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A considerable part of Golestan Province is covered by loess soils, most of which 

are of the silty loess type, which is one of the most problematic soils. The 

proximity of the Caspian Sea leads to salinity of the groundwater in some areas 

of the province. Due to high evaporation, salts reach the surface and cause 

salinization of the silty loess soils at the surface. The presence of soluble salts can 

lead to changes in the engineering properties of silty loess soils at the site of 

construction projects. It is therefore necessary to investigate the influence of salts 

on the geotechnical properties of silty loess soils. The aim of this study was to 

investigate the effect of sodium chloride or halite (NaCl) and calcium sulphate or 

gypsum (CaSO4.2H2O) salts, as the two most abundant natural salts, on the 

engineering properties of silty loess soils. For this purpose, silty loess soil 

samples were collected from Maraveh Tappeh city, Golestan province, Iran. 

Geotechnical tests including uniaxial compressive strength, shear strength and 

standard compaction tests were then carried out on soil samples in the natural 

state and with 3, 5, 7, and 9% NaCl and CaSO4.2H2O. Based on these tests, the 

variation in optimum water content (ωopt), maximum dry density (ρdmax), uniaxial 

compressive strength (UCS), cohesion (C), internal friction angle (φ) were 

evaluated. The results showed that these parameters increased with increasing 

both natural salts concentration. Finally, the reason for the changes in the 

engineering properties of the soil samples due to the presence of these two natural 

salts was discussed. 

Introduction 

Loess soils cover about 10% of the land area 

worldwide (Li et al., 2016). Loess soils have 

been deposited widely within the Caspian 

Lowland of Northern Iran during Pleistocene 

(Frechen et al., 2009). Loess as the most 

important collapsible soil has caused damage to 

the buildings constructed upon it (Assallay et al., 

1997). The metastable honeycomb structure of 

loess is too sensitive to wetting such that it 

collapse in response to wetting (Houston et al., 

1988). Collapsible soils usually have a high void 

ratio and relatively low density. Therefore, soil 

grains readily rearrange to a denser packing state 

upon wetting (Bolzon, 2010). Several factors 

control the collapsibility of soils such as age of 

deposition (over consolidation), grain size 

distribution, clay content, pore shape, degree of 

cementation, , soluble salt content, physical 

properties, degree of saturation, environmental 

condition (climatic and vegetation), and so on 

(Rollins et al., 1994; Lin, 1995; Aziz et al., 2006; 

Reznik, 2007; Yuan and Wang, 2010; Momeni 

et al., 2012; Li et al., 2016).  

Soluble salts have a major influence on the 

collapsibility of soils due totheir higher 

solubility potential which leads to structural 

collapse upon wetting (Rao and Revanasidsappa, 

2002; 2006). Crystalline salts act as agents in dry 

soils. Loess soils typically have the moisture 

content of 8% and soluble salts are considered to 

dissolve in water even when the water content is 
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less than 8% (Tan, 1988). According to Li et al. 

(2016), the collapsibility of loess soils, 

especially non-self-weight collapsible loess, 

cannot be attributed to the solution of salts alone. 

Non-self-weight collapsible loess soils possess 

natural water content of 21%–24%. The 

efficiency of soil improvement using salt 

depends on several factors including economic 

considerations, soil type, the environmental 

conditions, and the salt availability (Abbeche et 

al., 2010). 

The effect of salinity on the geotechnical 

properties of different soils has been investigated 

in several studies (Warkentin and Yong, 1960; 

Barbour and Yang, 1993; Gleason et al., 1997; 

Sivapulliah and Savitha, 1999; Di Maio, 2004; 

Arasan and Yetimoglu, 2008; Yukselen- Aksoy 

et al., 2008; Mishra et al., 2009; Shariatmadari et 

al., 2011; Spagnoli and Sridharan, 2012), while 

these studies are still rare for loess soil as a 

problematic soil. Loess soils constitute a major 

part of the surface soils of Golestan province, 

and previous studies have shown that they can be 

classified into three subtypes: sandy loess, silty 

loess, and clayey loess (Feyznia et al., 2005), and 

these three subtypes have different grain size 

distributions and engineering properties. The 

focus of this study is on silty loess, which is the 

most common soil type in the study area, and 

many villages and urban areas are built on this 

soil type. 

Loess soils have a honeycomb structure, which 

causes them to have many voids on a 

microscopic scale. The soil grains in this 

structure are cemented together by various 

materials such as clay minerals and natural salts. 

In the presence of water or under dynamic 

loading (caused by an earthquake), this porous 

structure collapses, which causing large 

settlements in loess soils. These large 

deformations may cause serious damage to civil 

structures and infrastructure located on loess 

soils. Accordingly, the present study aims to 

investigate the effect of two soluble salts (i.e., 

NaCl and CaSO4.2H2O) on the geotechnical 

properties of silty loess soils from Maraveh 

Tappeh city. Then, the effects of these salts on 

optimum water content (ωopt), maximum dry 

density (ρdmax), uniaxial compressive strength 

(UCS), cohesion (C), and friction angle (φ) were 

investigated. Furthermore, investigating the 

effect of natural salts, especially halite, on the 

geotechnical properties of different types of 

soils, especially coastal soils, has been studied 

by various researchers, but the focus of this study 

is on the problematic loess soils of Golestan 

province, which are mixed with different 

percentages of natural salts including halite and 

gypsum. 

