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Abstract
A geotechnical site investigation is the process of collecting information and evaluating the 
conditions of the site for the purpose of designing and constructing the foundation for a 
structure, such as a building, plant or bridge. Shear strength property of soil plays a major role 
in controlling the stability of a soil mass under structural loads. Determination of shear 
strength parameters such as cohesion and angle of internal friction are needed for the 
evaluation of bearing capacity of foundations, the assessment of the stability of a slope, etc. 
Hence, it is always essential to measure this property before design of foundation of any 
structure. In this study, a detailed survey was carried out within a 5 km radius of Sirsa and 10 
locations were identified for soil sampling. The soil samples were collected at 50 cm depth 
from ground surface and analyzed for different geotechnical properties like bulk density, dry 
density, natural moisture content, specific gravity, particle size, liquid limit, plastic limit, 
plasticity index and shear strength parameters (cohesion and angle of shearing resistance). 
With the help of particle size distribution curves, coefficient of uniformity and coefficient of 
curvature were evaluated to find out the gradation of particles. Influence of the geotechnical 
properties of soils on shear strength parameters was studied. Stepwise regression procedure 
was carried out for the selection of most influencing variables. Incorporating selected 
variables, multiple regression models were developed for the prediction of shear strength 
parameters. The performance of the multiple regression models were assessed in terms of 
correlation coefficient, F-statistics and residuals pattern. Using the developed models, shear 
strength parameters can be computed for the study area, which will be helpful for the 
determination of bearing capacity of soil. 

Keywords: Shear strength, cohesion, angle of shearing resistance, multiple regressions, 
geotechnical properties, Sirsa. 

1. Introduction
Soil supports different types of structures like buildings, roads, railway lines, pipelines, etc. 
Accurate investigations of geotechnical properties can enhance a good design of foundation to 
support the structure (Too, 2012) [43]. Therefore, the geotechnical properties of soils on which a 
superstructure is to be constructed must be well understood in order to avoid superstructure 
and foundation failures (Omotoso et al., 2011) [28]. One of the most important engineering 
properties of soil is its ability to resist sliding along internal surfaces within a mass. The 
stability of structures built on soil depends upon the shearing resistance offered by the soil 
along probable surfaces of slippage. The shear strength of geotechnical materials is generally 
represented by the Mohr–Coulomb theory. According to this theory, the shear strength of soils 
varies linearly with the applied stress through two shear strength components known as the 
cohesion intercept and angle of shearing resistance. The tangent to the Mohr–Coulomb failure 
envelopes is represented by its slope and intercept. The slope expressed in degrees is the angle 
of shearing resistance and the intercept is the cohesion (Arora, 1988; Murthy, 2008; 
Mollahasani et al., 2011) [2, 24, 22, 23]. The angle of shearing resistance represents the 
interlocking between the soils particles whereas cohesion is mainly due to the intermolecular 
bond between the adsorbed water surrounding each grain, especially in fine-grained soils 
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(Murthy 2008; El-Maksoud, 2006) [24, 6]. Cohesion has a major 

role in the design of different geotechnical structures such as 
foundations, slopes, underground chambers, and open 
excavations (Mollahasani et al. 2011) [22, 23] Soils with high 
plasticity have lower angle of shearing resistance and higher 
cohesion. Conversely, as the soil grain size increases, the soil 
internal friction angle increases and its cohesion decreases. 
Therefore, in a rational manner the main parameters which 
affect the soil strength parameters are the soil type, soil 
plasticity, and soil density (Mousavi et al., 2011) [23]. The 
angle of internal friction depends upon dry density, particle 
size distribution, shape of particles, surface texture, and water 
content whereas cohesion depends upon size of clayey 
particles, types of clay minerals, valence bond between 
particles, water content, and proportion of the clay (Jain et al., 
2010) [17]. According to Lun (2011) [20], shear strength is 
affected by several factors such as grain size distribution, 
density, water content and few others.  
Accurate determination of the soil shear strength parameters 
(cohesion and angle of shearing resistance) is a major concern 
in the design of different geotechnical structures. These key 
parameters can be determined either in the field or in the 
laboratory. The triaxial compression and direct shear tests are 
the most common tests for determining the cohesion and angle 
of shearing resistance values in the laboratory. However, 
experimental determination of the strength parameters is 
extensive, cumbersome and costly. Further, it is not always 
possible to conduct the tests on every new situation. In order to 
cope with such problems, numerical solutions have been 
developed to estimate shear strength parameters (Mousavi et 

