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MEASUREMENTS OF SEISMIC VIBRATIONS [INDUCED BY
QUARRY BLASTS AT THE MOSTECKA BASIN

Summary. This contribution deals with presentation of measurements of quarry blasts
seismic effect that were made in the Mostecka Basin. Obtained values of this seismological
measurements were used not only for evaluation of seismic loading of buildings and
structures in surroundings according the Czech Technical Standard 73 0040 but also as input
data for mathematical modeling. Example of wave pattern is presented because unusual shape
of wave patterns was recorded. To explain the origin of the group of surface waves, several
working hypotheses were tested.

POMIARY DRGAN SEJSMICZNYCH WYWOLANYCH ROBOTAMI
STRZALOWYMI W KAMIENIOLOMACH NIECKI MOSTECKIEJ]

Streszczenie. W artykule przedstawiono pomiary zjawisk sejsmicznych towarzyszacych
urabianiu skal za pomoca materialu wybuchowego. Uzyskane, na podstawie pomiaréw
sejsmicznosci, wyniki uzyte zostaty nie tylko do okredlenia sejsmicznego obcigzenia
budynkdéw i konstrukcji w rejonie wstrzagsow wedtug Czeskich Standardow Technicznych nr
73 0040, ale takze jako dane do modelowania matematycznego. W artykule przedstawiono
przebiegi zarejestrowanych drgan i przeprowadzono prébe wyjasnienia wplywu zrodia
wstrzgsu na przebieg fal powierzchniowych.

1. Introduction

The main objective of the work was to record and interpret the seismic effect of quarry
blasts. Usually, the experimental measurements of the detonation of explosives produce
typical records of seismic effects, i.e. short wave impulses with rapid attenuation. The
measured duration of the whole event lasts no more than 5 seconds. However, vibrations at
the Mostecka Basin that are also induced by blasts made as a part of the extractive process in
an opencast mine near Tusimice (DNT Mines) have unusual shape. The duration of the

recorded wave patterns was up to 35 s. Records of seismic events made at a distance of2to 5
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km from the blast show body waves in groups, the duration of which is from 3 to 7 s. The
record reveals an intensive group of surface waves following this with a pattern of harmonic
vibration lasting for 15 - 30 s. The prevailing frequency in this part of wave pattern is about
2 Hz, and the maximum recorded value of vibration velocity also occurs in the majority of
these records. The wave field that is generated after blasting operations is very complicated.
Seismic records obtained from sites with different geological settings show that the structures
in the basin have a marked effect on the shape of the wave patterns (e.g. Kalab and Knejzlik,
1999, Kalab et al, 1997, Kalab, 2003).

From the other hand, many seismological and local geological and hydrogeological
conditions must be taken into account to evaluate variability of surface wave field. This so
called site effect is often discussed and modeled (e.g. Bullen and Bolt, 1993, Viskup and
Janotka, 1995, Ansal, 2004, Janotka et al., 2006).

2. Geological and seismological situation

The Mostecka (formerly North Bohemian Brown Coal) Basin is a relict of a Tertiary
sedimentary basin, filled with sedimentary material mostly during the Miocene era.
Geological section is presented in Fig. 1. At that period 22 to 17 million years ago, more than
500 meters of clays, sands and organic material was gathered in the basin. A brown coal seam
developed in most parts of the basin, formed from layers of peat deposited in a Tertiary
swamp. Near river mouths feeding the swamp with water, the peat sedimentation was
suppressed by depositing sands and clays. At these locations the seam is either completely
replaced by alluvial or delta sediments, or split into several bands. According to the
manifestation of these impacts on the seam cross-section, the Mostecka Basin can be divided
into several parts. Most affected by sand and clay deposits was the Zatec delta area. In the
remaining part, a more or less integral, 25 to 45 meters thick brown coal seam developed. The
outcrop of the coal seam or its equivalent represents the present basin border. Today's
remnants of the Mostecka Basin spread over an area of about 870 km2. The deepest part of the
basin is the so called Central Region between the towns of Litvinov, Osek and Duchcov and
villages Lorn and Marianske Radcice. At present, the coal seam is mined by five open cast
mines. Two of these - Bilina and Libous, are run by Severoceske doly, a.s. Chomutov