Geological description of the sampling area 

The sampling area is located south of the city of 

Maraveh Tappeh in the northern part of Iran. The 

Caspian lowlands of northern Iran are part of the 

Eurasian loess belt. This belt extends from 

Central Asia and China to northwestern Europe. 

Dust and loess deposits have accumulated in 

northern Iran during the Pleistocene glaciations. 

According to Frechen et al. (2009), the thickness 

of silty loss deposits exceeds 25 m in some parts 

of the sampling area (Fig. 1).  
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Fig. 1. Distribution of different types of loess soil on the map of Golestan province (Feyznia et al., 2005) and 

sampling area  

 

The Pleistocene silty loess has been transported 

over short distances due to the presence of coarse 

dust components. The climate of the sampling 

area, namely the city of Maraveh Tappeh, is semi-

arid with an average annual precipitation of less 

than 300 mm (Wang et al., 2017). Land subsidence 

due to the presence of collapsible silty loess soils 

was evident in the vicinity of the sampling area. 

Damage to roads and the formation of sinkholes 

were the most common phenomena caused by 

loess collapse in the study area (Fig. 2). 
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Fig. 2. Sign of land subsidence due to presence of silty loess soils in sampling area; a) old big deep landslide damage 

to rural road, b) recent deep landslide in loess hill cause damage to rural houses and c) generation of sinkhole in silty 

loess soils 

 

Material and Methodology 

For conduct the present study, silty loess soil 

samples were collected from the south of the city 

of Maraveh Tappeh. Grain size distribution, plastic 

limit (PL), liquid limit, plastic index (PI), ωopt, 

ρdmax, UCS, C, and φ were obtained through 

various tests including Atterberg limits test, 

uniaxial compressive strength, compaction test, 

and shear test according to ASTM (2005). Five 

samples were used to determine each geotechnical 

property and then their mean values were obtained. 

XRF test was used to determine the mineralogical 

and chemical composition of selected soils. NaCl 

and CaSO4.2H2O are two common salts in the 

Caspian Sea water (Ghadiri et al., 2006). These 

salts, which are carried by the wind, contaminate 

the soils and structures in the coastal areas (Zalooli 

et al., 2018). The salts used in this study were NaCl 

and CaSO4.2H2O. To reconstruct saline soil 

samples, NaCl and CaSO4.2H2O salts at 

concentrations of 3, 5, 7 and 9 wt% were dissolved 

separately in distilled water. The soil samples were 

then added to the different concentrations of saline 

water and thoroughly mixed to saturation. In the 

next step, the soil samples were placed in sealed 

plastic containers at room temperature for 2 weeks 

to allow the soil and saline water to react with each 

other. The soil samples were then exposed to room 

temperature (24℃) until they were completely dry. 

After drying, the soil samples were crushed to 

prepare samples for conducting UCS, shear 

strength and compaction tests (ASTM, 2005). Fig. 

3 shows the flow chart of the present study. 
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Fig. 3. The method of conducting the presenttudy. 
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Geotechnical test procedure 

Preparation of samples 

Different methods of sample preparationwere 

presented, and it was also noted that the method 

of preparing the samples will play a significant 

role in the results of the tests. Considering that 

the purpose of these experiments is to investigate 

the effect of two natural salts including sodium 

chloride (NaCl) and calcium sulfate 

(CaSO4.2H2O) on the geotechnical parameters of 

silty loess soils, the samples were mixed and 

prepared by manual method because the 

homogeneity of the mixtures was of particular 

importance in the present study and this method 

provides the possibility of preparing 

homogeneous samples as well (Fig. 4).  

To remold the saline soil samples tested, sodium 

chloride and calcium sulphate salts at 3, 5, 7 and 

9 percent by weight of the soil were completely 

dissolved in some distilled water and added to 

the soil gradually and by hand. Distilled water 

was then added to the soil until it was saturated 

and completely mixed with the silty loess soil. 

The samples were then placed in closed plastic 

containers at room temperature for 28 days to 

allow the soil and salts to react with each other 

in the presence of water. At the end of the 

specified time, the samples were placed in the 

open to dry completely, and after drying, the 

clumps were crushed to powder and ready for 

testing. 

 
Fig. 4. Sampling of silty loess from study area 

 

Atterberg limit 

The standard (ASTM D4318) provides the 

method for determining the liquid limit, plastic 

limit and plastic index of soils.  

This standard describes two methods (a) wet and 

(b) dry for sample preparation for testing. It 

should be noted that the dry method was used in 

the present study. This standard defines two 

methods for determining the liquid limit. These 

two methods are called multi-point and single-

point. The single-point method is used in this 

research.  

