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Effect of repeated blast vibrations on damage
intensity of granitic rock mass at an
hydroelectic construction project

Rock blasting induced ground vibrations produce
deformations in the vicinity of Wasting site. The effect of blast
loading on structures is a growing concern of safety and

stabilitv. Extensive data are available on the behaviour of

surface structures subjected fo blast vibrations. However,
only limited information is available on the effect of blasi
induced dvnamic forces on the underground openings like
tunnels and caverns. The reported findings state that blast
induced dynamic stress, one or several cyeles of repeated
strains may cause deterioration in the rock mass or create
damage to the dam foundation. This paper deals with the
research work carried out at Jurala hydroelectric power
project (JHPP) on the effect of repeated blast vibrations on
powerhouse foundation in a jointed rock mass. The damage
caused by blast induced vibrations can be categorized inio
two types: (i} near-field damage due ro high frequency
vibrations when the blast is occurring in the close proximity
and (it} far-field damage due to low frequency vibrations
witen the blast is occurring relatively farther distances. The
near-field damage was assessed by monitoring blast
vibwations and borehole camera inspection survey. The far-

field damage was assessed by continwous monitoring of

vibrations, borehole camera imspection survey and P-wave
velocity measurement by ultrasonic festing machine.
Borehole camera was used o examine the crack extension
and damage inspection of rock mass. This paper reveals that
repeated dynamic loading imparted on the jointed rock
mass from subsequent blasts, in the vicinity, resulted in
damage even ar 22% of eritical peak particle velocity
{¥max). The far-field damage due to the repeated blast
loading of 40-45 rounds was more than 77% of the near-
field damage. The results of the experimental study indicate
that vibration levels, even at less than critical Vmax, can
cuase safety and stability problems fo the siructures in‘on
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Jointed rock mass, when exposed to the repeared blast

loading, The paper stresses the need for consideration of the
effect of repeated blast loading in fixing the threshold limits
of Vmax to avoid far-field damage.

Introduction

he rock mass damage problem will be manifold if the
blast loading is applied for repeated number of times,

in contrast to the conventional single episode blast
loading. Repeated blast loading causes progressive
accumulation of damage in joints may lead to achievement of
residual strength state in joints, with resultant large
displacement at the joint surface (Brady, 1990). Stdies on
blast induced damage on underground openings are well
documented by many researchers globally {Langefors and
Kihlstrom, 1963; Hendron, 1977; Holmberg, 1993; Singh, 1993;
Paventi et al, 1996; Yu and Vongpaisal, 1996; Chakraborty et
al., 1998), In a series of experiments the Swedish Detonic
Foundation has investigated the extent of cracking emanating
from blastheles in controlled conditions (Olsson and
Berggvist, 1996; Ouchterlony, 1993; Ouchterlony, 1997}, In
this paper, it was aimed at prediction and assessment of blast
induced damage and deterioration due to repeated dynamic
loading produced by opencut blasting on the nearby
underground openings of an hydroelectric project. The effect
of repeated blast loading on jointed rock mass was
qualitatively studied by many researchers globally {Atchison
and Pugliese, 1964; Oriard, 1989; Law et al, 2001). By stressing
the need for the study on the repeated dynamic loading,
Brady (1990) states that, substantial progress has not been
attained in the study of repeated exposures of dynamic
loading on jointed rock mass in comparison to conventional
blasting with single episode of loading. It was reported that
rock mass subjected to repeated blast loading resulted in
relatively excessive damage than a single fold blasting
(Otuonye, 1997; Villaescusa, 2004). Brown and Hudson (1974)
states that rock mass damaged by blast loading is
predominantly due to joint motion, which is consistent with
the experimental observation that joints decrease in shear
strength under cyclic shear loading. This effect indicates
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pronounced modification of the peak-residual strength
characteristic of a jointed rock specimen. Model studies of
excavations in jointed rock under cyclic loading by Barton
and Hansteen (1979) confirmed that excavation failure
occurred by accumulation of shear displacements at joints.
On the basis of these findings, S5t John and Zahrah (1987)
stated that, under dynamic loading, it is the number of
excursions of joint motion into the plastic range that
determines damage to an excavation. Wagner (1984) provided
an indication of the general inadequacy of dynamic design
based on Vmax of single blast round. A possible conclusion
with regards to dynamic behaviour under a range of Vmax is
that repeated dynamic loading may amplify problems of
dynamic instability in jointed rock mass in the underground
openings like tunnels and caverns. The major concern of this
paper is to assess the effect of repeated blast vibrations on
the damage intensity of jointed rock mass at the hydroelectric
power project.

