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Temporal effects in dry friction
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Qutline:

-Description of “temporal effects”

-Presentation of a spring-block model
Incorporating “structural relaxation”

-Obtention of realistic friction properties

-Application to earthquake dynamics

-Description of time increase of contact area



Temporal effects originated in...

“horizontal” relaxation
Iogari Uecrease o1

pulling

Not to be considered

“vertical” relaxation
increase of contact area with contact time



“Aging” effects in dry contact
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The starting point:

Friction by the Tomlinson mechanism

Stochastic Prandtl-Tomlinson model

Dynamics of e]l(astic manifolds driven on disordered potentials
if
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The starting point: We need an internal ‘aging’ mechanism

W(u)

U(t)

(1D picture, but simulations
are made in the 2D case)

E= Z k;'uu )—I—Z:k1 —U; ) 41

i,33i/ 57
+)  Wij(ui )
i
dui,j — .3 )
dt 4 duy
_ A — “velocity weakening”
(D) ﬂ A
el @
c 2
i c
k& > =
e . [ &) >
L Velocity =

Velocity



1.50 o(t) (a)
G | 3 -
145}

[ At _C_) 2
1 40 r~ * # =
. Wiy n,uw'-.:_x"m.fw#“s.,_ A .-""".,.h;.-.f-,,c_

Ty

T S W

10" 10° 10' 10° 10

0.60 U .; a
[ - o o
M, |
-~ ® Schalz & Engelder 1976
(1,55 Dieterich 1978 .
A &  Tullis & Weeks 19845
a  Kilgose e al 1993 .
oo Johnson & Marone 1997
III IIIII

IIIII IIII'IJ IIIIIIII 1 11ERL | | IJ il i
w? ow? o ow' o w ot 1wt 1t d
WV o(um/s)



1.50

1.45

1.40

1.35

. a 070 — . _

| = @ Diectench 1972 o
Ea B L 0 Diesecich 1981 A

B + !_ & Heeleretal 1904 ™ i

% T & Marone 9% ik

Ap, ar :

i 0.651 . -

0.64| v i i .. . .
: . . &
| — B i
103 16 . $o B
. 0.60Lg =
{Jﬁl_ | lma = II:TI [.IIJHI.'I.-'.'IE-:'II_IEJ: “ -III?| [ N TR 11 iieis L1 iiin Lk |'| [ | |I||II| |
240 245 250 1 w100 1w 1wt 1w

Load Point Displacement (mm) Hold Time (sec)



G Statistics of stress drops Ac

Earthquakes:

v

Without relaxation

Gutenberg-Richter law:
Number of earthquakes as a
function of Magnitude N(M)~10-M

b~0.4 without relaxation
b~1.1 with relaxation
b~0.8-1.2 experimentally
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What about time dependence of contact area?

Wi(u)

Wi(u)

Uy u(t)

Poor-man description of an elastic body surface
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Self affine surface
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Conclusions:

With a simple mechanism of structural relaxation
on a spring-block system we have been able to...
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-reproduce the phenomenology of dry friction: 1.40¢

1.354

-obtain realistic temporal sequences
of stress drops (earthquakes, not shown in detail)

-show that the modeling Is compatible with the
logarithmic time increase of contact area
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