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 The aim of this research paper is to assess the degree of development of Rift, Grain and Hardway planes 
by the Uniaxial Compressive Strength (UCS) and Ultrasonic Pulse Velocity (UPV) analyses. Granite is a 
most sought-after rock for its uses in building and monumental purposes. The study area, Salem is one of 
the most important places that produce a wide variety of commercial granites, which are exported to 
foreign countries besides catering domestic markets.  For a successful recovery of granite blocks with 
preferred dimensions, it is necessary to obtain a thorough knowledge of the degree of development of the 
three splitting planes within the granite, that is, rift, grain and hardway planes. As Uniaxial Compressive 
Strength and Ultrasonic Pulse Velocity tests were rapid to study those weaker planes, these two tests were 
carried out on the granite specimens of cubic shape with equal surface planes of 70mm size, collected from 
twelve quarries. As the rock samples with same mineral composition, texture, etc, were collected from two 
adjacent quarries, the UCS and UPV values of the samples of same nature were converted into mean UPV 
and UCS values in order to interpret the development of rift, grain, and hardway planes within the rock 
samples representing the whole rock mass of the quarry area. From the experimental results, the mean 
UCS values parallel to the rift directions are considerably less than those in other directions, while mean 
UPV values parallel to the rift directions are always higher than those in other directions. 
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INTRODUCTION 
 
Granite is widely used as a building stone and aggregates. The 
rock bears great hardness, high compressive strength, 
longevity, and aesthetics and takes fine-polish. Its use dates 
back to the dawn of civilization, and only buildings made of 
granite stone have survived from ancient times (L.Mead and 
G.S.Austin, 2006). The study area, Salem produces granite 
blocks available in all shades from white to deep black. These 
days, there is a great need for information concerning the 
splitting nature of granite which supports for the successful 
exploitation of the rock. It depends on certain invisible 
microstructures which plays a prominent role in the recovery of 
the rock amongst other important factors which control the 
splitting behaviour of granite rock masses during the process of 
quarrying (R.L.Stowe, 1969). As the identification of the 
invisibles microstructures related to rifts with the aid of thin 
section studies are very difficult, they are rapidly distinguished 
and classified as rift, grain, and hardway planes through the 

Uniaxial Compressive Strength(UCS) and Ultrasonic Pulse 
Velocity analyses(UPV) in addition to the direct observation of 
preferred alignment of platy minerals (L.C.R. Almeida                 
et al.,2006). The degree of development of rift, grain, and 
hardway planes in the granite rock samples of cubic geometry 
with 70mm*70mm*70mm was indirectly studied by the UCS 
and UPV measurements. 
 
Location of the study area 
 
Salem district is located in between latitudes from110 50’ 0’’ N 
to 110 20’ 0’’N and longitudes from 770 45’ 0’’E to 780 30’ 
0’’E.  It is bounded by Dharmapuri district in the north, 
Namakkal district in the east, and Erode district in the west. 
The railway junction lies at the heart of the study area. 
 
Geological Setting 
 
Salem is well-known for its mineral resources, surrounded by  
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hills and hillocks. The rock formations of the district mainly 
belong to Archaean age along with rock formations of 
Proterozoic age.  The rock formations include Granite of 
Proterozoic to Palaeozoic age,  Charnockite of late Archaean 
age, Limestone of Archaean age, Carbonatite and alkaline 
rocks of Palaeo-Proterozoic age, Syenite, Quartz veins, 
Champion gneiss, Ultramafic intrusions and basic dykes. The 
younger biotite gneiss considered as hard rock materials 
composed of crystalline charnockite ocuupied major portion of 
salem district. (M.Vijay Prabhu and S.Venkateswaran 2015). 
The crystalline rocks of the study area are believed to have 
derived from a complex evolutionary history during Archaean 
and Proterozoic times with multiple deformations, anatexis, 
intrusions and repeated metamorphic events (GSI, 2006). 
 

