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Abstract  Laterites are the main underlying soil 

structure in coastal Karnataka, and its detailed study of 

mineralogy and engineering properties is of utmost 

importance since any engineering structure like buildings, 

pavements, railways, dams, etc. need to be stable and 

durable through all the seasons. Civil engineering gains 

importance here, as there is huge scope for constructional 

activities. There is a requisite for understanding the laterites 

in a much more detailed manner so that the constructed 

entities remain intact, durable, and also easily maintained. 

Even the existing structures like roadways are damaged due 

to the water-absorbing properties of underlying lateritic soil. 

In this study, the coastal region of Karnataka consists of 3 

districts- Uttara Kannada, Udupi, and Dakshina Kannada. 

The disturbed soil samples have been collected from a 

depth of 2.5 m from the ground level of the soil stratum for 

X-Ray Diffraction analysis. It has been sieved through 75 

microns sieve size before the sample was given for X-Ray 

Diffraction testing. These testing results were analyzed in 

Origin software. Corundum, Anatase, Magnetite, Quartz, 

and Hematite were the major minerals. Later the quantity 

of mineral contents obtained from the analysis was 

correlated with the geotechnical properties like specific 

gravity, Atterberg limits, etc. using Microsoft Excel, and 

graphs were plotted. It’s observed that specific gravity 

increases with all the mineral contents. Soaked California 

Bearing Ratio values decrease with all the mineral contents, 

and Unsoaked California Bearing Ratio values increase 

with all the minerals except Corundum. This result shows 

that the laterite soil possesses lesser fine grains, which 

implies its higher frictional angle and lesser cohesion 

values. Shear parameters appear to be generally higher for 

undisturbed fine-grained laterite soils and are found to 

depend to a large extent on the type of parent rock, degree 

of saturation, and degree of weathering. Hence, this 

research will help in understanding the laterites more 

comprehensively and suggesting solutions will be possible 

from the obtained results. 

Keywords  Laterite, Mineralogy, Geotechnical 

Properties, Correlation, Regression 

1. Introduction

In India, laterite is seen in the Eastern Ghats of Orissa, 

the South Sahyadri region (Western Ghats), Malabar Coast, 

Ratnagiri, Karnataka, Maharashtra, a few parts of Andhra 

Pradesh, Tamil Nadu, Northeastern states of India, etc. 

Laterite is rich in iron content and also in aluminum content 

in the tropical hot areas like Udupi district and Mangalore 

district. Laterites are present on the top of the hills as 

capping in plateaus in places of Madhya Pradesh [1]. 

The south Canara district, that are Uttara Kannada, 

Mangalore and Udupi has a geology that falls under 

western slopes. These areas contain undulating landscapes 

including hills and mounds with laterites which is followed 
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by Peninsular Gneiss. Stratigraphically the laterite belongs 

to recent formations that lie above the Dharwar Supergroup. 

Beneath these laterite soils, there are granite rocks that are 

prevalent lithological unit in south Canara district. The 

formation of these laterites is resultant of weathering and 

leaching of Granitic Gneisses [1]. This region is a vital 

activity center of Karnataka owing to its position, port 

facilities, airports, railways, industries, highways, etc. 

High-rise buildings are coming up for the growing 

population and institutions too are growing up at a rapid 

speed. 

According to Alexander and Cady (1962), laterite soils 

are highly weathered materials rich in iron and/or 

aluminum oxides and may contain substantial amounts of 

kaolinite and quartz [2]. Laterite soils are studied as a 

sustainable material in tropical & sub-tropical regions for 

building bricks because of their low cost and maintaining a 

high standard of strength and durability. As laterite soils are 

well-grounded, it also has high compressive strength with 

sound dry density. Using the locally available material 

while maintaining the best standard is sustainable. The 

particle size of the laterite soil varies from clay to gravel, 

coated with sesqui-oxide, and its color ranges from brown 

to rusty red. For compressed earth bricks, the grain size 

distribution, compaction characteristics, porosity, and 

permeability are relevant. The engineering properties of 

laterite soil play a significant role in the making of roads, 

foundations, and dams [3]. 

