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Abstract 

In this study, the effect on the ground vibration values of two different surface delay times (17 ms and 25 ms) in between 
holes in the blasting operations in the quarry belong to the Çorum Votorantim Cement Corporation were investigated. The 
vibration measurements of the blasting in both surface delay times have been taken from different distances, and the 
relationship between the scale distance (SD) and the peak particle velocity (PPV) was investigated. From the test results of 
the two different surface delay times, not only have there been different results obtained in the relationship between the 
scale distance and the peak particle velocity but also different results on the frequency have been obtained, the amplitude 
and the duration of the vibration. From the results of blasting test, the vibration amplitude obtained during the surface 
delay of 25 ms is higher than the surface delay of 17 ms, and It has been found that the use of a surface delay of 25 ms for 
this quarry will has less damage potential. 
Keywords: Blasting, environmental effect, delay time, vibration, peak particle velocity 

AÇIK OCAK PATLATMASINDA GECİKME ZAMANININ ÇEVRESEL ETKİSİ 

Öz 

Bu çalışmada, Çorum Votorantim Çimento A.Ş. ait kalker ocağındaki patlatma çalışmalarında delikler arası iki farklı yüzey 
gecikme süresinin (17 ms ve 25 ms’lik) ortaya çıkan yer sarsıntısı değerleri üzerinde etkisi araştırılmıştır. Her iki yüzey 
gecikme aralığında yapılan atımların titreşim ölçümleri değişik mesafelerden kayıt altına alınarak sahanın ölçekli mesafe 
(SD) ve maksimum parçacık hızları (PPV) ilişkileri araştırılmıştır. İki farklı yüzey gecikme aralığı için yapılan test 
sonuçlarından; hem titreşim frekansı, genliği ve sürelerinde farklı sonuçlar elde edilirken, hem de ölçekli mesafeler ve 
maksimum parçacık hızları arasında farklı ilişkiler elde edilmiştir. Patlatma testlerinin sonuçlarından, 25 ms’lik yüzey 
gecikmesi kullanımı sırasında elde edilen titreşim genliği, 17 ms’lik yüzey gecikmesinden daha yüksektir ve bu ocak için 25 
ms’lik yüzey gecikmesi kullanımıyla daha az hasar potansiyeline sahip olacağı bulunmuştur.  
Anahtar Kelimeler: Patlatma, çevresel etki, gecikme aralığı, titreşim, maksimum parçacık hızı 
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1.  Introduction 

In recent years, mining and quarrying have been exposed to 
complaints from discomforts such as ground vibrations and air 
shocks by the blasting event due to housing dwellings near the 
mine and quarry fields. Types and quantities of explosives, and 
the blasting patterns are an important factor in efficiency for a 
quarry, while ignition systems are becoming more important in 
terms of environmental impacts such as ground vibration and 
noise (air shock) and safety [1-2]. 

The characteristics of the vibration caused by the explosion in 
the regions close to the shot point are also affected by the 
blasting process especially the quantity of explosives used per 
delay time, the hole diameter, the sub-drilling distance, the 
spacing distance and the burden distance. Farther away from 
the shot point, the characteristics of the ground vibration are 
more affected by the geological formations and properties of 
the rock. Therefore, the peak particle velocities, vibration 

frequency, and field coefficients are also important and 
determinative factors in the occurrence of damage to buildings 
[3-4]. 

Frequency of vibrations generated by the blasting varies 
depending on the space and the geology of rocks (rock types) in 
the blasting area. The resulting vibrations will increase the 
likelihood of damage to buildings as they generate significant 
displacements and unit deformations at the frequency of less 
than 10 Hz. If the generated vibrations generate frequencies 
lower than 10 Hz, they will increase the probability of damage 
to buildings because they will cause significant displacements 
and unit deformations on the ground. The damage occurs as a 
result of blasting depends on the relationship between the 
frequency of the vibration waves generated on the ground and 
the natural (self-structuring) frequency of the building to be 
affected by vibration. The damage potential to buildings lower 
than the two-stories usually occurs in the range of 5 Hz to 10 Hz 
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or more, which is the natural frequency value of the two-story 
building in the frequency of vibration occurring in the blasting 
event. In this case, the building enters resonance and the 
building continues to vibrate, even though the vibration wave 
on the ground has passed. When the building enters resonance, 
if the generated peak particle velocity (PPV) is at a value well 
below the specified limit value, people will be disturbed even if 
there is no damage to the building. On the other hand, if the 
peak particle velocity is too large (amplitude), damage will 
occur to the building [4-6]. 