(according www.sdas.cz).
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Fig. 1L Geological section in the Mostecka Basin (assumed from www.sdas.czl
Rys. 1. Przekro6j geologiczny Niecki Mosteckiej (na podstawie www.sdas.czl

The locality under discussion, in which the experimental measurements in question were
taken, represents, from the seismological point of view, anenvironment which is
characterized by very low natural seismic activity and seismic effects resulting from
anthropogenic activity. In the course of measuring, seismic manifestations corresponding to
the blasting operations in the near DNT mines and seismic manifestations produced by
"common activity", such as traffic, excavations, train passages, etc., were monitored. It can be
briefly stated that the taken experimental measurements made it possible to judge the rate of

seismic load on measured sites for the given intensity of anthropogenic activity.

3. Main characteristics of seismic manifestations

When registering seismic manifestations due to the blasting operations, in small distances
wave patterns are usually recorded that correspond with the record of the group of volume
waves - P longitudinal and S transversal ones and their mutual interference (see Bullen and
Bolt, 1993). The record is characterized by a steep increase in the amplitude ofa signal and its
quick damping (see example in Fig. 1). The typical duration of the record is usually several
seconds that is typical parameter of the record. This type ofsignals forms a basis for the
construction of a lot of commercial monitoring apparatus designed mostly as three-component
digital recorders of a seismic signal supplemented, if need be, by a channel for the recording
of a pressure wave. Their time ofrecording is often limited owing to the capacity of storage to
about 10 s; in this interval the maximum recorded amplitude of a signal is also mostly read

automatically.
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Fig. 2. Typical wave pattern of blasting operation (Krasno quarry, epicenter distance about 5 km)
Rys. 2. Typowy przebieg fali sejsmicznej wywotanej robotami strzatowymi. (Kamieniotom Krasno,
epicentrum w odlegtosci okoto 5 km)

Already during the first experimental measurements in the surroundings of the DNT
Mines we found that wave patterns had a quite different character with the time of duration of
up to 35 s - see the typical example in Fig. 2. In this figure, records of the vertical, north-south
and east-west components are again illustrated from top to bottom. Scales of amplitudes in
particular vertical axes have the norm prescribed for the maximum recorded value (the value
on the left of the record), and therefore they are various. In the horizontal axis the time is

given (1s/unit distance, approximately halfshortening of 1s between fig. 1and 2).

Fig. 3. Typical wave pattern of blasting operation; record continues but to have more detailed
information about first wave groups it is cut off (DNT Mines quarry, epicenter distance about
3.5 km)

Rys. 3. Typowy przebieg fali sejsmicznej wywotanej robotami strzatowymi, zapis ciaglty z
wycieciem, celem uzyskanie wiekszej doktadnosci (Kopalnia odkrywkowa DNT, odlegtos¢
epicentrum okoto 3,5 km).
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4. Experimental measurements on slopes

To obtain needed information for evaluation of impact of quarry blasts on slopes, seismic
station was located here. First position was placed near inspection tunnel (distance to blasts
was about 1 km), second one was placed on concrete bridge on hill (distance about 200 m
from slope, about 1.5 km from blasts, see Fig. 4. Maximum measured velocity amplitudes
were almost (component value) 5 mm.s'1with prevailing frequency 2.3 Hz. Both positions

were on slopes that are used for mathematical modeling.
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Fig. 4. Wave pattern of blasting operation recorded on concrete bridge near hill of slope (DNT Mines
quarry, epicenter distance about 1.5 km)