al., 2011) [23]. As per Sorensen and Okkels (2013) [38], 
empirical correlations are widely used in geotechnical 
engineering practice as a tool to estimate the engineering 
properties of soils. Considering these, a study was conducted 
to generate data on geotechnical properties of soil of Sirsa 
area. This paper deals with correlation of geotechnical 
properties of soil with shear strength parameters, and to 
develop statistical models for its prediction. 
 
2. Methodology 
2.1. Sampling locations 
Sirsa town is situated at latitude 29 032’0” north and longitude 
75 01’0” east in Haryana, India. It is at distance of 260 km by 
rail from Delhi. As the Sirsa Township is developing in 
different directions, therefore, a detailed survey was conducted 
within a 5 km radius of Sirsa to identify locations being used 
for construction purposes. Accordingly, 10 sampling locations 
in different area were selected for soil sampling. The sampling 
locations, and other surface structures are depicted in Figure 1. 
 
2.2. Collection of samples 
IS: 1904 – 1978 specifies that all foundations should extend to 
a depth of at least 50 cm below the natural ground surface 
(Arora, 1988) [22], therefore, samples from different locations 
of the area were collected from this depth. The tools like 
trowel, spade, auger, etc were used for samples collection. 
Sampling tubes made up of steel were used for the collection 
of bulk density samples. The collected samples kept into thick 
quality polythene bags were labeled, sealed and brought to the 
laboratory for analysis.  

 

 
 

Fig 1: Sampling locations and other surface structures at Sirsa. 
 

2.3. Testing of geotechnical properties of soil  
The geotechnical properties of soils were determined in the 
Geotechnical Laboratory of Civil Engineering Department, Jan 
Nayak Ch. Devi Lal Memorial College of Engineering, Sirsa. 
The methods adopted for testing of different parameters are as 
under: Bulk density and dry density: Bulk density is the ratio 
of the weight of soil to the total volume of soil including water 
and air both whereas dry density is the ratio of the dry solids to 
the total volume (Apparao and Rao, 1995) [3]. The density was 
determined using the core cutter method (IS: 2720-Part XXIX, 
1975; Raj, 1995) [15, 34].  