In order to prepare the samples for this test, the 

soil mixture prepared with different percentages 

of salts was first stirred with an electric stirrer at 

a slow speed for at least ten minutes until the soil 

lumps turned into powder. The powder obtained 

was then mixed with some water according to 

the standard of this test and the Atterberg tests 

were carried out using the single point method. 

Figure 5 shows the Casagrande test apparatus. 
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Fig. 5. Device and procedure of Atterberg tests 

 

Compaction test  

Compaction is the process of reducing the 

volume of soil by removing air through the 

application of force. Compaction is used to 

increase the shear strength and reduce the 

permeability of the soil. The mechanism of 

compaction is such that when water is added to 

dry soil, the soil particles absorb a thin layer of 

water at the surface, and as more water is added, 

these thin layers become thicker and allow the 

soil particles to rollover each other more easily. 

If there is shear stress between the soil particles, 

this layer will play a similar role to lubrication in 

mechanical machines in the sliding mechanism 

between the grains.  

The compaction test is carried out according to 

the standard (ASTM D: 698-78). Figure 6 shows 

the compaction device used in this study. In this 

test, about 4 kg of air-dried soil is taken for the 

compaction test and if there is a lump in the soil, 

it is crushed by hand. Then we pass the soil 

through sieve number 4 and collect all the soil 

that has passed through this sieve and put it in 

the tray. We then add enough water to this soil 

and mix it so that its moisture content is close to 

5%. The wet soil is placed in the test mold in 

three equal layers, and each layer must be 

compacted with 25 blows of a standard Proctor 

hammer before the next layer is placed in the 

mold. 
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Fig. 6. Compaction tests device used in the present study 

 

Uniaxial compressive strength test  

In this test, the confining pressure is zero. An 

axial load is applied rapidly to the specimen until 

failure. At the moment of failure, the minimum 

principal total stress is equal to zero and the 

maximum principal total stress is equal to δ1 or 

δc. 

The unconfined uniaxial compressive strength 

test in the present study was carried out 

according to the standard (ASTM, D2166) on the 

sample studied under natural conditions and with 

different percentages of salts. For this purpose, 

after carrying out the compaction test and 

obtaining the maximum dry unit weight and the 

optimum percentage of water content for the soil 

samples, the samples were prepared for the 

unconfined compressive strength test. It should 

be added that the average diameter of the 

cylindrical samples was 3.5 cm and their height 

was approximately 7 cm. Fig. 7 shows the 

remolded sample and the UCS apparatus. 
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Fig. 7. Device of unconfined uniaxial compressive strength test in the present study 

 

Direct shear test 

The direct shear test determines the shear 

strength of a sample of the soil under 

investigation at a given failure surface. 

Typically, three specimens are tested at different 

vertical stresses to determine the effect of the 

vertical stress in the failure surface on the soil 

resistance and to determine the failure envelope 

(in the special case of determining the Moore-

Coulomb envelope parameters). 

In this test, the prepared specimen is placed 

inside the cutting box. The cutting box consists 

of two square molds or two metal rings placed 

on top of each other. At the end of the specimen 

consolidation, the two cutting box molds are 

moved at a constant displacement rate due to the 

applied vertical stress, and during the movement 

the force required to apply this displacement is 

measured. 

The direct shear test in the present study is based 

on the ASTM D: 3080-90 standard and the strain 

control method. In the strain control method, the 

amount of displacement applied to the specimen 

is constant and the changes in force on the 

specimen are measured. The direct shear 

apparatus is shown in Fig. 8. 

 
Fig. 8. Device of direct shear test used in the present study 

 

Results and discussion 

The grain size distribution of studied soil is 

presented in Fig. 9. Studied soil is classified as 

CL-ML (low plasticity clay-Low plasticity silt) 

according to the Unified Soil Classification 

System (USCS).  
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Fig. 9. Grain size distribution of soil under study 

 

The information obtained from the XRF test is 

used for quantitative and qualitative chemical 

analysis. Fig.10 shows the XRF spectrum of the 

silty loess soil studied. In this spectrum, each of 

the peaks shown corresponds to a specific 

element. Peaks of greater height and thickness 

indicate a greater concentration of the desired 

element in the sample. According to the 

appearing peaks, the main elements of the 

studied soil are Fe, Al, Mg, Na, Ca, Si, O. In 

Table 1, the values of the constituents of the soil 

sample are presented. From this table, it can be 

seen that SiO2 and Al2O3 are the most abundant 

constituents of the sample, with percentages of 

54.22 and 9.77% respectively. 