Rys. 4. Przebieg fali sejsmicznej wywotanej robotami strzatowymi zarejestrowany na betonowym
moscie w poblizu zbocza (Kopalnia odkrywkowa DNT, odlegto$¢ epicentrum okoto 1,5 km)

The first part of the record on position under discussion (duration of about 2 seconds, 5-20
Hz frequency range of signal, prevailing frequencies in higher values) seems to correspond to
volumetric seismic waves that are generated by the blasting of explosives and propagate
through a rock. In the wave patterns, the onset of the P-waVe, and subsequently also the onset
ofthe S-wave, can be unambiguously identified. These waves spread through the basement of
claystones and of coal layers, the velocity of the P-wave can be determined at about
45 km.s'L

The second part of the record (duration of about 5-10 seconds in our positions, however
in detail is possible to determine this surface waves up to 20 s, 2 - 4 Hz frequency range is the
most significant) corresponds to surface waves. The generation of this wave group is not
reliable explain. At this locality, there is no need to fear of the effect of tectonic release of
seismic energy that comes from the intensive blasting of explosives in the geologically

complicated and tectonically considerably damaged conditions.
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5. Discussion about surface wave origin

In the duration of measurement, the level of the seismic noise reached even the value of
6x10'6 m.s'L The increasing of the seismic loading, as mentioned above, occurred especially
in connection with excavation operations. It was a case of seismicity closely related in time
with the proper works when the amplitude of vibration velocity grew in peaks even to the
values of 2x104 m.s'1(in surroundings of exploited area). Next important source of seismic
events is traffic. The maximum value of vibration velocity of these seismic events often
exceeds the 10'4 m.s'1limit. The duration of this vibration is various; more intensive effects
reach even 15 seconds.

To explain the origin of the group of surface waves, several working hypotheses were
tested. By a process of elimination, an effort was made to verify or to disprove them
experimentally by using a single three-component station moved progressively throughout the
surroundings of the mine. The following possible explanations for the origin of surface waves
were considered:

» awave induced by the pressure wave spreading through the atmosphere,

e« a wave induced by the vibration of some secondary surface source, e.g. a large
mechanical structure with a high quality factor (e.g. the boom of a large machine, high
chimney, etc.),

e awave induced by the channel wave propagating through a coal seam or other marked
stratum in the geological sequence,

« some large subsurface structure, e.g. flooded spaces of a nearby underground mine,
which played a significant part in the origin of the surface wave,

e awave induced by a complex mechanism at the source of vibration, i.e. the pattern of
firing the explosive charges,

e aclassic example of the generation and propagation of a surface seismic wave.

It became obvious from experimental measurements carried out at various positions in the
surroundings of mines that the intensive group of surface waves develops as a result of the
technique used in blasting operations (especially as the result of the detonation of explosives
in shallow boreholes). The intensification of the surface wave takes place in the subsurface
layers of rocks with high wave impedance. In this case, it is probably the bedding structure of

the basin, i.e. the coal seam and the strata which overlie it, usually clays (and/or shale), and
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vast heaps of overburden material. Records from almost all of the measured sites confirm this
finding. The measurements made outside the basin are an exception to this general finding; in

these cases only a group of body waves was recorded (e.g. point in Hasistejn castle).

6. Mathematical modeling

Mathematical model of influence of quarry blasts on slope stability was created using
programming system Plaxis (Finite Element Method). Single -point bounded source was
modeled to study influence of blasts on slope stability. It was made by means of stress-
deformation state of reverse slope in different sections of slope. Evaluation of vibrations on
railway tracks was the main task. Seven types of mediums were defined in axially symmetric
model.

Parametrical analysis enables to evaluate the development of stability and stress - strain
conditions of simulated slope. Reverse slopes are stable according to the model using
dynamic load (coefficient of stability F=1.4). Distance between source of vibrations and base
of slope was variable parameter. Its start values was 480 m than this distance was shortening
(step was 50 m). Course of potential slip planes, horizontal movements, vertical movements
and changes of pore pressure were calculated. This analysis was performed both with and
without material absorption. Differences between finite values of horizontal displacements in
these two models were minimal. In this case, we documented that discussed distances do not
have principal influence on the degree of slope stability but takes more significant effect on
deformation situation in the slope. Detailed results were published in Hrubesova and

Lunéckova (2006).

