








Fig. 1

Elementary Tetrahedron.
Tétraédre élémentaire.

by coeflicients a, b, ¢ and /. The tetrahedra formed by the
base layer and the layer immediately above this are called
base-tetrahedra, The statistical variation of the dimensions
of these base-tetrahedra has been studied by a graphical
method. In the granular mass, similar but not identical
tetrahedra must exist and the authors have studied them
empirically,

Graphical Method

It is not practical to use probability calculations for the
texture of the base kayer of grains, as the aforementioned
interaction effects are complicated. Therefore a combination
of graphical solution and calculations has been chosen in
order to reach a theoretical understanding.

The interaction of grains may be of two different kinds as
illustrated in Fig. 2. Simple interaction occurs when one
grain hits another grain and is rotled off in a plane through
both grain centres, until both grains remain on the base
plane in mutual contact, The distance between the grains is
then 2r, which will determine leg “¢” of a base triangle.
Double interaction occurs when one grain first hits another
grain but is then guided by a third grain to a final position in
contact with both grains. Here a triangle is formed where
¢ = b = 2. The two types of interaction may combine in
chains.
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Fig. 2 Interaction between Grains.
Action mutuelle entre les grains.

If we assume the probability to be equal for a grain to reach
any part of the base surface, the interaction excepted, we can
study the frequency of possible base triangles by dividing
the base surface into unit areas and solving the problem
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graphically. We have chosen a network with a spacing of
0-1 r. Thus our unit area (which represents one chance in
our system) is 0-01 r2,

For each possible unit value of ¢ we studied all possible
combinations of » and ¢ but had to consider the following
limitations :

(1) b £ a due to definition,
(2) ¢ = b due to definition,
(3) 2 £ a, b, ¢ as no grains can come closer than contact,

(4) Due to definition a fourth grain must not be able to
pass the base triangle.

(5) Cases where an angle of the base triangle exceeds 90°
cannot be used, Here one must reckon with the chance that a
fourth grain will be rolled off to the opposite side of line
“a”, permitting the formation of two new triangles a,, by, ¢;

and a,, by, ¢, (here called redivision),

(6) Due to symmetry only half of the triangles need be
checked.

The abowve Hmitations are shown graphically in Fig. 3.
Fig. 4 shows the basic graphical procedure to determine the
number of chances for different combinations of “#* and “¢”
for the arbitrate a-values 3+6 and 2-6. As stated above triangles
with an angle exceeding 90° are not included here. Even if
for high a-values the number of chances giving such triangles
is comparatively high they are not so frequent in the complete
network of the base layer. The reason lies in the aforemen-
tioned procedure to select the diagonal between four adjacent
grains which produces the minimum possible number of
triangles with angles exceeding 90°.
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Fig. 3 Limiting Values. (Graphical Evaluation.)
Valeurs limites. {Evaluation graphique.)
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Fig. 4 Determination of Direct and Accumufated Chances.
Détermination de probabilités simples et cumulées.







Fig. 7 Base Layer, Test A.
Couche de base, essai A.

layer was uncoloured and every second layver blackened.
For each layer the number of balls within a standard area
82 x 82 mm were counted, and the distance of the ball tops
to the base plate were measured.

In test 4 the base layer — formed by chance -~ is shown in
Fig. 7. After six layers, balls were poured carefully over the
layers to a height of 135 mm above the base plate and two
consecutive layers (# + 1 and » + 2) were counted.

In test B the base layer was purposely arranged in the
densest possible regular order and seven consecutive layers
were counted and measured. The results of the counting are
shown in Table 2.

Table 2
Number of balls
within standard area
Laver
Test A Test B
1 180 232
2 184 169
3 176 172
4 168 168
5 183 182
6 184 181
7 — 186
n+1 176
n+2 185

We note the nearly equal number of balls for different
layers of Test 4 and how the extremely high density of layer
1 in test B has been counteraeted by an extra low density
in fayer 2. After a few layers the numbers counted in test B
are the same as in test 4. The influence of chance is constant
for the given conditions of formation.

For layers 5 and 7 in test B the triangles formed by the
balil (grain) centres were measured. The statistical distribution
of the measured values a, b and ¢ and the corresponding
calculated A-values are given in Fig. 6. A comparison with
the results of the graphical evaluation of the base layer shows
an evident similarity even if the concentration towards small
values due to interaction is not as obvious in the test. This

168

should be so, as in Jayers above the base every grain will be
guided by the base grains to a position differing slightly from
that selected if the base were a plane surface.

Fig. 8 shows the distribution of grain centre positions
above the base surface. The influence of the limiting plane
surface has a far-reaching effect and indicates a “wall effect”
on the texture of the mass, At a greater distance from the
surface the layers begin to mix.
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Fig. 8 Distribution of ball centres.
Distributions des centres des billes.

Discussion

The statistical distribution of a, 6 and c-values and the
corresponding #-values of the tetrahedra in the mass can be
expressed in approximate mathematieal shape but at present
the authors prefer to describe the texture by average values.
Considering the frequencies of different values a, & and ¢
they arrived at the mean values given in Table 3.

Table 3

Shape of average tetrahecron F d,

Base tetrahedra, graphical evalu-
ation
Layers 5 — 7, Test B \
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The #.-values in the table were calculates to suit g, b, and ¢,
For a graphical evaluation, the authors have calculated the
void ratio “¢” of the average tetrahedron and found it to be
¢ = 0-51. This was compared with a calculation for all indi-
vidual tetrahedra, whieh gave e = 0-50. It thus seems possible
to use the average-tetrahedra for void ratio calculations.

In the course of their calculations, the authors discovered
special influences affecting the texture in the mass. As far as the
l-values are concerned, each triangle of grains can be in
contact with one grain on every side, thus forming a pentahe-
dron. When # is smaller than unity, pentahedra are no longer
























