Hence in this study, lateritic soil samples are considered 

in the study area and their mineralogy is found using X-Ray 

diffraction, and all the engineering properties are found out 

in the soil mechanics laboratory according to Indian 

standards. Later both the mineralogical and engineering 

properties of these soil samples were correlated to find the 

relationship between them. Correlation is used to identify 

the scope of the variables and the amount of strength in the 

association. Pearson’s correlation coefficient ‘r’ is used and 

its values lie from -1 to +1. When the value of ‘r’ is 

obtained as -1 or 1 then points will be a straight line and 

here 1 signifies that both values of variables were increased, 

so it is a strong correlation, whereas value -1 implied that 

values of one variable decreased when the values of other 

variable increased [4]. One of the major drawbacks of ‘r’ is 

that restricting the range of variables makes it more 

difficult to detect ‘r’ as it tends to get smaller and make 

comparisons of numerous studies tougher [5]. 

2. Methodology 

The general methodology followed in this research has 

been discussed below with the area of investigation, sample 

collections, X-Ray diffraction, and correlation and 

regression analysis. 

2.1. Area of Investigation 

The Canara is the coastline of Karnataka. It consists of 3 

districts - Dakshina Kannada, Udupi, and Uttara Kannada. 

It is a portion of the Konkan coast of India. These three 

districts in the region have their nerve center at Karwar, 

Udupi, and Mangalore correspondingly. The Western 

Ghats and the Arabian Sea form the boundaries on the east 

and the west respectively. This strip of coast has a length 

of around 320 km and a width of 48–64 km. The study area 

has been divided geologically into three zones, namely the 

Coastal Plain, Hinterland, and the Ghats. Laterite is found 

mostly in the interior part of the coastal plain [6]. The area 

considered in this study is Dakshina Kannada with 12.8438° 

N, 75.2479° E, Udupi with 13.3409° N, 74.7421° E, and 

Uttara Kannada with 14.7937° N, 74.6869° E. The geology 

of the area under consideration is Fig. 1. Sampling sites 

considered in this study are tabulated in Table 1. 

Table 1.  Sampling sites 

Sampling sites Sampling sites Sampling sites 

Thokottu Kapu Vandse 

Benjanapadavu Katpady Byndoor 

Deralakatte Udupi Kandlur 

Mudipu Kolalagiri Behalli 

Bajpe Haradi Bhatkal 

Niddodi Sasthana  Murdeshwar 

Mundkur Kota Gunavanthe 

Jantra Kumbhashi Apsarakonda 

Shirva  Neralakatte Honnavar 

Ucchila Hemmadi Ankola 

  Karwar 
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(a) Uttara Kannada 
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(b) Udupi 

(c) Dakshina Kannada 

Figure 1.  Geological map of the Uttara Kannada, Udupi, and Dakshina Kannada [9] 
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2.2. Sample Collection 

To get opportune results, evidently defining the 

fieldwork is very necessary. Hence the sampling location is 

controlled imperatively. The result obtained from each 

sampling location should give different representative 

outcomes to mitigate errors with a decent number of 

samples [7][8]. 

The collection of samples was from the lateritic plateau, 

which is located nearby the coastal plains. These areas have 

abundant laterites, which are strained because of the 

different infrastructure construction in this region. From 

these areas, sampling locations were considered that are 

exposed to the laterite profile. 

For the mineralogical test, the soil samples were 

collected from a depth of 2.5 m. below the topmost layer of 

lateritic soil. XRD and SEM-EDAX analyses were 

employed to identify the mineralogical characteristics of 

the samples. Before these tests, gold sputtering for the soil 

samples was done (particles passing through 75- a micron 

sieve size) [9]. 

2.3. X-Ray Diffraction 

X-ray diffraction test was done on the soil samples 

collected from Udupi, Dakshina Kannada, and Uttara 

Kannada districts. X-ray Diffraction (XRD) is the most 

widely used technique for soil analysis. It is used for the 

identification of materials based on their diffraction pattern. 

It gives complete information about the atomic structure of 

the soil. XRD results are compared for different samples, 

and then it gives the deviation of the actual structure from 

the ideal one. The analysis is done by measuring the 

intensities and scattering angle of the X-ray leaving the 

material. 

