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This study was carried out to compare vertical and horizontal bench blast(s) at a 
granitic gneiss rock quarry located in Colombo, Sri Lanka and predict the resulting peak particle 
velocities of ground vibration levels. To achieve these objectives, particle velocities and frequencies of 
38 and 35 blasts respectively were measured in three perpendicular directions for horizontal and 
vertical bench blasts respectively with the use of Instantel Blastmate II seismographs. In the blasts, 
Ammonium Nitrate (ANFO)(blasting agent) primed by a Gelatine Dynamite primer were electrically 
initiated. Scaled distance parameters (Maximum charge weight per delay and distance between 
blasting points to monitoring location) were also recorded. The extensively used equation for seismic 
low of propagation proposed by Devine (1962) and Devine and Duvall (1963) was used for the 
prediction of peak particle velocities. Points were plotted with Peak Particle Velocity (PPV) in Y- axis 
against Scaled Distance (D/Q03) in X- axis. Regression analysis was performed to define the line of 
best fit. At the end of statistical analysis, an empirical relationship with good correlation was 
established for prediction of peak particle velocity. Frequency analysis was also done for dominant 
frequency and Zero crossing frequency to identify the effect of frequency of ground vibration to 
structural damages and defining the most suitable type of frequency analysis to define the single 
frequency value for ground vibration. The established relationship, frequency analysis and result 
obtained are presented.
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1. Introduction 2. Test site description

This study was carried out at Hesei 
Construction company quarry site at 
Kaduwela Divisional Secretariat division in 
Colombo District (GPS co-ordinates 06° 54' 17" 
N, 80° 00' 43" E) in Sri Lanka, in order to 
establish a reliable formula to predict the 
ground vibration and compare vertical and 
horizontal bench blasts. ANFO was initiated 
with a gelatin dynamite primer with electric 
initiation. Vertical and horizontal bench blast 
geometries applied are shown in figure 1 and 
2 respectively. Blasting parameters are also 
shown in table 1 and 2 for vertical and 
horizontal bench blasts respectively.

Ground vibration, air blast and fly-rock are 
unavoidable environmental impacts of rock 
blasting. Despite these, blasting is the widely 
accepted method of rock breaking in mining 
and quarrying industries because of cost 
effectiveness, higher efficiency, convenience 
and ability to break hardest rock. Among the 
environmental impacts, ground vibration is 
the most critical since it can cause damage to 
nearby structures. Therefore, prediction of 
ground vibration before blasting through the 
statistically reliable formula is vital.
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Fig. 01- Blasting geometry of the vertical bench blast
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Fig. 02- Blasting geometry of a horizontal bench blast

Table 01- Blasting parameters of vertical bench 
blast

Table 02- Blasting parameters of horizontal 
bench blast

ValueParameter
ValueParameter

Drill hole diameter 64mm
64mmDrill hole diameter 9.00mBench height(H)
5.25mBench height(H) 6.00mHole length6.00mHole depth (D) 1.00kgBottom row0.75mSub drilling (]) Weight of 

Dynamite
1.00kgIntermediate row1.00kgFirst column 1.00kgTop rowWeight of 

Dynamite
1.00kgSecond column 3.60mBottom towCLab)1.00kgThird column 

First column (Hai)
Second column (Ha:)
Third column (Ha3)

Intermediate 3.30mLength of 
ANFO

2.85mHeight of 
ANFO 
column

row(TAM)3.35m
3.30mTop row(TAT)3.60m
2.00mBottom row(LsB)2.75mFirst column (Tvi)

Second column (TV2)
"Third column (Tvb)

Stemming
height

2.30mLength of 
Stemming

Intermediate
rowflsM)

Top row(Tsr)

2.25m
2.00m 2.30m
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weight per delay was recorded with the 
respective distance to the point of reference 
from the charge with GPS equipment.

Vertical and horizontal drilling patterns are 
shown in figures 03 and 04 respectively.

