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A MICROSCOPIC STUDY ON SHEAR MECHANISM
- OF GRANULAR MATERIALS*

Discussion by Masanosu Opa**

The writer would like to comment on Matsuoka’s approach to the granular mechanics
under the following two headings:

Integration of Eq. (19)
By considering the microscopic mechanism of dilatancy of granular material, Matsuoka
obtained the following equation (Eq. (19)):

AL|L _ dey ﬁN__ 5
260 = ar = a0 —tanf (19)

By integrating Eq. (19), the dilatancy ey(=¢;+¢&;) was represented absolutely by the change
of the mean value of 0, irrespective of other experimental conditions such as void ratio
and magnitude of applied shear strain. However, it seems to the present writer that the
derivation of Egs. (19) and (20) is based on some unacceptable assumptions. The reasons
are summarized as follows:

1) The average angle of 6 must increase from 6, to 0. with the increase of stress ratio
from (z/oy)4 to (r/oy)c during the strain hardening process up to the peak stress ratio
(Fig. 13). The upword convex curve in Fig. 13 shows the relation given by Eq. (16)
which represents the change of the total length L in the vertical direction during the
progressive increase of § from #, to f.. The length L extends at the earlier stage of
stress-strain curve until §=0° and contracts at the later stage. It is obvious that Eq. (16)
is inconsistent with the experimental fact that contraction occurs at the earlier stage and
dilatation occurs at the later stage as shown in Fig. 14. _

2) According to Eq. (13), the value of § used in tan § must be increased during the
process of strain hardening at least up to the peak value of 7/oy ; that is, monotonous increas
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ing value. The value of df (=dr), however,
must be always negative because sliding move-
ments always result in the decrease of angle §
as shown in Fig. 7. It is very important to
understand that the monotonous increase of
0 used in Eq. (13) and in tan @ during shear
is mainly due to the progressive formation of
new contacts so as to sustain the increasing
stress ratio (tv/oy), not due to the mechanism
of the decrease of § by climbing up or slip-
ping down of upper particles on the lower
ones. Therefore, we can conclude that
df in Eq. (19) which is always negative and
nearly equal to d7 has a quite different physi-
cal meaning from the differential of § used in

Eq. (13) and also in tan 6 which represents a -o,'? é-ol_l o o.', ofzé 073;
differential increase of 0 due to the progressive A ¢
formation of new contacts. It is obvious that Fig. 13. Change of @& mobilized stress
Eq. (19) can never be integrated. ratio and length L given by Eq. (16)
If the differential of 6 used in Eq. (13) and during the strain hardening process

in tan 0 is nearly equal to the differential of - up to the peak stress ratio (z/oy)c

T, some unacceptable relations are obtained.
For example, since the relation of df=dr is equivalent to the relation of 0=7r+c, we
get the linear relation between 7 and 7/oy as follows:

=0+ (hute) (28)
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Fig. 14. Typical curves showing relations hetween stress ratio,
shear distortion and change of void ratio in simple shear
test of granular soil (Cole, 1967) -
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3) Egq. (20), if it is correct, means that the absolute value of dilatancy of granular
material is determined only by the absolute value of § for a given initial value 0,

Now consider a usual stress-strain-volume change curve in a simple shear test of sand
by Cole (1967) (Fig. 14). A point A in this figure shows the condition just prior to the
peak value of 7/oy. At this condition, the relation 4(z/oy)/47=0 is nearly satisfied.

According to Eq. (13), we get

T

(), -i(4)= e

Eq. (29) means that 40/47 at the point A must be equal to zero because of Ax0. This is
quite incompatible with Matsuoka’s assumption dO=dr. According to Egs. (20) and (29),

we get .
A€N>
— =0 ‘ 31
(F).. BB

"Eq. (31) is inconsistent not only with Eq. (19) but also with the experimental fact that
the remarkable dilatancy is usually observed at the condition of A just prior to the peak
of 7joy (Fig. 14). '
Therefore, Matsuoka’s consideration that the notation 0 used in df (Eq. (19)) has the
same physical meaning as the notation § used in tan 0 cannot be accepted. '

Granular Model Accepted by Matsuoka

Matsuoka tried to explain the difference of the stress-strain characteristics between a
loosely packed sand and a densely packed sand. In interpreting the reason why the loosely
packed sand has no obvious peak in the stress-strain curve, he assumed progressive change
of frequency distribution of @ during shear as shown in Fig. 12-(b). The granular model
given by Matsuoka (Fig. 12-(b)) seems to be inadequate to show the strain hardening
process of the loosely packed sand, because the progressive change of frequency distribution
of 0 from (@ representing the initial state to @ in Fig. 12-(b), according to Eq. (13),
the same meaning as the process of strain softening. The strain softening stage cannot
‘be detected in the stress-strain curve of the loosely packed sand.
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