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ABSTRACT 

 

A number of civil projects are coming up in the hilly areas of the Maharashtra state, which gets 
adversely affected in the rainy season as document by the cases of slope failures, land subsidence etc. 
The present study on geotechnical properties of Deccan Basalt from Mahabaleshawar area, 
Maharashtra were studied to analyze the effect of moisture content. The important geotechnical 
parameters like, uniaxial compressive strength,  point load strength, tensile strength, cohesion and 
angle of internal friction have been studied experimentally as well as the results have been analyzed 
numerically for verification of the same.  
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INTRODUCTION 
 
Basalt is a grey to brown coloured, fine-grained, volcanic 
igneous rock, popularly known as Deccan Basalt in India, 
covers an area of 500,000 km

2
 area in central region. 

Basalt finds its use as building material and ballast; 
crushed basalt is added to many construction jobs 
including asphalt paving, mixed with concrete, and as a 
rock filtering agent in many drain fields. It can also be cut 
into dimensional form and used as tiling for floors, 
producing veneers. A number of highways, underground 
and other civil projects are coming in the state of 
Maharashtra, India. The safety and sustainably of these 
engineering works is affected by the geotechnical 
properties of the basalt which get affected during the 
rainy season. Water plays an important role in influencing 
the geotechnical properties of Basalt. 

Various important parameters that influence the 
geotechnical properties of basalt are grain size, grain 
shape, density, porosity, anisotropy, moisture content, 
confining pressure, temperature, weathering grade and 
alteration zones and joint properties (roughness, filling 
material, water, dip and strike, etc.) (Kahraman, 2001; 
Khandelwal and Singh, 2009). The knowledge of these 
properties of basalt are essential for the construction of 
engineering project like tunnels, dams, caverns, bridges, 

cut bench slopes, deep trenches etc (Dubey and Singh, 
2000; Monjezi and Singh, 2000).  The properties of 
basaltic rocks have not been thoroughly characterized 
although the elastic and strength properties of intact 
samples of basaltic rock are well known. This deficiency 
can be attributed to the fact that the assessment of 
geotechnical properties of any roc 

Geotechnical Investigations are mostly financed by 
large-scale engineering projects, relatively very few of 
which are located in the basaltic rocks (Dietz, 1985; 
Gupta and Daemen, 1988). Rigorous field and laboratory 
testing of basaltic rock and rock masses has been done 
as part of the large-scale Basalt Waste Isolation Project 
at the Hanford site, Washington State, during the late 1980's 
(U.S. Department of Energy, 1988; Cramer et al. 1987). The 
project report has provided a valuable new data base on 
the deformation properties of basaltic rock masses that 
can be used in geotechnical design, studies and 
construction activities. Basalts have also been studied at 
the Hanford site occur in central Washington State as 
part of the Columbia River Basalt Group (Reidel et al., 
1989a). Extensive documentation of the igneous rock and 
structural settings of these rocks exists in the literature   
(Lumb, 1983;   Reidel et al., 1989b)    as   well  as   some  
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                                          Figure 1: Schematic map of the Deccan Traps (Shaded), Modified after  
                                          Hooper (1990) and Deshmukh & Sehgal (1988) 
 
 

 

 
 

                                    Figure 2: Increase in weight of a representative sample vs time under  
                                    submergence in water. 
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                                    Table 1. UCS of various samples of Basalt 
 

Sr. No. UCS (MPa), Dry Moisture content (%) UCS (MPa), Wet 
1 58.67 1.26 55.23 
2 59.01 1.2 57.01 
3 55.02 1.52 50.56 
4 50.23 1.88 48.96 
5 45.36 2.22 38.27 
6 47.39 3.12 32.09 
7 45.02 3.52 31.85 
8 44.27 3.75 32.29 
9 56.02 1.39 53.39 

10 55.02 1.45 51.08 
11 59.26 1.27 55.52 
12 57.06 1.96 52.89 
13 58.09 1.86 53.9 
14 65.26 1.39 59.97 
15 55.96 1.71 47.2 
16 70.26 1.29 68.34 
17 72.09 1.19 69.91 
18 71.23 1.25 68.08 
19 69.33 1.18 67.47 
20 65.29 1.21 63.54 
21 60.11 1.28 57.85 
22 45.23 2.12 38.9 
23 46.28 2.23 39.28 
24 47.45 2.46 40.56 
25 44.98 2.39 37.95 
26 48.23 2.29 42.12 
27 47.24 3.22 33.01 
28 44.02 3.59 30.81 
29 43.27 3.85 31.29 