• • # •• t x •
Widely accepted scaled distance relationship 
for cylindrical explosive charge (height of 
explosive/diameter of explosive> 6) was 
used for peak particle velocity prediction, as 
given by,

Burden: 2.3m

tit
Burden: 2.3m

• • •-f\__• •
Burden: 2.0m

SD = D/Wd05 (i)
Hole spacing: 2.6m Where, SD, the scaled distance; D, absolute 

distance between the charge and the 
monitoring station (m); Wd maximum 
explosive charge per delay (kg).

The equation extensively used for seismic low 
of propagation proposed by Devine (1962) and 
Devine and Duvall (1963) used to predict peak 
particle velocity (PPV) given by,

Fig. 03- plan view of drilling pattern of 
vertical bench blast

PPV (mm/sec) = K * (SD)-P (2)

Where, K, ground transition coefficient; p, 
specific geological constant.Bench Height: 9.0 m >

4. Result Analysis and Discussion

Particle velocity, dominant frequency and zero 
crossing frequency for all three component of 
measurement for each blasting event were 
recorded and tabulated for data analysis.

Hole spacing: 2.6m

Burden: 1.5m 4.1 Analysis of the particle velocity data

Peak Particle Velocity (PPV), which is the 
maximum particle velocity among the 
radial/longitudinal, vertical, and transverse 
components recorded from the same blast 
event is considered to be a reliable measure 
for ground vibration caused by blasting.

Statistically reliable equations for ground 
vibration attenuation were obtained for the 
vertical and horizontal blasts by plotting the 
data pairs of peak particle velocity and scaled 
distance in log scale and simple regression 
analysis as shown in figure 5 and 6 
respectively. Summary of regression analysis 
is shown in table 3.

♦ > *
Burden: 1.5m

• •

• •
Burden: 0.5m

i r i '

Fig. 04- Cross sectional view of drilling pattern 
of horizontal bench blast

3. Procedure

Ground vibration and frequency components 
were measured for the 38 and 35 horizontal 
and vertical blasts respectively with Instantel 
Blast Mate II seismographs over a period of 7 
months. Maximum instantaneous charge
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I Analysis of Particle Velocity Data for vertical Bench Blast
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Fig. 05- Peak Particle Velocity Vs Scaled Distance for Vertical Bench Blasting

Analysis of Particle Velocity Data for Horizon cal Bench Blast
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Fig. 06- Peak Particle Velocity Vs Scaled Distance for Horizontal Blasting

Table 03- Summary of regression analysis

Vertical bench blast Horizontal bench blast
95% Predicted
level (upper 

bound)

95% Predicted 
level (upper 

bound)

Parameter 50% Average 
line

50% Average 
line

Ground transmission
coefficient - k

19.2 30.7 152.6 303.5

-0.68 -0.68Geological constant - p -1.11 1.10
99.972.2 72.1 99.9R2/(%)
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Predicted peak particle velocity for vertical 
and horizontal blasting based on the 
maximum explosive utilization (Q) of 13.682 
kg per delay time according to Mining License 
issued by Geological Survey and Mines 
Bureau, Sri Lanka to this metal quarry is 
shown in table 04 with the use of derived 
ground vibration attenuation equations.

The upper bound ground vibration 
attenuation equations, for vertical and 
horizontal blasts are given in equations 3 and 
4 respectively as follows.

(3)PPV = 30.70 * (SD)-° 68

(4)PPV = 303.5 * (SD)-110

Table 04-. Predicted peak particle velocity at 95% predicted level.

Peak Particle Velocity (miry's)-95% Upper boundScaled
Distance

Given Distance
Horizontal blastingQ(kg) (m) Vertical blasting

17.3055.225513.51713.682 50
3.7662.035813.682 200 54.070
1.7571.2707108.14013.682 400
1.1250.9645162.21013.682 600
0.8200.7931216.27913.682 800
0.7670.7611229.79713.682 850
0.7430.7462236.55613.682 875
0.720243.314 0.732113.682 900

4.2 Analysis of the frequency data

represent the frequency at which the 
maximum vibration energy is transferred into 
the structure. The summary of frequency 
analysis is shown in table 4.