As result of blasting, it is desired that the particle velocity with 
respect to the displacement (cm) and ground acceleration 
(cm/sec2) for specific particle velocity is within certain limits to 
avoid the resonance. The propagation of vibration waves 
depends on the structural geology (faults and fractures etc.) of 
the area and the elastic properties of the ground (mechanics). 
If the ground in which the blasting is made is homogeneous, the 
speed of the seismic wave (vibration) usually fades at a far 
certain distance. Seismic wave velocities are directly related to 
the state of the geological discontinuities such as layer plane, 
fault state and joint structure of the ground. While seismic 
waves travel in the different discontinuities, it is difficult to 
determine the distances of the damping because fractures 
occur and reflections due to discontinuities [4-6]. 

The geological and geotechnical conditions of the rocks cannot 
be changed, but the quantity of explosives used per delay time 
can be estimated by the experimental formula and it is being 
suggested for blasting design. Various investigations have been 
done in the past to isolate environmental problems caused by 
blasting. Due to the complexity of the blasting phenomenon, 
there is no general reliable approach or formula yet. The 
complexity of blasting parameters and site factors limits the 
development of a general criterion in addition to the 
characteristics of the seismic wave and ground vibration, and 
studies specific to the site must be carried out to predict and 
control blasting effects [7-8]. 

Howkins (1961)[9], Cook (1992)[10], Jimeno et al. (1995)[7], 
Bohloli (1997) [11], Uyar and Bilgin (2004)[12], Karakuş 
(2010)[13], Deniz and Deniz (2015b)[14] investigated whether 
or not the blasting is related to the rock structure and they 
stated that the blasting is directly related to rock properties. 

Furthermore, duration of the ground vibration is also very 
important in the blasting. For example; low-amplitude but long-
time vibrations can be more damaging on the buildings than 
high-amplitude but short-time vibrations. Therefore, when 
designing blasting in nearby quarries, especially in villages and 
vineyards, it is necessary to make good arrangement with the 
geometry of the blasting hole and delay elements so that the 
vibrations can be reduced both by less than 3 mm/s and by the 
ground vibration duration being short. 

Mingsheng and Jianhua (2011)[15] conducted a series of tests 
on the effects of surface delays on ground vibration and 
frequencies. They indicated that surface delays were effective 
in blasting. They obtained the lowest frequency values with 
surface delays of 25 ms and 100 ms as a result of their work 
with surface delays of 25 ms, 42 ms, 50 ms and 100 ms.  

Shi and Chen (2011)[16] had been observed a similar effect in 
their study of the effect of delay time on blasting. A result of the 
test of the surface delay time from 15 ms to 40 ms with a 
difference of 5 ms, the lowest ground vibration in the surface 
delays of 15 ms and 40 ms were reached. 

In this study, a site application, in which surface delay times of 
17 ms and 25 ms were applied from hole to hole using non-

electrical (NONEL) capsules, was performed for ground 
vibration, an important environmental factor in blasting. 

2.  Working Region 

A quarry of the Çorum Votarantim Cement Factory, which is the 
study site, is located 5 km southeast of the city center of the 
Çorum province (Figure 1). It is 1500 m south of the Çorum-
Samsun road, 2100 m southeast of the cement factory, 1100 m 
east of the Melikgazi vineyards (Figure 2), 1400 m north-east of 
the Disaster Housing, 500 m east of the Municipality Quarry's 
building sites. In addition, the satellite image of the places 
whereof the points of measurements, the locations of the 
Municipality quarry’s building sites and the Melikgazi 
vineyards, which is the nearest settlement, are shown in Figure 
3. 

 
Figure 1. Satellite image of work area 

 
Figure 2. View of the distance between the study area and the 

Melikgazi vineyards which is the nearest settlement 

 
Figure 3. View of the measuring points 
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3.  Research Method 

In this study, an evaluation was performed for the 
environmental impacts of the ground vibration values for the 
two different delay times of the blasting in the quarry of the 
Çorum Votorantim Cement Plant, near the city center of the 
Çorum province. There are 7 stages, production made in the 
blasting operation in the quarry, and the height of each stage is 
almost equal and 10 m. Drilling of blast holes was carried out 
with a Furukawa brand drill machine. 

 

Figure 4. View of the vibration and air shock meter 
(seismometer) and installation of the seismometer instrument 

In many studies; it is stated that the best estimation of peak 
particle velocity can be obtained as a result of observation of 
real shots due to changes in geometric and geological 
conditions of the blasting area. In result of many experimental 
work-outs that there is most reliability in the relationships 
based on the scaled distance (SD) and peak particle velocity 
(PPV). The concept of the scaled distance (SD) has been 
established in the relation to the amount of ground vibration, 
which occurs due to the amount of explosives directly affecting 
the particle velocity value at different distances between the 
shot point and the measuring point. The total energy that 
creates vibration movements in the ground varies according to 
the amount of explosives used per delay. The seismic waves 
starting from the point of shot spread out as it moves away from 
the point of shot and the volume of rock exposed to the pressure 
wave effect is increased. The scaled distance (SD) is derived 
from a combination of the amount of explosives used for each 
delay time affecting the formation of the ground vibration and 
the air shock power, and the distance between the shot point 
and the measurement point [17-20]. 

