce
d
ifu

sio
n

a
s

a
m

a
ss

tra
n
sp

o
rt

m
ech

a
n
ism

•
U
n
d
er

stress
a

fl
a
t

su
rfa

ce
is

u
n
sta

b
le

fo
r

p
ertu

r-
b
a
tio

n
s

o
f

lo
n
g

w
a
ve-len

g
th

:
A
saro

-T
iller-G

rin
feld

In
sta

b
ility

•
In

sta
b
ility

lea
d
s

to
th

e
fo

rm
a
tio

n
o
f

g
ro

o
ves

th
a
t

seem
s

to
en

d
in

a
cu

sp

H
.
G

a
o

&
W

.
D

.
N
ix

(A
n
n
.R

ev.M
a
ter.S

ci.
2
9

1
7
3
)

4



•
It

h
a
s

b
een

arg
u
ed

th
a
t

th
e

en
erg

y
is

a
lw

ays
d
e-

cresin
g

in
th

is
p
ro

cess
(H

.
G

a
o
).

M
o
reo

ver
th

e
g
ro

o
ve

tip
co

n
cen

tra
te

th
e

stress
in

th
e

sa
m

e
w
ay

th
a
n

a
fra

ctu
re

a
n
d

o
n
ce

th
e

cu
sp

is
fo

rm
ed

,
fra

ctu
re

m
ay

p
ro

ceed
a
cco

rd
in

g
to

G
riffi

th
criterio

n
(H

.
G

a
o
).



P
recu

rso
rs

to
fra

ctu
re

In
a

larg
e

tim
e

sca
le,

tra
n
sp

o
rt

b
y

d
iff

u
sio

n
ca

n
o
ccu

r
in

th
e

su
rfa

ce
(a

n
d

b
o
d
y)

o
f

a
so

lid
.

T
h
is

p
ro

d
u
ces

a
m

o
vem

en
t

o
f
th

e
in

terfa
ce

a
cco

rd
in

g
to

M
u
llin

s

J
s
=

ν
Dk
T

∂
µ

∂
s

M
a
ss

co
n
serva

tio
n

(co
n
tin

u
ity

eq
u
a
tio

n
)

im
p
lies

v
n (s)

=
−

D̃
∂
2
µ

∂
s
2

v
vv

n

n

n

s
s

s
s

j
j

jj
C
h
em

ica
l
p
o
ten

tia
l

µ
=

µ
0
+

C
[S
−

γ
κ
]

,

(1
)

5



•
su

rfa
ce

en
erg

y
γ
d
s→

γ
κ

γ
:

d
en

s.
su

rfa
ce

en
erg

y
κ
:

m
ea

n
cu

rva
tu

re

•
S

=
d
efo

rm
a
tio

n
en

erg
y;

S
=

12 ∑
u

ij σ
ij .

T
h
e

stra
in

u
ij

ca
n

b
e

exp
ressed

in
term

s
o
f

th
e

stress
σ

ij
a
n
d

a
t

th
e

su
rfa

ce
(p

la
n
e

stress
a
n
d

n
o

su
rfa

ce
ten

sio
n
):

S
=

12
E

[trσ
] 2

F
in

a
lly

w
e

w
rite

v
n

=
−

∂
2[S

−
γ
κ
]

∂
s
2

.
(2

)

6



T
h
e

m
o
tio

n
d
u
e

to
v
n

is
a

slo
w

m
o
tio

n
.

T
h
e

stress
fi
eld

is
eq

u
ilib

ra
ted

a
t

a
tim

e
sca

le
co

rresp
o
n
d
in

g
to

so
u
n
d
.

T
h
erefo

re
th

e
ela

stic
p
ro

b
lem

is
co

n
sid

ered
sta

tic.
T

h
is

is
th

e
q
u
a
si

sta
tic

lim
it.

N
ew

to
n
’s

law
:

∂
i σ

ij
=

ρ
ü
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