In this instrument, the angle of incidence and angle of 

reflection is maintained as 2 theta. XRD views everything, 

i.e., minerals, compounds, and amorphous material that 

composes the clay. In this paper, we are looking at the peak 

location along with the characteristic set of peak locations 

along 2θ when combined, to characterize the material [10]. 

The range of values taken for 2 theta is 0° - 60° degree 

and intensity is 0-2000 CPS deg. (counts per second). The 

scan performed was recorded in 2 thetas in a range between 

0 and 60° for a period of around 3 hours. Origin software 

was used for the analysis of data obtained from XRD 

analysis. It compares the diffraction pattern of any sample 

to a database containing reference patterns to identify the 

phases that are present. Extra information regarding the 

specimen such as known phases, elements, or density could 

be easily applied. Furthermore, a quantitative analysis can 

also be performed along with a qualitative analysis. These 

testing results were analyzed in Origin software. Later the 

number of mineral contents obtained from the analysis was 

correlated with the geotechnical properties like specific 

gravity, Atterberg limits, etc. using Microsoft Excel, and 

graphs were plotted. 

The X-ray diffraction method is used to correlate the 

geotechnical properties and the mineralogical properties 

obtained from the XRD results to be able to characterize 

the type of laterite soils found in the different regions of 

Karnataka. This, in turn, helps us identify the soils suitable 

for various purposes such as construction, road 

embankment, etc. [11] [12]. 

2.4. Correlation & Regression Analysis 

Correlation analysis is used to compute the relations 

between two continuous variables. Analysis has been 

carried out in Microsoft Excel and graphs have been plotted. 

It is a technique that is used to determine whether and how 

strongly the pairs of variables are linearly related. It helps 

in understanding the economic aspect of a construction 

project which can be used as an effective alternative for 

cost optimization in a certain construction project. It is also 

denoted by Pearson’s correlation coefficient “r” in statics. 

Regression analysis refers to the evaluation of the 

relationship between the resulting variables and one or 

more variables [13]. It is an effective method and a set of 

statistical processes for estimating the interrelation 

between a dependent variable and one or more independent 

variables. It is used for plotting continuous variables. The 

resulting variable is known as the dependent / response 

variable and the risk elements, and co-founders are known 

as predictors/ independent variables. ‘y’ is determined as 

the dependent variable, and ‘x’ is determined as the 

independent variable. Correlation and regression analysis 

both deal with the relationships among variables. The 

correlation coefficient value will always be in the range of 

+1 to -1. The value of +1 in the correlation coefficient will 

indicate a significant relationship between the two 

variables positively [14]. 

3. Results 

Corundum, Anatase, Magnetite, Quartz, and Hematite 

were the major minerals obtained by XRD analysis in this 

study. Using the results of XRD analysis (percentage of 

mineral components) and results of geotechnical tests, 

correlation analysis has been done. The coefficient of 

correlation ‘r’ defines the degree of correlation. Value of ‘r’ 

<0.3 shows weak correlation, 0.3<r<0.5 shows moderate 

correlation, 0.5<r<0.7 shows high correlation, and r>0.7 

shows very high correlation. The below tables show the 

correlation results of lateritic soil in all the sampling sites. 

The minerals obtained in the XRD are shown in Table 2. 
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Table 2.  Mineral contents (Weight, %) present in the samples of the sites under consideration 