METHODOLOGY 
 
Instrumentation 
 
An UTM-100T (Fig.3) from FIE was used for measuring the 
compressive strength of the rock samples. The machine 
consists of straining unit, control panel, power pack, hydraulic 
controls, load indicator system, pendulum dynamometer, and 
autographic continuous roll load-elongation recorder (FIE 
manual, 2015). The Pundit plus Ultrasonic Pulse Velocity 
instrument (Fig. 4) was used for UPV measurements. The 
apparatus consists of Electrical pulse generator, Transducer - 
one pair, Amplifier, and Electronic timing device (Pundit lap 
plus manual, 2014). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Sample collection and preparation 
 
Thirty six representative granite samples of twelve quarries 
were collected from quarried blocks. The irregularly shaped 
granite samples collected from the twelve quarries in Salem 
district were subjected to rock cutting in order to shape them as 

cubes with 70mm dimensions in all sides. Granite samples with 
fractures were omitted from making cubes and further 
subjected to UCS and UPV tests. At least three cubes were 
prepared from each quarry samples. The load-bearing surfaces 
of each cube were then grinded in a grinding machine in order 
to obtain a high quality surface for the axial loading and the 
direct UPV measurements (ASTM, 2006). Grid lines were 
drawn at 30mm intervals throughout the rock surfaces in all 
sides. The purpose of these grid lines was to place the 
transducers at the intersection point of two grid lines. Then the 
samples were kept ready for UPV analysis. The direction of rift 
was marked on one specimen by observing the parallel 
orientation of biotite mica plates within the rock sample (as 
shown in fig.5a), the other cube was used to relatively mark 
grain direction and the third one was to mark hardway plane 
direction. After marking the rift, grain, and hardway directions 
each cube was used to apply pressure parallel to the directions 
of the three splitting planes (T.Nelson Dale, 1908). Similarly 
cube samples of different quarries were tested to measure 
compressive strength parallel to the three splitting planes. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Test procedure  
 
As per the procedure prescribed in the Indian Standard manual 
(1988), the surface of the two bearing discs and the rock 
sample were cleaned.  The rock specimen was kept between the 
two discs. The axis of the specimen was carefully aligned with 
the centre of the circular stage.  The load on the test specimen 
was applied continuously at a constant rate (5kg per second). 
The maximum load on the specimen was recorded as Newton 
with 1% accuracy.  The uniaxial compressive strength σc was 
calculated by the following formula, 
 

σc = F/A, 
 

Where, F = force applied on the rock sample until its failure,  
A= area of cross section of the sample. Here the result is 
expressed in N/mm2. 
 
In the direct transmission method of UPV analysis, the 
ultrasonic pulse was produced by the transducer which was 
held in contact with one surface of the rock sample under test. 
After traversing a known path length (L) in the rock sample, 

 
Fig 1 Universal Testing Machine                      

 
Fig 2 Pundit Lab plus UPV instrument 

 
(A) (b) 

Fig 3 a  Showing rift and hardway plane markings from the field 
observation in a quarry 

Fig 3 b Showing granite cutting process at the cutting unit in Salem 
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the pulse of vibrations was converted into an electrical signal 
by the second transducer held in contact with the other surface 
of the rock sample and an electronic timing circuit enabled the 
transit time (T) of the pulse to be measured. The pulse velocity 
(V) was measured by the formula as follows,
 

V = L/T 
Where, V = Pulse Velocity 
 L = Path Length 
 T = Transit Time 
 

RESULTS AND DISCUSSION 
 

The samples from quarry no. 1&1a, 2&2a, 3&3a, 4&4a were 
texturally non-porphyritic, showing fine to large graine
they are multi-coloured, consisting of potash feldspars, quartz, 
and mica as major minerals varying from fine to coarse in size. 
The remaining samples of quarry no. 5&5a and 6&6a were 
black in colour, texturally fine-grained, ophitic rocks and 
consist of plagioclase feldspar and augite minerals as major 
minerals. All the granite samples with three different axial 
orientations were subjected to non-destructive UPV and 
destructive UCS tests. Rock samples obtained from the study 
area have been described in the table below 
 
 
 
 
 
 
 
 
 
 
 
 