Assessment of rock mass damage due to blasting

The damage caused by blast induced vibrations can be
categorized into two types: (i) near-field damage due to high
frequency vibrations when the blast is occurring in the close
proximity and (ii) far-field damage due to low frequency
vibrations when the blast is occurring relatively farther
distances. In case of opencut blasting, if the seismic source
is within the distance of 25m from the monitoring point, that
vibration is called a near-field vibration (Rustan, 1998).
Although far-field damage is not a severe problem in single
tunnel excavations, it was observed, by the authors, as an
acute problem when the rock mass is subjected to repeated
vibrations due to multiple excavations in the vicinity. The
study was carried out at Jurala hydroelectric power project,
India (JHPP), which is located at approximately 200 km South
of Hyderabad in Andhra Pradesh, India. Rock excavation near
the JHPP dam was carried out for construction of an
hydroelectric power project with 6x39 MW units. The JHPP
project construction required to excavate about 75000 m?* of
rock mass for making water conducting channels, called vents
(5 to 60 m distance from dam foundation) and about 0.1 million
m3 of rock for making tail race channel (TRC). A rock portion
of 10 m wide, 60 m long and x 25 m height left unexcavated in
between the vents for separating different units and water
conducting systems in front of the dam. These unexcavated,
rock structures were called as rock ledges. The ledges are
formed in front of the dam across its axis, as shown in Fig.1.
Two utility tunnels were also passing through the ledges in
perpendicular direction to the ledge axis, as shown in Fig.2.
The utility tunnels driven in ledge-I and ledge-11 are called as
tunnel-1 and tunnel-11, where the instrumentation for
assessment of damage was installed. Bench blasting in
different slices was planned for the excavation of vents. There
were 14-20} blasts conducted for each slice and there were 6-
7 slices in each vent excavation. Therefore there would be
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about 200-230 blast rounds conducted in each vent
excavation and there were 6 vents to be excavated. Thus, the
rock mass at any part of ledge is going to undergo blast
loading from both the neighboring vents and TRC blasts for
several times, which is going to induce dynamic loading on
the utility tunnels. The vibration intensity of these blasts
would range from 50 to 1500 mm/s at a distance range of 2-
50m. The experimentation for determination of repeated
vibrations on jointed rock mass was conducted inside the
utility tunnels, which are situated at the foundation rock of
the ledges.

Fig.] View of dam foundation and blasting location PIJHPP

Geotechnical details of the experimental site

The rock mass at the ledges was moderately weathered, fresh
and hard grey granite with thin pegmatite and dolerite dyke
intrusions at the top 10-15 m. The foundation rock was pink
granite with fractures and weak joints (Fig.1). Schmidt hammer
rebound values were used to calculate in-situ properties of
the rock mass. The rock formation was biotitic granite at first
two ledges and pink granite at remaining ledges. The biotitic
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TasLE |. GEOTECHNICAL PROPERTIES OF THE INTACT RoCK aT PTHPP

Rock type Location UCS, Young's Tensile P-wave

MPa Maodulus, strength, velocity,
LiPa MPa mv's

1 CGiranite (otite) Ledge-1 B5.6 134 10.75 GRO0
2 Granite (biotite) Ledge-11 68.2 117 7.25 6400
3 Granite (pink) Ledge-111 58 g8 9.5 5320
4 CGranite (pink) Ledge-1V 47 79 6.7 5410

granite was relatively sound rock than pink granite. The
average RQD of the ledge rock mass was calculated as 50%,
The damage assessment study was conducted at the tunncls-
I and II. The geo-technical properties of the intact rock
observed at JHPP are given in Table 1.

