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The article summarizes experimental seismological measurements of vibration effects of blasting operations. Dur-
ing tunnel excavation can watch a variety of effects on the near or distant surroundings of the building. One of the
most discussed are the effects of vibration, while the most important vibrations are caused when part of the excava-
tion technology also use blasting. In this paper, we focus on the design summary of results from experimental seis-
mological measurements, and the values of the maximum amplitude of vibration, which are measured at small
distances from the source of vibration. For comparison also gives the results of experimental measurements of vi-

bration induced at larger distances, or quarries.
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INTRODUCTION

In the course of tunnel driving we can observe a
number of various effects on less or more distant sur-
roundings of the construction work under construction.
Vibrations are one of the most discussed effects; the
most significant vibrations are induced by use of blast-
ing operations. In the paper we will focus on giving a
summary of the results of experimental seismological
measurements, i.e. on the maximum amplitudes of vi-
bration that are measured at small distances from a
source of vibrations (called also near zone). Also the
results of experimental measurements of vibration gen-
erated at greater distances, or in the vicinity of quarries,
are given to compare.

The values of the maximum sizes of the amplitudes
of vibration induced on blasting of explosives are influ-
enced by many factors ([1-3]). In spite of that, relatively
simple formulas are used for estimating these sizes to-
day. Most of them can be written in the formal form as
the formula v = f (Q, R), where v is the maximum parti-
cle velocity, Q is the weight of the explosives (usually
at one time stage) and R is the distance between the
source of vibrations and the place under consideration.
This general formula can be found in various forms in
the literature. A more detailed list of these formulas
from various localities can be found, for example, in the
publications by [4] or [5].

A number of examples from the Czech and Slovak
Republics, subsequently plotted on graphs, make it pos-
sible to draw up summary information in the form of one
of commonly used formulas. A graph uses a so-called re-
duced distance, which makes it possible to consider the
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weight of the explosive used. Sensors during measure-
ments were placed on rock massif, typical frequency
range of seismic channel was 2 — 200 Hz and sampling
frequency of digital signal was 250 Hz usually.

FORMULAS USED FOR
OPENCAST QUARRIES

The explosion of a charge of explosives generates a
short but intensive pulse. The range of the maximum am-
plitudes of motion induced on the blasting of a charge is
1 to 200 pum (i.e. approx. 0,2 up to 50 mm-s™! or 0,02 up
to 1 m's?). Its spectrum is continuous and contains fre-
quencies from lower values up to very high values — usu-
ally of 1 up to 300 Hz. These values can change insig-
nificantly in dependence on the literary source used. Gen-
erally, it is necessary to add that the type and properties of
the rocks to be blasted, the explosive parameters and the
technology of the blasting operations to be carried out
have to be taken into account for determining the sizes of
the maximum amplitudes of vibration [6].

An empirical formula, so-called Langefors or also
Koch (e.g. [7, 4]) is used for determining the maximum
values of a particle velocity in a distant zone. This for-
mula that is used mainly for evaluating the seismic ef-
fect of blasting operations in opencast quarries is often
given in the form

= .Om .]-n.
V..~ KQ I

where v — the maximum particle velocity /mm-s’;
Q — the weight of the charge /kg;
1 — the distance from the source /m and K, m, and n
are empirical parameters.

Graphs are plotted either as the dependence of the
maximum velocity of vibration v on the distance or
on the so-called reduced distance L, which is the ratio
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of the distance 1 to the square root of the weight of the
charge blasted Q (L, =// @). If we base on the Czech
CSN 73 0040 standard or the Slovak STN 73 0036
standard, then the values of the empirical constants in
the exponents are considered in sizes m=0,5 andn= 1.
Therefore, the mentioned formula changes to the form

JQ

Vo = K=—
1.

This formula, called the law of seismic wave attenu-
ation, can be defined very well; however, it can have a
very low correlation for complicated geological condi-
tions (e.g. [4, 8, 9]). Not only the record of a vibration
effect as a whole but also individual parts of the record
corresponding to individual time stages (if individual
stages can be separated) can be used for drawing up the
formula.