For the determination of the scale distances (SD) for ground 
vibrations, the square root equation given in Equation 1, which 
is widely used in many similar investigations, has been utilized 
[17]. 

SD = R/W1/2 (1) 

where; 

R: distance (m) 

W: maximum charge per delay time (kg) 

SD: Scaled distance (m/kg½) 

 

Pre-determination of vibrations caused by blasting is of great 
importance in preventing damaged to buildings. The result of 
many researchers it has been concluded that the estimate 
method, the peak particle velocity (PPV) from the scaled 
distance (SD) was the best for many researchers. The empirical 
relationship established for estimating the peak particle 
velocity (PPV) depending on the scaled distance (SD) is given in 
Equation 2 [5]. 

PPV = K*(SD)- (2) 

where; 

PPV: Peak particle velocity distance (m/s) 

K, : Site constants 

In this study, the risk analysis of damage caused by blasting 
done in the working area; With the equation given in Equation 
2, the German Norm (DIN 4150)[21], the USA Open Mining 
Bureau (OSM) norm (1983)[22], the USA Mining Bureau 
(USBM) Alternative Explosion Damage Criteria Norm (2009) 
[23] which is subsequently developed, and Environmental 
Hazard Assessment and Management Regulation (2010) [24] 
belongs to the Ministry of Environment and Forestry of Turkey 
were used.  

In this study; 20 blasts with non-electric capsules were 
recorded by ground vibration instruments. As shown in Figure 
5, the places of the vibration meters (seismographers) were 
determined by GPS (Global Positioning System) as a systematic 
manner in the same direction as the shot points made in the 
Çorum Votorantim Cement's quarry. The test shots were made 
as ten (10) for each two different surface delays (17ms and 
25ms) by NONEL capsules as shown in Figure 6. 

 
Figure 5. Determination of shot and measuring points by GPS 

 
Figure 6. Non-electrical (NONEL) capsules with surface delay 

of 17 ms and 25 ms, and bottom delay of 500 ms 
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4.  Evaluation of Blasting Tests 

In the area applications, 80 blasting holes were opened being 
18 or 22 pieces in 4 rows per each blasting. The bottom delay 
times of all blasting holes were 500 ms, surface delay time 
between the rows was 42 ms, surface delays between holes 
were 17 ms and 25 ms, and there were made 10 the shots for 
both 17 ms and 25 ms. In the area applications, the shape of the 
connection of the surface delays for the blasting made to 
investigate the effect of between holes surface delays is shown 
in Figure 7. 

 
Figure 7. The connection of the ignition system for the surface 

delay of 17 ms and 25 ms 

In the scope of the research; 20 measurements taken from shots 
of 20 pieces for two different surface delays in the Çorum 
Votorantim Cement's quarry were taken into evaluation. A 
surface delay of 17 ms was applied to 10 of these 20 shots while 
a surface delay of 25 ms was applied to the other 10 holes. To 
determine the peak particle velocity, the relationships between 
the peak particle velocity (PPV) and the scaled distance (SD) 
were investigated based on the maximum amount of explosive 
per surface delay time and the distances between the shot and 
the measurement points. The Microsoft Excel program was 
used in order to determine the relationship between the 
measured peak particle velocity (PPV) and the scaled distance 
(SD) for both surface delay times, and the relationships found 
in the regression analysis are given in Equation 3 and Equation 
4. 

PPV = 180.45*(SD)-1.3236 (3) 

PPV = 3056.50*(SD)-1.9493 (4) 

A graphical representation of the estimate equations obtained 
for the PPV and the SD for both surface delays (regression 
coefficients for 17 ms and 25 ms are r2 = 0.9605 and r2 = 0.9878, 
respectively) are given in Figure 8. As can be seen from Figure 
8, it has been found that the surface delays between 17 ms and 
25 ms are relatively different. It has been understood that if the 
distance between the point of shot and the point of 
measurement is increased, the effect of the surface delay is not 
important, and it is more related to the rock structure that is 
known from previous research. The closer the distance 
between the shot point and the measuring point, the more 
important the surface delay is. However, it is beneficial to 
increase the number of measurements at the selected nearest 
point between the point of measurement and the measuring 
point in order to make this conclusion a final judgment. In 
addition, it is necessary to make a definite decision after 
conducting studies involving not only 17 and 25 ms surface 
delays but also 42 ms and 63 ms surface delays. Future studies 
are aimed at the detailed study on this subject. 