Details of the blasting, instrumentation and methodology

The production bench blast details for TRC and vent
excavations are given in Table 2. Instrumentation carried out
in this study include, triaxial geophones for vibration
monitoring, borehole cameras for observing crack extension
and loosening of joints and ultrasonic instrument for P-wave
velocity measurements. It has become common practice,
recently, to use V__ a potential indicator for rock mass
damage, as the V__ is directly proportional to the dynamic
strain (Jaeger and Cook, 1979). Numerous authors used V__
as criteria for blast damage in rock mass (Langefors and
Kihlstrom, 1963; Kutter and Fairhurst, 1971; Holmberg and
P=rsson, 1978; Baver and Calder, 1978; Oriard, 1982; Singh,
1993; Andrieux et al, 1994; LeBlanc, 1995; Yu and Vongpaisal,
1996; Villaescusa et all, 2004). Application of borehole camera
for blast damage inspections was reported by many authors
globally (Beyer and Jacobs, 1986; Stacey et al, 1990; Rocque
et al, 1992; Singh, 1993; Andrieux et al, 1994; Doucet et al,
1996; Liu et al, 1998).

TanLE 2. BRIEF DETAILS OF BLAST DESIGN FOR THE PRODUCTION ROLINDS
oF VENTS aND TRIC EXCAVATIONS

Blast parameter Vent blasting TRC blasting
with 32mm hale with 80mm hole

diameter diameter
I Burden 2.0m 3.0m
2 Spacing 2.5m 4.5m
3  Hole depth 2.5m 5.0m
4 Charge per hole 417 kg 3375 kg
5 Charge per delay 4.17 kg 67.5 kg
6 Specific charge 0.3 kg/m® 0.5 kg/m’

Ultrasonic methods have been used to detect flaws in
metals and concrete, The use of such tests was sought in this
study to estimate crack depths in rocks. Due to the
inhomogeneous nature of the rock, only a few rock types
such as rock salt and basalt are suited for flaw detection. This
is because of the fact that acoustic velocity in a single material
may vary over a large range due to the grain size and density
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variation {Koltonski and Malecki, 1958). The in situ values of
the velocity also vary because of the pressure effect. An ultra
sonic device called, "Telesonic" instrument (Roop
Telesonics-India) was used for measurement of P waves of
core samples. The instrument consists of a double probe
(separate transmitter and receiver combination) which can be
moved separately on the surface. The frequency range of the
transducer is between 1 and 1000 kHz. The technique uses
the indirect method of recording travel time of ulirasonic
waves across a crack. The principle behind the technique is
that a sound wave travels from a transducer to a recever
along the shortest path. Presence of fractures or crack
extensions makes the P-waves to either slow down or
traversing a longer path. P-wave velocity (V) of rock mass
was determined by fixing the ultrasonic transducer at the
monitoring station and receiver in a borehole, specially made
inside the ledge wall as shown in Fig.3. The axis of the
borehole made for ultrasonic receiver is parallel to the axis of
the tunnel. The V_ levels gradually fall down as the damage
extends from the surface of the tunnel wall. A room of 0.5 m*
inside the ledge rock mass was made for installation of
geophones to capture the blast vibrations from the
surrounding excavations. A typical damage monitoring set-up
with respect to blast site is shown in Fig.2, where the
geophone room and borehole camera holes are shown. It was
required to measure the blast vibrations in the near-field as
well as far-field zones from blast sites to assess the rock mass
damage. Therefore a room of 0.5 m* (Im X Im % 0.5m) was
excavated inside the Ledge wall for installation of geophones
at the approximate height of 1 m from the bottom as shown in
Fig.3. The geophone room excavations were carried out by
controlled blasting by using mild explosive charges to avoid
disturbance to surrounding rock mass. The blasting zones
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Fig.3 Schematic of installation locations of geophones and borehole
camera survey holes and seismic survey holes
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were ranging 2 - 75 m from the instrumentation location and
the vibration monitoring was carried continuously, while the
blasting face was proceeding towards the geophones from a
distance of 75 m. The geophone sensors of higher frequency
and recording equipment with faster sampling rates were used
for near-field and ordinary geophone sensors were used for
far-field vibrations monitoring. Borehole camera observation
holes of 36 mm diameter and 4 m depth were drilled vertically
downwards the ledge rock mass, approximately 1 m away from
the geophone location (Fig.3). The camera observation holes
were placed close to the geophone holes, so that the possible
rock mass damage levels can be correlated with the measured
Vo The monitoring programme consisted of surveying the
observation hole before and after each blasting round. The
borehole camera used in this study was a robust unit with
serni-rigid fiberglass signal cable. This camera contains a
standard video output and can be connected with any TV or
video-recording system with VCR input. Borehole surveys
were made using a front view lens attachments, which could
capture images from all the sides of the hole. This gave a
clearer picture of the borehole wall, before and after blasting,
All surveys were recorded in a computer attached to the
camera and analyzed on surface to determine the frequency
of cracks and crack extensions before and after each blast
round.