 
 

                   Table 2. Tensile Strength of various samples of Basalt 
 

Sr. No. Tensile Strength (MPa), Dry 

Moisture 
content 

(%) Tensile Strength (MPa), Wet 
1 8.29 1.32 7.81 
2 7.85 2.11 6.37 
3 7.52 2.45 6 
4 6.66 3.61 5.85 
5 8.56 1.19 8.01 
6 7.6 2.29 6.29 
7 7.57 2.35 6.09 
8 8.32 1.25 7.85 
9 6.77 3.49 5.92 

10 7.82 2.19 6.25 
11 6.98 3.09 6.06 
12 6.89 3.28 6.01 
13 8.45 1.21 7.9 
14 8.28 1.31 7.8 
15 6.95 3.2 6.15 
16         6.9        3.25                 6.07 

 
 

                                 Table 3. Point Load Index of various samples of Basalt. 
 

Sr. No. Moisture content (%) PLI (MPa), Dry PLI (MPa), Wet 

1 3.33 2.85 2 
2 3.35 2.75 1.95 
3 3.31 2.38 1.72 
4 2.25 3.12 3.02 
5 2.2 3.23 3.11 
6 2.15 3.29 3.23 
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                                 Table 3. Continued 
 

Sr. No. Moisture content (%) PLI (MPa), Dry PLI (MPa), Wet 
7 1.15 4.42 3.85 
8 1.35 4.59 3.95 
9 1.45 4.3 3.41 

10 1.5 4.65 3.55 
11 1.47 4.72 3.68 
12 2.25 3.57 2.99 
13 2.59 3.25 3.09 
14 2.5 3.35 2.95 
15 3.55 2.96 1.08 
16 3.45 2.91 1 
17 3.49 2.89 1.98 
18 2.35 3.09 2.89 
19 1.2 4.35 3.89 
20 1.3 4.2 3.81 

 
 

              Table 4. Cohesion and Angle of Internal Friction of various samples of Basalt 
 

Sr. No. 
Moisture 

content (%) 
Cohesion (MPa), 

Dry 
Angle of Internal 
Friction (φ), Dry 

Cohesion (MPa), 
Wet 

Angle of Internal 
Friction (φ), Wet 

1 3.23 13.5 39 12.01 37.7 
2 3.26 13.2 38 11.98 36.5 
3 3.25 13.29 38.3 12.25 36 
4 2.25 14.82 38.98 14.91 39.6 
5 1.23 16.99 42.9 16.01 42 
6 1.89 15.29 40.24 15.1 38.4 
7 1.59 16.65 42 15.99 40.08 
8 1.33 16.75 42.2 15.93 41.35 
9 1.39 16.74 42.5 15.92 41 
10 3.5 13.01 37 10.92 35.01 
11 2.29 14.21 39 12.08 36.41 
12 2.12 14.58 40.46 14.99 41 
13 2.19 14.45 40.35 14.85 39.85 
14 2.33 14.92 40 14.1 39.05 

 
                        Table 5. Young’s Modulus of various samples of Basalt 

 

Sr. No. Moisture content (%) Young's Modulus (GPa), Dry Young's Modulus (GPa), Wet 
1 1.69 44.26 44.01 
2 1.21 49.36 48.2 
3 1.3 48.29 46.29 
4 1.29 47.19 46.01 
5 1.23 50.19 49.02 
6 1.18 54.26 53.39 
7 1.13 53.16 52.95 
8 2.29 42.1 40.02 
9 2.2 45.15 43.09 
10 1.23 51.26 49.9 
11 3.11 38.29 35.07 
12 3.09 38.67 36.2 
13 3.1 38.6 34.91 
14 3 39.26 36.49 
15 1.81 43.96 42.51 
16 1.65 44.58 41.02 
17 1.29 48.3 46.85 
18 1.59 46.29 43.95 
19 3.15 39.56 36.09 
20 3.2 39.26 36.5 
21 1.26 49.11 48.05 
22 2.25 45.24 43.23 
23 2.28 44.12 40.09 
24 2.3 43.19 41.11 
25 2.45 43.08 41.89 
26 3.21 38.49 36.07 
27 3.15 39.67 37.12 
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geotechnical data on attributes such as fracture density 
and spacing (DOE, 1988). Limited studies have been 
performed on vesicular basalt by Franzone (1980) and 
Kelsall et al. (1986). Kelsall et al. (1986), correlated the 
porosity of vesicular basalt determined using the 
procedure suggested by Brown (1981), with its uniaxial 
compressive strength and deformability. However for 
weathered basalt, Tugrul and Gurpinar (1997) and Gu et 
al. (2008) have studied the geotechnical properties of the 
Basalts. 

