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The frictional phenomena appear in various systems. Their scales spread to
extraordinary wide range. The frictional systems of large scale extend to
landslide, glacier and earthquake, while those of small scale reach to
sub-nanometer. There are universal behaviors in friction which are independent
from the scale of the system. Typical examples are the maximum static frictional
force, which is the threshold strength of the external force to cause the
translational motion, and the kinetic frictional force, which results from energy
dissipation accompanied by the caused motion. Besides these, stick-slip
phenomena, memory effect of static frictional force, velocity dependence of kinetic
frictional force and so on appear in various systems with wide range of scale.
There are common mechanisms in these universal phenomena. Here we review

frictional phenomena of various systems from a unified point of view.

friction, stick-slip, actual contact point, actual contact area, Amontons-Coulomb’s

law, adhesion theory, earthquake, Gutenberg-Richter’s law
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Fig. 1, Sliding friction and actual contact points.
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Fig.2, Stick-slip motion of Bristol board ®, Upper (lower) curves represent the time

evolution of driving-spring elongation with lighter (heavier) weight.
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Fig. 3, Appearance, deformation and disappearance of an actual contact point during

sliding motion.
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Fig.4, The velocity, v, dependence of the kinetic frictional coefficient w, (black
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Fig.5, The waiting time ¢,,,, dependence of the static frictional coefficient u, of
sandstone, steel, PMMA and Bristol board®.  The vertical and horizontal axes

are u, and fsick (S), respectively.  The parameter B comes from the

logarithmic fit u(7,.,) = Uy + BIn(z, ;). Seeeqs.(2,4).
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Predicted response

Equations (1)and(2)
_ E Granit
75 [ 10um/s  1pm/s 10pm/s  lpm/s ranite
iﬂf’f’—j&%} #60 surface
70 L } : 15 MPa normal stress
_ 100pm :
70 10 um/s 1 um/s : 10um/s 1lum/s Granite
j I N #60 surface, 1mm gouge
6L — T 10 MPa normal stress
100um )
67 r lum/s 0.1 pm/s 1um/s 0.1um/s Soda-lime glass
#60 surface
62 L 100um 5 MPa normal stress
85 [ 1um/s 0.1 um/s 1um/s 0.1um/s Lucite plastic
#60 surface
70 - e 2.5 MPa normal stress
100pm

Teflon on steel

025 [ l0umls - dpms L0um/s — Iumls polished surface
020 — 30 MPa normal stress

100um
.70 | 2 um/s Wood
20 / 2um/s 0.2um/s
[ HiTs : = #40 furface
.60 1 MPa normal stress
100um

Fig. 6, The response of the kinetic frictional coefficient against the change of
the driving velocity of granite, soda-lime glass, lucite plastic, teflon on steel

and wood”.
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Fig. 7, The waiting time dependence of actual contact points between
surfaces of acrylic plastic’. The red, yellow and blue area represent actual

contact area for T = 1, 100, 10000 s, respectively.
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Fig. 8, An point particle in a tilted periodic potential.

20



Japan Sea

The Japan Deep

~0
~ 50km
Shallow Earthquakes
- 100km . Interplate
Big Earthquakes
— 150km

Fig. 9, Plates aroud Japan and the interplate earthquake. The shape of
the plates is simplified.
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Fig.10, The frictional parameter (A-B) and the stability as a function of the
depth of the crustal faults and subduction zone and the earthquake distribution'.

The stability of the yellow zone depends on the effective spring constant of the fault.
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