The mentioned standards define informative values
of the coefficient K for bedrock or a base of semi-rocks
and other rocks except for rocks in a water-bearing en-
vironment in dependence on the distance from the blast-
ing point (Table 1). This informative table is used for
estimating the maximum amplitude of a velocity of vi-
bration using the last formula unless more detail infor-
mation on the rock environment is available [10].

These values from Table 1 are suitable especially for
blasting operations of a large extent in opencast quarries
and for distances in hundreds of meters from a blasting
point.

Table 1 Information values of the coefficient K/kg'>m?s™
(according to [11-12])

Distance / m The bedrock of rock Other rocks in the
- medium to very law | aquifer environment
density of disturbances
10 350 250
50 250 150
200 150 120
500 and more 120 100

The same formula is also used for evaluating in tun-
nels and quarries, both for large and small distances, in
the following text. The methodology has been selected
for processing the whole data set where the maximum
values of the amplitudes of a particle velocity at indi-
vidual components (vertical, horizontal radial, and hori-
zontal transversal) are interpreted and subsequently the
spatial component is calculated (according to the for-
mula: v = (v + vy2 +v ). The coefficients K are sub-
sequently calculated from this value and the appropriate
dependences are drawn up.

EXAMPLES OF THE RESULTS OF
MEASUREMENT AT GREATER DISTANCES
FROM A SOURCE OF VIBRATION

The example of results that were obtained from the
long-term monitoring of seismic effects of blasting op-
erations comes from driving the tunnel of Klimkovice
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near Ostrava which is a part of Motorway D47 (e.g. [13]).
The tunnel itself is 1,080 m long. It passes through the
land elevation between Klimkovice and a part of Hylov.

Driving the tunnel was carried out in the bedrock of
broken carbon; a typical rock massif was a combination
of pelitic claystones and siltstones with greywackes and
subgraywackes in the form of flysch series of strata. It is
this rthythmic flysch stratification of clay and sandstone
strata what is typical to the Ostrava area. The angle of
strata varied slightly (60 - 70 °) in the course of work
and was interwoven with frequent discontinuities, most-
ly perpendicular to stratification. Further, five faulted
bands were indicated, passing mostly obliquely to the
tunnel axis. The underground water is bound especially
to joints and tectonic disturbances. The environment of
the massif is generally variable and is characterized as
less permeable. Verified water inflows in driving mostly
did not exceed 1-2 1.

The correlation of the maximum amplitudes of the
velocity of vibration with a reduced distance was drawn
up from selected data (Figure 1). This relation is not
well defined because the range of reduced distances is
very small. We define two values of the transfer con-
stant K (=v__ - 1/NQ) from this relation, for the smallest
(K,) and the greatest (K,) reduced distance with the spa-
tial maximum amplitude of the particle velocity at the
given reduced distance:

K, = 88,19 K, =97,18 kg >m?s".

The territory is a part of the Krizilany nappe, but it
partially differs lithologically from typical profiles of
this tectonic unit. It is assumed that this may be a shal-
low sedimentation area in which Mesozoic carbonates
of Humenné hills have sedimented. The deep water sed-
imentation of limestones continues down to the Lower
Cretaceous [14].

The experimental measurement of vibrations took
place in the vicinity of a cave that is situated in the area
of the quarry of Brekov (Figure 2). During this meas-
urement, a small quantity of data was obtained (four
reduced distances only); the relation obtained is rela-
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Figure 1 Graphical dependence of the maximum values of
the particle velocities on the reduced distance in
experimental measurement at the tunnel of
Klimkovice - the law of seismic wave attenuation
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Figure 2 Graphical dependence of the maximum values of
the particle velocities ion on the reduced distances
during experimental measurement at the quarry of
Brekov - the law of seismic wave attenuation

tively well defined. The obtained end transfer constants
reach the values:
K, =7275 K,=56,12kg"*m*s".

