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ANGLE OF REPOSE OF SANDS

If we were to deposit a granular soil by pouring it from a single point above the ground, it would form 3
conical pile. As more and more granuiar material was deposited on the pile, the slope for a short period
of time might appear to be steeper, but then the soil particles would slip and slide down the slope to the
_angle of repose (Fig. 12.1). This angle of the slope with respect to the horizontal plane would remain cop-
stant at some ninimum value. Since this angle is the steepest szable slope for vﬁﬁcﬂ%’ ;acked sang, U
the angle of repose represents the angle of mteraal THCHOR OF the granular maters 00sest state, -
Sand dunes are an example from nature e of repose. You may recall from Sec. 3.3 4
that sand dunes are landforms resulting from wind as a geologic process. Figure 12.2 shows how both 3
stationary dune (SD) and a migrating dune (MD) are formed. On the leeward side (LS), the slope of
the dune will have an angle (of repose) which varies from 30° to 35°, depending on factors discussed
later in this chapter. If the slope on the leeward side becomes steeper than 30° to 35°, then the slope is
unstable and sand grains will roll down the slope until the angle of repose is reached. An unstable con-
dition is shown on the slope at the far right-hand side of Fig. 12.2; eventually a smooth slope at the
angle of repose will form.

FIGURE 12.1 lllustration of the angle of repose (photograph by M. Surrendra).

LS N <\\ N N

IR, ;‘;’3’}}‘5"’3";0 QORIKIKRK KKK
&

R D S SRS REEREERELRKK,

SRR RSy

FIGURE 12.2 Formation of sand dunes and iilustration of the angie of repose
(after vor, Bandat, 1962). Deposition of sand by wind. Ideai structure of stationary
or fixed uunes (SD) and migrating live dunes (MD). The arrows indicate the direc-
tion of air currents (W). E shows edies. WS is the windward slope of the dune,

LS the leeward, or down-wind siope. R mark ripples, and Cr is the crest of the dune.
Dashed lines show the former pdcsitiors of live dune MD. B is the base rock

(after A. Holmes).

The angle of repose depends on the type of materials and other factors, and it represents the
angle of internal friction or shearing resistance & at its loosest state. Recall that the terms loose or
dense are only relative terms (see Sec. 4.9), espzcially with respect to their behavior in shear. As we
shall soon see, the stress-strain and volume change response depends on the confining pressure as well
as on the index density. Note that in Section 5.5.1 we defined the relative density, D,, sometimes
referred to as the index density.

* 70 bis ™



Determination of Coefficient of Friction

Since’ the values of coefficient of friction (u) between the different materials (wood on wood or sand paper on sand
paper) were not given, students first had to assess such values. As a result, a friction table was designed for this
purpose. As shown in Figure 3, the table has a board that can be inclined by rotation about one axis. The upper
surface of the inclined board is divided into zones with different grits of sand paper glued on. In order to assess the
coefficient of friction between two surfaces, one would place a wooden block, with the appropriate surface (wood,
fine or medium grit sand paper) on the similar surface on the inclined board and slowly raise the inclined board until
the block starts to move. Once the block moves, the inclined board is locked in place and a measurement of the

angle of inclination with the horizontal is made. A free body diagram of the forces acting on the wooden block is
shown in Figure 4. :

Figure 3. Friction table and sample blocks for coefficient of friction assessment

FOS = S-,c,\‘ot 05» s~§*h

. . T
FOS = Re szs.tmg force "]
Driving Force T

T,=Nu=Ntang  ¢= frictionangle

N=Wcosa
T=Wsina
w
FOS = Ntan g =( Cos‘a)tané _tang
T Wsina tan o

At Slip FOS =1

T, =T

p=tang=tana,

¢=aj

(a , =awhenslips ocbu."S)

Figure . Free body diagram of the forces acting on a block

Therefore, by measuring o at which slip occurs, we can assess the coefficient of friction (4) or tan ¢ between the
two surfaces by means of the following equation:

pu=tana,

where ¢ is the angle of inclination at first movement.
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