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ABSTRACT 

 

There are different properties of soil that are considered at the time of making any form of construction activities. 

These are the ones that decide the suitability of the soil for use in construction. There are two types of parameters 

are there. The first one is the physical parameters. Another one is chemical parameters. The first one defines the 

physical characteristics of the soil. The other ones do the work of describing the different forms of chemical changes 

in the soil because of the chemical structure of the soil. So, in this project, the properties of soil that determine the 

effectiveness of soil were considered. Moreover, the mechanism of each of the factors for defining the quality of soil 

was also determined here in this report. Moreover, the different views of several scholars were also checked here in 

this report. Moreover, the different results in terms of the effectiveness of soil after finding these factors were also 

checked here. 

 

 

INTRODUCTION 

 

It is known that soil is the most important material for any construction work. It is because on the soil every structure that is 

prepared rests. So, it is needed that the properties that decide the quality of the soil are determined first before actually 

starting the construction work. It can be seen that the ultimate load is born by the soil. So, it becomes very much important 

to design the soil in such a way that it can bear the load coming from the structure easily. It is to be noted that there are 

different factors that decide the effectiveness of soil. So, in this project, the properties of soil that determine the 

effectiveness of soil were considered. Moreover, the mechanism of each of the factors for defining the quality of soil was 

also determined here in this report. Moreover, the different views of several scholars were also checked here in this report. 

Moreover, the different results in terms of the effectiveness of soil after finding these factors were also checked here. The 

different recommendations that can be given for the betterment of the research are also present in this report.  

 

REVIEW OF LITERATURE 

 

According to Sintimet al. 2019, there are different properties of soil that are considered for the determination of suitability 

of the soil. These mainly consist of the physical & chemical properties (Sintimet al. 2019). According to these properties, 

the soils are selected for the activities of construction.  

 

 
 (Source: https://civilengineering.blog) 

 

Figure 1: Soil as three phase system 
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According to Česonienė et al. 2020, one of the main parameters of soils that is considered in engineering is the “bulk 

density” of soil (Česonienė et al. 2020). It is the measure of the mass of the soil per unit volume. This determines the 

weight of the soil. This is also the measure of the pore spaces present in the soil in an indirect way.  

 
                                (Source: https://slideplayer.com) 

 

Figure 2: Void ratio. Porosity & degree of saturation of soil 

 

According to Bai et al. 2019, it can be seen that different soils have different textures. This is mainly dependent on the type 

of material by which it is made. Soils having different textures shows different properties (Bai et al. 2019). The test that is 

used for checking the texture of the soil is “Robinson`s pipette method”.  

 

 
 (Source: https://civilengineering.blog) 

 

Figure 3: Degree of saturation vs water content of soil 

 

According to Feng et al. 2019, there are many methods that are used for measuring the “bulk density” of soil. According to 

the different standards of different countries, these tests differ. Although there are some popular practices that are mostly 

used (Feng et al. 2019). Among these one of the most popular methods is the “core sampling method”.  
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Sedimentation Analysis 

 

 
 

(Source: https://www.elementaryengineeringlibrary.com) 

 

Figure 4: Pipette method of sedimentation analysis 

 

According to Wang et al. 2019, the physical characteristics of soil decide the reaction of the soil when load from the 

structure acted on the soil (Wang et al. 2019). So, it is needed that depending on the physical characteristics the behaviors 

of soil are determined prior to the starting of the construction work.  

 

 
 

(Source: https://i0.wp.com) 

 

Figure 5: Hydrometer method of sedimentation analysis 

 

According to Ronchi et al. 2019, there are many minerals are present in the soil. Some of these are helpful for making the 

soil fit for construction work. Although, there are also some minerals that deteriorate the property of soil when used in the 

process of construction (Ronchi et al. 2019). All of these come under the chemical characteristics of the soil.  
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(Source: https://www.globalgilson.com) 

 

Figure 6: Consistency limits of soil 

 

According to Karlen et al. 2019, the grain size of soil is one of the most important properties of soil that is required to be 

determined in the different applications of engineering. There are different forms of grains can be observed in soil (Karlen 

et al. 2019). These are coarse & fine-grain soils. There also exists a further subdivision of soil.  

 

Liquid & Liquid Limit 

 

 
 

(Source: https://www.civilengineeringweb.com) 

 

Figure 7: Casagrange`s apparatus 

 

According to Li et al. 2019, it can be noticed that in different temperatures soils acts in a different way. So, it is very much 

required to determine the maximum & minimum temperatures one soil can attain in a particular place (Li et al. 2019). It is 

mainly dependent on the climate of the area.  
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Shrinkage limit test 

 

 
 

       (Source: https://www.researchgate.net) 

 

Figure 8: Shrinkage limit test 

 

According to Xie et al. 2020, it is to be noted that in soil both organic & inorganic materials can be present. So, depending 

on this the properties of soils also change (Xie et al. 2020). This is one of the most important factors that decide the 

application of the soil in different applications of engineering.   