In additionally, the peak particle velocity (PPV) and the 
corresponding vibration frequency (Hz) values measured at all 
shots for surface delays of 17 ms and 25 ms between the holes 
were determined according to norms of the German DIN 4150 
[21], USA-OSM [22], USA-USBM [23] and the Ministry of 
Environment and Forestry (Turkey) [24], and are shown on the 
graph in Figure 9. 

 
Figure 8. Relationships between the scaled distance (SD) and 

the peak particle velocities (PPV) obtained at 17 ms and 25 ms 
surface delays 

 
Figure 9. Relationships between the peak particle velocities 
(PPV) and the frequency (Hz) values obtained by the shots 

with the surface delays of 17 ms and 25 ms. 

When the positions of the peak particle velocity (PPV) and the 
vibration frequency (Hz) in Figure 9 are examined on the 
graphs, all of the shots according to the measuring points are 
compared to the USA-OSM (1983)[22], USA- USBM (2009)[23] 
and the Ministry of Environment and Forestry 
(Turkey)(2010)[24] it is understood that it is below the damage 
limit. It only appears to have crossed the limits according to 
German DIN 4150-1 and DIN 4150-2 (1983) [21]. When the 
shots exceeding the limits were examined, it was observed that 
the measured points were within the quarry and there was no 
risk of damaging the Melikgazi vineyards at a distance of about 
1100 m. It is understood that the measured ground vibration 
values cannot be effective in terms of creating damage to the 
construction site buildings belonging to the Çorum 
Municipality's quarry and in the Melikgazi vineyards according 
to the related national and international norms. In addition, the 
shots showed different relationships between the PPV and the 
frequency dependence for surface delays of 17 ms and 25 ms 
between the holes. The surface delays of 25 ms had provided 
higher particle velocities and relatively higher frequencies 
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compared to surface delays of 17 ms. In this case, the surface 
delay of 25 ms gives a more acceptable view in terms of damage 
to the buildings and the feeling of disturbing people. 

We know that the duration of vibration is also very important 
in blasting and that low-amplitude but long-time vibrations can 
be more damaging than high-amplitude but short-time 
vibrations. The samples of the seismograph prints for two 

different surface delays (17 ms and 25 ms), which are 
approximately the same the distance between the shot point 
and the measured point, are given in Figure 10. As can be seen 
from Figure 10, the vibration duration is more time and the 
amplitude is lower than the surface delay of 25 ms of the 
seismic waves obtained by the surface delay of 17 ms. In this 
case, it has been shown that surface delay of 25 ms for the same 
vibration period is more suitable for damage potential. 

 
Figure 10. The view of vibration graphs and PPV data from a seismometer recorder by the blasting with surface delays of 17 ms and 

25 ms 

The results of this study were different obtained from the 
results of Mingsheng and Jianhua (2011)[15] and Shi and Chen 
(2011)[16] studies. This study showed that the most 
appropriate surface delay could be different according to the 
rock structure of the quarry. Therefore, it has appeared that the 
blasting parameters for each quarry must be separately 
evaluated to lower the costs in the blasting process. 

5.  Conclusion 

In the result of the investigation with the purpose of 
determining the effect of ground vibrations using two different 
surface delay times (17 ms and 25 ms) between the holes; 

 A total of 20 shots for each 10 for two different surface 
delay times between holes at different locations of the 
quarry were made of the quarry and recorded with a 
seismograph. The values of these measurements were 
obtained to the peak particle velocities (PPV) ranging from 
0.402 mm/sec to 9.936 mm/sec. 

 In the investigation of the relationship between the Peak 
Particle Velocity (PPV) and the Scale Distance (SD) for two 

different surface delay times (17 ms and 25 ms) between 
the holes, it has been found to be effective when near the 
distance between the shot point and the measuring point, 
while it has become less effective when the distance 
increases. With the increase of the distance, it is thought 
that it is more related to the rock structure and geology of 
the field. 

 When the shots for two different surface delays are 
examined; it has been found that the vibration amplitudes 
obtained from the surface delay time of 17 ms are lower, 
while it is more risky for damage potential for relatively 
higher vibration duration. Therefore, it was predicted that 
usage of 25 ms surface delay in between holes would be 
better for this quarry. 

 At the end of this study, it was found that, in order to shed 
light on future work, and it was necessary to again study 
very different delay times, to more numbers and to closer 
the distance between the shot point and the measurement 
point. 
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