The aim of the present study is to examine the effect 
of variation in moisture content on the geotechnical 
properties of Deccan basalts of near the Mahabaleshwar 
area, India as numerous civil engineering activities are 
presently going on in Deccan basalts viz. road cutting, 
tunnels etc. In the rainy season various sliding activities 
occurs in road cut, in tunnel and various other 
construction works due to increase in the moisture 
content in the basalt and hence weakening the rock 
mass. All these mishaps call for a rigorous and intensive 
study of various geotechnical properties of Deccan 
basalts with varying moisture content. The basalt rock 
samples have also been numerically simulated in a finite 
element code at different moisture content to study the 
variation in deviatoric stress with material strength.   
 
Geo-Tectonics of Deccan Basalt 
 
Deccan volcanism, representing incredible eruption of 
volcanic activity, results an important episode in Indian 
geological history. It encompasses nearly two-thirds of 
peninsular India. The Deccan volcanic province is one of 
the most important and largest flood basalt provinces of 
the world. It has grabbed the attention of geologists 
because it coincided with the Cretaceous–Tertiary 
boundary ∼65 million years ago (Duncan and Pyle 1988; 
Courtillot et al. 1988; Venkatesan et al. 1993; Baksi, 
1994). The Deccan Traps are a large igneous province 
located on the Deccan Plateau of west-central India 
between 17–24N, 73–74E and one of the largest volcanic 
features on Earth surface erupting from large fissures 
(Figure 1). Deccan basalt consists of multiple layers of 
solidified flood basalt that together are more than 2,000 
m thick and cover an area of 500,000 km

2
. The original 

volume of the province has been estimated at 
approximately 1.5 x 10

6
 km

3
 (Wadia, 1975; Eldholm and 

Coffin, 2000). The lava flows are dominantly tholeiitic 
basalts, with notable picritic and alkalic occurrences in 
the northwestern Deccan (Krishnamurthy and Cox, 
1977). Several alkalic, acidic and carbonatitic complexes 
occur in scattered areas, often cutting through or 
overlying tholeiitic lavas (Mahoney, 1988). 
 
Laboratory experimentation 
 
Representative rock blocks were collected from the 
plateau region in the Satara district, Maharashtra, India, 

from the road cuts for their analysis of geotechnical 
properties. The cores were drilled from the block using 
NX size drill bit for determination of physico-mechanical 
properties as per ISRM (1981a) specifications. All 
geotechnical properties like UCS, Tensile Strength (TS), 
Point Load Index (PLI), Cohesion, Angle of internal 
friction (AIF) and Young’s Modulus were measured in dry 
as well as saturated conditions (Table 1,2,3,4 and 5).  
The samples were saturated for 120 hours and the 
increase in weight was measured periodically to replicate 
the effect of wet conditions in the rock (Figure 2). 

 
Evaluation of experimental data 
 
The presence of geographic barrier controls the rainfall in 
the state of Maharashtra, which is in the order of 400- 
6000 mm per years.  To characterize the effect of water 
absorption during the months of monsoon on the 
geotechnical properties of basalt viz, UCS, Tensile 
Strength (TS), PLI, Cohesion, AIF and Young’s Modulus 
a total of 127 samples were tested for both dry and wet 
conditions. The minimum and maximum values as well as 
the standard deviation for both in dry and saturated 
condition are given in Table 6.  

The Basalt core samples with variable moisture 
content were tested in a UTM for their uniaxial 
compressive strength. The values of UCS have shown to 
decrease exponentially with the increase in moisture 
content for the rocks (Figure 4a). The UCS values are 
quite sensitive to the amount of water absorption (Figure 
4b).  
The behaviour was simlilar for tensile strength too where 
the relation was linear w.r.t the water absorption (Figure 
5a). Basalt’s tensile strength is clustereed into three 
distinct zones which is due to their extent of waethering 
i.e. normal, moderately weathered and extremely 
weathered. The results here show maximas of Tensile 
strength at the minimas of moisture content and vice 
versa (Figure 5b).  