Place Name 
Mineral content 

Corundum Anatase Quartz Magnetite Hematite 

Thokkottu 24.90 6 20 5.30 6 

Benjanapadavu 16 6.30 9.50 2.80 4.20 

Deralakatte 6.80 7 9.70 9.50 2.80 

Mudipu 15 6 20 4 7.20 

Bajpe 18 7.90 2 6.30 9.50 

Niddodi 0 6.50 6 7.80 0.00 

Mulki 15.30 8.20 13 10 6.60 

Aikala 13.06 8.80 12.20 6 6.30 

Mundkoor 18 10.20 8.80 8.50 6 

Hejamadi 19.80 7.80 12.60 6 6.90 

Jantra 18 5.90 19 5 9.50 

Shirva 3.80 24 12.80 2 12 

Ucchila 20 6.80 16.20 5 6.80 

Kapu 17 7 7 9 10.50 

Katapady 26.80 4 11 2.50 6 

Udupi 23 8.20 2.50 6.30 5.90 

Kolalagiri 16 2 28 5.30 5 

Haradi 15 8.50 8.20 3.20 3.50 

Sasthana 12 8 10.50 5 9 

Kota 33 11.50 12 11 5 

Kumbhasi 30 6 10 1.70 6 

Neralakatte 27 7 8 4 7 

Hemmadi 28 9.50 4.50 5 9 

Vandse 23 11.50 7.50 7 6.50 

Byndoor 12 4 33 5 5.50 

Kandlur 13.50 7 5 1.50 6 

Behalli 16 12.50 10 2 6.50 

Bhatkal 18 8.50 7.50 3 10.00 

Gunavanthe 14 9.50 12 5 6.50 

Murdheshwara 0 17 15 5 6 

Apsarakonda 14 13 2.50 3.50 11 

Honnavar 13 5.50 31 4.50 8.50 

Ankola 26 13.50 10.50 7.40 11.00 

Karwar 1 3.00 58 4.70 4.00 

 

3.1. Specific Gravity 

A specific gravity test was conducted on soil samples at 

room temperature on soil particles passing through a 4.75 

mm Indian standard (IS) sieve size. The specific gravity of 

the soil sample was calculated based on the procedure 

mentioned in IS 2720 (Part III) – 1980. Some quantity 

(usually one-third) of soil is taken in a pycnometer bottle 

and weighed. The weight of the pycnometer bottle is in 

empty condition, when filled with soil, filled with soil and 



3340 Correlation of Mineralogical and Geotechnical Properties of Laterite Soils of Coastal Karnataka, India  

 

water, and only water is weighed separately. In addition, 

name them as W1, W2, W3, and W4. Then specific gravity 

was calculated using the formula (G=W2-W1/((W4-W1) - 

(W3-W2)) as shown in Table 3 [15].  

Table 3.  Results showing the correlation of specific gravity and mineral 
contents 

Mineralogical 

property 

Geotechnical 

property 
Correlation 

Minerals Specific Gravity   

Corundum  increase weak 

Anatase increase weak 

Quartz decrease moderate 

Magnetite increase weak 

Hematite Slight increase weak 

3.1.1. Specific Gravity Vs Corundum Content 

A graph is plotted with x-axis representing Corundum 

with weight in percentage and y-axis representing specific 

gravity. 

The Pearson’s Correlation coefficient, r = 0.136 and r2 = 

0.0185. From the graph, as the Corundum content increases, 

specific gravity also slightly increases as shown in Fig. 2. 

The correlation coefficient lies in the range of low 

correlation (< 0.3). Hence, the correlation between them is 

small. 

3.1.2. Specific Gravity Vs Anatase Content 

A graph is plotted with x-axis representing Anatase with 

weight in percentage and y-axis representing specific 

gravity. 

Pearson’s Correlation coefficient, r=0.0607 and 

r2=0.0037. From the Fig. 3 as the anatase increases the 

specific gravity increases. The correlation between them is 

lower. 

3.1.3. Specific Gravity Vs Quartz Content 

A graph is plotted with x-axis representing Quartz with 

weight in percentage and y-axis representing specific 

gravity. 

Pearson’s Correlation coefficient r =0.416. From the Fig. 

4, as the quartz content increases, specific gravity decreases. 

Hence, the correlation between them is moderate. 

3.1.4. Specific Gravity Vs Magnetite Content 

A graph is plotted with x-axis representing Magnetite 

with weight in percentage and y-axis representing specific 

gravity.  

Pearson’s Correlation coefficient r=0.24. From the Fig. 

5 as the magnetite increases the specific gravity increases. 

The correlation between them is weak. 

3.1.5. Specific Gravity Vs Hematite Content 

A graph is plotted with x-axis representing Hematite 

with weight in percentage and y-axis representing specific 

gravity.  

The Pearson’s Correlation coefficient, r=0.014, r2= 

0.0002. Fig. 6 shows a linear relation; it is a straight line. 

The correlation between them is lower. 

