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Abstract  In this study, environmental noise and operator noise dose generated by jack hammer drilling were monitored in 
seven granite quarries in South India. The ambient noise was monitored at different distances and directions from the source. 
The maximum noise level was found in the downwind direction. The correlation study between distance and noise level was 
carried out to determine the safe zone limit for each quarry. To know the combined influence of compressive strength, rock 
density and distance, multiple regression analysis of data was conducted and a model was developed for the prediction of 
noise levels. Model adequacy was checked using F-statistics, normal distribution curve and correlation between predicted and 
measured values of noise levels. The operator noise dose in each quarry exceeded the prescribed limit. However, it can be 
controlled by providing ear plugs/ear muffs and by properly maintaining the jack hammers. 
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1. Introduction 
In granite quarries, various machinery like jack hammer, 

air compressor, excavator, crusher etc. are used for different 
operations, which generate noise pollution and can influence 
the operators and surroundings. Among them, jack hammer 
driven by compressed air is used to drill blast holes in the 
quarries, which generates high noise levels. Sound levels in 
surface mines of India, generally exceed the standards, leads 
to severe health-related impacts[1] and cause temporary or 
permanent impairment of hearing ability[2] in mine workers. 
Its excessive values can increase pulse rate, blood pressure, 
nervousness, annoyance, sleeplessness and affects the 
human health and behaviour[3-4]. According to Camargo et 
al.[5], occupational hearing loss is still the most prevalent 
disease in the mining industry. In order to protect the health 
and safety of operators and their surroundings, the Director 
General of Mines Safety (DGMS) - India has defined the 
maximum allowable daily noise exposure as 90 dB(A) in an 
eight-hour shift with unprotected ears via their circular no. 
DG (Tech) / 18, 1975[6]. This regulation deals with noise 
dose but it does not cover environmental noise. The  
Government of India has made another standard applicable
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for environmental noise. This standard limits the sound level 
to 75 dB(A) from 6 AM to 10 PM and 70 dB(A) from 10 PM 
to 6 AM[7]. Therefore, noise levels needs to be monitored in 
terms of occupational noise and environmental noise to 
determine whether the noise criteria specified in the 
regulations are complied with or not. 

Some investigators studied the mining machinery noise 
when the machine was at full idle in neutral[8-9] but the 
noise generated by a machine in the production environment 
includes both process-generated and machinery-generated 
noise[10]. In addition to rock properties and distances[10], 
topography and wind direction can also influence the noise 
levels. In this study, environmental noise and operator noise 
dose was monitored in seven different granite quarries 
during drilling operation of jack hammer machine. The 
monitored values were compared with environmental 
standards. The influence of rock properties, wind direction 
and distance has been studied. The safe zone limits for the 
noise level as well as statistical model for the prediction of 
noise levels has also been discussed in this paper. 

2. Site Description 

The noise generated due to jack hammer drilling operation 
was studied in different granite quarries namely A, B, C, D, 
E, F and G. The details of the quarries are given in Table1.  
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Table 1.  Details of locations, geology and rock properties of quarries 

Name of the 
quarry Location Geology and rock properties 

A Kanniyakumari district, 
Tamil Nadu state 

The area comprises of massive charnockite rock with very low soil cover. Rock is dark grey in 
colour, medium to coarse grains with a few prominent vertical joints. Mineral composition 
comprises of quartzo-feldspathic gneiss, quartzite and hypersthenes. Thin section shows the 
equal assemblage of pyroxene and hypersthenes with quartz (40-45%). The uniaxial 
compressive strength and density was 136 MPa and 2700 kg/m3 respectively. 
 

B Thiruvanantpuram district, 
Kerala state 

Charnockite consists of greenish to grey color, medium to coarse grained with less soil and 
bleached rock cover, and intrusion of pegmatite veins (2.6 m to 30 m width). The pegmatite 
comprised of feldspar, quartz, and biotitic mica minerals. Its uniaxial compressive strength was 
144 MPa and the density was 2600 kg/m3. 
 

C Pathanamthitta  district, 
Kerala state 

The strike is north-south as vertical scarps with less soil cover, and medium to coarse grained and 
massive in nature. Charnockites are characterized by presence of orthopyroxene bearing granitic 
mineral assemblages. The west end has an intrusion of basaltic dyke (2 to 4.5 m width). The 
uniaxial compressive strength of the rock was 93 MPa and the density was 2738 kg/m3. 
 

D Ernakulam district, Kerala 
state 

Charnockite with the presence of feldspar, mica and pyroxene. It is characterized by 
orthopyroxene bearing granitic mineral. Assemblages are the constituent of granulite-facies 
metamorphic terrains. The top layer about 3 m is weathered and disintegrated but due to straining 
it exhibits a brownish color. A sheared zone is observed in the quarry area with an intrusion of 
quartz vein bisecting the joint planes. Rock properties like uniaxial compressive strength and the 
density were 112 Mpa and 2800 kg/m3 respectively. 
 

