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Abstract 
Both the identification of harmful effects and the assessment of seismic security at blasting is a current issue nowadays. It is 

necessary on the one hand to find the most appropriate way how to ensure non-violation of the given object situated near to the blasting 
area and on the other hand to define the most effective technology of blasting. The aim of this paper was to optimize the blasting carried out 
in the quarry Trebejov in order to provide an effective blasting and moreover to ensure that the dwellers of the housing objects would not 
experience the seismic effects of the blasting as dangerous ones on their housing objects. From the methodological point of view the easiest 
way is to measure and assess the effects of the particular source of the vibration on the given receptor. 

 

Abstrakt 
Identifikácia škodlivých účinkov a stanovenie seizmickej bezpečnosti pri trhacích prácach je v súčasnosti veľmi aktuálny problém. Je 

potrebné nájsť výhodnú cestu, ktorá by na jednej strane zabezpečovala istotu neporušenia daného objektu nachádzajúceho sa v blízkosti 
trhacích prác a na druhej strane by určovala najefektívnejšiu technológiu trhacích prác. Účelom tejto práce bolo optimalizovať trhacie práce 
uskutočňované v lome Trebejov tak, aby trhacie práce boli efektívne a obyvatelia bytových objektov nepociťovali seizmické účinky 
trhacích prác ako nebezpečné pre bytové objekty. Z metodického hľadiska je najjednoduchšie meranie a zhodnotenie účinkov známeho 
zdroja otrasov na určitý receptor. 
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1 Introduction 
Many countries at the standardization of the seismic effects of the blasting on the surroundings, in which the blasting is carried out, 

enter the data either applying a standard or a directive. The assessment criteria of the blasting effects on the building objects are nearly the 
same all over the world as they are focused on the criterion of the particle velocity. Despite the fact, that there exists a standardized 
criterion, dominant quantitative differences can be observed at the determination of the boundary value, where failure occurs objects [1]. 
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Countries such as Slovakia, Czech Republic or Germany unlike other countries they assess in praxis mainly lower values (5 ÷10 mm. s-1). 
Higher permissible values are allowed e.g. in Russia 30 mm. s-1 and in the USA 50 mm. s-1. 

If we do not take into consideration the potential degree of the examined danger, searching for assumed reason for these different 
values, the different frequency seems to be the most eligible criterion, supposing that there exist rock media of various qualities as well as 
there can be found different approaches to the blasting. We assume that mainly the quality difference of the rock media is an important 
issue, nevertheless the rocks with a tendency towards a higher frequency prove higher acoustic impedance and at the same time they can be 
characterized by a higher propagation of elastic waves. As the rate of the relative deformation is derived from the criterion of the vibration 
velocity v, which from the point of damage occurrence can be considered a decisive factor by choosing the materials of the building 
objects, and moreover also the second component of this dependency cannot be excluded, i.e. the propagation velocity of the elastic waves 
in the transmitting medium [1, 5, 7, 8, 9, 11, 14, 17, 18, 19]. 

If we want to solve the issue of the blasting in the world, it is necessary to highlight the theory of the seismic waves propagation as 
well as the theory of the blasting issues. Consequently it is required to deal with the decrease of the particle velocity applying the timing of 
the blasting. 

The quarry (open pit mine) is a complex of mining works in which there can be found mineral deposits located near to the earth 
surface suitable for mining, In comparison with the underground the disintegration in the quarries is much easier, more effective and more 
stereotypical. Quarries due to their location are divided into the following types:  
 pit quarries – mining is provided below the earth surface, 
 wall quarries – they are situated in the surroundings of the quarry above the average height of the earth surface, the deposit is located in 

the hill slope, 
 combined quarries – these quarries have parts of their deposits on a hill slope and the other part is mined below the earth surface [2, 6, 

13]. 
In the mining of the economic minerals deposits the following production processes are applied such as disintegration and loading, 

transport and dumping of the rock for the further processing.  
Types of the rock disintegration [6]: 

 by blasting, 
 by expanding mixture (Cevamit), 
 by artesian water (coal raw materials, earth etc.), 
 by mechanical baggers, 
 manually. 