The point load index and cohesion values shared a 
liner relation with the water absorption characteristics of 
the rock.  (Figure 6a and 7a). In line with the previous 
observations, the highest peaks of point load index are 
those which have lowest moisture content and vice versa 
(Figure 6b and 7b). 

The angle of internal friction and youngs modulus 
values were tested to be decreasing exponantially with 
increase in moisture content (Figure 8a & 9a). From the 
histogram  it can be scrutinized that the values  angle of 
internal friction and Youngs modulus is maximum for the 
samples whose moisture content is minimum (Figure 8b 
and 9a). 
 
Numerical Simulation of the Saturated Basalt rock 
samples 
The NX sized basalt rock core sample was also 
simulated  numerically   in a 2D   finite element code. The  
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Table 6. The Statistical observation of the experimental data 
 

Sr. No. Parameter UCS (MPa) 
Tensile 

Strength 
(MPa) 

Point load 
Index (MPa) 

Cohesion(
MPa) 

Internal Angle 
of Friction(φ) (°) 

Young 
Modulus 

(MPa) 
1 No. of samples 29 16 20 42 42 27 
2 Maximum Value (Dry) 72.09 8.56 4.72 13.99 42.9 54.26 
3 Minimum Value (Dry) 43.27 6.66 2.38 13.01 37 38.29 
4 Maximum Value (Wet) 69.91 8.01 3.95 16.01 42 53.39 
5 Minimum Value (Wet) 30.81 5.85 1 10.92 35.01 34.91 
6 Average (Dry) 54.71 7.59 3.54 14.88 40.07 44.62 
7 Average (Wet) 48.59 6.65 2.86 14.07 38.85 42.59 
8 Standard Deviation (Dry) 9.21 0.66 0.74 1.42 1.81 4.76 
9 Standard Deviation (Wet) 12.0 0.86 0.92 1.83 2.22 5.52 

 
 

 
 

 
 

                  Figure 4: Plot between UCS and Moisture content 
 
 

 

 
 

Figure 5: Plot between Tensile Strength and Moisture content  
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               Figure 6: Plot between Point Load Index and Moisture content  
 
 

 

 
 

              Figure 7: Plot between Cohesion and Moisture content  
 

 

 

 
 

  Figure 8: Plot between Angle of Internal Friction and Moisture content  
 
 

B 

B 

A 

A 

B 
A 



Verma et al.  129 
 
 
 
 
 

 
 

        Figure 9: Plot between Young’s Modulus and Moisture content  
 
 

 

 
 
                                                                  Figure 10. Deviatoric stress generation under compression  

                                                                  at 2.75  % moisture content (24 hour’s saturation). 

 
 
study was undertaken to analyze the effective shear 
stress generation with augmented water content to verify 
the mechanical experiment. A two- dimensional four 
noded quadrilateral mesh was generated for better 
discretization of the rock sample (Cook et al., 1974). 
Three different models with different rock cohesion and 
angle of friction based on the reduction of these 
properties as a function of moisture content. An uniform 
60 MPa was applied on the rock core samples.   

A maximum deviatoric stress of 7.47 MPa was 
generated in the rock core towards the edge when rock 
sample with 24 hours saturation having a moisture 
content of 2.75%, was numerically examined (Figure 10). 
Deviatoric stress divulges the information about the 
probable failure mechanics as well as the failure planes 
in the rock body (Figure 11 and 12).   

The effective shear stress which has decreased with 
the increase in moisture content which invariably leads to  

B A 

A 

B 
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                                                                Figure 11: Deviatoric stress generation under  
                                                                compression at 3.45 % moisture content  
                                                                (48 hour’s saturation). 
 
 

 
 
                                                                 Figure 12: Deviatoric stress generation under  
                                                                 compression at 3.85  % moisture content  
                                                                 (72 hour’s saturation). 
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             Figure 13: Variation of the effective shear stress generated along the line A-B with at varying moisture content 
 
 
the reduction in strength (Figure 13).  The effective shear 
stress has been measured along the shear plane A-B 
(Figure 10, 11 and 12).  