Uniaxial Compressive Strength Test Results
 

The mean values of the uniaxial compressive strength parallel 
to rift, grain, and hardway planes of the granite samples 
shown in the table below 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 1 Description of granite samples used for UPV& UCS tests
 

Name of 
Samples 

Description 

Quarry 1 & 1A Medium to fine-grained and Non

Quarry 2 & 2A 
Medium to coarse-grained and Non

show flow structures
Quarry 3 & 3A Medium to coarse-grained and Non
Quarry 4 & 4A Fine-grained and Non-porphyritic rocks
Quarry 5 & 5A Black in colour, fine-grained and Non
Quarry 6 & 6A Black in colour ,fine-grained and Ophitic

Note  Quarry 1 & 1A – GEM Granite, Devannagoundanur, Quarry 2 & 2A 
Granite, moolamuniyapanpatty, Quarry 3 & 3A – imperial Granite, Arasiramani, 
Quarry 4 & 4A – GEM Granite, Devoor, Quarry 5 & 5A – Arunachalam Granite, 
Yercadu, Quarry 6 & 6A – Tropical Granite, Thammampatty.

 

Table  2 Results of the uniaxial compressive strength in 
N/mm2 

 

Load 
Directions

Quarry 1 
& 1A 

Quarry 2 
& 2A 

Quarry 3 
& 3A 

Quarry 4 
& 4A 

Rift 40.43 86.49 60.8 108.1 
Grain 87.63 92.49 66.47 112.12 

Hardway 100.1 124.12 76.08 136.15 

 

Fig 4 Uniaxial Compressive Strength results in Rift, Grain and Hardway 
directions 

International Journal of Recent Scientific Research Vol. 6, Issue, 11, pp. 7128-7131, November, 2015
 

the pulse of vibrations was converted into an electrical signal 
ntact with the other surface 

of the rock sample and an electronic timing circuit enabled the 
transit time (T) of the pulse to be measured. The pulse velocity 
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destructive UCS tests. Rock samples obtained from the study 

Uniaxial Compressive Strength Test Results 

The mean values of the uniaxial compressive strength parallel 
to rift, grain, and hardway planes of the granite samples is 

The mean UCS values of granite rock samples from twelve 
quarries parallel to the rift directions range from 2583 N/mm
as low to 3318 N/m2 as high.  The rifts
quarries 1&1a result in lowest compressive strength values. 
The almost same degree of grain and hardway formation is 
reflected by the minor difference in the strength values between 
these two splitting plane directions.
two quarries, 2&2a the lowest strength value parallel to the rift 
direction is due to the preferred orientation of micro cracks and 
foliation along the rift. This rock shows a slight variation in 
strength values between rift and grain, it is 
of flow structures in these two directions and the preferred 
orientation of micro-cracks in the rift. But there is such great 
difference in the values between the rift and grain, and 
hardway, this may be due to absence of flow structure
micro-cracks in the hardway direction.
 
The samples from the two quarries, 3&3a show lower mean 
strength values in all the three directions, in comparison with 
the other rock samples of different quarries. It is either due to 
the arrangement of mineral grains within the rock or due to the 
degree of porosity/degree of weathering. The lowest mean 
strength value parallel to the rift direction is due to the 
preferred orientation of micro cracks and foliation along the 
rift. The gentle variation in mean st
these three weaker planes is due to the presence of coarse 
grained minerals, internal weathering, and the microcracks 
within the rock sample. 
  
In the rock samples of quarry no.4&
variation in strength values between rift and grain direction.  
This reflects nearly the same ease with which the rock splits 
along the rift and grain directions, while the strength value 
parallel to hardway noticeably varies f
of rift and grain. The great variation in strength values between 
the rift and hardway indicates that the intensity of micro
in the rift is high in comparison with the hardway. Generally, 
dolerite rock samples of Quarry no.5&
higher mean compressive strength values parallel to hardway 
planes due to lack of micro-cracks and internal weathering in 
relation to other quarries. The rock samples of 6&6a relatively 
show high strength values in all directions as compa
the other granite samples; the reason for this high strength is 
due to the fact that it is black granite of relatively unaltered 
ferro-magnesian mineral composition. The lowest strength 
values parallel to the rift direction is due to the preferred
orientation of micro cracks and foliation along the rift.
 
