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Figure 3. Unconfined compressive strength as function of lime content for a montmoril
lonite, an illite-chlori te, and a kaolinite soil ('l, Figs. 3, 4, 5). 
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Figure 4. Unconfined compressive strength 
as function of lime content for heavy clay 

(London clay) (46, Fig. l). 

the basis of pH-dependent exchange. We 
-do not imply that this is so, only that the 
possiblity exists. 

3. In response to the question of why 
other salts (we take this to mean "other 
electrolytes") are not adsorbed, we are 
forced to plead ignorance. Unfortunately, 
we are not alone, since very little pub
lished research has been done on adsorp
tion from solution, and most of this con
cerns adsorption of organic compounds. 
A useful discussion of the available lit
erature was given by Brunauer and Cope
land (43). 

4. With regard to the question of the 
balance of 2 OH- and ca++ ions released 
into solution on repeated washing of lime
treated clay, we consider that two factors 
are responsible. First, during the time 
of processing, extending over periods of 
one to several hours, some reaction be
tween the adsorbed lime and the clay has 
undoubtedly occurred to produce small 
amounts of tobermorite gel and probably 
C4AH13-type compounds. These sub
stances release hydroxyl and calcium ions 
in ratios less than the 2:1 ratio char
acteristic of lime. The second cause of 
the discrepancy is the increasing degree 
of carbonation one must expect on re
pea t ed handling of lime-bearing materials 
in the atmosphere. 

5. The shape of the calcium hydroxide 
molecule (or ion-triplet) is not, of course, 
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Figure 5. Unconfined compressive strength as function of lime content for two kaolins; 
lime retention point not available ('.t.7, 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 c = 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 ads9rbed on a clay 
surlace, one would expect the thickness or each layer to b e about 4. 9 A and the .coverage 
area per molecule to be that of a 6 Cf rhombus with 3. 59 A. s ides, that i s , 11. 2 A 2• Ip a 
s tudy of the chemisorption of lime on silica gel, Gree!lberg (44) used a n area of 25 A2 

per Ca(OHh molecule and found that this gave reasonable r esults. The pr.esent writers 
have adsorption isotherm data which indicate a coverage area of about 25 A2 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, Ca06 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 
point du ln 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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