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Fig. 1. Pictures of materials used in present research, a-Saline sodium silty soil, b-Pumice.
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Fig. 2. Picture of the location of the prepared sodium salt silty soil sample.
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Fig. 3. Particle size distribution curves of materials in present research.
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Table 1. Chemical properties of pumice.
Combination percent .
- Material
K20 P20s Na20 MgO Ca0 Fe203 Al203 SiO2
3.27 1.79 4.63 9.58 8.43 8.07 12/49 48.37 Pumice

Anllae )50 wlas (SSGg55 sla Sy ¥V Jgax
Table 2. Geotechnical properties of materials.

Materials Pl Gs
Silt 7 2.71
Pumice - 2.02
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Table 3. Results of SAR test on saline silty soil in present research.

Electrical Saturated Sodium
Soil conductivity | mud reaction absorption Soluble cations (meg/l)
type (Ec.10%) (PH) ratio(SAR)
Dsm/m
Mg** Ca** Na*
silt 6.7 8.06 21.38 5 8 54.5
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Table 4. The program of tests performed on the samples studied in present research.
Tests Geopolymer Material Program
(%)
Direct Uniaxial Pumice Soil Sample
Consolidation compressive | Compaction 2,57 . P No
shear (%) matrix Name
strength
N N . . * . Saline S-0PU 1
soil
* * * * * 3 Saline | g 3oy | 2
soil
Saline
* * * * * 5 . S'SPU 3
soil
N N N . . 7 Sall_ne S-7PU 4
soil
S g s
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Fig. 4. The effect of the combination of pumice and Ca(OH): on the results of the compaction test, a-
maximum dry density, b-optimum water content.
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Fig. 5. The effect of the chemical combination of 3% pumice with 2% Ca(OH); on the results of the
compaction test on saline silty soil.
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Fig. 7. The effect of the chemical combination of 3% pumice with 2% calcium hydroxide on the results of the
uniaxial compressive strength test on saline silty soil.
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specimens, a- cohesion, b- internal friction.
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Fig. 9. The effect of the combination of pumice and Ca(OH)2 on the shear strength of the studied specimens,
a- 2% Ca(OH)., b-5% Ca(OH),, c-7% Ca(OH)..
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Fig. 10. The effect of the combination of pumice and Ca(OH), on the void ratios of the studied specimens, a-
2% Ca(OH)z, b-5% Ca(OH)a, ¢c-7% Ca(OH),.
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Fig. 11. The effect of pumice on the consolidation test results of the studied specimens, a- free swelling, b-
compression index, c- coefficient of volume variation.
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Fig. 12. Petrographic images of the effect of pumice with Ca(OH); on the studied saline sodium silty soil, a-
unimproved soil, b- improved soil with 3% pumice and 2% Ca(OH)..
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Abstract

Silty soils containing sodium content, known as salty silty soils, are classified as another type of
problematic soil. When this type of soil comes into contact with water, it can swell and diverge,
leading to settlement and deformation. Considering that a significant part of the Urmia Lake basin
and the Tabriz plain consists of sodium-rich fine soils, the aim of the project is to improve the
quality of the soils. Therefore, one of the main objectives of this study is to assess the sediments
within the lake bed in order to reduce erosion and to evaluate the possibility of improving and
stabilizing the sodium saline silty soils in the area using the geopolymerization technique. To
achieve this, pumice material with pozzolanic properties was separately mixed with the soil under
investigation at weight percentages of 3%, 5% and 7%, together with a calcium hydroxide
solution as a catalyst at concentrations of 2%, 5% and 7%. The samples were then cured for one
day. Laboratory tests, including compaction, uniaxial compressive strength, direct shear, and
consolidation, were carried out to evaluate the geotechnical behavior of the improved soil. The
results obtained indicate that the combination of 3% pumice with 2% calcium hydroxide
increased the uniaxial compressive strength of the stabilized sample by 1.32 times after one day
of curing. In addition, the mixture of 7% pumice with 2% calcium hydroxide significantly
improved the internal friction angle by 20 times. Finally, the combination of 7% pumice with 2%
calcium hydroxide reduced the value of free swelling potential by up to 86%.

Keywords: Fine soil, Silt, Saline, Sodium, Pumice, Improvement.