 
Comparison with published data set 
 
The Deccan basalts samples brought from the field were 
tested both dry and saturated for their different geo-
mechanical properties.  PLI and cohesion values varied 
linearly while UCS, TS, AIF and youngs modulus altered 
exponentially.  Results of the present findings for Basalt 
conform to that of Gu et al. (2008), who presented the 
correlation between geo-mechanical properties with their 
moisture content for the Basalt of Melbourne.  He has 
correlated the properties like UCS, Young’s Modulus and 
Point Load Index with moisture content.  

Chiu (1981) also worked on the correlations between 
the intact rock strength (UCS) and intact rock modulus 
(E) with moisture content for siltstone (Melbourne 
Mudstone). A reasonable correlation between UCS, 
Young’s modulus and moisture content had been found.   
 
 
CONCLUSION 
 
In the present study, for the first time the geotechnical 
properties of Deccan basalt were correlated with variation 
in their moisture content. With increase in moisture 
content, an exponential decrease was observed in case 
of UCS, Tensile Strength, Angle of internal friction and 
Young’s modulus while the decrease was linear in the 
case of cohesion and Point load index. The scatter of the 
test results is probably indicative of the inclusion of test 
results biased by joint/fracture influences. Apart from that 

the scatter can also be attributed to the inclusion of all 
available test data in the analysis without discrimination 
for possible non-representative data.  

The numerical results also conform with the analytical 
results, showing a decreasing in load bearing capacity 
with increased moisture content. 
 
 
REFERENCES 
 
Baksi AJ (1994) Geochronological studies on whole-rock basalts, 

Deccan Traps, India: evaluation of the timing of volcanism relative 
to the K–T boundary; Earth. Planet. Sci. Lett. 121: 43–56. 

Broch E, Franklin JA (1972). The point load strength test. Int. J. of Rock 
Mech. Sci. 9:669- 697. 

Brown ET (1981). Rock Characterization, Testing and Monitoring, ISRM 
Suggested Methods Pergamon Press, Oxford. 

Chiu HK (1981). Geotechnical Properties and Numerical analyses for 
socketed pile design in weak rock. PhD Thesis, Department of Civil 
Engineering, Monash University, Australia,  

Cook RD, Malku DS, Plesha ME (1974). Concepts and Application of 
finite element analysis, Edn. 3, New York: Jhon Wiley and Sons. 

Cramer ML, Dischler SA, Erb DB, Berlin GT, Wittreich CD (1987): 
Geomechanical testing development for the Basalt Waste Isolation 
Project. In: Proc., 28th U.S. Symposium on Rock Mechanics, 
Balkema, Rotterdam, 1053-1062. 

Courtillot V, Feraud H, Maluski D, Moreau MG, Besse J (1988) Deccan 
flood basalts and the Cretaceous/ Tertiary boundary; Nature 333: 
843–846. 

Deshmukh SS and Sehgal MN (1988). Mafic dyke swarms in Deccan 
volcanic province of Madhya Pradesh and Maharashtra. In: 
Deccan flood basalts. Mem. Geol. Soc. Ind. 10: 323–340. 

Dietz HB (1985). The in situ test program for site characterization of 
basalt. In: C6me B, Johnston P, Mfiller A (eds.), Design and 
instrumentation of in situ experiments in underground laboratories 
for radioactive waste disposal. Balkema, Rotterdam, 82-92. 

Dubey RK, Singh TN (2000). Effect of Size on Stress - Strain Behaviour 
of Coal, Min. Eng. J. 1(5): 39 – 47 

Duncan RA, Pyle DG (1988). Rapid eruption of the Deccan flood 
basalts at the Cretaceous/Tertiary boundary; Nature 333: 841–843. 

A 



 

132  Int. Res. J. Geo. Min. 
 
 
 
Eldholm O and Coffin MF (2000). Large igneous provinces and plate 

tectonics. In: The History and Dynamics of Global Plate Motions. 
Geophys. Monogr. 121: 309-326. 

Franzone JG (1980). Geology geotechnical properties and vesicular 
rock classification of Lousetown basalts and lattices Truckee area 
California. Unpublished M.Sc. Thesis, University of Nevada, Reno. 