 

Activity of clays 

 

 
                                                     (Source: https://html.scirp.org) 

 

Figure 9: Activity of clays 
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According to Cetin, 2019, one of the best methods of checking the quality of soil is to determine the characteristics of each 

of the grains of the soil. According the type of grain and soil can be classified into some types (Cetin, 2019). Some of these 

are “gravel”, “sand”, “silt” and “clay”.  

 

Sensitivity of clays 

 

 
 

                                               (Source: https://i0.wp.com) 

 

Figure 10: Sensitivity of clays 

 

According to Pressler et al. 2019, the pH of the soil is one of the most important factors of the soil that is needed to be 

considered for checking the suitability of a project to be built on the soil (Pressler et al. 2019). It is the measure of how 

much the soil is acidic or basic.  

 

Thixotropy of clay 

 

 
 (Source: https://i0.wp.com) 

 

Figure 11: Thixotropy of clays 

 

According to Jian et al. 2020, the chemical nature of the soil is mainly defined by the pH of the soil. Depending on the 

materials present in the soil the pH values of the soil are determined. The presence of acidic materials makes the soil acidic 

(Jian et al. 2020). Whereas the presence of oxides of metal makes the soil basic.  
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Different soil tests 

 

 
 

 (Source: https://juniperpublishers.com) 

 

Figure 12: Soil parameters & their tests 

 

According to Okereafor et al. 2020, one of the main characteristics of soil that determine the interparticle attraction of the 

soil is the cohesion between the particles of soil (Okereafor et al. 2020). So, in this regard, it can be noticed that “gravel & 

sand” have the minimum cohesion and clay has maximum cohesion.  

 

According to Vongdala et al. 2019, the amount of water present in the soil also decides the reaction of soil underloading 

(Vongdala et al. 2019). So, the presence of soil is needed to be determined first for the determination of the characteristics 

of the soil.  

 

According to Fan et al. 2019, the presence of potassium determines the biological activities that are taken place in a project. 

So, this needs to be determined (Fan et al. 2019). It is to be noted that soil that is less “biologically active” is preferred for 

construction works.  

 

According to Khosravi et al. 2019, the type of soil is dependent on the location where the lotion is present. It can be noticed 

that depending on the location of the soil differences in the characteristics of the soil can be observed (Khosravi et al. 

2019). In hilly areas hard rocky soils can be observed and at the same time in tropical areas mashy clayey soils that undergo 

a large change in volume under moisture changes can be observed.  

 

According to Abdalla et al. 2019, one of the main characteristics of soil is the “electrical conductivity” that the particles of 

soil have (Abdalla et al. 2019). It can be noticed that depending on the type of material by which the soil is built the 

“electrical conductivity” of soil differs.  

 

According to Palansooriya et al. 2019, nitrogen is one of the materials that is abundant in most of soil types. The presence 

of this can affect the property of soil to a large extent (Palansooriya et al. 2019). So, the determination of the content of 

nitrogen present in the soil becomes crucial.  

 

According to Wiesmeier et al. 2019, another material the presence which can affect the property of soil is chloride. So, in 

this case, the presence of chloride is determined (Wiesmeier et al. 2019). The method used for this purpose is “volumetric 

titration”.  

 

According to Boots et al. 2019, depending on the location of the sol there can be seen a change in the content of salt. The 

more the soil is close to the sea the more it contains salt (Boots et al. 2019). Depending on this the different applications of 

engineering are determined.  

 

According to Yang et al. 2020, the presence of fluoride is also another parameter that is considered for checking the quality 

of the soil (Yang et al. 2020). It is mainly determined by the process named as “selective ion meter”. 
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According to Li et al. 2019, it can be noticed that in the soil there are particles having different sizes present. So, the 

presence of these particles decides the property of the soil (Li et al. 2019). This can be determined in the form of the 

distribution of the different grain sizes.  

 

According to Buras et al. 2020, another important parameter that is considered in the soil is the presence of voids. 

Depending on the size & distribution of particles the voids are determined (Buras et al. 2020). The more the void the less 

the strength of the soil becomes.  

 

According to Pour et al. 2020, one of the most important parameters that are considered for soil is the “degree of 

saturation” of the soil. It can be noticed that depending on the “void ratio” the “degree of saturation” of soil changes (Pour 

et al. 2020). It is the measure of the amount of voids present in the soil that is filled by water.  

 

According to Tamiminia et al. 2020, the “specific gravity” of soil is another measure of the characteristics of the soil 

(Tamiminia et al. 2020). It is to be noted that it defines the weight of the soil in excess of water at a temperature of 4 

degrees centigrade.  

 

According to Shakoor et al. 2021, one of the main things that are determined for soils is the index properties of the soil. 

There are some standard methods that are employed for this purpose (Shakoor et al. 2021). This mainly describes the 

behavior of soil under changing “moisture contents”.  

 

According to Ostad et al. 2021, the presence of different chemical compounds can adversely affect the property of the soil 

(Ostad et al. 2021). So, it is needed that the percentage of each of the materials is determined and removed to the extent that 

is needed.  