The blastings at the quarries are divided as follows:  
Primary (extractive) blasts – in this process there occurs an extraction of the rock from the massive (surface, bench, chamber and 

single-row blasts), these processes provide the basic disintegration of the rock. 
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Secondary (additional) – a small part of the disintegrated rock is further removed (oversize pieces, removal of the base below the 
quarry walls, planation of the operating platforms). [2]. 

At the solid rocks and the building constructions there comes to a contact with materials which are damaged in most cases as fragile 
materials (fragile material deformation) or in an elastic way-plastic deformation. The rock deformation is fragile up to the moment, when 
the deformations are linearly relative to the acting stress. Elastic-plastic deformations are present only in those cases when the surrounding 
reacts in an elastic way to the area of v stress and after achieving the elastic limit plastically – it is the most common way of rock 
deformation. The given relative deformation ɛ can be considered the criterion of the deformation. To ensure the seismic security of all 
kinds of objects during the blasting requires avoiding any residual deformations in the materials of the object (building construction, utility 
lines, rock massive etc.). In the massive or materials there are permissible only those stresses, which do not activate permanent deformation 
[4, 10, 11]. 

Currently almost generally the particle velocity v is used as a criterion of the vibration intensity and it characterizes the seismic 
effects hazard of the objects caused by the blasting better than the acceleration or the displacement. The occurrence of the damages is in an 
appropriate correlation to the maximum particle velocity. It is in accordance with the Slovak Technical Standard STN EN 1998-1/NA/Z1, 
in which it is stated that the relative dynamic deformation ɛ depends on the value of particle velocity [12]. 

Despite this standardized rate applied all over the world, there still exist in many countries great alternations concerning the 
recommended, standardized values. According to the current standard STN EN 1998-1/NA/Z1 there occurs violation of the objects mostly 
at these boundary velocities [2, 17, 20, 21]: 
 The first signs of the damage – exfoliation of paintings and hair cracks of facade mainly in the contact with various materials, in 

attachments of partitions, i.e. surface defects which can be removed and repaired by leaching and painting. They occur at  
v = 10 ÷ 30 mm. s-1. 

 Small damages – bigger cracks in the facade, partitions and in the surroundings of holes, release of independent elements (bressumers), 
defoliation of small parts of the facade; v = 30 ÷ 60 mm. s-1. 

 Serious damages – cracks in the beams, defoliation of bigger parts of the facade, cracks in the concrete masonry v = 60 ÷ 140 mm. s-1. 
 Destructions – collapse of the beams, parts of the masonry, cracks in the reinforced concrete; v = 140 and more mm. s-1. 

In the case of very weak building constructions, such as the ruins of the castles, there are considered possibilities of damage at the 
semi values of the particle velocity v. 

The bottom limits are valid for the smaller building objects e.g. family houses. For those building objects well reinforced with 
groundwater 3 m deep, the limits above. In the case of well reinforced building objects built on the rock plane it is permissible to increase 
further the defined limits, thereby the increase of the limits has to be proved by specific measurements of the seismic effects and 
examination of the endangered object. 
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2 Characteristics of the natural environment 
 The quarry Trebejov is situated 13.0 km north 

from Košice, 17 km from Prešov in the land registry of 
the village Trebejov in its north-eastern part, 800 m east 
from the given village. The suburban zone is integrated 
into the mountains Čierna hora (254 km2), which is west 
and south-west neighboring with Volovské Vrchy, in 
a shorter distance on the north-west with the Hornád 
basin and Branisko - the south it is separated from the 
Šarišská vrchovina by troughs , on the east it gradually 
continues to the Košice basin (Fig. 1). 

The mountain has a rich geological construction. 
In the middle part of the mountain there prevail the rocks 
of crystalline on which the less fragmented plain relief 
can be found. The northern and southern borders of the 
mountain are created from the residuals of the mesozoic 
over thrust (limestone and quartzite), on which the more 
fragmented forms of the relief developed. The geological 
construction of the deposit and its wider surroundings are complex and the petrography is very manifold. There can be observed different 
geotectonic units (Fig. 2). 