Similarly, the graphs have been plotted for various 

geotechnical properties (such as Atterberg limits, 

maximum dry density, OMC, California bearing ratio, 

angle of internal friction- Phi, cohesion, permeability, 

Unconfined compression strength) and correlation has been 

found between mineralogy and engineering properties. The 

tables below show the correlation results of geotechnical 

and mineralogical properties of laterite soil from Table 5 – 

Table 13. 

 

Figure 2.  Specific Gravity Vs Corundum 
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Figure 3.  Specific Gravity Vs Anatase 

 

Figure 4.  Specific Gravity Vs Quartz 

 

Figure 5.  Specific Gravity Vs Magnetite 
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Figure 6.  Specific Gravity Vs Hematite 

3.2. Atterberg Limits 

 

Figure 7.  Liquid limit Vs Plasticity index 

In liquid limit test water content at which the behavior of 

soil changes from plastic to liquid can be found out. It was 

determined using Casagrande apparatus. If natural 

moisture content of the soil is more than its liquid limit, the 

soil is considered soft and if it is the other way the soil is 

considered stiffer. Plastic limit can be defined as that water 

content at which a fine-grained soil cannot be remolded 

without cracking. These Atterberg tests were done to 

determine the plasticity index of the soil samples. The 

plasticity index when used in combination with the liquid 

limit will show how sensitive the soil will be to the 

changing water content. Below Table 4 shows the range of 

values obtained for Atterberg limits in the study area. 

When liquid limit was correlated with plasticity index, a 

good correlation was found between these two indices. Fig. 

7 shows the correlation result of the above. 
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Table 4.  Results showing the range of values of Atterberg limits 

 

Liquid 

Limit, % 

Plastic 

limit, % 

Plasticity 

Index, % 

Thokkottu  37.68 27.46 10.22 

Benjanapadavu  34.79 26.93 7.86 

Deralakatte  31.13 23.38 7.75 

Mudipu  31.38 19.31 12.07 

Bajpe  26.45 15.04 11.41 

Niddodi  37.36 23.15 14.21 

Mulki  32.64 20.35 12.29 

Aikala  30.77 21.51 9.26 

Mundkoor  29.2 18.74 10.46 

Hejamadi  31.34 22.47 8.87 

Jantra  35.74 24.18 11.56 

Shirva  26.84 25.24 12.49 

Ucchila  32.27 24.92 7.35 

Kapu  32.23 20.5 11.73 

Katapady  36.37 26.89 9.48 

Udupi  35.76 27.03 8.73 

Kolalagiri  29.57 18.13 11.44 

Haradi  31.57 17.12 9.25 

Sasthana  36.21 26.67 9.54 

Kota  38.79 27.52 11.27 

Kumbhasi  35.74 27.1 8.64 

Neralakatte 35.43 24.89 10.54 

Hemmadi  34.73 25.24 9.49 

Vandse  31.74 24.18 7.56 

Byndoor  31.8 23.71 8.09 

Kandlur  32.57 21.13 11.44 

Behalli  28.12 10 10.93 

Bhatkal  32 7.5 10.18 

Gunavanthe  35.5 12 12.42 

Murdheshwara  34 15 8.82 

Apsarakonda  28.15 2.5 12.59 

Honnavar  35.76 31 13.52 

Ankola  31.72 10.5 9.54 

Karwar  33 58 8.37 

3.3. Correlation Results of Mineralogical and 

Geotechnical Properties of the Soil Samples 

3.3.1. Plasticity Index 

This showcases range of moisture contents at which the 

soil will remain plastic. Table 5 presents the correlation of 

plasticity index containing mineral, geotechnical property 

and correlation. 

Table 5.  Results showing the correlation of plasticity index 

Mineral/Geological 
Geotechnical 

property 
Correlation 

Minerals Plasticity index  

Corundum decreases weak 

Anatase Slight increase weak 

quartz decrease weak 

magnetite increase weak 

hematite increase weak 

3.3.2. Maximum Dry Density (Modified Proctor Test) 

This shows the maximum peak point of the soil 

compaction curve. Table 6 presents the correlation of 

maximum dry density containing mineral, geotechnical 

property and correlation.  

