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Effect of freeze-thaw cycling on the mechanical properties of

lime-stabilized expansive clays
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Conclusions

In this research, a parametric study was carried out to investigate the
effect of the curing time, the percent of lime added and F-T action on
frost resistance and swelling pressure. The conclusions, which can be
drawn from the laboratory tests, are:

1. Lime addition has a strong influence on the plastic and swelling
properties of these two soils. The swelling pressure was eliminated
in the case of bentonite with the addition of 5% quicklime, and of
3% quicklime in the case of kaolinite.

2. Lime addition improves the UCS of clayey soils, whether subjected to
F-T cycles or not, as compared to the untreated soils. However, for
the lime-stabilized bentonite cured for 28 days, the UCS decreased
by 40% after 10 F-T cycles but was still higher than the UCS of the un-
treated material. In the case of lime-stabilized kaolinite, no signifi-
cant losses in strength were observed, only slight decreases in
samples cured for short periods—yet, compared to bentonite, the ka-
olinite does not gain as much strength. These behaviors can be ex-
plained by the kinetics of the lime treatment reactions which
depends on the different mineralogical and crystallographic nature
of the two clayey soils tested. The fast cation exchange reaction im-
mediately consumes added lime in the smectite soil and not the ka-
olinite. The effectiveness of lime treatment in the long-term is
determined by the reactivity of the pozzolanic reaction and the dif-
ferent amounts of lime that are not consumed by the different
types of clay mineral in the short-term. Whatever the mineralogical
composition of the clay soil, treatment with lime in the presence of
water induces the formation of Ca-hydrates composed of different
proportions of Ca, Si, and Al, resulting from the destruction of clay
minerals (Al-Mukhtar et al., 2014). The improvement measured in
the mechanical properties of the two tested soils depends on these
reactions.
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