The raw material basis of the deposit is created from the middle-triassic dolomites, neogenic sediments which are present in the form 
of varhaňovské gravel, which are in the deposit area in the form of colonized position of clays, sands and gravels. The post-tertiary period 
is presented by the hill debris and weathered coating of the rock basis of dolomites. The overburden of the defined deposit is composed of 
neogenic and post-tertiary sediments. The post-tertiary sediments with the width between 0.3 – 0.8 m can be found in the whole area of the 
deposit. In this given area there are also present the rusty-brown clays (stuffing of the cavern) and crushed dolomites (in the zone of 
fracture). In the west and south in a distance of approximately 500 m there can be observed lower-triassic complexes of strata (shales, 
quartzite), occurring in the sub base of dolomites. The neogenic sediments can be found in the top wall of dolomites in the north and north-
east on the border of the deposit area. The maximum width of the complex of strata is 2.8 m. The mesozoic complex of strata is in the 
neighborhood of the deposit and is composed of lower triassic quartzite, shales and middle-triassic dolomites. The whole complex of strata 
is tectonically seriously fractured in the directions north-east- south-west, north-northeast-south-south west, east-west and north-south. 

 

 
Fig. 1 Location of the quarry Trebejov 
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3 Measuring standpoints and the applied apparatuses at measuring  

The sources of the seismic effects were the monitored blasts CO 641, CO 642, CO 643 and CO 644 at the deposit of dolomites 
located approximately 0.7 km east from the village Trebejov, see Fig. 3, Fig. 4. [23]. Parameters of bench blastings are shown in Table 1. 

Fig. 3 Position and distance CO 643 (I. blast) and CO 644 
(II. blast) in the quarry Trebejov in relation to the 
measuring standpoint in the village Trebejov and the 
quarry Trebejov of November 10, 2015 

Fig. 4 Position and distance CO 641 (I. blast) and CO 642 
(II. blast) in the quarry Trebejov in relation to the 
measuring standpoints in the village Trebejov and in the 
quarry Trebejov of October 19, 2015 

Fig. 2 Geological map of the surroundings of the quarry Trebejov. Post-
tertiary period: 1 – clay, gravel, sand (Holocene), 2 – sandy gravel, gravel 
(Pleistocene), 3 – steep lands (unstructured) mainly clayey stony, Neocene: 
4 – klčovské complex of strata varhaňovské gravel: polymict, weathered, 
without pebble stones of carbonates (upper Baden- lower Sarmatia), 
Mesozoic: 5 – manifold loamy, loamy sandy shales, with components of 
quartzite (lower Trias), 6 – lúžňanské complex of strata – quartzite, 
quartzite sandstone, locally with the components of manifold shales (lower 
Trias), 7 – ramsauské dolomites (ladin) [23] 
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To measure and graphically record the seismic effects of the blasts in the quarry Trebejov the following digital seismic apparatuses 
were applied: 
 seismograph VMS 2000 MP of the American company Thomas Instruments and seismic recorders of the American company Geospace 

(Fig. 5), 
 seismograph ABEM Vibraloc and seismic recorders of the Swedish company ABEM (Fig. 6, Fig. 7, Fig. 8), 
 seismograph UVS 1504 and seismic recorders of the Swedish company Nitro Consult (Fig. 9, Fig. 10). 

 

At measuring the bench blasting effects in the quarry Trebejov at the measuring standpoints S1 and S5 (Fig. 3 and Fig. 4) the 
following apparatuses were applied: the seismograph VMS 2000 MP and the three-component geophone manufactured by Geospace with 
the frequency range 2 ÷ 250 Hz and the seismic resolution 0.127 ÷ 250 mm. s-1. The sample rate of the apparatus VMS 2000 MP was 1024 
samples per second. The measurement of the seismic effects at the measuring standpoints S3, S4 and S6 were carried out by the digital 
four-channel seismograph ABEM Vibraloc and the geophones ABEM with frequency range 2 ÷ 250 Hz and seismic resolution 
0.02 ÷ 250 mm. s-1. The sample rate of the apparatus ABEM Vibraloc was 4000 samples per second. The measurement of the seismic 
effects at the measuring standpoints S2 and S4 were carried out by the digital four-channel seismograph UVS 1504 and the geophone 
NitroConsult with frequency range 1 ÷ 1000 Hz and seismic resolution 0.2 ÷ 250 mm. s-1. The sample rate of the apparatus UVS 1504 was 
1024 samples per second. The seismographs VMS 2000 MP, UVS 1504 and ABEM Vibraloc work autonomously and carry out the tests of 
the channels automatically without any human intervention or impact on the measured and recorded vibration characteristics. The 
geophones were mounted on special steel sharp spike feet, which provide continuous contact with the foot (see detail, Fig. 6). The 
measuring standpoints S2, S3 and S4 (Fig. 3) were placed on concrete foot at the entrance of the surveyed objects – family houses in the 
village Trebejov. The seismographs provide both digital and graphical records of all three components of particle velocity of medium parts 
i.e. horizontal longitudinal – vx, horizontal transversal – vy, vertical – vz. During the measurement the geophones were situated in order to 
direct the axis x to the vibration source.  