Table 6.  Results showing the correlation of maximum dry density 

Mineral/Geological 
Geotechnical 

property 
Correlation 

Minerals MDD   

Corundum Increase moderate 

Anatase Slight decrease weak 

quartz Slight increase weak 

magnetite Slight decrease moderate 

hematite Slight increase weak 

3.3.3. OMC (Modified Proctor Test) 

This is the water content corresponding to the maximum 

dry density. Table 7 presents the correlation of optimum 

moisture content containing mineral, geotechnical property 

and correlation.  

Table 7.  Results showing correlation of Optimum Moisture Content 

Mineral/Geological 
Geotechnical 

property 
Correlation 

Minerals OMC  

Corundum increases weak 

Anatase Slight decrease weak 

quartz Slight increase weak 

magnetite decrease weak 

hematite decrease weak 

3.3.4. Soaked CBR Value 

California Bearing Ratio test is done to find the strength 

of soil to be used as subgrade and base course materials. 

The soil is soaked in water continuously for 7 days to check 

its strength under soaked condition. Table 8 presents the 



3344 Correlation of Mineralogical and Geotechnical Properties of Laterite Soils of Coastal Karnataka, India  

 

correlation of soaked CBR value containing mineral, 

geotechnical property and correlation.  

Table 8.  Results showing the correlation of soaked CBR value 

Mineral/Geological 
Geotechnical 

property 
Correlation 

Minerals CBR(Soaked)  

Corundum decrease weak 

Anatase decrease weak 

quartz decrease weak 

magnetite decrease weak 

hematite decrease weak 

3.3.5. Unsoaked CBR Value 

Here strength of soil to be used as subgrade and base 

course materials is evaluated in dry condition itself. Table 

9 presents the correlation of unsoaked CBR value 

containing mineral, geotechnical property and correlation.  

Table 9.  Results showing the correlation of unsoaked CBR value 

 Mineral/Geological 
Geotechnical 

property 
Correlation 

Minerals Unsoaked CBR   

Corundum decrease moderate 

Anatase increase weak 

quartz increase weak 

magnetite increase weak 

hematite increase weak 

3.3.6. Angle of Internal Friction-Phi 

It is the slope of the linear representation line of the shear 

strength of soil. Here Unconsolidated Undrained test was 

employed to get the results. Table 10 presents the 

correlation of angle of internal friction-Phi containing 

mineral, geotechnical property and correlation.  

Table 10.  Results showing the correlation of angle of internal friction-
Phi 

Mineral/Geological 
Geotechnical 

property 
Correlation 

Minerals Phi  

Corundum slight decrease weak 

Anatase Slight increase weak 

quartz Decrease  weak 

magnetite decrease weak 

hematite increase moderate 

3.3.7. Cohesion 

It is the tendency of soil particles to stick together. Table 

11 presents the correlation of cohesion containing mineral, 

geotechnical property and correlation. 

Table 11.  Results showing the correlation of cohesion 

Mineral/Geological 
Geotechnical 

property 
Correlation 

Minerals C  

Corundum increase weak 

Anatase decrease weak 

quartz Slight increase weak 

magnetite increase weak 

hematite Slight decrease weak 

3.3.8. Coefficient of Permeability K 

It is defined as the velocity of water through the soil in 

m/s or cm/s. Table 12 presents the correlation of coefficient 

of permeability containing mineral, geotechnical property 

and correlation.  

Table 12.  Results showing the correlation of coefficient of permeability 

Mineral/Geological 
Geotechnical 

property 
Correlation 

Minerals K  

Corundum increase weak 

Anatase decrease weak 

quartz Decrease weak 

magnetite Decrease weak 

hematite increase weak 

3.3.9. Unconfined Compression Strength 

This test was employed to measure the shear strength of 

soil. Table 13 presents the correlation of unconfined 

compressive strength containing mineral, geotechnical 

property and correlation. 

Table 13.  Results showing the correlation of unconfined compression 
strength 

Mineral/Geological 
Geotechnical 

property 
Correlation 

Minerals UCS  

Corundum decrease moderate 

Anatase increase weak 

quartz constant weak 

magnetite decrease weak 

hematite decrease weak 

Corundum, Anatase, Magnetite, Quartz, and Hematite 

are the major minerals found on the layers of the laterite 

soil up to 2.5m depth (from the top layer/duricrust). It’s 

observed that specific gravity increases with all the mineral 

contents. Higher the specific gravity, the higher the degree 

of laterization. Furthermore, the larger the clay fraction and 
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the Corundum concentration, the lower the specific gravity 

[16]. 