 

 
Fig. 10. The pattern of the XRF analysis for studied silty loess sample 

 

Table 1. Results of XRF of sample 

Oxides   SiO2 Al2O3 Na2O MgO K2O MnO CaO P2O5 Fe2O3 SO3 

Value  54.22 9.77 2.00 4.05 2.50 0.07 13.78 0.14 4.22 1.00 

The values of the physical and mechanical 

properties of soil with 0, 3, 5, 7, and 9% NaCl 

and CaSO4.2H2O salt are listed in Table 2. 
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Table 2. Mean values of geotechnical properties of sample 

Salt type and content 

(%) 

PL 

(%) 

LL 

(%) 
PI (%) ωopt  (%) 

ρdma 

(g/cm3) 

UCS 

(KPa) 
C (KPa) 

φ 

(°) 

        

Fresh soil  22.4 34.8 12.4 14.8 1.76 88 19.2 18.4 

          

 3 - - - 15.0 1.80 92 22.0 20.6 

NaCl 5 - - - 15.4 1.85 100 25.5 22.2 

 7 - - - 16.7 1.94 111 33.2 24.3 

 9 - - - 17.2 1.98 116 36.8 26.9 

          

 3 - - - 15.1 1.77 90 21.1 19.1 

CaSO4.2H2O 5 - - - 16.0 1.80 96 23.7 20.6 

 7 - - - 17.7 1.84 103 27.2 22.4 

 9 - - - 18.2 1.89 108 30.5 23.8 

          

* Liquid limit (LL), Plastic limit (PL), Plastic index (PI), Optimum water content (ωopt), Maximum dry density 

(ρdmax), Uniaxial compressive strength (UCS), Cohesion (C), Friction angle (φ)  

 

The results of the soil compaction tests show that 

the mean values of ωopt and ρdmax increase 

with increasing salt content (Fig. 11). The ωopt 

values for soils containing CaSO4.2H2O are 

higher than those containing NaCl, while ρdmax 

in soils containing NaCl is higher than those 

containing CaSO4.2H2O. The mean values of 

UCS increase with increasing salinity (Fig. 12). 

The increase in UCS was greater for samples 

containing NaCl than for those containing 

CaSO4.2H2O.  The variation of the mean values 

of C and φ are shown in Fig. 13. Both internal φ 

and C show a positive relationship with salinity.  

 

a 
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Fig. 11. The results of  soil compaction test versus salt content: a) optimum water content and b) maximum dry 

density. 

 
Fig. 12. Mean value of uniaxial compressive strenght versus salt content. 

 

a 
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b 

 
Fig .13. Variations in shear strength parameters with salt content: a) soil internal friction angle and b) soil 

cohesion. 

 

The increase in ωopt and ρdmax of soils with 

increasing salinity is due to the water absorbing 

capacity of salts. Salt crystals absorb more water 

than sand and silt grains. Although the gradation 

test results showed that the soil samples 

contained clay-sized particles, the Atterberg 

limit tests showed that these particles had low 

plasticity (low water absorption potential). As 

can be seen from Figure 11, the soil mixed with 

CaSO4-2H2O has a higher water content than the 

soil mixed with NaCl. The soils studied showed 

an exponential increase in water content as the 

salt content increased. Anhydrite (CaSO4) is a 

salt with a high water uptake potential. This salt 

is transformed into gypsum (CaSO4-2H2O) when 

exposed to water. The ρdmax of the soil 

increased with increasing salinity. NaCl and 

CaSO4-2H2O have a higher density than the soil 

studied. It seems that with increasing salinity, 

salt crystals precipitate in pore spaces and the 

density of the soil increases. With increasing 

salinity, a linear increase in ρdmax was observed 

in the studied soil. The results of this study were 

compared with those available in the literature. 

For example, Alainachi and Alobaidy (2010) 

investigated the effects of salt water from the 

Gulf of Basra on the Proctor compaction and 

CBR test results of soil samples from the city of 

Baniyas, Abu Dhabi, UAE. In another study, 

Shariatmadari et al (2011) investigated the effect 

of inorganic salt solutions on some geotechnical 

properties of soil-bentonite mixtures as barriers. 

They showed that the addition of salt water to the 

soil sample decreased and increased ωopt and 

ρdmax, respectively.The UCS of the studied soil 

increased with increasing salt concentration 

(Fig. 12). This result is consistent with the 

findings of Kumar et al. (2018). They 

investigated the effect of salinity on the 

geotechnical properties of expansive soils and 

found that the UCS increased with increasing 

salinity. The compressive strength of collapsible 

soils is strongly influenced by pore spaces. The 

concentration of salts reaches saturation and 

precipitates in the pores as crystals, reducing the 

pore space (porosity of the soil) and increasing 

the strength of the soil. It appears that the salt 

crystals fill the pore spaces and act as a 

cementing agent. Collapse is due to the reduction 

in strength associated with the loss of suction as 

a result of saturation (Fredlund and Gan, 1995). 

The suction of collapsible soils increases with 

increasing salinity (Rinaldi et al., 1988). It 

appears that the increase in suction is another 

reason for the increase in soil compressive 

strength with increasing salinity. The increase in 

C and φ is evidence of this phenomenon.A 

significant proportion of the salt content fills 

pores in the larger sand and silt grains and acts 

as a cementing agent. When the soil is wetted, 
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only the outer layer of salt is wetted and 

dissolved, leaving most of the salt crystals 

unaffected and acting as cement. Therefore, 

higher salt concentrations reduce the 

collapsibility potential of the soil. As shown in 

Figure 13, C and φ show a steep increase when 

5% salt is added to the soil. It appears that at 

lower salt contents they form a thin film around 

the larger silt and sand grains, but at higher 

concentrations they act as a cementing agent. 