 

According to Chai et al. 2022, the chemical structure of soil particles is also another parameter that defines the 

characteristics of the soil (Chai et al. 2022). It can be seen that depending on the chemical structure of the soil there are 

different responses after imposing loading on the soil can be observed.  

 

According to Ye et al. 2020, there are mainly three types of soils are there depending on the chemical structure of the soil. 

These are “kaolinite”, “montmorilonite”, & “illite” (Ye et al. 2020). All of these shows different response under pressure & 

moisture change.  

 

According to Alengebawy et al. 2021, soils especially in clay there is an important factor that is needed to be determined 

for using it in construction applications. It is the activity of the clay. It defines the change in the volume of the soil with the 

change in moisture in the soil (Alengebawy et al. 2021). Clays show this property more than the other types of soils.  

 

MATERIALS & METHODOLOGY 

 

The different methods of obtaining the results of the different parameters of soil are as follows.  

 

Water content 

 

Table 1: Water content tests of soil 

 

Sl No. Test name 

1 “Oven drying method” 

2 “Sand bath method” 

3 “alcohol method” 

4 “calcium carbide method” 

5 “pycnometer method” 

6 “radiation method 

7 “Torsion balance method” 

                                                (Source: Self-created) 
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Specific Gravity 

 

Table 2: Specific gravity tests of soil 

 

Sl No. Test Name 

1 “Density bottle method” 

2 “Pycnometer method” 

3 “Measuring flask method” 

4 “Gas jar method” 

5 “Shrinkage limit method” 

                                                (Source: Self-created) 

 

Mass Density 

 

Table 3: Mass Density tests of soil 

 

Sl No. Test Name 

1 “Water displacement method” 

2 “Submerged density method” 

3 “Core cutter method” 

4 “Sand replacement method” 

5 “Water balloon method” 

6 “Radiation method” 

                                                 (Source: Self-created) 

 

RESULTS & DISCUSSION 

 

Soil structure [Refer to Appendix 1] 

 

 
 (Source: https://static.sciencelearn.org.nz) 

 

Figure 13: Kaolinite soil structure 

 

Kaolinite soil structure is shown in the picture above. 
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                                              (Source: https://i.ytimg.com) 

 

Figure 14: Montmorillonite soil structure 

 

 

Montmorillonite soil structure is shown in the picture above. 

 

 
 

 (Source: https://www.researchgate.net) 

 

Figure 15: Illite soil structure 

 

Illite soil structure is shown in the picture above. 
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Particle size distribution 

 

 
                           (Source: https://www.researchgate.net) 

 

Figure 16: Grain size distribution of soil 

 

Grain size distribution of soil is shown in the picture above. 

 

Liquid & Liquid Limit 

 

 
 (Source: https://www.geoengineer.org) 

 

Figure 17: Liquid limit test 

 

Liquid limit test is shown in the picture above. 

 
 (Source: https://www.researchgate.net) 

 

Figure 18: Shrinkage limit test 

 

Shrinkage limit test is shown in the picture above.  
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Activity of clays 

 
            (Source: https://www.elementaryengineeringlibrary.com) 

 

Figure 19: Activity of clays 

 

Activity of clays is shown in the picture above. 

 

Sensitivity of clays 

 

 
(Source: https://www.elementaryengineeringlibrary.com) 

 

Figure 20: Sensitivity of clays 

 

Sensitivity of clays is shown in the picture above. 

 

Thixotrophy of clay 

 

 
 (Source: https://www.researchgate.net) 

 

Figure 21: Thixotropy pattern of clays 

 

Thixotropy pattern of clays is shown in the picture above. 
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Chemical soil parameters 

 

 
 

 
 (Source: https://juniperpublishers.com) 

 

Figure 22: Soil chemical parameters results showing ranges 

 

Soil chemical parameters results showing ranges is shown in the picture above. 
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Chemical soil test results 
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 (Source: https://juniperpublishers.com) 

 

Figure 23: Physio-chemical soil test 

 

Physio-chemical soil test is shown in the picture above. 

 

https://juniperpublishers.com/
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Correlation of soil test results 

 

 
 (Source: https://juniperpublishers.com) 

 

Figure 24: Correlation of different soil tests 

 

Correlation of the soil test is shown in the picture above. 

 

Conclusion & future scope 

In this report, the different factors or parameters that influence the working or response of soil were discussed. It can be 

noticed that there are many factors that are responsible for the different behavior of soil. These can be mainly divided into 

“physical” & “chemical” characteristics. In the present day, it can be observed that there are constructions taking place on 

sites that are not so suitable for construction. This creates a huge opportunity of doing research on this matter.  

 

Recommendations 

Depending on this report, there are some recommendations that can be given for the betterment of the project. It is to be 

noted that better technologies can be used for obtaining better results. Also, the results of tests of different soils should be 

compared to check how these parameters are changing the working of the soils.  
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APPENDICES 

 

Appendix 1- Soil structure 

 

 
       

                  (Source: https://www.researchgate.net) 

 

 