Experimentation on the effect of repeated blast loading
NEAR-FIELD BLAST DAMAGE ASSESSMENT

The near-field damage to the rock mass of tunnel wall at
the experimental station occurred mainly due to the
production blast rounds of utility tunnel and the vents, The
near-field damage was assessed by the Holmberg-Persson
model (1978) and cross checked by borehole camera
inspection survey.

The principle of Holmberg-Persson Equation, is to add the
contribution of every small portion of the explosives column
along the full charge length to derive the Vmax at a fixed
sensor location, More details about the Holmberg-Persson
madel can be known from the sited references (Andrieux et
al, 1994; LeBlanc, 1995; McKenzie et al, 1995; Meyer and
Dunn, 1996; Liv and Proulx, 1996).

The Holmberg-Persson equation can be simplified to

Vinax = KR! o k1)
where, a is here defined as the Holmberg-Persson term and K
and oo are the rock mass and explosive specific attenuation
constants. K and « can be obtained by linear regression from
experimental data i.e. vibration and distance. The mean values
of K and o show the general trend of vibration attenuation in
the rock mass.

In this study, The Holmberg-Persson approach was
applied to determine the site specific constants K and o to
model peak particle velocity attenuation across rock mass.
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Same type of explosive and design parameters were used for
all the experiments and analysis of the results are presented
in the following paras.

Near-field peak particle velocity {V ) Measurements were
grouped and analysed separately for the two tunnels, Typical
log-log plot of the measured Vo, values obtained in this
study against the Holmberg-Persson term. The V
amplitudes were being experienced at similar distances and
for the same design parameters, This plot is used to determine
the K and o« constants by fitting the linear relationship of the
form, Log (V,__ ) =a Log (&) + Log (K). Results of the analysis
are summarized in Table 3. The calculated K and o« constants
were slightly different for the tunnels-I1 and II. Afier
determining the site specific attenuation constants,
preliminary predictions of the extent of blast damage into wall-
rock were made by applying the Holmberg-Persson mode] and
by considering a site specific critical V___or damage threshold
(V) given by the following relationship (Persson et al, 1994):

GT""Irp
E

(2)

a =

where,
Vor = Critical peak particle velocity hefore tensile failure
(mm's);

ol Uniaxial tensile strength of rock (Pa);

Wp = Compressional wave velocity in rock mass (mm/s);

E = Young's Modulus of rock (Pa),

From the properties described in Section 4 (Table 1) and
by adopting the above relationship, the value of damage
threshold, V_, for the rock mass at tunnel-T was 590 mm/s and
at tunnel-11 was 460 mm/s. These threshold values were used
to compare the extent of damage caused by the near-field
blast rounds, which obviously generated maximum peak
particle velocity. Fig.4 shows the results of this analysis. The
above analysis indicates that the average extent of blast
induced damage was 1.35 m and 1.58 m at the tunnels-I and
I1, respectively.
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Fig.4 Damage predictions using the Holmberg and Persson model
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TasLE 3. EXTENT OF PREDICTED ROCK MASS DAMAGE INTO THE TUNNEL WALL

Rock type K o v, from Extent of Extent of
tensile damage from damage from
failure H-F model Borehole camera
criteria SUrVEY

I Tunnel-1 G0 .55 590 mm's 1.35 m 1.6l m
2 Tunnel-N RE7 .61 460 mm's 1.58 m 1.85 m

The damage levels assessed by Holmberg-Persson model
were cross checked by borehole camera survey before and
after each blast round. An initial pre-blasting survey was
performed in each hole to take pictures of pre-existing
structural features for comparison with post blast surveys,
This survey served as the reference survey in which pictures
were taken at several centimeter intervals for comparison with
the same pictures taken after each subsequent blast. A total
of 2 borehole camera surveys were taken, one each at two
tunnels. All the pictures were sorted out first by editing and
matching the images of same depth before and after each
blast. The images of observation holes captured by borehole
camera clearly indicated that the near-field damage due to
production blasts extended up to 1.6] mand 1.85 m at tunnels-
1 and 11, respectively, Near-field damage observations of both
the methods are given in Table 3.