NaCl has a more positive effect on UCS, C and 

φ than CaSO4 salt. When CaSO4 is wetted, its 

molar volume increases. CaSO4 has a molar 

volume of 46 cm3/mole while CaSO4-2H2O has 

a molar volume of 75 cm3/mole. Therefore, 

hydration of CaSO4 results in an increase in 

molar volume. An increase in the volume of salt 

crystals can lead to the rearrangement of soil 

particles. The results of Naeini and Jahanfar 

(2017) and Maio (2018) also showed that an 

increase in saline solution is associated with an 

increase in φ and C of soil samples. These 

findings are in agreement with the results of the 

present study. The rate of change (RC) in 

geotechnical properties was used to compare the 

effect of NaCl and CaSO4.2H2O on the 

geotechnical properties of the sample. The RC of 

geotechnical properties was calculated using Eq. 

(1): 

RC(%)  =  
GPInitial−GPwith 9% salt

GPInitial
× 100               (1) 

where RC is the rate of change in geotechnical 

properties after increasing 9% salt; GPInitial and 

GPwith 9% salt are ωopt, ρdmax, UCS, C, and φ of the 

sample with 0 and 9% salt, respectively. 

The data in Table 2 are used to calculate the RC 

of ωopt, ρdmax, UCS, C, and φ of the sample 

contaminated with salt. The results of RC are 

presented graphically in Fig. 14. In the sample 

with 9% NaCl, RC of the ωopt, ρdmax, UCS, C, and 

φ were 16.2, 12.5, 31.8, 91.7 and 46.2%, 

respectively. In contrast, these values were 23.0, 

7.4, 22.7, 58.9, and 29.3%, respectively, for 

sample with 9% CaSO4.2H2O. These data 

indicate that the NaCl effect on the geotechnical 

properties of the sample was greater than that of 

CaSO4.2H2O. According to Fig. 14, C and ρdmax 

of the sample are affected the most and the least 

after contaminated with NaCl and CaSO4.2H2O 

salts, respectively.  

 

 
Fig .14. The RC in the geotechnical properties of the sample after 9% increasing salt 

 

Conclusion 

The effect of halite and gypsum salt 

concentrations on ωopt, ρdmax, UCS, C and φ of 

silty loess soils was investigated in the 

laboratory. The results showed that the 

engineering properties including ωopt, ρdmax, 

UCS, C and φ increased with increasing 
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concentration of salts (including NaCl and 

CaSO4.2H2O). These data indicate that the effect 

of halite (NaCl) on the engineering properties of 

the sample was greater than that of gypsum 

(CaSO4.2H2O). According to Fig. 14, the 

cohesion (C) and the maximum dry unit weight 

(ρdmax) of the sample are most and least 

affected, respectively, after contamination with 

sodium chloride (NaCl) and calcium sulphate 

(CaSO4.2H2O) salts. The concentration of salts 

reaches saturation and precipitates as crystals in 

the pores, reducing pore space (soil porosity) and 

increasing soil strength. The salt crystals fill the 

pore spaces and act as a cementing agent. The 

suction of collapsible soils increases with 

increasing salt concentration. It appears that the 

increase in suction is another reason for the 

increase in engineering properties of the soil 

with increasing salt concentration. Much of the 

salt fills pores in the larger sand and silt grains 

and acts as a cementing agent. When the soil is 

wetted, only the outer layer of salt is wetted and 

dissolved, leaving most of the salt crystals 

unaffected and acting as cement. The physical 

properties of the salts control the engineering 

properties of the soil under investigation. The 

results of this article show that the engineering 

properties of silty loess soils improve in the 

presence of natural salts, including sodium 

chloride (NaCl) and calcium sulphate 

(CaSO4.2H2O). These salts act as cementing 

agents by crystallising in the soil texture. As 

these salts are readily soluble in water, it is 

expected that silty loess soils will be dispersive 

and their structure will collapse when saturated. 

This finding was confirmed in the soils studied, 

with numerous signs in the field such as 

collapsibility, subsidence, gully erosion, 

sinkholes, etc. 
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  ها:واژهکلید

 ،یخواص مهندس ،یلتیلس س

 م،یسولفات کلس م،یسد دیکلر

 مراوه تپه.

که  بوده، یلتیاز نوع لس س هاآن شتریلس پوشانده است که ب هایخاکاز استان گلستان را  یبخش قابل توجه
از  یدر برخ ینیرزمیز هایآب یخزر منجر به شور یایبا در جواریهمها است. خاک نیسازتراز مشکل یکی

لس  هایخاکشور شدن  عثو با رسندمی زمین به سطح هانمک اد،یز ریتبخ لی. به دلشودمیمناطق استان 
 یلتیلس س هایخاک یدر خواص مهندس یراتییمنجر به تغ تواندمیمحلول  هاینمک. وجود شوندمی یلتیس