E Malappuram district, 
Kerala state 

The stike direction of the out crop  is north-south as vertical scarps with low soil cover, medium 
to coarse grain with the N600 dipping east foliation. Veins of plagioclase feldspar and prominent 
vertical & horizontal joints were observed in the rock mass. Surface of the rock exhibits rough, 
planar and undulating texture. The uniaxial compressive strength of the rock was 123 MPa and 
the density was 2600 kg/m3. 
 

F Kozhikode district, Kerala 
state 

Outcrop is exposed as vertical scarps with no soil cover, medium to coarse grain, and dark grey 
in color. Assemblages of quartzite, feldspar band, mica and amethyst observed in the rock mass. 
The top layer of 2 to 3 m was weathered, bleached and disintegrated. A shear zone of 0.6 m width 
and a pegmatite intrusion was also observed in the rock mass. Its uniaxial compressive strength 
was 123 MPa and the density was 2691 kg/m3. 
 

G Dakshina Kannada district, 
Karnataka state 

The rock comprises of dark grey-greenish color, medium to coarse grained, viz. Charnockite. 
The top layer has 2 to 3 m soil and bleached rock mass. The uniaxial compressive strength of 
rock was 125 MPa and the density was 2600 kg/m3. 

 
3. Details of Jack Hammer used for 

Drilling 
Usually pneumatic rock drill is used for the dimension 

stone technology. In the quarries, drilling was carried out by 
compressed air jack hammer (Make: Atlas Copco). 
Technical specifications of jack hammer drill used in the 
quarries are given in Table 2.  

Table 2.  Details of technical specifications of jack hammer 

Technical Specifications 
Rock drill type Dimension stone rock drill 

Rock drill version Standard 
Weight 28 kg 
Length 670 mm 

Air consumption 97 l/s 
Impact Rate 3300 blows/min 

Piston diameter 90 mm 
Stroke length 45 mm 
Reaming hole 76 mm 
Hole diameter 27 - 41 mm 

Optimum feed force 1.4 kN 

4. Environmental Noise Measurements 
The environmental sound levels were measured with a 

Bruel & Kjaer Integrating Sound Level Meter (Model no. 
2239A). The measurement range of the instrument was set 
depending on the expected sound level 70-140 dB(A). The 
instrument was held at arm’s length while making the 
measurement. The noise measurements were stored on the 
instrument and then downloaded to a computer. A-weighted 
equivalent continuous sound pressure level (Leq) 
measurements were carried out at different distances from 
the jack hammer drill machine without interference of other 
machines. Depending on the site conditions, monitoring was 
carried out in different directions and distances. The Leq was 
measured with a time interval of 5 min. The procedures of 
noise monitoring were kept same in all the quarries.  

Noise levels monitored at different distances and 
directions for different quarries are shown in Figure 1. Due 
to site constraints, monitoring could not be conducted in all 
the directions in the quarries.  In quarry A, noise level was 
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higher in north-west compared to others (Figure 1a). This 
may be due to wind was blowing from that direction and the 
fluctuations in wind speed might be the reasons for the 
higher noise levels. The trend lines of noise levels for the 
different directions of quarry B, C, D, E, F and G (Figure 
1b-g) were same indicating that direction did not influence 
the noise levels. Absence of wind during monitoring period 
could be the reasons for similar trend lines. It was observed 
that even at the same distance, noise levels varied from one 
quarry to other. Variation in geology and rock properties 
(Table 1) from one quarry to others might influence the noise 
levels[10]. At each quarry, noise levels exceeded the 
standards at monitored locations except in south-west 
direction of quarry A.  

 

 

 

 

 

 

 

Figure 1.  Variation in sound level with respect to distance and direction in 
(a) Quarry A (b) Quarry B (c) Quarry C (d) Quarry D (e) Quarry E (f) 
Quarry F and (g) Quarry G  

4.1. Assessment of Safe Zone Limits 

The safe zone limit represents the distance beyond which 
noise level remains within the norms i.e. mine workers will 
not suffer from the noise if they work beyond this zone. 
Since the noise level at the monitored distances exceeded the 
standard, therefore, an attempt was made to determine the 
safe zone limit.  

As there were no significant variations in noise levels in 
different direction of monitoring in the quarry therefore the 
data of each quarry was combined and analysed separately. 
Using the data, correlations between distances and noise 
levels were derived. The correlation coefficient of each 
quarry was found statistically significant at 1% level of 
significance (Figure 2). Negative correlation indicated as the 
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distance increased the noise level decreased. Variation in 
noise levels at the distances might be due to rock properties. 
The results also agreed with Roy and Adhikari[10]. The safe 
zone for each quarry was determined by extending the trend 
line on x-axis (Table 2). 