Ultrasonic Pulse Velocity (UPV) Test Results
 
UPV test results derived from all three directions of the granite 
samples have been listed in the
 
 
 
 
 
 

 
The chart shows that rift, grain, and hardway 
in the rock samples generally represent UPV values

Description of granite samples used for UPV& UCS tests 

 

grained and Non-porphyritic rocks 
grained and Non-porphyritic but 

show flow structures 
grained and Non-porphyritic rocks 

porphyritic rocks 
grained and Non-porphyritic 

grained and Ophitic 
Quarry 2 & 2A – GEM 

imperial Granite, Arasiramani, 
Arunachalam Granite, 

Tropical Granite, Thammampatty. 

Results of the uniaxial compressive strength in 

Quarry 4 Quarry 5 
& 5A 

Quarry  
6 & 6A 

66.06 112.12 
84.88 129.89 
138.12 149.35 

 
Uniaxial Compressive Strength results in Rift, Grain and Hardway 

Table 3 Ultrasonic Pulse Velocity (UPV) Test Results in 

Test 
Directions 

Quarry 1 
& 1A 

Quarry 
2 & 2A 

Quarry 3 & 

RIFT 3318 3111 
GRAIN 2692 2966 

HARDWAY 2414 2102 
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The mean UCS values of granite rock samples from twelve 
quarries parallel to the rift directions range from 2583 N/mm2 

as high.  The rifts of the samples from two 
quarries 1&1a result in lowest compressive strength values. 
The almost same degree of grain and hardway formation is 
reflected by the minor difference in the strength values between 
these two splitting plane directions. From the rock samples of 
two quarries, 2&2a the lowest strength value parallel to the rift 
direction is due to the preferred orientation of micro cracks and 
foliation along the rift. This rock shows a slight variation in 
strength values between rift and grain, it is due to the presence 
of flow structures in these two directions and the preferred 

cracks in the rift. But there is such great 
difference in the values between the rift and grain, and 
hardway, this may be due to absence of flow structures and 

cracks in the hardway direction. 

The samples from the two quarries, 3&3a show lower mean 
strength values in all the three directions, in comparison with 
the other rock samples of different quarries. It is either due to 

al grains within the rock or due to the 
degree of porosity/degree of weathering. The lowest mean 
strength value parallel to the rift direction is due to the 
preferred orientation of micro cracks and foliation along the 
rift. The gentle variation in mean strength  values between 
these three weaker planes is due to the presence of coarse 
grained minerals, internal weathering, and the microcracks 

In the rock samples of quarry no.4&4a, there is no considerable 
variation in strength values between rift and grain direction.  
This reflects nearly the same ease with which the rock splits 
along the rift and grain directions, while the strength value 
parallel to hardway noticeably varies from the strength values 
of rift and grain. The great variation in strength values between 
the rift and hardway indicates that the intensity of micro-cracks 
in the rift is high in comparison with the hardway. Generally, 
dolerite rock samples of Quarry no.5&5a and 6&6a shows 
higher mean compressive strength values parallel to hardway 

cracks and internal weathering in 
relation to other quarries. The rock samples of 6&6a relatively 
show high strength values in all directions as compared with 
the other granite samples; the reason for this high strength is 
due to the fact that it is black granite of relatively unaltered 

magnesian mineral composition. The lowest strength 
values parallel to the rift direction is due to the preferred 
orientation of micro cracks and foliation along the rift. 