 یلتیلس س هایخاک یکیبر خواص ژئوتکن هانمک تأثیر یبررس نیشود. بنابرا عمرانی هایپروژهدر محل 
 ای می( و سولفات کلسNaCl) تیهال ای میسد دیکلر هاینمکاثر  یمطالعه بررس نیاست. هدف از ا یضرور
 یلتیلس س هایخاک یبر خواص مهندس ،فراوان یعیبه عنوان دو نمک طب( O2H.24CaSOگچ ) نمک

شد.  یآوراز شهرستان مراوه تپه استان گلستان جمع یلتیخاک لس س یهامنظور نمونه نیا یبرا .باشدمی
تراکم استاندارد  یهاو آزمون یمقاومت برش ،یتک محور یشامل مقاومت فشار یکیژئوتکن یهاشیسپس آزما

شد. بر  امانج O2H.24CaSOو  NaClدرصد  9و  7، 5، 3و با  یعیخاک در حالت طب یهانمونه یبر رو
 ی، چسبندگیتک محور ی، مقاومت فشارخشک ی، حداکثر چگالنهیبه رطوبت راتییتغ ها،شیآزما نیاساس ا

غلظت هر دو نمک  شیپارامترها با افزا نینشان داد که ا جیقرار گرفت. نتا یابیمورد ارز یاصطکاک داخل هیزاو و
وجود  لیخاک به دل هاینمونه یخواص مهندس راتییعلت تغدر این مقاله  تینها. در افتی شیافزا مورد مطالعه

 .ه استمورد بحث قرار گرفت یعیدو نمک طب نیا

  مقدمه

را در سراسر  نیدرصد از مساحت زم 10لس حدود  هایخاک

لس  هایخاک. (Li et al., 2016) دهندمیجهان پوشش 

 یدر ط رانیشمال ادر به طور گسترده در دشت خزر 

(. لس Frechen et al., 2009) اندکردهرسوب  ستوسنیپل

به  بیباعث آس ،دارمسئلهخاک  ترینمهمبه عنوان 

 Assallayآن شده است ) یروساخته شده بر  هایساختمان

et al., 1997تغییرات لس به  داریناپا ی(. ساختار لانه زنبور

 مرطوبکه در پاسخ به  یبه طور بودهحساس  اریبس رطوبت

 هاینمک (.Houston et al., 1988) ریزدمیفرو  ،شدن

که منجر به  یبالاتر پذیریانحلال لیپتانس لیمحلول به دل

 تأثیر، شوندمیشدن  مرطوبساختار در هنگام  یفروپاش

 Rao andخاک دارند ) رمبندگی تیبر قابل یادیز

Revanasidsappa 2002, 2006 .)به  یستالیکر هاینمک

. کنندمیعمل  هاخاکاغلب در  سیمان کنندگی عنوان عامل

درصد هستند  8 طبیعی طوبتر یلس معمولاً دارا هایخاک

درصد که  یزمان یحت شده،محلول در آب حل  هاینمکو 

  (.Tan, 1988درصد باشد ) 8کمتر از  رطوبت

استان  یسطح هایخاکاز  یاعمدهبخش  یخاک لس

نشان داده است  یکه مطالعات قبل گیردمیگلستان را در بر 

 یلتیلس س ،ایماسهگروه لس  ریرا به سه ز هاآن توانمیکه 

 نی( و اFeyznia et al., 2005کرد ) بندیطبقه یو لس رس
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 یتفاوتم یو خواص مهندس بندیدانه گروه انواع ریسه ز

است که  یلتیلس س یدارند. تمرکز پژوهش حاضر بر رو

 طوریبه داشتهرا در منطقه مورد مطالعه  پراکندگی نیشتریب

نوع خاک  نیا یبر رو یادیز یروستاها و مناطق شهر که

اساس، پژوهش حاضر با هدف  نیبر ا ساخته شده است.

( بر O2H.24CaSOو  NaClاثر دو نمک محلول ) یبررس

شهرستان مراوه تپه  یلتیخاک لس س یکیژئوتکن اتیخصوص

 نهیبه رطوبتبر  هانمک نیانجام شد. در مرحله بعد، اثرات ا

(ωoptحداکثر چگال ،)ی ( خشکρdmaxمقاومت فشار ،)ی 

( φاصطکاک ) هی( و زاوC) ی(، چسبندگUCS) یتک محور

 قرار گرفت. یمورد بررس

 هاروشمواد و 

از  یلتیلس س از خاک یبردارپژوهش، نمونه نیانجام ا یبرا

یا  اندازه دانه عیجنوب شهرستان مراوه تپه انجام شد. توز

شاخص  ع،ی(، حد ماPL) کی، حد پلاستبندیدانههمان  

 ی(، حداکثر چگالωopt) نهیبه رطوبت، (PI) کیپلاست

(، UCS) یتک محور ی(، مقاومت فشارρdmaxخشک )

