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An application of dimension analysis to the
characterization of rock wearing

REHME" - hHHE

Hiroyuki Nagahama' and Norihiro Nakamura™

Abstract: The wear rate law of rocks is examined by using the method of dimen-

sional analysis (Pi-theorem), in order to get the information of the fault gouge
generation during the frictional sliding of simulated faults in rocks. Here we pre-
sent a new wear rate law of rocks and discuss the stress-level during the natural
faulting by extrapolating this law. This new law predicts that fault gouge zone

should thicken with depth.
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Table 1  Physical quantities of the fracture system in a layer of wheat flour (“udonko”).

Name of quantity Symbol Dimension
Average distance between successive fractures A L
Thickness of the wheat flour layer d L
Cohesion of the wheat flour layer F, Lyt 2
Density of the wheat flour p LM
Acceleration of gravity g LT?
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Table 2 Physical quantities related to the wear process in the frictional sliding of rocks.

Symbol

Name of quantity Dimension
Thickness of gouge t

Sliding distance d L
Sliding velocity v Lr!
Reference sliding velocity* g LT}
Normal stress c L'MT?
Hardness of frictional surface at

the sliding velocity v H Lmr?
Hardness of frictional surface at

the reference sliding velocity v, H_ LiMT 2
Temperature of frictional surface

at the sliding velocity v g Q
Temperature of frictional surface

at the reference sliding velocity v, 8 2

x:Reference sliding velocity is defined by the sliding velocity at melting temperature of

frictional surface.
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Table 3  Mechanieal properties of rock samples (Data from Yoshioka, 1985},

Density Porosity Strength (MPa)
dry wet (%) Comp.* Ten. **
Sandstone  2.31 243 123107 65 36
Granite  2.65 2.67 0.75£0.09 150 6.1

* Uni-axial compressive sirength. ** Tensile strength measured by Brazilian test.
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Fig.1  Gouge wear rate determined in friction-sliding

experiments on sandstone and granite (Data
from Yoshioka, 1985). The regression lines fit-
ted to the data for sandstones and for granites
by the method of least squares are defined by &
=6.9% 10°(1/¢)"* and ¢=8.3 % 10°(¢/ad )"
where t/d is the wear rate and o is the normal
stress in MPa, Solid square is Choshi sandstone:

Open square is Makabe granite.
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Fig.2  Gouge wear rate determined in friction-sliding

(Data
from Yoshioka, 1985). The regression lines fit-

experiments on sandstone and granite

ted to the data for sandstones and for granites
by the method of least squares are defined by r
=6.1%10%(1/@)"* and r=4.8x 10*(1/a )"
where /d is the wear rate and ¢ is the shear
stress in MPa. Solid square is Choshi sandstone;

Open square is Makabe granite.

Table 4 Parameters of the wear law of rock samples.

Parameters Sandstone Granite
Cq 7.4x% 107 2.32x 107
C, 1.38 x 10 5.80 x 1077
Mg 1.08 2.27
m; 1.02 2.33
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Fig.3 Loglog plot of thickness (t) vs. displacement
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pseudotachylites; <. Lines with45” slopes give
constant £/d ratios {after P4 - &, 1992).
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