Water content: Moisture content is the ratio of the weight of 
water to the weight of dry materials. It is expressed in 
percentage. It was determined by oven drying method (IS: 
2720-Part II, 1973) [14]. The natural moisture content gives an 
idea about the state of soil in the field (Apparao and Rao, 
1995) [3]. Specific gravity: It is the ratio of the weight in air of 
a given volume of dry soil solids to the weight of equal 
volume of distilled water at 40C. Particles passed through 4.75 
mm IS sieve were used for determining specific gravity with 
the help of density bottle (Punmia et al., 2005) [33].  
Grain size analysis: For grain size analysis, air dried soil 
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sample of 500 gm was sieved through a set of sieves ranged 
from 4.75 mm to 75 µm. The entire set of sieves was kept on 
electric sieve shaker machine and operated for 10 minutes. 
Percent finer for different sizes of the particles retained on 
different sieves were calculated. The percentage finer 
(summation passing) was plotted as ordinate (on arithmetic 
scale) and the particle size (aperture size) as abscissa (on log 
scale) (IS:2720-Part IV, 1975; Raj, 1995) [34].  
Liquid limit: Soil sample passing through 425 µm sieve, 
weighing 120 gm was mixed with distilled water to form a 
uniform paste. A portion of the paste was taken in the cup of 
the liquid limit device. In the paste, a groove was formed and 
then device was operated at the rate of two revolutions per 
second until the two parts of the soil came in contact at the 
bottom of the groove along a distance of 12 mm. After that the 
numbers of drops were recorded. Finally, moisture content 
corresponding to 25 numbers of blows was taken as the liquid 
limit (IS:2720-Part V, 1970) [12]. 
Plastic limit: For the determination of plastic limit, 20 gm of 
soil passing through 425 µm sieve was taken and mixed 
thoroughly with distilled water so that it could become plastic 
enough. Then out of 20 gm wet soil, 8 gm of soil was taken to 
form a ball. The ball was rolled on the glass plate with the 
palm of the hand to form a thread of 3 mm uniform diameter 
throughout its length. The rolling process was continued till 
the thread just crumbles at 3 mm diameter. Then moisture 
content of the crumbled thread was determined as plastic limit 
(Raj, 1995) [34]. Plasticity index: The numerical difference 
between liquid limit and plastic limit is known as plasticity 
index. It indicates the degree of plasticity of a soil. Greater the 
difference between liquid and plastic limits greater is the 
plasticity of the soil. A cohesionless soil has zero plasticity 
index. Hence it is called non-plastic (Murthy, 2002) [24].  
Shear strength parameters: The direct shear test is a very 
popular test for determining shear strength of soils (Moayed et 
al., 2012). In many engineering problems such as design of 
foundation, retaining walls, slab bridges, pipes, sheet piling, 
the value of angle of shearing resistance and cohesion of the 
soil involved are required for the design. Direct shear test is 
used to predict these parameters quickly (Apparao and Rao, 
1995) [3]. This test was conducted to determine the undrained 
shear strength parameters of soil. Tests were performed in 
accordance to IS: 2720 Part-XIII (1972) [11]. The samples were 
sieved from 4.75 mm sieve and compacted in a square shear 

box of 60 mm x 60 mm x 50 mm. The samples were prepared 
at water content and dry density same as in the field 
conditions, without respect to the fact, that the conditions in 
the future might not remain the same (Kristyna et al., 2013) 
[18]. Based on the experiment, the graph between normal stress 
and shear stress was plotted to determine the cohesion and 
angle of shearing resistance.  
 
3. Results and discussion 
Different geotechnical properties like bulk density, dry 
density, natural moisture content, specific gravity, particle 
size, liquid limit, plastic limit and plasticity index of soils, 
collected in and around of Sirsa town were determined. The 
shear strength parameters like cohesion and angle of shearing 
resistance was also assessed. At most of the locations, soils 
were cohesionless in nature. Only at few locations, soils were 
cohesive. Correlation of individual property with shear 
strength parameters and statistical models for its prediction 
were developed.  
 
3.1. Bulk density and dry density 
Bulk density shows an appreciable effect on the shear strength 
of soil. Tight packing of soils to generate large bulk densities 
is a common engineering practice to provide added soil 
strength. When foundations, footings or roadbeds are built 
upon soil, the strengthening of the underlying strata helps to 
prevent soil shifting or settling after the structure is built 
(Traffic and Soil Mechanics, 2013) [38, 41]. 
The correlation of cohesion and angle of shearing resistance 
with bulk density and dry density were determined (Table 1). 
Using SPSS software version 13.0, the significant level of 
correlation coefficients was checked and found (Table 1) 
indicating that density influences the shear strength 
parameters. Positive correlation shows that increase in soil 
density results in a linear increase in shear strength for both 
cohesive and granular soils. That is, higher density soils show 
higher strength for all textures and water contents as compared 
to soils that are more loosely packed (Traffic and Soil 
Mechanics, 2013) [38, 41]. According to Garcia et al. (2012) [9], 
shear strength increases with increasing dry bulk density 
indicating that the reduction in pore volume caused soil 
resistance. An increase in bulk density with corresponding 
increase in undrained shear strength was also observed by 
Ojuri (2013) [30]. 