 یهاشیآزما قیاز طر (φک )اصطکا هی( و زاوC) یچسبندگ

تک  یآتربرگ، مقاومت فشار حدوداز جمله آزمون  یمختلف

مستقیم برپایه  و آزمون برش استاندارد ، آزمون تراکمیمحور

هر  نییتع ی. براتعیین شدASTM (2005 )استاندارد 

 ریاز پنج نمونه استفاده شد و سپس مقاد یکیژئوتکن یژگیو

 یبرا XRF شی. آزماگزارش گردیددر مقاله  هاآن نیانگیم

 یانتخابلس خاک  ییایمیو ش شناسیکانی بیترک نییتع

  .صورت گرفت

NaCl  وO2H.24CaSO خزر  یایدر آب در جیدو نمک را

که توسط باد  هانمک نی(. اGhadiri et al., 2006هستند )

را آلوده  یساحل ینواح هایسازهو  هاخاک، شوندمیحمل 

مطالعه از  نی(. در اZalooli et al., 2018) کنندمی

 یاستفاده شد. برا CaSO4.2H2Oو  NaCl هاینمک

 هاینمک، در آزمایشگاه خاک شور هاینمونه یبازساز

NaCl  وO2H.24CaSO  درصد  9و  7، 5، 3 هایغلظتدر

 یهابه طور جداگانه در آب مقطر حل شد. سپس نمونه یوزن

 کاملاًور اضافه و ش یهامختلف به آب یهاخاک در غلظت

خاک  هاینمونهمخلوط شدند تا اشباع شوند. در مرحله بعد، 

اتاق به مدت  یدر دما همهر و موم شد یکیدر ظروف پلاست

قرار داده شد تا خاک و آب شور با هم واکنش نشان روز  28

خشک  کاملاًکه  یخاک تا زمان هاینمونهدهند. در ادامه، 

( قرار گرفتند. پس گرادسانتیدرجه  24اتاق ) یشوند، در دما

 ییهاخاک خرد شدند تا نمونه یهااز خشک شدن، نمونه

و تراکم آماده  یمقاومت برش ،UCS یهاشیانجام آزما یبرا

 شوند. 

 هشد یها معرفمجدد نمونه بازسازی یبرا یمختلف یهاروش

ها نقش نمونه هیخاطرنشان شد که روش ته نیو همچن

 نکهیخواهد داشت. با توجه به ا هاشیآزما جیدر نتا ییبسزا

 یعیاثر دو نمک طب یبررس هاآزمایش نیهدف از انجام ا

 می( و سولفات کلسNaCl) میسد دیشامل کلر

(O2H.24CaSOب )خاک لس  یکیژئوتکن یپارامترها ر

شدند.  هیمخلوط و ته یبه روش دست هانمونهاست،  یلتیس

 ایویژه تیدر مطالعه حاضر از اهم هامخلوطهمگن بودن 

 زیهمگن را ن هاینمونه هیروش امکان ته نیبرخوردار بوده و ا

 (.4. )شکل کندمیفراهم 

شده،  شیخاک شور آزما هاینمونهمجدد  بازسازی یبرا

، 5، 3 هاینسبتبه  میو سولفات کلس میسد دیکلر هاینمک

آب مقطر  یبه طور کامل در مقدار ،خاک یدرصد وزن 9و  7

به خاک اضافه شدند.  یو به صورت دست جیحل شده و به تدر

که خاک  یپس از آن آب مقطر به خاک اضافه شد تا زمان

مخلوط شود. سپس  یلتیبا خاک لس س کاملاًشود و  اعاشب

دربسته در  یکیروز در ظروف پلاست 28به مدت  هانمونه

در حضور  با هم هانمکاتاق قرار داده شدند تا خاک و  یدما

شده،  نییآب واکنش نشان دهند. پس از گذشت زمان تع
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خشک شوند و  کاملاًباز قرار داده شدند تا  یدر فضا هانمونه

خرد شدند تا پودر شوند و  هاکلوخهاز خشک شدن،  سپ

 .گردند شیآماده آزما

 بحث و نتایج

 لیو تحل هیتجز یبرا XRF شیاطلاعات به دست آمده از آزما

 فیط 10. شکل شودمیاستفاده  یفیو ک یکم ییایمیش

XRF در دهدمیمورد مطالعه را نشان  یلتیخاک لس س .

عنصر  کینشان داده شده به  هایپیکاز  کیهر  ف،یط نیا

با ارتفاع و ضخامت  هایقله. شودمیخاص اختصاص داده 

عنصر مورد نظر در نمونه است.  شتریغلظت ب یبه معنا شتریب

خاک مورد مطالعه  یظاهر شده عناصر اصل یهاقلهبا توجه به 

 .Fe, Al, Mg, Na, Ca, Si, Oعبارتند از 

مقدار  نیانگیتراکم خاک نشان داد که م یهاآزمایش جینتا

ωopt  وρdmax یابدمی شیافزا هانمک درصد شیبا افزا 

 O2H.24CaSO یخاک حاو یبرا optω ری(. مقاد11)شکل 

در  ρdmaxکه  یاست در حال NaCl یاز خاک حاو شتریب

 O2H.24CaSO یاز خاک حاو شتریب NaCl یخاک حاو

 شیافزا هانمک مقدار شیبا افزا UCS نیانگیم ریاست. مقاد

 یحاو هاینمونه یبرا UCS شی(. افزا12)شکل  یابدمی

NaCl یحاو هاینمونهاز  شتریب O2H.24CaSO .بعلاوه  بود

نشان داده شده  13در شکل  φو  C نیانگیم ریمقاد راتییتغ

نمک  مقدار شیخاک با افزا ρdmaxو  ωopt شیافزا است.

