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Figure 5. Unconfined compressive strength as function of lime content for two kaolins;

lime retention point not available (47, Fig. 7).

amenable to direct determination. Some clue may be obtained from the crystal struc-
ture of portlandite, which is hexagonal with a = 3.59 A and ¢ = 4,91 A. The structure
is built up of layers of octahedra, each of which has a calcium ion at its center and a

hydroxyl group at each of its six apices; each hydroxyl group is shared by three octa-
hedra (28).

If this arrangement were to be preserved in calcium hydroxide adsorbed on a clay
surface, one would expect the thickness of each layer to be about 4. 9A and the coverage
area per molecule to be that of a 60° rhombus with 3.59 A sides, that is, 11.2A% Ina
study of the chemisorption of lime on silica gel, Greenberg (44) used an area of 25 A*
per Ca(OH)2 molecule and found that this gave reasonable results. The present writers
have adsorption isotherm data which indicate a coverage area of about 25 A% on mont-
morillonite and a somewhat higher value on kaolinite. Thus, the indications are that
adsorbed calcium hydroxide molecules are not as closely packed on the clay surface
as they are in crystalline portlandite.

The potential fit of the portlandite structure, that is, CaOs polyhedra, to the hexa-
gonal arrangement of silica tetrahedra that constitutes an idealized representation of
most clay mineral surfaces was diagrammed by Taylor and Howison (45), and was
shown to be poor, the calcium polyhedra being too large for the hexagonal silica net-
work.

6. Finally, we must address ourselves to the question of the lime retention point.
The hypothesis postulates that no significant reaction occurs, and hence, no strength
gains accrue, for treatment with lime in amounts less than the lime retention point.

The discussors kindly inclosed two new figures to reinforce this argument. Un-
fortunately, the present writers have considerable difficulty in appreciating the signi-
ficance of these figures.

Figure 1 relates strength development to depletion of crystalline lime in systems,
all of which contained 41 percent lime by weight of clay. Only very low densities are
obtainable in systems with such unusually high lime contents. We suggest that because
of these low densities, strength gains obtainable in such systems bear little relation-
ship to those that can be obtained in well-compacted systems of lime contents near the
lime retention point, that is, 2 to 4 percent. The lines plotted on this figure intersect
the zero strength axis at more than 6 percent lime. Surely the discussors do not mean
to imply that a calcium bentonite treated with 6 percent lime and properly compacted
and cured will not develop any significant strength.

The relevance of the discussors' Figure 2 to the question at issue is unfortunately
not apparent to the present writers.
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Data are available from the literature, however, which bear directly on the question
of strength gains, and hence reactivity, in soils treated with amounts of lime below the
lime retention point. If the concepts of the discussors are correct, a plot of strength
vs lime content for properly compacted and cured specimens should show no strength
gain below the lime retention point, a distinct inflection at this point, and strength in-
creases from then on as some function of increased lime content. In contradistinction,
we suggest that with many soils, small increments of lime less than the lime retention
poini do in fact add to the strength of such samples as a result of chemical reaction. On
this basis, a plot of strength vs lime content should show increases in strength with
very small increments of lime starting at or near zero.

Figures 3, 4, and 5 are offered from data in the literature (7, 46, 47). Only the
data points are submitted; no trend lines are drawn. Readers of this discussion are
invited to draw their own conclusions.
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