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1- Introduction

Soil is one of the essential building materials, and the primary support of structures has long been a human interest
(Cheshomi et al., 2016; Jamshidi et al., 2020). However, due to weakness in shear strength and lack of resistance to
tensile forces, researchers have consistently sought to increase its bearing capacity, strength, and improve its
properties and various methods including mechanical modification such as compaction, chemical modification such
as treatment with lime, cement or salt (Al Aghbari, 2005; Tang et al., 2007).

One of the most important issues that should be considered in soil projects is the problematic soils. The most
important problematic soils are collapsible soils. If these soils are not identified, if structures, roads, or railroads are
built on them, water infiltration into the soil can cause significant problems. Loess deposits are common examples
from collapsible soils that, based on their considerable distribution in Iran, research has been done on different
aspects.

The purpose of this study is investigation of the effect of sodium chloride salt on the geotechnical properties of
loess soil.

2- Material and methods

Loess soil was sampled from a Golestan province region and transferred to the Soil Mechanics Laboratory of the
Shams University of Gonbad Kavoos. Sodium chloride salt was added to soil sample with content of 3, 6 and 9% by
weight of soil. Soil samples were prepared in normal condition (without additives) and with different content of
sodium chloride for geotechnical properties tests. Geotechnical properties including Atherberg limits, compaction,
unconfined compressive strength and shear strength were determined in the normal condition and with different
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content of sodium chloride. The obtained data were analyzed and the effect of sodium chloride salt on the
geotechnical properties of loess soil was investigated.

3- Conclusion

The results show that the addition of sodium chloride salt reduces the plastic and liquid limits in the Atterberg limits
test, increases the dry weight unit weight and decreases the optimum moisture in the compaction test, increases the
strength in the unconfined compressive strength test and increases the cohesive and friction angle in the direct shear
test.
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Fig. 1. Geological map of the sampling area.
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Table 1. Geotechnical properties of the studied soil.

Gs LL PL Pl Wn qU Ydmax Wopt C d)
(%) (%) (%) (%) (KPa) | (g/em®) (%) (KPa) ©)
2.68 22.0 15.0 7.0 7.5 118 1.79 125 147 26.8
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Table 2. Results of Atherberg and compaction tests on soil samples.

Compaction test Atherberg test Salt content
Wopt (%) Yamax (g/cm®) Pl (%) LL (%) PL (%) (%)
12.5 1.79 7 22 15 0
12.3 1.84 5 20 15 3
12.2 1.86 5 19 14 6
11.9 1.87 4 17 13 9
1.90
=== NaCL 0%- ydmax= 1.79
1.85 - gr/cm3- Wopt=12.5%
/\ ——NaCl 3%- ydmax= 1.84 g/cm3-
1.80 - Wopt=12.3%
o == NaCl 6%- ydmax= 1.86 g/cm3-
g 175 - Wopt= 12.2%
> ——NaCl 9%-ydmax=1.87g/cm3-
o 1.70 - Wopt=11.9%
1.65 -
1.60 T T T T T T
8 9 10 11 12 13 14 15
Wopt (%)
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Fig. 5. Compaction test results for soil samples in normal condition and with different salt content.
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Fig. 6. (a) Specimen prepared to test unconfined compressive strength, (b) a failured specimen after testing, and

(c) unconfined compressive strength test device.
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Table 3. Results of unconfined compressive and direct shear tests on soil specimens.

Direct shear strength Unconfined compressive Salt content
strength (%)
C (KPa) o(°) qu (KPa)
14.7 26.83 118 0
16.8 29.60 132 3
18.6 32.11 143 6
19.7 34.02 145 9
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Fig. 8. (a) Diagram of direct shear tests (a) normal condation, (b) with 3% salt content, (c) with 6% salt content,
and (d) with 9% salt content.
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Fig. 9. Atherberg limits and plasticity index of soil specimens under natural conditions and different salt
content.
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Fig. 10. Changes in maximum unit weight and optimum moisture of specimens under natural conditions and
with different salt content.
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Fig. 11. Changes in unconfined compressive strength of specimens with different salt content.
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salt content.
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