Frequency components of vibration are 
equally important as the particle velocities. 
Dominant frequency and Zero crossing 
frequency values are analyzed to decide the 
most suitable type of frequency, which

Table 05-. Comparison of dominant and zero crossing frequency

Zero crossing Frequency 
______ component______

Dominant Frequency 
____ component____Frequency

ContentBlast Geometry
LVL TT V

5.7214.29 2040 42.85Low(F<40 Hz) 40
Vertical

94.2880High F>40 Hz) 60 57.15 85.7160
44.7331.58 42.1Low(F<40 Hz) 68.4652.89 52.6

Horizontal 55.2768.42 57.9High F>40 Hz) 47.4 31.5447.11

Table 06- Frequency range of dominant 
frequency

It is clearly shown that percentage of low 
frequencies (F<40 Hz) of dominant frequency 
are higher for horizontal and vertical bench 
blasting than zero crossing for all three 
frequency component. As dominant frequency 
is more critical than zero crossing frequency, 
histograms of dominant frequency were 
plotted to define the most common frequency 
range of ground vibration for granitic gneiss 
rock as shown in table 06.

% of OccurrencesDominant
frequency
range(Hz)

Blast
Geometry LVT

74.2991.4374.29Vertical 11-80

78.9892.03Horizontal 73.890-60
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5.0 Conclusion blasting at a limestone quarry*, Soil Dynamics 
and Earthquake Engineering, vol. 24, pp. 887-892.

Pal, B.K., Brahma, C, 2010/ An application of 
Regression Model for Evaluation of Blast 
Vibration in an Opencast Coal Mine - a Case 
Analysis', Canadian Journal on Computing in 
Mathematics, Natural Sciences, Engineering & 
Medicine Vol. 1, No. 3.

It is concluded that vertical bench blasting is 
the most suitable type of blasting, for 
quarrying activities conducted in sensitive 
areas (Structures are located in close 
proximity to the blast site) due to the 
generated ground vibration and consequent 
structural damage. It was found that vibration 
is higher in horizontal type of bench blasting 
than that in vertical bench blasting. It was also 
identified that dominant frequency is critical 
than the zero crossing frequency. Most 
common frequency ranges of ground vibration 

11-80 Hz and 0-60 Hz for vertical and 
horizontal bench blasting respectively for 
granitic gneiss rock environment.

Carlos Lopez Jimeno, Emilio Lopez Jimeno, • 
Francisco Javier Ayala Carcedo, Drilling and 
Blasting of Rocks.

Dharmarathne P.G.R., Sinhakumara B.M.P., 
De Silva K.T.U.S., Mayooron D.S., 
Premathilake D., Liyanarachchi K.A.P.H, 
2009/ Initial Environmental Examination 
Report for the metal quarry at 
Nawagamuwa,Ranala',GSMB 
Seruices(Pvt) Lid.

Dieter VVerthm Auller, 2007/Separate and joint 
inversion of dispersive Rayleigh and Love 
waves', Department of Earth Sciences, ETH 
Zurich Institute of Geophysics.

Elseman I., Abdel-Rasoul, 2000,' Measurement 
and analysis of the effect of ground vibrations 
induced by blasting at the limestone quarries 
of the Egyptian cement company', Cairo 
University, Egypt, pp. 54-71.

Gupta R.N.,
Theresraj H.S., Syrendra Roy A.I., Balachander 
R.„ Nitin Kumar Jain., 2005, 'Role of Blast 
design parameter on ground vibration and 
correlation of vibration level to blasting 
damage to surface structures/ Final Report S &
T Project:MT/l34/02 , National Institute of Rock 
Mechanics Agency Collaborating with Western 
coalfields Limited and Singareni collieries company 
Limited.

are

6. Recommendations Technical

Vertical bench blasting is strongly 
recommended when quarry activities are 
conducted in sensitive areas giving due 
attention to peak particle velocity' and 
frequency of generated ground vibration 
wave. It is also recommended to consider 
dominant frequency as single frequency value 
for ground vibration wave instead of zero 
crossing frequency. It is essential to consider 
dominant frequency value along with the 
peak particle velocity during the ground 
vibration monitoring to evaluate the 
structural damages due to rock blasting.

Adikari G.R., Vervkatesh,
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