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Fig. 2. The nparticle size distribution curves of bentonite
provided for the study
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Soil property Standard method Value
Soil type Bentonite clay
Clay content (%) ASTM D422 48.5
Silt content (%) ASTM D422 19.5%
Sand content (%) ASTM D422 32%
Liquid Limit (LL, %) ASTM D4318 211
Plastic Limit (PL, %) ASTM D4318 41
Plasticity Index (PI, %) ASTM D4318 170
Soil classification based on unified soil classification ASTM D2487 CH
system (USCS)

Specific gravity (Gs) ASTM D854 2.77
Soil activity (A) ASTM D653 3.50
Maximum dry density (gr/cm?) ASTM D 698 1.50
Optimum moisture content (%) ASTM D 698 25
Swelling potential (%) ASTM D4546 75.26
Swelling pressure (kPa) ASTM D4546 220
Unconfined compressive strength (kg/cm?) ASTM D2166 191.7
PS (%) 67.9
TDS (mg/lit) 31.96
ECx103(ms/cm) 2.56
Mg?" (Meg/lit) 1.44
Ca?" (Meg/lit) 0.1
K* (Meq/lit) 8.72
Na* (Meg/lit) 21.7
pH ASTM D4972 9.22

Table 1. The physical, mechanical, and chemical properties of the expansive soil
(BAF)osL s 5 Cismy S s Slasiie Y Jgdr

Concentration (%)

Formula Soil EAF
Si0, 64.59 23
ALO; 11.75 4.5
CaO 3.14 34
Fe,0s 2.36 16.5
MgO 3.77 12.4
K20 0.69 -
Na:;0 2.95 -
P,0s 0.042 -
TiO» 0.17 -
MnO 0.046 -
LOI 10.33 9.6

Table 2. Chemical compositions of the expansive clay and EAF slag

Properties Quantity
Chemical formula SiO2
Molar mass (gr/mol) 60.08
Bulk mass (kg/m?) 200-1430
Melting point (°C) 1710
Boiling point (°C) 2230
Degree of purity (%) 99
Color White
Moisture (%) 5
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Table.3. The properties of nanosilica
Ol oo b Mg b)) o s b SU Clasin £ J g

Tensile Length(mm) Melting point
strength(Mpa)
350-400 12 160-170

Water Specific Diameter(um)
absorption Gravity(gr/cm”3)
0 0.91 22

Table.4. The properties of Polypropylene Fiber
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Fig. 5. Temporal swelling potential variations of bentonite
treated by 0.5% of nanosilica and different amounts of fiber
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Fig .6. Temporal swelling potential variations of
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during the wetting and drying cycles.
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Abstract
The problematic expansive soils are spread in all parts of the world. The water content variations
cause large soil volume changes and consequently, great losses on the infrastructure. The expansive
clayey soils show swelling - shrinkage behaviour respectively in wetting and drying cycles. In this
study, the swelling-shrinkage behaviour of a natural severely expansive bentonite was verified in its
natural state and after being improved by nanosilica, polypropylene fibres, and the EAF slag. Firstly,
the swelling potential of the natural soil was determined and then, different combinations of the
stabilizers' effects on the swelling potential were assessed by means of oedometer tests under 1 kPa
loading. The swelling potential of the untreated expansive clay sample was measured as 75.26%, thus
the soil sample provided for the study was considered in the very high expansion category. The results
indicated that the swelling potential of one-day cured samples by the addition of 0.5% of nanosilica
decreased by 22.8%. The improvement by means of 0.5% of nanosilica and 0.6% of polypropylene
fiber, and the optimum composition of 0.5% of nanosilica, 0.6% of polypropylene fibers, and 10%
of EAF slag decreased the swelling potential by 70 and 85%, respectively. Afterwards, the wetting
and drying cycles' effects on the swelling and shrinkage of the natural soil and that of the best
identified combination of additives were verified by means of modified oedometer. The measurement
of the axial deformation of soil, void ratio, and the saturation ratio during the swelling-shrinkage
cycles indicated that the wetting and drying cycles caused the reduction of swelling potential of both
untreated/natural and improved expansive soil samples. Additionally, the variation of void ratio
versus soil water content during the wetting and drying cycles showed that the variation was an S-
shape curve, which was almost a horizontal S shape for the improved soil. It was observed that the
equilibrium occurred in lower number of wetting and drying cycles for the improved sample,
compared to that of the natural soil. In addition, for the untreated samples, the highest void ratio
variations occurred at saturation degree between 50 and 90%. However, for improved soil sample,
the highest void ratio variations were recorded at saturation degree between 70 and 90%, reflecting
the reduction of negative effects of water content variations on volume changes when the expansive
soil samples were improved. Consequently, it was concluded that the additives used in the study not
only decreased the swelling potential of expansive soil samples with very high expansion degree, but
also decreased the swelling-shrinkage behaviour of the soil and increased the durability of the
samples during wetting and drying cycles.

Keywords: Expansive soil, wetting and drying cycles, modified oedometer, soil improvement.