Ultrasonic Pulse Velocity (UPV) Test Results 

UPV test results derived from all three directions of the granite 
samples have been listed in the following table 

The chart shows that rift, grain, and hardway plane directions 
rock samples generally represent UPV values 

Ultrasonic Pulse Velocity (UPV) Test Results in 
/sec 

 

Quarry 3 & 
3A 

Quarry 4 
& 4A 

Quarry 5 
& 5A 

Quarry 6 
& 6A 

3070 2583 3043 2823 
2288 2545 2905 2767 
1512 2188 1867 2500 
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in a decreasing order. The rock specimens of 
provide relatively highest mean UPV value in the rift directions 
which is due to the presence of water saturated micro
along the rift (Graca Vasconcelos et al, 2007
mean UPV values represent lack of saturated micro
the grain direction, while hardway shows low mean UPV 
values due to absence of micro-cracks along the hardway. 
Amongst the mean UPV values of six quarry sets, there is a 
highest mean UPV value in the rift directions of the multi
colored granite specimens of the quarry no.1&1a. This is due to 
the presence of well-developed micro-cracks with sufficient 
moisture content. The dolerite rock samples belonging to the 
quarry no. 6&6a show less variation in the UPV values along 
three directions. This less variation is due to the rock’s 
compactness resulting from dense packing of the fine grained 
mineral grains. 
 

CONCLUSION 
 
From the rock samples from quarry no.1and 1a, the lowest 
mean strength value parallel to the rift directions is due to the 
preferred orientation of micro cracks along the rift. The granite 
in this quarry area can be easily split in the rift direction and 
the rock gives smooth surface parallel to the rift plane, while 
hardway direction offers slightly higher resistance than that of 
grain direction. As the quarry rocks show clear variations in the 
strength properties along these three splitting planes and are
free from irregular cracks, the author concludes that it is a 
workable quarry in view of compressive strength values in the 
rift, grain and hardway plane directions. As the rock samples 
from quarry 2 and 2a show a slight variation in the mean 
strength values between rift and grain and there is such great 
difference in the values between the rift and grain, and 
hardway, cutting blocks in hardway direction will consume 
more energy and time. As there is no uniform mean strength 
variation between the three splitting planes, it is concluded that 
recovery of blocks with preferred dimensions will be difficult 
as compared to the 1 and 1a quarry. From the strength results 
of rock samples from quarry no.3 and 3a, the author concludes 
that breaking of massive granite into preferred blocks is 
difficult and it will result in undesired granite blocks, as there is 
no larger variation between the three directions. In the rock 
samples of quarry no.4&4a, there is no considerable variation 
in strength values between rift and grain direction.  This 
reflects nearly the same ease with which the rock splits along 
the rift and grain directions. In quarry no.5 and 5a and 6&6a, 

Fig 5 Ultrasonic Pulse Velocity (UPV) results in Rift, Grain and Hardway 
directions 

Influence of Rift Grain And Hardway Planes In Quarrying of Granitic Rocks 
District, Tamilnadu 
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directions. As the rock samples 
from quarry 2 and 2a show a slight variation in the mean 
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hardway, cutting blocks in hardway direction will consume 
more energy and time. As there is no uniform mean strength 

itting planes, it is concluded that 
recovery of blocks with preferred dimensions will be difficult 
as compared to the 1 and 1a quarry. From the strength results 
of rock samples from quarry no.3 and 3a, the author concludes 

into preferred blocks is 
difficult and it will result in undesired granite blocks, as there is 
no larger variation between the three directions. In the rock 
samples of quarry no.4&4a, there is no considerable variation 

rain direction.  This 
reflects nearly the same ease with which the rock splits along 
the rift and grain directions. In quarry no.5 and 5a and 6&6a, 

there is a considerable difference in strength values, clearly 
differentiating rift, grain, and hardway plan
      
The mean  UPV and UCS values of the whole rock samples 
depends on the degree of formation of the rift, grain, and 
hardway planes, the rate of weathering and density of the rock. 
The quarries with highest UCS and lowest UPV values 
more productive than the other quarries. As compared to the 
multi-coloured granites, the dolerite rocks always give high 
compressive strength values owing to several factors such as 
tightly-packed fine grained mineral composition, lack of weak 
planes. Granite samples with coarse
relatively less compressive strength values, indicating high 
degree of internal weathering. Ultimately, these two studies in 
combination prove that the degree of occurrence of the three 
splitting planes can be assessed rapidly and efficiently as 
compared to microscopical investigations. The author 
recommends that the operating granite quarries should perform 
the UCS and UPV tests in order to improve the recovery of 
commercial granites.  
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