 
Table 1: Individual correlation of shear strength parameters with geotechnical properties of soils 

 

Geotechnical properties 
Cohesion 
(kg/cm2) 

Level of significance 
(%) 

Angle of shearing resistance 
(degree) 

Level of significance 
(%) 

Bulk density (gm/cm3) 0.84 1 0.99 1 
Dry density (gm/cm3) 0.76 5 0.86 1 

Natural moisture content (%) 0.65 5 0.83 1 
Specific gravity 0.96 1 0.84 1 

Coefficient of uniformity (Cu) 0.60 Not significant 0.48 Not significant 
Coefficient of curvature (Cc) 0.56 Not significant 0.59 Not significant 

Liquid limit (%) 0.86 1 0.83 1 
Plastic limit (%) 0.80 1 0.77 1 

Plasticity index (%) 0.68 5 0.69 5 
 

3.2. Natural moisture content 
Water exerts controlling influence on most of the physical, 
chemical and biological processes that occur in soil. Water in 
soil acts both as a lubricant and as a binding agent among the 
soil particulate materials, thereby influencing the structural 
stability and strength of soil and geologic materials (Kristyna 
et al., 2013) [18]. The correlation of the natural moisture 
content with cohesion and angle of shearing resistance showed 

increase in shear strength parameters with an increase of 
moisture content. The correlations were statistically significant 
(Table 1). Cohesive and cohesionless properties of soils might 
cause variation in moisture content in the soils and hence 
variation in shear strength parameters. According to Dafalla 
(2013) [5], increase or decrease in cohesion and angle of 
shearing resistance depends on the presence of clay and 
moisture content in the soils. Obasi and Anyaegbunam (2005) 



 

~ 63 ~ 

International Journal of Chemical Studies 

[31] explained that partially saturated soils have undrained shear 
strength, which depends on its moisture content. Kumari 
(2009) [19], stated that the cohesion and angle of shearing 
resistance increases or decreases depending on the variation in 
water content. 
 
3.3. Specific gravity 
Specific gravity is an important index property of soils that is 
closely linked with mineralogy or chemical composition 
(Oyediran and Durojaiye, 2011) [29]. And also reflects the 
history of weathering (Tuncer and Lohnes, 1977) [44]. It gives 
an idea about the suitability of the soil as a construction 
material; higher value of specific gravity gives more strength 
for roads and foundations (Prakash and Jain, 2002) [32]. 
Correlations were statistically significant at 1% level (Table 1) 
of significance indicating influence of specific gravity on shear 
strength parameters.  
 
3.4. Particle size analysis 
The particle size distribution curve (gradation curve) 
represents the distribution of particles of different sizes in the 
soil mass (Mallo and Umbugadu, 2012) [26]. The shear strength 
parameters of a granular soil are directly correlated to the 
maximum particle size, the coefficient of uniformity, the 
density, the applied normal stress, and the gravel and fines 
content of the sample. It can be said that the shear strength 
parameters are a result of the frictional forces of the particles, 

as they slide and interlock during shearing (Yagiz, 2001) [45]. 
Soil containing particles with high angularity tend to resist 
displacement and hence possess higher shearing strength 
compared to those with less angular particles (Ranjan and Rao, 
1991) [35]. 
The particle size distribution curves are shown in Fig. 2. The 
curve is used to define the grading of soil in terms of effective 
size, the uniformity coefficient and the coefficient of 
curvature. The uniformity coefficient (Cu) and the coefficient 
of curvature (Cc) are defined as  
 

Cu = D60/D10 
 

Cc = (D30)2/(D60 x D10) 
 
Where, D10=particle diameter at 10% finer, D30=particle 
diameter at 30% finer, D60=particle diameter at 60% finer. 
The coefficient of curvature, Cc is a measure of the symmetry 
and shape of the gradation curve. For a soil to be well graded 
Cc must lie between 1 and 3 and in addition to this, Cu must be 
greater than 6 for sands. If both these requirements are not 
met, the soil is termed as poorly graded (Singh, 1992; Ranjan 
and Rao, 1991) [35]. From Table 2, it is observed that 
coefficient of uniformity and coefficient of curvature obtained 
from the Figure 2 does not meet the criteria hence soils might 
be considered poorly graded. 

 
Table 2: Coefficient of uniformity and coefficient of curvature for the soils at different locations. 