Table 1 Parameters of bench blastings 

Bench 
blasting No. 

Sum of vertical 
boreholes 

Drilled average 
[mm] 

Length of boreholes 
from – to [m] 

Total charge 
[kg] 

Charge at one 
time stage [kg] 

Initiation system  
Indetshock MS 20/50 [pcs] 

641 21 105 24.5 - 25.5 3490.0 168 42 
642 21 105 17.0 - 18.5 2160.0 126 42 
643 21 105 8.50 - 25.0 3067.5 165 41 
644 30 105 28.3 - 30.0 5405.0 185 60 
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At measuring the seismic effects of the bench blastings at the standpoint S1 (see detail, Fig. 5) the seismograph VMS 2000MP was 
applied. The measuring of the seismic effects at the standpoints S3, S4 and S6 (see details, Fig. 6, Fig. 7, Fig. 8, Fig. 9, Fig. 10) was carried 
out by the digital four-channel seismograph Vibraloc and by seismic recorders of the Swedish company ABEM. The measuring standpoints 
S2 and S4 were set on the concrete basement at the entrance of the examined objects – a family houses in the village Trebejov, the 
seismographs UVS 1504 were applied (see details, Fig. 9). 

The measuring in the village Trebejov was passed for the soil type „b“ (Slovak Technical Standard STN EN 1998-1/NA/Z1). 
 

4 Analysis of measured data 
Before measurements the apparatuses positioned at individual standpoints were calibrated and their responsiveness was checked. At 

the measuring standpoints there was recorded the seismic records of individual components of seismic vibration at CO 641, CO 642 
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CO 643, CO 644. The individual seismic records last four seconds. The particular measuring apparatuses were positioned at the measuring 
standpoints enabling to assess the impact of generated seismitivity on the surveyed objects. During these measurements the measuring 
apparatus VMS 2000 MP was also set in the quarry Trebejov in a very short distance to the boreholes of the bench blastings No. 641 
and No. 644, to the surveyed objects in the village Trebejov, which enabled us to achieve the values of the vibration velocity (Fig. 5) for the 
very strict determination of the law seismic waves attenuation from the blastings to the receptors, i.e. to the surveyed objects in the village 
Trebejov. The measured values at the individual measuring standpoints are illustrated in Table 2. 

According to the measured values of the particle velocity and frequency of individual vibration components at CO 641, CO 642, 
CO 643, CO 644 (Fig. 11, Fig. 12) and due to the Slovak Technical Standard STN EN 1998-1/NA/Z1 (Seismic Loading of Building 
Structures) the effects of the individual blastings could have been evaluated on the housing objects in the village Trebejov [23]. 
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The measured maximum values of the seismic effects generated by the bench blasting in the quarry Trebejov are demonstrated in 

Table 2 and Table 3. Due to these values, law of seismic waves attenuation, was assessed in the quarry Trebejov. The low frequencies 
measured at the family houses, which are from the viewpoint of the seismic security more risky building objects. See highlighted values in 
the Table 2. 

In the case of standpoint quarry Trebejov S1, CO 642, it was not enable to prepare seismograph (values missing). There were too 
short time to prepare for the measuring of bench blasting CO 642. 
 