FAR-FIELD BLAST DAMAGE DUE TO REFEATED VIBRATIONS

The multiple rounds of blasting activity was carried out
for the tunnels, vents and TRC excavations of the of
proposed powerhouse (Fig.1). Far-field rock mass damage

Rock mass damage at tunnel-!

The vibration attenuation curve plotted for peak particle
velocities versus scaled distance measured at the unnel-I, is
shown in Fig.5. The V___recorded at tunnel-1 were exceeding
critical peak particle velocities (Ver) for the initial 5 blast
rounds, which were near-field vibrations. The ¥V and V__
values measured before and after each blast round. The plot
of Vp values versus V___is shown in Fig.6. The trend of P-
wave velocity with respect to the sequence of blast rounds
is indicated by arrows in Fig.6. The following observations
are made from the plot of "u’p versus V__ :

{iy There was considerable reduction in V_above V_ and
no reduction in V_ below critical peak particle velocity
of near-field vibrations

{ii} Substantial reduction in ‘u’u was noticed after 23 initial
blast rounds.

{iiify The fall in V_ was continued uptill the ¥V level
reached 130 mm/s, which is about 22% of the V|

(iv) There was no considerable reduction in V_ below the
22% of V_, iespective of the number of cycles of blast

observations were carried out by using borehole camera and loading

by ultrasonic velocity measurements b _

of pre-blast and post-blast rock mass. I

The V. levels were also recorded for i H !
i ; : W = 142005507

every blast round untill the vibration 2500 l e Sk

intensity attenuated to about 50 mm/

5. The observation holes were under

Woma, TS
|t

continuous monitoring with the

o, mmbn
g

borehole camera for about 65 rounds 198 .

of blasts at hoth the surrounding s '\§ e

vents ([ and IT), tunnel and TRC blasts, 5 i#h__ . e : i;i\,_._ s A .
As the blast site is moving away from B 2 a i " w2 ° s 10 " ] 2
the monitoring point the vibration (B} Scules dietunse, gy {®) Scuied distance, mag**
intensity, obviously, reduced Fig.5 Vibration attenuation curve lor (2) Ledge-111 and (b) Ledge-1V

gradually, The effect of these reduced

vibration levels with the repeated number of exposures on the
extent of further damage was studied by the borehole camera.
Maost of the blast rounds executed for the above mentioned
excavations were monitored continuously by seismographs
and borehole camera. The vibration range of 45-1475 mm/s
was monitored at both the tunnels-I and II. The near-field
vibrations with high intensity were monitored by high
frequency geophones and low intensity vibrations were
monitored by low frequency geophones. The blast damage
assessment at tunnels-1 and II discussed in the following
sections separately.
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The borehole camera inspection survey was conducted to
determine the exact extent of damage due to repeated loading,
The borehole camera captured pictures indicated that the
damage was observed only for the near-field blast vibrations
and the crack extensions drastically come down and stopped
after & initial blast rounds. The corresponding vibration level
and the depth, where the damage process stopped completely
was 595 mm/s and 1.56 m respectively. Again the damage was
noticed by the borehole camera at a V| of 315 mm/s after
the occurrences of 28 vibration events. The damage and crack
extension continued up to V ax levels of 130 mmys and to a
depth of 2.86 m. There were no crack extensions noticed by
borehole camera inspection surveys below the V| level of
130 mm/s for about 16 cycles of loading. The pre-blast and
post-blast images captured by borehole camera at the tunnel-
I at a depth of 2.86 m are shown in Fig.7.

Fig.7 Images of borchole camera (i) before and (i) after repeated
dynamic loading at Tunnel-1

6.2.2 Rock masy damage at tunnel-11

Similar methodology was followed for assessment of rock
mass damage due to repeated loading at tunnel-II. The
vibration attenuation curve plotted for peak particle velocities
versus scaled distance at tunnel-Il rock mass is shown in
Fig.5. The ¥ recorded at Tunnel-11 were exceeding critical
peak particle velocities (V) in the initial 7 blast rounds, which
were near-field vibrations. The V_and ¥V values measured
before and after each blast round. The plot of "\-"p values
versus ¥ is shown in Fig.B. The following observations are

made from the plot of v versus V-

(1) There was considerable reduction in V_above ¥ __ and
no reduction in V' below critical peak particle velocity
of near-field vibrations.