Table 2.  Safe zone limits for different quarries 

Name of the quarry Safe zone limit (m) 
A 22 
B 18 
C 25 
D 23 
E 20 
F 26 
G 30 

 

 

 

 

 

 

 

Figure 2.  Correlation between distance and sound level for (a) Quarry A 
(b) Quarry B (c) Quarry C (d) Quarry D (e) Quarry E (f) Quarry F and (g) 
Quarry G  

4.2. Statistical Analysis of Data 

It was found that different parameters like rock density, 
compressive strength and distance may influence the noise 
level. Therefore, to find out the combined influence of these 
parameters on noise levels, multiple regression analysis of 
183 sets of data, consisting of all quarries was carried out 
using SPSS software version 13.0 and the following 
predictive equation was derived. 

Leq (dBA) = 83.372 – 1.419*Distance (m) – 
0.014*Compressive strength (Mpa) + 0.009* Density  

(kg/m3)                                      (1) 
Analysis of variance (ANOVA) for this model indicated 

that observed value of F is 346.921 whereas critical value of 
F-Statistics0.01,3,179 is 3.78. It reveals that observed value is 
many times higher than critical value. According to 
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Montgomery et al.[11], for the regression model, to be useful 
as a predictor, observed F ratio must be at least four or five 
times greater than critical value of F-Statistics. Hence the 
model is more adequate for prediction of noise levels. 

The study of residuals (or error) is very important in 
deciding the adequacy of the statistical model. If the error 
shows any kind of pattern that means the model is not taking 
care for all the systematic information. For the best 
performance of the model, residuals should be random i.e. 
they should follow the normal distribution with zero mean 
and constant variance[12]. Figure 3 indicates histograms of 
the residuals of noise level. The residuals analysis shows that 
the residuals are distributed normally with zero mean and 
constant variance. Therefore, the model can be used for 
predicting the noise levels.  

Grivas and Chaloulakou[13] and Papanastasiou et al.[14] 
used correlation coefficient (R) between measured and 
predicted values for the evaluation of model performance. 
Figure 4 shows the plots of predicted and measured values of 
Leq. The correlation coefficient (R) for equation (1) is 0.92, 
which is significant in statistical sense at 1% level of 
significance. The regression coefficients (83.372, -1.419 and 
0.009) are also statistically significant at 1% level of 
significance indicating that ambient Leq can be calculated 
using the equation (1) for any of the quarries.  

 
Figure 3.  Standardized residual analysis of Leq 

 
Figure 4.  Correlation between measured and predicted values of Leq 

5. Operator’s Noise Dose Measurements 
Noise dose is the amount of noise exposure that an 

employee or operator is exposed for a given amount of 
time[15]. The noise dose for the operators of compressed air 
jack hammers was measured using Logging Noise Dose 
Meter (Make: Bruel & Kjaer, Model 4445). The instrument 
range was set to 70 to 140 dB. The microphone was 
positioned about 100 mm from the operator’s ear and clipped 
to his collar while the meter was secured in his breast pocket. 
The operators were not using any hearing protection devices. 
These procedures were followed for the operators of all the 
seven quarries. As the operator works for 8 hours in the mine, 
therefore, operator’s noise dose was monitored for this 
period to compare with the Indian regulations.  

 
Figure 5.  Operator noise dose for different quarries 

The noise dose was the highest for the operator of quarry F 
and the lowest for quarry C (Figure 5). The geology, rock 
properties and hilly terrain adjacent to drilling point of 
quarry F might be the reasons for the highest noise dose. The 
lowest compressive strength could be one of the reasons for 
the lowest dose in quarry C (Table 1). Operator noise dose 
exceeded the limit in each quarry. Continous excessive noise 
exposure over 85 dBA may permanently damage hearing 
(noise induced hearing loss)[16]. Noise-induced hearing loss 
is 100% preventable but once acquired, hearing loss is 
permanent and unfortunately irreversible[17]. The operators 
of the quarries can be protected from high noise by 
providing ear plugs/ear muffs. Maintenance of jack hammer 
drill should be carried out time to time for the reduction of 
noise level[1]. 

6. Conclusions 
At most of the locations in the quarries, noise levels 

exceeded the prescribed limit. Safe zone limit for each 
quarry was found 30 m indicating that noise will not affect 
the surroundings beyond this distance. This variation in 
noise levels was influenced by the topography, geological 
discontinuities, rock properties, distance and presence of 
wind.  

Multiple regression analysis of data revealed that distance, 
compressive strength and density influenced the noise levels. 
Using these parameters, a model was developed for the 
prediction of noise level and the adequacy of model 
indicated that it can be used to predict noise levels at the 
quarries. 
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Operator noise dose exceeded the limit prescribed by the 
DGMS at each quarry. Geology, rock properties, hilly terrain 
adjacent to the drilling point was also responsible for higher 
noise dose. Noise dose levels can be minimized by periodic 
maintenance of jack hammers as well as by providing 
protective devices like ear plugs/ear muffs. 
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