Geotechnical investigation is one of the effective means 

of analyzing soil and solving pre- and post-constructional 

problems. In the present study, the liquid limit ranged from 

29.2% to 38% with an average of 33.6%. Plastic limit 

ranged from 15.04%-27.46% with an average of 21.25%. 

The plasticity index ranged from 7.35%-14% with an 

average of 10.67%. The plasticity index of 10.67%, the 

Liquid limit of 33.6%, and the plastic limit of 21.25% 

indicate the probable absence of expandable clay materials. 

Maximum Dry Density ranged from 16.96 kN/m3 - 21 

kN/m3 with an average of 18.98 kN/m3. OMC ranged from 

7.32%-13.8% with an average of 10.56%. Hence this study 

reveals that the laterite soils have higher Plastic limits, 

MDD, and CBR while their Liquid limit, Plasticity indices, 

and OMC are lower. MDD increases with a decrease in 

fines and low values of OMC showing that the samples 

have low water absorption and can be easily washed off 

[17]. From correlation analysis, it is seen that MDD 

decreases with anatase, whereas OMC decreases with 

anatase, magnetite, and hematite. 

Cohesion (C) ranged from 17.5 kN/m2-62.35 kN/m2 and 

Phi was found to be in the range of 17.5°-35.1°. The above 

results show that the laterite soil possesses less fine grains 

which is an implication of its higher frictional angle and 

lesser cohesion values.  

Soaked CBR value decreases with all the mineral 

contents and Unsoaked CBR values increase with all the 

minerals except Corundum. Laterite soils are 

recommended as foundation layers when CBR values 

are >80%. In this study, the CBR values range from 6.27%-

14.11% for soaked CBR and 7.78%-27.7% for unsoaked 

CBR. Indian Standard specifications state that the CBR 

value ranging between 10-30% can be used as a subbase 

material (type 1 and 2) [18]. 

4. Conclusions 

Moreover, in this research it is found through correlation 

analysis that the Liquid limit decreases with quartz, 

magnetite, and hematite; the Plastic limit increases with 

Corundum and anatase, remains constant with quartz, and 

decreases with magnetite and hematite; and the Plasticity 

index decreases with quartz. Consistency limits and 

plasticity index decreases with more amount of quartz. 

From correlation analysis, it is seen that Cohesion 

decreases with anatase and hematite content and the Angle 

of internal friction (triaxial compression test-

Unconsolidated Undrained test) decreases with Corundum. 

For laterite soils with fine grain that are not disturbed the 

shear parameters generally appear to be higher and these 

shear parameters tend to mainly depend on the grade of 

saturation, grade of weathering, and parent rock. 

The CBR value depends on the material hardness. A high 

CBR value will be obtained for the good-quality sub-base 

up to 80% and 100% and a lower value is obtained for the 

clay of 2%. In the case of laterite, the high values for CBR 

are obtained but abruptly with the absorption of water. Also, 

it is observed that the coefficient of permeability decreases 

with anatase and magnetite content according to correlation 

analysis. A fairly good positive correlation has been found 

between iron oxides (hematite and magnetite) and strength. 

In the laterite, if the ferruginous materials are present it will 

be stronger and preferable when compared to the laterite 

with aluminous content at the same grade of saturation. 

There are wide variations in compaction characteristics 

of laterite soils, which depend on the grade of weathering, 

the sensitivity of moisture in the molding, the different 

hardness of the particles, and heterogeneity. The laterite 

soil strength capacity also varies depending on the water 

table depth, grade of decomposition, landscape, parent rock, 

and the composition of mineral content. 

Hence only a detailed study of mineralogy and 

engineering properties of laterite soil will guide a 

geotechnical engineer to provide solutions to foundation 

problems, and solutions for roads, embankments, bridges, 

and other entities. Therefore, depending upon the 

mineralogical and engineering properties of lateritic soil 

and their correlation, an engineer should make wise 

decisions related to the construction of projects so that the 

constructed entity remains intact throughout its lifetime. 
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