Gu DX, Tamblyn W, Lamb I, Ramsey N (2008). Effect of Weathering on 
Strength and Modulus of Basalt and Siltstone, In proceeding 42nd 
US Rock Mechanics Symposium and 2nd U.S.-Canada Rock 
Mechanics Symposium, held in San Francisco, ARMA 08-207 

Gupta DC, Daemen JJK (1988). Rock mechanics investigations for 
deep underground disposal of radioactive waste. In: Singh B (ed.), 
Underground engineering, 1: 461-470. 

Hooper PR (1990). The timing of crustal extension and the eruption of 
continental flood basalts. Nature 345: 246-249. 

ISRM (1978a) Suggested methods for determining tensile strength of 
rock materials, Int.J. Rock Mech. Min. Sci. Geomech. Abstr, 15: 
99-103. 

ISRM (1981a). Rock characterization testing and monitoring, ISRM 
suggested methods, Int. Soc. for Rock Mech. Pp211. 

ISRM (1981b). Suggested method for determining the uniaxial 
compressive strength of rock materials, rock characterization, 
testing and Monitoring, Int. J. Rock Mech. Min. Sci. Geomech. 
Abstr. Pp113. 

ISRM, (1981c). Suggested methods for determining shear strength. In: 
Brown ET, editor. Rock characterization, testing and monitoring, 
Oxford, Pergamon Press, Pp129–40. 

Kahraman S (2001a) A correlation between P-wave velocity, number of 
joints and Schmidt hammer rebound number, Int. J. Rock Mech. 
Min. Sci. 38: 729–733.  

Kelsall PC, Watters RJ, Franzone JG (1986). Engineering 
characterization of fissured weathered dolerite and vesicular 
basalt. Rock Mechanics: Key to Energy Production, Proc. 27th US 
Symp. on Rock Mechanics, Tuscaloosa, Alabama. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Khandelwal M, Singh TN (2009). Correlating static properties of coal 
measures rocks with P-wave velocity, Int. J. of Coal Geol, 79(1-2): 
55-60 

Krishnamurthy P and Cox KG (1977). Picrite basalts and related lavas 
from the Deccan Traps of Western India. Contrib. Min. Pet. 62(1): 
53-75. 

Lumb P (1983). Engineering properties of fresh and decomposed 
igneous rocks from Hong Kong. Eng. Geol. 19: 81–94 

Mahoney JJ (1988). Deccan Traps. In: Macdougall, J. D. (Ed.), 
Continental Flood Basalts, 151-194. Kluwer Academic Publishers. 

Monjezi M, Singh TN (2000). Slope Instability in an Opencast Mine, 
Coal Int. Pp145-147 

Reidel SP, Tolan TL, Hooper PR, Beeson MH, Fecht KR, Bentley RD, 
Anderson JL (1989a): The Grande Ronde Basalt, Columbia River 
Basalt Group; stratigraphic descriptions and correlations in 
Washington, Oregon, and Idaho. In: Reidel, SP, Hooper PR (eds.), 
Volcanism and tectonism in the Columbia River flood-basalt 
provine. Geological Society of America, Boulder, Special Paper 
239: 21-53. 

Reidel SP, Fecht KR, Hagood MC, Tolan TL (1989b). The geologic 
evolution of the central Columbia Plateau. In: Reidel, SP, Hooper 
PR (eds.), Volcanism and tectonism in the Columbia River flood-
basalt province. Geological Society of America, Boulder, Special 
Paper 239: 247-264. 

Tugrul A, Gurpinar O (1997). A proposed weathering classification for 
basalts and their engineering properties (Turkey). Bull. Int. Assoc. 
Eng. Geol. 55: 139–149. 

U.S. Department of Energy (1988): Consultation draft, site 
characterization plan, reference repository location, Hanford site, 
Washington. Report Nr. DOE/RW-0164, 2. 

Venkatesan TR, Pande K, Gopalon G (1993). Did Deccan volcanism 
predate the Cretaceous/Tertiary transition? Earth. Planet. Sci. Lett. 
119: 181–189. 

Wadia DN (1975). Geology of India. Tata McGraw-Hill, New Delhi. 508   
 
 
 
 

How to cite this article: Verma D., Kainthola A., Singh T.N., 
Thareja R. (2014). Influence of water content on 
Geotechnical Properties of Deccan Basalt, Maharashtra, 
India. Int. Res. J. Geo. Min. 4(4): 122-132 