Fig. 5 Position of the seismic apparatuses UVS 1504 and ABEM 
Vibraloc, standpoint S4 in the distance 753.41 m from the first CO 
No. 643 and in the distance 657.86 m from the second CO No. 644 
in the village Trebejov 

Fig. 6 The housing object for standpoint S4 
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Fig. 7 Graphical record of the individual vibration components 
measured at the measuring standpoint S3. The geophones were 
positioned at the entrance to the building object – seismic 
apparatus ABEM Vibraloc. The first channel-z, the second 
channel-x, the third channel-y at CO 641 

Fig. 8 Graphical record of the individual vibration components 
measured at the measuring standpoint S3. The geophones were 
positioned at the entrance to the building object – seismic 
apparatus ABEM Vibraloc. The first channel-z, the second 
channel-x, the third channel-y at CO 644 
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Table 2 Maximum measured values of particle velocity and frequency at monitored bench blastings 

Standpoint vx [mm. s-1] vy [mm. s-1] vz [mm. s-1] fx [Hz] fy [Hz] fz [Hz] CO 

quarry Trebejov S1 182.22 166.09 178.13 28.4 73.1 51.2 641 

village Trebejov S2 0.75 0.55 0.55 9.7 1.5 3.1 - 

village Trebejov S3 0.754 1.216 0.578 7.53 6.72 15.4 - 
village Trebejov S4 0.841 0.464 0.457 11.6 14.2 8.96 - 
quarry Trebejov S1 - - - - - - 642 

village Trebejov S2 0.75 0.55 0.55 5.1 3.0 7.3 - 

village Trebejov S3 0.87 0.579 0.549 8.82 9.93 11.7 - 
village Trebejov S4 1.172 1.288 0.432 8.59 7.11 21.0 - 
quarry Trebejov S5 32.14 37.22 48.15 23.3 13.8 26.9 643 
quarry Trebejov S6 13.559 9.710 11.603 27.1 12.1 33.5 - 
village Trebejov S3 1.304 1.418 0.809 6.29 9.19 23.8 - 
quarry Trebejov S5  91.44 102.37 135.06 17.1 23.3 23.3 644 
quarry Trebejov S6 23.167 16.922 32.370 17.1 18.8 40.3 - 
village Trebejov S3 1.536 0.926 1.156 8.86 15.2 12.8 - 

 
Due to the data in Table 3 the graphical dependence of maximum vibration velocity components was completed at the reduced 

distance at bench blasting. The graph in Fig. 13 demonstrates the so-called law of seismic waves attenuation for the quarry Trebejov, in 
which the value Q was expressed as follows: 
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where „v“ is the maximum vibration velocity (maximum component of the vibration velocity) generated by blasting, [mm. s-1], 
L/Q0,5 is the so-called reduced distance, [m. kg-0,5], 
L is the shortest vibration source- receptor distance, [m], 
Q is the charge weight of the time stage, [kg], 
K is the coefficient dependent on the blasting conditions, properties of transmitting medium, type of explosives etc, 
n is the index of seismic waves attenuation. 
 

 

Table 3 Maximum measured values of the particle velocity components at bench blastings 

Standpoint L [m] Q [kg] LR = L/Q0,5 

[m. kg-0,5] vx [mm. s-1] vy [mm. s-1] vz [mm. s-1] 

quarry Trebejov S1 11.18 168 0.86 182.220 166.090 178.130 
village Trebejov S2 840.94 168 64.88 0.750 0.550 0.550 
village Trebejov S3 847.94 168 65.42 0.754 1.216 0.578 
village Trebejov S4 743.30 168 57.35 0.841 0.464 0.457 
village Trebejov S2 711.33 126 54.88 0.750 0.550 0.550 
village Trebejov S3 713.33 126 55.03 0.870 0.579 0.549 
village Trebejov S4 540.35 126 41.69 1.172 1.288 0.432 
village Trebejov S3 702.50 165 54.71 1.304 1.418 0.809 
village Trebejov S3 641.88 185 47.19 1.536 0.926 1.153 
quarry Trebejov S5 11.00 185 0.80 91.440 102.370 135.060 
quarry Trebejov S5 90.20 165 7.00 32.140 37.220 48.150 
quarry Trebejov S6 130.43 165 10.15 13.559 9.710 11.603 
quarry Trebejov S6 61.00 185 4.48 23.167 16.922 32.370 
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The law of seismic waves attenuation in Fig. 13 has the form of a straight line characterized by maximum boundary values of the 
particle velocity vhr, resp. by average value of maximum ones of the particle velocity components vstr. This solution enables to assess in 
a very quick and precise way the permissible charge at one time stage Q for each source – receptor distance [1, 3, 15, 16, 17, 18, 21, 22]. 
The processing of measured results was carried out by the program LeSeiz, composed at the Institute of Geosciences and Environment 
F BERG [15]. The program automatically calculates the regress model of the seismic waves attenuation law. The measured values and the 
particular regress model are presented simultaneously in both logarithmic and longitudinal coordinates.  

