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Abstract

Determination of in-situ stress serves as an important step in the design and construction of civil and mining projects,
among others. Conventional methods of the in-situ stress measurement are time- and cost-intensive. Therefore, the
application of low-cost yet rapid methodologies for in-situ stress evaluation has been increasingly regarded by research-
ers. The Kaiser effect-based acoustic emission method is one of such novel approaches to the in-situ stress evaluation.
Not only the point at which the Kaiser effect occurs, but also the mechanism of the Kaiser effect is of paramount impor-
tance. In this research, acoustic emission tests were conducted on phyllite rock samples under Brazilian tensile loading
to collect a variety of acoustic data, including the amplitude, rise time, count, duration, and energy. Then, the Kaiser
effect point was determined using the collected data on acoustic parameters, with its occurrence mechanism investi-
gated. In addition, mathematical transformations were adopted to transform the acoustic signal from the time domain
to the frequency domain, where the peak frequency was analyzed. The results of the RA/AF ratio analysis showed that
the acoustic emission was sourced from tensile micro-cracks. Moreover, the high level of energy indicated a high inten-
sity of crack formation at the Kaiser effect point. The large number of received hits showed that the count of generated
cracks increases abruptly within the range of the Kaiser effect. In addition, the obtained high value of the peak frequen-
cy implied that the crack growth rate is high at the Kaiser effect point.
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samples of metal, wood, and sandstone in 1950. Since
then, this effect is known under the same title (Kaiser,
1950). In the laboratory, the Kaiser effect is induced by
subjecting the rock samples to cyclic loading. The Kai-

1. Introduction

Engineering design of structures in rocks is impracti-
cal without a knowledge of the stress field. Accordingly,

during the past 70 years, many attempts have been made
to present proper methods for in-situ stress measure-
ment. Acknowledging the high cost and time-intensive-
ness of the conventional methods (most of which are in-
situ methods, including hydraulic fracturing and the
overcoring method), the tendency toward the use of low-
cost yet fast methods has increased significantly. The
acoustic emission method is a low-cost yet rapid meth-
odology for such a purpose. With the help of the acoustic
emission method, one can utilize the Kaiser effect to re-
cover the stress memory in such materials as rocks. The
Kaiser effect was coined after a German researcher, Jo-
seph Kaiser, when he performed a series of tests on small
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ser effect is defined as lack of acoustic parameters prior
to achieving the previously applied level of stress to the
sample. As seen on Figure 1, the acoustic parameters
follow increasing trends through the first loading cycle.
Following the unloading and upon starting the second
loading cycle, the acoustic parameters exhibit no in-
crease until the first-cycle maximum load is reached. As
that maximum load is reached, the acoustic parameters
increase either abruptly or gradually, indicating what we
know as the Kaiser effect. These acoustic parameters in-
clude the energy level, count, rise time, amplitude, etc.
For a number of years, the Kaiser effect has been
studied for evaluating in-situ stresses although no re-
markable success was achieved, with different research-
ers supporting and criticizing the approach. However,
recent research works, especially those performed in Ja-
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Figure 1: The Kaiser effect point on an AE vs stress graph

pan, Australia, Canada, China, and Belgium, have re-
ported promising findings, highlighting the possibility of
stress tensor estimation from different samples of ori-
ented core. Results of these studies have boosted the
chances of applying this method in estimation in-situ
stress, so that a number of projects have used it to esti-
mate the in-situ stress in practice. The application of AE
is divided into three groups: prediction and estimation,
monitoring and performance assessment, and detection.
The use of AE methods, among other laboratory or in-
situ methods, is very fast and accurate, and by only in-
stalling specific sensors with data logging equipment, it
has been able to process and analyze data online and re-
motely (Khoshouei and Bagherpour, 2019).
Montonon and Hardy conducted a comprehensive re-
view of the studies performed on the Kaiser effect in the
field of geological materials. They further investigated
the effects of sample medium, test method, multiple
stress states, etc. Based on their results, they introduced
the Kaiser effect as a simple and low-cost approach to
measuring the in-situ stress (Montoto and Hardy, 1991).
Seto et al. investigated the crack propagation in the rock
mass using acoustic emission in the laboratory (Seto et
al., 1996). Seto and Villaescua used the acoustic emis-
sion method to evaluate the in-situ stress in a mine prem-
ise in Australia, and further compared the results to those
of the overcoring method (Seto and Villaescusa, 1999).
Lavrov stipulated that step-wise loading in three orthogo-
nal direction differs from simultaneous stress application
(Lavrov, 2001). Tuncay and Ulusay reported research on
the balance between the Kaiser effect and the applied
prestresses based on the results of in-lab tests (Tuncay
and Ulusay, 2008). Kent and associates compared the
acoustic emission method with other methods and
showed that, although the rock type and the level of in-
situ stresses compared to the rock strength affect the suc-
cess rate of the acoustic emission method, this methodol-
ogy can still provide proper information about the in-situ
stresses, especially where brittle deformation is encoun-
tered (Kent et al., 2002). Yuan and Li presented a theo-
retical and experimental study on the Kaiser effect in
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Figure 2: Parameters of acoustic emission signal