7. Conclusion

The records of seismic events in the surroundings of the DNT Mines made in the
distances in range 2-5 km are marked with the 3 - 7 s duration of the group of volume waves.
After that, the record of the group of surface waves manifesting themselves in a vibration of
the harmonic type for 15 - 35 s follows in the wave pattern records. In this second group of
waves with the prevailing frequency of about 2 Hz, the maximum recorded value of vibration

velocity occurs in the majority of records too. The obtained type of record in the area before
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the DNT mines is very similar to some records of near shallow earthquakes. These records are
also characterized by intensive surface waves whose amplitudes can exceed the amplitudes of

volume waves as well.

On the whole, in terms of judging the seismic load on buildings in surroundings of DNT
Mines according to the standard for seismic loading (CSN 73 0040) it can be stated that the
value of 3 mm.s'], which is a minimum limit value at the ,,0 degree of damage (i.e. without
any damage) was never reached during any blasting of explosives in the DNT Mines. If we
admit the ,,1“ degree of damage (i.e. the first damages - small failures), we can present that
the minimum limit value of 8 mm.s'1lis three times higher. Common used relations between
distance (actual or reduced), weight of explosives (total or charge fired in one time stage) and
maximum velocity amplitudes do not exist. Maximum recorded value of velocity amplitude in
buildings was 2.8 mm s'L

Investigations of the seismic loading of buildings and structures have a direct bearing on
the implementation of new European standards for the design and protection of civil
engineering structures (EUROCODES). Seismic measurements will play an important part in
evaluating the seismic loading of structures at specific sites and in gathering data to enable

mathematical modeling of their structural responses.
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Streszczenie

W ramach artykutu przedstawiono pomiary drgan sejsmicznych wywolywanych
urabianiem materiatu skalnego w kopalniach odkrywkowych Niecki Mosteckiej. Pomiary
wykonywano w rejonie oddalonym od Zrodta drgah o 2 do 50 km. Grupe drgan
objetoSciowych rejestrowano w czasie okoto 3 -7 sekund, a nastepnie rejestrowana byta
grupa drgan powierzchniowych przejawiajgca sie jako drgania typu harmonicznego. W tej
drugiej grupie przewazaty drgania o czestotliwosci 2 Hz.

Zarejestrowane przebiegi drgan w rejonie kopalh DNT wykazujg znaczne podobiefstwo
do drgan wywotanych ptytkimi trzesieniami ziemi. Drgania te charakteryzuja sie duzg

intensywnos$cig, a ich amplitudy przewyzszajg amplitudy drgan objetosciowych.
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Oceniajagc wptyw prowadzonych strzelan i nastepnie generowanych nimi drgan
gérotworu, na podstawie norm dotyczacych oddziatywarn sejsmicznych (CSN 73 0040) mozna
stwierdzi¢, ze urabianie za pomocag materiatbw wybuchowych nie stanowi zagrozenia dla
budynkow i konstrukcji zlokalizowanych w rejonie Niecki Mosteckiej.

W artykule przedstawiono takze probe numerycznego modelowania wpltywu na
statecznos$¢ zbocza wstrzaséw wywotywanych urabianiem skal za pomocg materiatéw
wybuchowych. Do modelowania numerycznego réwniez zastosowane zostaly wyniki
prowadzonych pomiaréw.

Badania w zakresie obcigzenia budynkéw i konstrukcji oddziatywaniem sejsmicznym
posiadajg bezposrednie odniesienie do nowych europejskich standardéw dotyczacych

projektowania i ochrony obiektéw inzynieryjnych.