. شودمینسبت داده  هانمکجذب آب  تیبه ظرف

آب  لت،یو س ماسه یهانمک نسبت به دانه یهاستالیکر

نشان  بندیدانه شیآزما جی. اگرچه نتاکنندیجذب م یشتریب

ذرات به اندازه رس هستند، اما  یخاک دارا هاینمونهداد که 

 یذرات دارا نیآتربرگ نشان داد که ا ودحد یهاآزمایش

جذب آب کم( هستند. همانطور  لی)پتانس نییپا تهیسیپلاست

، خاک مخلوط شده با شودمیمشاهده  11که از شکل 

O2H2.4CaSO نسبت به خاک  یشتریب رطوبت یدارا

 مقدار شیافزا است. خاک مورد مطالعه با NaClمخلوط با 

 تیدرینشان داد. ان درصد رطوبتدر  یینما شینمک افزا

(CaSO4نمک )نمک  نیجذب آب بالا است. ا لیبا پتانس ی

( O2H2.4CaSOهنگام قرار گرفتن در معرض آب به گچ )

قدار م شیخاک با افزا چگالی خشک حداکثر. شودمی لیتبد

 یدارا O2H2.4CaSOو  NaCl. افتی شینمک افزا درصد

 UCS نسبت به خاک مورد مطالعه هستند. یبالاتر یچگال

 افتی شیغلظت نمک افزا شیخاک مورد مطالعه با افزا

کومار و همکاران مطابقت  هاییافتهبا  جهینت نی(. ا12)شکل 

بر  ی(. با مطالعه اثر شورKumar et al., 2018دارد )

، مشخص شد که با رمبنده هایخاک یکیژئوتکن یهایژگیو

 یاست. مقاومت فشار افتهی شیافزا UCS ،یشور شیافزا

در بافت  منافذ یفضاها تأثیربه شدت تحت  رمبندهخاک 

و در داخل  رسدمیبه حد اشباع  هانمکاست. غلظت  خاک

 یفضا جهیو در نت کنندمیرسوب  ستالیمنافذ به صورت کر

را و استحکام خاک  یابدمیمنافذ )تخلخل خاک( کاهش 

نمک  هایکریستالکه  رسدمیبه نظر  .دهدمی شیافزا

عمل  یمانیعامل س نوانمنافذ را پر کرده و به ع یفضاها

 .کنندمی

 گیرینتیجه

به حد  هانمکغلظت نتایج این مقاله نشان داد که زمانی که 

 کردهرسوب  ستالیدر داخل منافذ به صورت کر برسداشباع 

و  یافتهمنافذ )تخلخل خاک( کاهش  یفضا جهیو در نت

نمک  هایکریستال. یابدمی شیاستحکام خاک افزا متعاقباً

عمل  یمانیو به عنوان عامل س کنندمیمنافذ را پر  یفضاها

 رمبنده هایخاکغلظت نمک، مکش  شی. با افزاکنندمی

از  گرید یکیمکش  شیافزا رسدمی. به نظر یابدمی شیافزا

غلظت املاح  شیخاک با افزا یخواص مهندس بهبود لیدلا

 هایدانه انیمنافذ را در م ،هانمکاز  ی. بخش بزرگباشدمی

 یمانیو به عنوان عوامل س کنندمیپر  لتیماسه و س تربزرگ

 هی، تنها لاشودمی مرطوبکه خاک  ی. هنگامکنندمیعمل 
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 شتریکه ب ی، در حالشودمیو حل  سینمک خ یرونیب

و به عنوان  مانندمی یباق تأثیرنمک بدون  هایکریستال

 هایویژگیگفت  توانمیدر نتیجه . کنندمیعمل  مانیس

خاک مورد مطالعه را  ی، خواص مهندسهانمک یکیزیف

  .کندمیکنترل 

خاک لس  یکه خواص مهندس دهدمیمقاله نشان  نیا جینتا

 میسد دیاز جمله کلر یعیطب هاینمکدر حضور  یلتیس

(NaClو سولفات کلس )می (O2H.24CaSO بهبود )یابدمی .

با متبلور شدن در بافت خاک به عنوان عامل  هانمک نیا

به  هانمک نیکه ا یی. از آنجاکنندمیعمل  یساز مانیس

انتظار داشت که  توانمی، شوندمیآب حل  رد یراحت

در صورت  هاآنبوده و ساختار  رمبنده یلتیلس س هایخاک

مورد مطالعه  هایخاکدر  افتهی نی. اریزدمیاشباع شدن فرو 

فرونشست  ،رمبندگیمانند  نیزمروی متعدد در  هاینشانهبا 

 شده است. تائید رهیفروچاله ها و غ ،یخندق شیفرسا ن،یزم

 

 