 

Locations L1 L2 L3 L4 L5 L6 L7 L8 L9 L10 
Cu 2.10 1.75 1.72 1.62 4.49 8.45 1.81 4.37 1.74 1.80 
Cc 1.00 0.92 0.91 1.08 0.38 0.34 0.87 0.37 0.77 0.95 

 
The coefficient of uniformity and coefficient of curvature did 
not show significant correlation with shear strength 
parameters, which might be due to poor gradation of soils. The 
sand shape whether it is rounded, subrounded, or angular 
affects the shearing strength. Angular grains provide more 
interlock and increased shear resistance. The gradation and 
size of the sand affect the shear resistance. Well-graded 

materials provide more grain to grain area contact than poorly 
graded materials. The particle size distribution is a good 
measure of the soil grading. Well-graded soil samples are 
expected to achieve shear strength higher than poorly graded 
material. Poorly graded materials involve more voids and less 
particle-to-particle contact (Dafalla, 2013) [5]. 
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Fig 2: Particle size distribution curves. 
 
3.5. Liquid limit 
The liquid limit of a soil is defined as the moisture content 
above which the soil behaves as a liquid (Rogers, 2009) [36]. 
The correlation coefficient is statistically significant at 1% 
level of significance indicating influence of liquid limit on 
shear strength parameters. The positive correlation indicates 
that as the liquid limit increases shear strength parameters 
increases. Variation in properties of soils (cohesionless and 

cohesive) at different locations might be the reasons for these 
results. The maximum liquid limit in experimental samples 
was observed 25%. According to Mousavi et al. (2011) [23], 
cohesion increases due to increasing liquid limit. They 
observed angle of shearing resistance positively correlated up 
to 35% of liquid limit and thereafter the correlation became 
negative. 
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3.6. Plastic limit 
Plastic limit is the moisture content above which the soil 
behaves plastically (Rogers, 2009) [36]. The plastic limit values 
obtained from experiments for different locations showed 
(Table 1) correlation at 1% level of significance indicating the 
influence of plastic limit on shear strength parameters. 
 
3.7. Plasticity index 
The numerical difference between the liquid limit and plastic 
limit is termed as plasticity index (Rogers, 2009) [36]. Liquid 
and plastic limits tests determine the plasticity of fines 
particles and thereby allow them to be defined as either silts or 
clays soils (Guidelines, 2010) [10]. Clays and silts react with the 
water and thus change sizes and have varying shear strengths. 
Thus, these tests are used widely in the preliminary stages of 
building any structure to insure that the soil will have the 
correct amount of shear strength and not too much change in 
volume as it expands and shrinks with different moisture 
contents (Seed, 1976) [40].  
The correlation of plasticity index with shear strength 
parameters is statistically significant at 5% level of 
significance (Table 1). The positive correlation shows that 
shear strength parameters increased as the plasticity index 
increased. The presence of cohesionless and cohesive soils at 
different locations might be the reasons for this type of 
variation. As per Akayuli (2013) [1], the plasticity index of the 
soils increases linearly with the amount of clay occurring in 
the soil. Clay content also increases the cohesion and 
decreases the friction angle. This is due to the fact that 
plasticity is offered only by the clay fraction with the sand 
acting as inert filler that does not have any physio-chemical 
interaction with the clay to affect its plasticity.  
 
3.8. Multiple linear regression analysis of data 
In preceding sections, it was observed that individual 
correlation of geotechnical properties with shear strength 
parameters varied differently. To determine the most 
influencing parameters as well as to develop a multiple linear 
regression model for the assessment of cohesion and angle of 
shearing strength from the sets of data generated, SPSS 
software version 13.0 was used. Stepwise regression algorithm 
was followed for the selection of variables. According to 
different researchers (Grivas and Chaloulakou, 2006) [7], 

stepwise multiple regression procedure is commonly used to 
produce a parsimonious model that maximizes accuracy with 
an optionally reduced number of predictor variables.  
For the developed model (Table 3), the derived regression 
coefficients are neither zero nor less than the standard error. 
For a model, adjusted R2 increases if the addition of the 
variable reduces the residual mean square. In addition to this, 
it is not good to retain negligible variables, that is, variables 
with zero coefficients or the coefficients less than their 
corresponding standard errors (Montgomery et al., 2003) [27]. 
Variance inflation factor (VIF) for the input variables is lower 
than 10 indicating that there is no multicollinearity. According 
to Montgomery et al. (2003) [27], VIF lower than 10 do not 
imply problems with multicollinearity whereas higher values 
cause poor prediction equations. Therefore, regression 
coefficients for the predictors of models were used to derive 
the equation for shear strength parameters, which are as under: 
  