CONCLUSIONS

The geological situation in individual localities was
different. The so-called law of seismic wave attenuation
that was used for both measuring at greater distances and
also in the near zone is used for assessment. The depend-
ences obtained are statistically significant, freer depend-
ences are usually reached for small values of distances
(or reduced distances as the case may be). The fact that
quasi-homogenous geological units in which the law of
seismic wave attenuation for small distances would be
defined have to be defined with a smaller variability of
the parameters to be assessed results from this. Two val-
ues of the transfer constant K (=v__ - 1NQ) for each case
presented were calculated, for the smallest (K,) and the
greatest (K,) reduced distances (with the maximum am-
plitude of the velocity of vibration at the given reduced
distance) (Table 2). This graph (Figure 3) supports again
the aforementioned knowledge that for greater distances
we obtain a relatively homogenous set of coefficients K;
however, this dependence is not defined for reduced dis-

Table 2 Summary table of the end values of the coefficient
K (K, and K,) for all the localities measured

Klimkovice Brekov Borik Kucin
K, 88,19 72,75 237,68 178,99
K, 97,18 56,12 261,54 61,82
L/m 71,9 72,3 115 62,1
v /mms’ 1,9 2,21 11,34 | 17,05
Banska Bystrica | Olbramovice | Tomice | Tomice Il
K, 130,74 85,47 137,62 137,91
K, 35,69 206,27 157,03 80,06
L/m 12 6,5 16 8,5
v, /mm:s’ 19,26 42,31 23,09 | 3555
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Figure 3 Dependence of the transfer coefficient K on the
reduced distance for the data from the
aforementioned examples

tances under 40 m-kg®°. This is connected, among oth-
ers, also with use of data from localities with various geo-
logical structures.

Acknowledgements

This article was created with the support of the OP
Research and Development for the project: ITMS
2620220031, co-funded by European Regional Devel-
opment Fund.

REFERENCES

[1] I Don Leet.: Vibration from Blasting Rock Cambridge
Massachussets, 1960, 181 p.

[2] V. N. Mosinec: Drobjasceje i sejsmiceskoje dejstvija vz-
ryva v gornych porodach. Nedra, Moscow, Russia, 1976,
187 p. /In Russian/

[3] D. Siskind: Structural Response and Damage by Grow. Vi-
bration from Surface Mine Blasting, USBM RJ 8507,
2001, 34 p.

[4] O. DOJCAR, J. Horky, R. Korinek.: Casting Technology.
Montanex, a.s., Ostrava, 1996, 421 p. /In Czech and Slo-
vak/

[S] B.Pandula, J. Kondela: Methodology of Vibrations Gener-
ated by Blasts, SSTVP Banska Bystrica, DEKI Design, s.
r. 0., Slovakia, 2010, 156 p.

[6] D. Royer, E. Dieulesaint: Elastic Waves in Solids 1.
Springer,1996, 390 p.

[71 G. Bongiovanni, V. Gorelli, G. Rienzo, D. Rinaldis: Ex-
perimental Studies of Vibrations Caused by Blasting for
Tunnel Excavations. In: Earthquake, Blast and Impacts:
Measurements and Effects of Vibration, Elsevier Applied
Science, 1991, p. 201-210.

[8] K. Holub: Analysis of Blasting Vibration Effects to Under-
ground Workings, Urban Structures and Inhabitants. Trans-
actions, Civil Engineering Series, 6(2006)2, 113-123.

[91 B.Pandula, I. LesSo: Spectral Analysis of a Coyote — Hole
Blast. Transactions, Civil Eng. Series, 5(2005)2, 105-112.
/In Slovak/

[10] H. C. CHen: Seismic Signal Analysis and Discrimination.
Amsterdam-Oxford-New York, 1982, 102 p.

389



P Z. KALAB et al.: EXAMPLES OF LAW OF SEISMIC WAVE ATTENUATION e

[11] CSN 730040 Loads of technical Structures by Technical [14] S. Jacko Jun.: Outline of the Structure of Mesosoic Se-
Seismicity. Czech Standardization Institute, Prague, 1995, quences of the Humenské Vrchy Mts. Acta Montanistica
28 p. /In Czech/ Slovaca, Spec. issue, 1997, 23-26. /In Slovak/

[12] STN 730036 Seismic Actions on Structures. Institute for
Standardization, Metrology and Testing of Slovakia. Brati-
slava, 1977, 85 p. /In Slovak/

[13] J. Pechman: The Klimkovice Tunnel, D47 Highway. Tun- Note: The responsible translator for English language is the lecturer
nel, Magazine of the Czech and Slovak Tunnelling Asso- from Institute of Geonics, Ostrava, Czech Republic
ciation ITA/AITES, 15(2006)1, 32-34.

390 METALURGIJA 52 (2013) 3, 387-390