According to the law of seismic waves attenuation it is possible to determine for a particular receptor the charge capacity at a given 
distance, so that the maximum values of the particle velocity components will not exceed the defined maximum particle velocity. In the 

Table 4 Maximum permissible charge at one time stage 
depending on the following distances 

Distance  
L [m] 

Reduced distance 
LR [m. kg-0.5] 

Max. charge at one time stage 
Qvmax [kg] 

100 40 8.00 
200 40 25.00 
300 40 56.25 
400 40 100.00 
500 40 156.25 
600 40 225.00 
700 40 306.25 
800 40 400.00 
900 40 506.25 

1000 40 625.00 

Fig. 9 Graphical dependency of maximum particle velocity components 
on the reduced distance at bench blastings in the quarry Trebejov – law 
of seismic waves attenuation. The red line marks the maximum secure 
permissible particle velocity for the building objects. The green line 
marks the reduced distance for the quarry Trebejov. The points 
demonstrate the measured values of the particle velocity at the 
individual measuring standpoints of bench blastings CO 641, CO 642, 
CO 643, CO 644 
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graph (Fig. 13) there are marked by blue points the measured values of the particle velocity at the surveyed objects in the village Trebejov 
at CO 641, CO 642, CO 643, CO 644 (Table 3). The points on the left side of the figure mark the measured values of particle velocity at the 
vibration source, i.e. near to the blasting in the quarry Trebejov. The red line stands for the boundary of maximum permissible particle 
velocity for this particular soil type „b“ (the level of groundwater is higher than 3 m below the surface level). 

Quarrying in the area Trebejov is provided by bench blastings. According to the measured and evaluated values at the operating 
blastings in the quarry Trebejov there was appointed law of seismic waves attenuation, on the basis of which it is possible to apply (at 
repeated bench blastings in the quarry Trebejov) the maximum permissible charge at one time stage depending on the following distances 
which are shown in Table 4. On the base of law of seismic waves attenuation were stated reduced distance LR = 40 (cross point between red 
line and green line, Fig. 13).  

The following seismic monitoring confirmed the correctness of the standardized measures for ensuring the seismic security of the 
surveyed housing object.  

 
5 Conclusion 

The measurement results of seismic effects CO 641, CO 642, CO 643, CO 644, which were carried out in the quarry Trebejov proved 
higher seismic waves attenuation activated by the technical seismitivity in the quarry Trebejov (Fig. 11). Consequently they demonstrate 
the low frequencies measured at the family houses, which are from the viewpoint of the seismic security more risky building objects (see 
Table 2, standpoints S2, S3, S4). These frequencies are able to vibrate the building objects with higher energy. Therefore the sensational 
responses of the dwellers are more dominant. It was the reason for the determination of the lowest value of the permissible particle velocity 
in accordance with the valid Slovak technical Standard STN EN 1998-1/NA/Z1 Seismic Loading of Building Constructions. 

The measured values of the particle velocity did not exceed the values due to the valid Slovak Technical Standard STN EN 1998-
1/NA/Z1 Seismic Loading of Building Constructions vd < 3 m. s-1 for the frequencies smaller than 10 Hz and for the soil type „b“ and the 
whole village Trebejov. There were applied maximum 126 kg explosives at one time stage in the measured bench blastings at the distance 
540.35 m and it did not exceed the maximum permissible charge capacity in accordance with the seismic waves attenuation law in the 
quarry Trebejov and as it follows the total charge was 156.25 kg explosive for the distance up to 500 m. 
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