(1) Substantial reduction in V p Was noticed after 7 initial
blast rownds.

- {(m) The fall in ¥V was continued uptill the V__ level
reached 116 mm/s, which is about 25% of the V

{iv) There was not considerable reduction in V. below the
25% of V__imespective of the number of cycles of blast
loading.

The borehole camera survey was conducted to determine
the extent of damage due to repeated loading. The borehole
camera captured pictures indicated that the damage was
ohserved only for the near-field blast vibrations and the crack
extensions drastically come down and stopped afier 8 initial
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blast rounds. The corresponding vibration level and the
depth, where the near-field damage stopped completely was
460 mm's and 1.85 m respectively. Again the damage was
noticed by the borehole camera ata V' level of 278 mm/s
after the occurrences of 31 vibration events. The damage and
crack extension continued up to V___levels of 116 mm/s and
to a depth of 3.64 m. There were no crack extensions noticed
by borehole camera surveys below the Vmax level of 116 mm/
s for about 12 eycles of loading. The observations of borehole
camera inspection survey are almost in line with the results
of ultrasonic testing of rock mass.

Results and conclusions

The near field blast loading due to the production blasts of
the utility tunnel and vent blast excavations could generate
displacements in the rock mass, only when the peak particle
velocity exceeded the critical vibration levels (V). After
repeated exposures of vibrations from the utility tunnel, vents
and tail race channel blast rounds could produce
displacements in the rock mass even at vibrations lower than
the V. The extra damage due to repeated blast loading at
tunnels-I and 11 were 1.25 m and 1,79 m respectively,

After the exposures of about 45 blast rounds with the V___
levels ranging from 45 to 1475 mm/s, considerable damage
was observed by borehole camera even at the V__ level of
130mm/s, which is approximately 22% of V__ at mnnel-1.
Similarly, the rock mass damage at tunnel-1T was observed
evenat the ¥V, __level of 116.0 mm/s i.e. at approximately 25%
of V_ after 45 numbers of exposures of blast loading. The
threshold vibration limits with number of cycles of repeated
loading for two different rock mass are given in Table 4. The
observations also indicate that the repeated dynamic loading
resulted in the damage at the vibration levels even at about
22% of V. This observation was almost similar to the finding
of Adamson and Scherpenisse (1998), which says that of
threshold vibration level falls down to 25% of V__ in repeated
loading conditions. Almost similar results were achieved by
Rajaram (1978). The present study reveals that the repeated
dynamic loading resulied in reducing the threshold peak
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particle velocity to 22% and 25% of critical peak particle
velocity for extension of cracks and damage at mnnel-1 and
tunnel -1I, respectively. The smdy indicates that the effect of
repeated vibrations on structural foundations must be
considered while multiple excavations are being conducted
by blasting method.

TasLE 4. VOR WITH NUMBER OF CYCLES OF REPEATED LOADING FOR
TUNNELS-T anp [1

Rock type Mo of cycles Threshold
of blast vibration
loading limit, mm's
Tunnel-1 Pink granite 45 1 50
(moderately joints)
Tunnel-11 Pink granite 43 106
(heavily jointed)
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Certificate course in mine surveying (CCMS)

A certificate course in mine surveying (CCMS-2009) is being organized by the Department of
Mining Engineering in association with the Centre for Continuing Education of the National
Institute of Technology Kamataka at Surathkal. Srinivasanagar, Mangalore from 1-6-2009 to

18.7.2009. The objectives of the course are:

* To introduce basic concepts of mine surveying equipment
» To impart knowledge in different topics of mine surveying
* To develop skills in using mine survey equipment
* To prepare for writing mine surveyor examination

Course contents include: Chain surveying; compass surveying; leveling; theodolite traversing;
contouring; curve surveying; correlation survey; problems on bore holes, fault and dip; practical/
laboratory classes; and basic concepts of remote sensing and GIS.

For participation at the course and for other details, contact: Dr. Ch.S.N.Murthy, Professor and
Co-ordinator. Department of Mining Engineering, N1TK Surathkal, P.O. Srinivasnagar 575 025,
Mangalore, Kamnataka State. Phone: 0824-247000 Extn. 3051 (O); 0824 2474372 (R ); Mobile:
+91 9916339068. E-mail: Chsn58(@gmail.com website: www.nitk.ac.in
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