Introduction
Over the past two decades, due to mismanagement of water resources and a decrease in rainfall, Lake
Urmia in northwestern Iran has been at risk of drying up, with reports suggesting that only 20% of
the lake's total volume contains water and much of the lake's surface area (hearly 85% and about 5000
square kilometres) has dried up. Due to the high salinity of the water in this lake, the remaining soil
is salty and subject to severe wind erosion due to the high wind speeds in the area. This erosion causes
the movement of sediment particles and the production of fine dust in the region, leading to the loss
of vegetation in the area and desertification, and has affected the economy of the inhabitants of the
region On the other hand, the saline soils resulting from this erosion can cause many problems for
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construction projects. Settlement and swelling are among the critical issues in such soils. Due to the
rapid development of cities and the construction of a network of roads and highways between cities,
engineers are forced to build important projects on such soils. When these soils are placed in the
vicinity of water or when water flows through the cracks in the soil, the clay particles become
suspended in the water and erode. The exchangeable sodium ion is the main cause of dispersiveness
in fine silty or clayey soils. In other words, divergence is a physico-chemical phenomenon whereby
fine clay particles in the vicinity of water lose their cohesion and repel each other in the presence of
water. Considering that saline clay soils cover a large part of Iran and the Lake Urmia basin, the
present study aimed to evaluate the sediments of the lake bed to prevent their erosion and the
possibility of improving sodium saline fine soil in the area of Tabriz Plain and the mentioned basin
by applying pumice in the geopolymerization process.

Materials and Methods
As mentioned in the previous section, the aim of the current research is to evaluate the possibility of

improving the sodium saline fine soil of the Tabriz plain by the use of pumice materials and the
application of the depolymerization method. Sodic fine soil was prepared from the Mayan region of
Tabriz. Pumice, which is of volcanic origin and abundant in the Azerbaijan region, was obtained from
mines near Tabriz. The particle size distribution of the materials was determined according to ASTM
D421 and ASTM D422. Based on the Unified Soil Classification System, the sodium saline fine soil
is ML. ASTM D4318-95a and ASTM D854 were used to determine the plasticity index (PI) and
specific gravity (Gs) of the materials. On the other hand, calcium hydroxide solution Ca (OH)2, mixed
at 74 grams per liter of water, is used as a catalyst to accelerate the chemical reaction between the
added materials and the studied silty soil, taking into account its chemical properties. The amount of
catalyst solution was estimated by trial and error, and 2%, 5% and 7% by weight were considered for
the samples studied. As mentioned in the previous sections, it has been observed that pumice has not
yet been used with the depolymerization method to improve the geotechnical properties of the
sodium-saline silty soils of the Tabriz Plain. Therefore, in order to make a proper comparison between
the results that will be obtained from the tests, the amounts of pumice have been mixed with the
studied soil at the rate of 3%, 5% and 7% by weight, respectively. The ASTM C305 standard was
used to prepare uniform and homogeneous mixture samples for the evaluation of geotechnical
parameters. For this purpose, calcium hydroxide was first added to the studied soil together with water
(according to the optimum water content). The materials were then mixed in a mixer to ensure proper
cohesion between the added materials and the soil. According to the standard, mixing is stopped for
30 seconds to allow the materials to absorb moisture together with the calcium hydroxide. Pumice
stone was then slowly added to the mixed sample. The samples were mixed for 30 seconds at low
speed, 15 seconds at high speed and 60 seconds at medium speed. As the calcium hydroxide solution
was used as a reaction accelerator in the preparation of the samples, after mixing the samples were
stored in a closed plastic container at ambient temperature for one day until the curing process was
complete. The compaction test according to ASTM D698 was first carried out to achieve the research
objectives. Next, some tests, such as the UCS test according to ASTM D2166 and the direct shear
test according to ASTM D3080, were carried out to determine the geotechnical properties of the
improved sodium-saline silty soil. Finally, the consolidation test according to ASTM D2435 was
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carried out to evaluate the effect of the effect of added materials on the amount of consolidation
settlement and the swelling potential of the improved sodium saline silty soil.

Results and Discussion
The main results of the study can be summarized as follows:
1- The UCS of the stabilized soil with the composition of 3% pumice in the sample studied, together
with 2% Ca (OH),, was 1.32 times.
2- The addition of the combination of 7% pumice with 2% Ca (OH), increased the angle of internal
friction by 20 times.
3- The swelling in the stabilized soil with the combination of 7% pumice and 7% Ca (OH) in the
sample reduced the swelling by 86%.

Conclusions

Therefore, the geotechnical properties of the stabilized soil after one day of curing were improved by
the addition of pumice to the sodium saline silty soil together with Ca (Ca (OH).). However, various
factors such as longer curing times, disturbance of the soil during the preparation of the samples in
the laboratory and sampling in the field, the pH level of the saline soil, and the thawing and freezing
conditions may affect the results obtained in the present research. These factors will be investigated
in the future.
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