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L rperimental Investigations on the Mechanisim of
Formation of Step-Faults in a Pile of Sand

By
Torahiko TERADA and Naomi MIYABE
(Abstract)

(1) The present investigation was initiated in connection with the authors’
study on the phenomena of land-slide frequently observed in different parts of
this country, either associated with earthquake, or apparently not. It is remarked
that the familiar phenomena of step-faulting met with in cases of land-slide may
faithfully imitated by a simple model consisting of a mass of sand filled in a
rectangular box, of which one of the lateral wall is made to recede outwards.

(2) A discussion is made to the effect that the phenomena of faulting of
the earth erust in a large scale may also properly be imitated by the miniature
faulting of a sand mass, perhaps mere properly than by an ordinary elastic mass,
since in the actual crust the effect of gravity becomes predominant against which |
the elasticity recedes to background, as far as the slow process is concerned;
what determines the rupture is not the average strength of the material.

3) A close formal analogy between the phenomena of step-faulting and
those of the formation of slip-band in over-strained metal mass is pointed out.

4) The apparatus of the experiment consists of a rectangular box of which
the longer side walls are of glass plate and the end walls are movable along the
bed plate. Sand is filled in the box with a horizontal free surface, and the
different layers are marked by a number of horizontal lines of white sand
along the glass wall. On gradually receding one of the end walls, the sand mass
adjacent- to the wall slips down along a slip plane, or along two slip planes
simultaneously in some stage. Photographs were taken at different stages of
motion by exposing the photographic plates for a sufficient time such as to reveal
the boundary of the moving and fixed portions of sand. The form of the slip
line determined from the photograms was expressed by an cmpirical formula

y=Kzx",
where z is the height of a point of the curve above the bed plate and y the
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horizontal distance of the point from the moving side wall. Thus, large X
means small angle of slopz against the .horizontal, while large n means con-
spicuous curvature of the curve. It is found that a slip line can be well repre-
sented by two branches, upper and lower, of curve of which each satisfies the
cquation above given. Thus, we obtain two values for each of K and n, for the
upper and the lower layer respéctive]y, ie. K;, K, and ny, n,. The height of
the discontinuity is found at about 1/3 of the total depth from the bottom. The
origin of the two separate branches may be explained by the settling of the upper
layer which is limited to a certain depth, by the known property of sand con-
tained in a vessel.

(5) The variation of K and » accompanying the motion of the movable wall
is illustrated by TFig. 6, 8, 9, 10 and 11 for the cases of loose packing as well as
of close packing.

(6) The initial value of X is less for the case of close packing than in the
case of loose packing. This may be explained by the increase of the effective
coefficient of friction by packing of sand grains.

(7)  After the first slip plane has been formed, its value of & gradually in-
creases, i.e. the slope flattens, suggesting a gradual loosening of packing. At a
certain stage, the second slip plane appears and coexists with the first for a
certain period. This period of simultaneous existence of two slip planes is more
evident in the case of close initial packing than in the case of loose one. During
this period, K of the second slip plane rather decreases, or at least does not in-
crease. When K of the first slif) plane has reached a cer‘tainvvalué, the motion
along it is stopped and that along the second plane continues with gradually
increasing K. A third slip plane is developed in the same manner as the second
one during the subsequent course of movement.

(8) In the case of loose packing the initiation of the second slip plane is
nearly simultaneous with the stopping of the first.

(9) The variation of the height and length of different layers in front of the
slip plane was measured, during a definite amount of motion of the moving wall
(Table I and ID. It is shown that the sand mass situated between the slip
plane and the moving wall is actually elongated in horizontal direction. Aprar-
ent large discrepancy between the theoretical and experimehtal values of the
ratio of the horizontal elongation ‘o the vertical contraction is explained by the
change of slope of the slip plane. It may be inferred that the slip plane is
rotated backwards about an axis at a medium height, while its foot is drawn
out forwards by the motion of the moving wall (Fig. 10).

(10) The mechanism of formation of the second slip plane‘ and that of self-
stopping action of the first is discussed, with some reference to the analogy of
slip bands in deformed metal,

(11) The structure of the slip planc is detailed (Fig. 12) and attention is
drawn to the existence of a thin layer of sand between the sand mass at rest
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and the portion which is moving as a wedge-shapad mass of elastic body. This
boundary layer behaves apparently as a layer of highly viscons fluid introdue d
between the two bodies. )

(12) Tt is concluded that the step-faulting of sand mass is determined by the
range of variation in the coefficients of friction of the granular mass. The breadth

between consecutive fault lines is given by this range and the height of the layer.
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Fig. 10. B Actual positions of Slip-plancs as
three stages copied from photograms.
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[T. Terada and N. Miyabe. ] [Bull. Eqk. Res. Inst., Vol. 4. PL V.]

Fig. 1. Step-faults produced in sand
by receding the side wall of a

cardboard box.
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Fig. 4. Slip motion in the case of Fia. 5. The same in the case of closely
loosely packed sand mass. packed mass.

Trrapa and Mivase: Experiments on step-faults



[T.Terada and N. Miyabe. ] [Bull. Eqk. Res. Inst., Vol. 4. PL. V1]

»

Fig. 15, Cracks in sand mass are marked by white streaks.

Trrapa and Mivase: Ixperiments on step-faults.