Cohesion = -0.525+ 0. 0.241*Specific gravity (1) 
 
Angle of shearing resistance = -29.604+ 34.220*Bulk density 

(gm/cm3)      (2) 
 
Analysis of variance (ANOVA) for the models indicated that 
observed value of F was 105.66 for cohesion and 442.748 for 
angle of shearing resistance whereas critical value of F0.01,1,8 
for these were 11.26. It reveals that observed value is many 
times higher than critical value. For the regression model, to 
be useful as a predictor, observed F ratio (Box and Wetz, 
1973) must be at least four or five times greater than critical 
value of F as reported in Montgomery et al. (2003) [27].  
The study of residuals (or error) is very important in deciding 
the adequacy of the statistical model. If the error shows any 
kind of pattern, then it is considered that the model is not 
taking care for all the systematic information. For the best 
performance of the model, residuals should be random i.e. they 
should follow the normal distribution with zero mean and 
constant variance (Goyal et al., 2006; Montgomery et al., 
2003) [8, 27]. Grivas and Chaloulakou (2006) [7]. Used 
correlation coefficient (R) between measured and predicted 
values for the evaluation of model performance. All these 
methods were also used by Roy et al. (2011) [37]. For checking 
the model adequacy. 

  

   
 

Fig 3: Standardized residual analysis of (a) Cohesion and (b) Angle of shearing resistance. 
 

Figure 3 indicates histograms of the residuals of shear strength 
parameters. The residuals analysis shows that the residuals are 
distributed normally with zero mean and constant variance. 

The R2 for equation (1) and (2) is 0.93 and 0.98 respectively, 
which are significant in statistical sense at 1% level of 
significance. All the regression coefficients of predictors are 
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also statistically significant (Table 2). Figure 4 shows the plots 
of predicted and measured values of shear strength parameters. 
Considering the adequacy of the model, equations 1 and 2 can 

be used to estimate the shear strength parameters of the study 
area. 
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Fig 4: Correlations between predicted and measured values of (a) cohesion and (b) angle of shearing resistance. 
 

Table 3: Model summary of shear strength parameters 
 

Cohesion 

Predictors R square 
Adjusted R 

square 

Residual 
mean 

square 

Regression coefficients 
Significance 

Variance 
Inflation Factor 

(VIF) Coefficient 
Standard 

error 
Constant Specific 

gravity 
0.930 0.921 0.000 -0.525 0.241 0.059 0.023 0.000 0.000 1.000 

Angle of shearing resistance 
Constant 

Bulk density 
0.982 0.980 

0.671
 

-29.604 
34.220 

2.769 
1.626 

0.000 
0.000 

1.000 

 
4. Conclusions  
 Coefficient of uniformity and coefficient of curvature 

determined with the help of particle size distribution 
curves showed poor gradation of particles. 

 Shear strength parameters were significantly correlated 
with bulk density, dry density, natural moisture content, 
specific gravity, liquid limit, plastic limit, plasticity index 
whereas they were not significantly correlated with 
coefficient of uniformity and coefficient of curvature, 
which might be due to poor gradation of particle sizes. 

 Based on stepwise regression procedures, specific gravity 
was selected as the most influencing parameter for 
cohesion and bulk density for angle of shearing resistance. 
Models adequacy checked by various statistical methods 
showed that developed multiple regression models can be 
used for prediction of shear strength parameters of the 
study area. Hence the models developed do not need to go 
for sophisticated and time consuming laboratory tests. 

 The models will be useful not only for individuals but also 
for the government agencies, who are involved in building 
construction and other structures in the study area. The 
cost and time required for shear strength test will be saved 
and bearing capacity of soils can be assessed required for 
the foundation design of structures. 
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