brittle rocks. They suggested that conventional experi-
mental methods for Kaiser effect assessment with the
help of acoustic emission must be modified to give more
accurate results (Yuan and Li, 2008). Li ef al. conducted
an analytic and experimental study on the estimation of
in-situ stress using the Kaiser effect. They showed that a
large confining pressure in the rock mass can lead to large
differences between the Kaiser effect stress obtained
from the uniaxial loading tests in the laboratory and ac-
tual in-situ stress (Li et al., 2010). Nikkhah ez al. evalu-
ated the Kaiser effect using pattern recognition tech-
niques (Nikkhah et al., 2011). Lehtonen et al. devised
the Kaiser effect to estimate the stress. They reported that
stress measurement using the acoustic emission method
and the Kaiser effect can render successful when the ap-
proach is further supported by key geological informa-
tion and other stress measurement methods (Lehtonen et
al., 2012). Hsieh et al. showed that the crack formation
and propagation process induces some changes in the
stress pattern in the proceeding loading cycles when the
pre-stress level reaches a higher level than that at the start
of dilation in sandstone and ultramafic rocks, so that the
acoustic emission commences way before reaching the
previous maximum stress and hence no Kaiser effect is
observed (Hsieh et al., 2015). More recently, Chen et al.
investigated the occurrence of the Kaiser effect in rocks
under tensile loading (Chen et al., 2018). Cao et al. in-
vestigated the effects of static and dynamic loading rates
on the rock damage considering the acoustic emission
properties (Cao et al., 2019). Meng et al. presented a
study on the Kaiser effect in rocks under Brazilian cyclic
loading (Meng et al., 2019). Zadsar et al. studied fracture
mechanisms in anisotropic rocks using the Acoustic
Emission method. They showed it was inferred that ani-
sotropy affects the strength and fracture toughness of
rock samples (Zadsar et al., 2020). Khoshouei ef al. in-
vestigated the acoustic signs of different rock types based
on the values of acoustic signal RMS. They suggested
RMS values obtained from the acoustic signals can be
used in the estimation of rock class and strength proper-
ties (Khoshouei et al., 2020). Chen et al. studied the ef-
fect of joint angle on the acoustic emission characteris-
tics of a rock mass (Chen et al., 2021). King et al. stud-
ied acoustic emission waves generated upon rock
deformation test using neural networks (King et al.,
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Table 1: Mechanical properties of Phyllite
name Eol:::g‘::slsive Brazilian tensile ¢ (MPa) Friction Poisson’s Modulus of
strength (MPa) strength (MPa) angle(®) ratio Elasticity (GPa)
Phyllite 112 12.4 33 37.6 0.24 43.57
Table 2: Specification of rock specimens
Sample name Diameter (mm) Thickness (mm) Angle of anisotropy (degree) Tensile strength (MP)
QP1 533 25.9 60 8.1
QP2 53.4 25.4 30 5.8
QP3 532 24.2 0 12.4
QP4 53.2 253 30 5.8
QP5 53.1 24.2 0 12.4

2021). Li and Xu checked the rock failure mechanism by
monitoring the acoustic emission characteristics and mi-
cro-seismic activities (Li and Xu, 2021). In the same
year, Wang et al. investigated the failure mechanism and
crack propagation in the rock using the acoustic emission
method (Wang et al., 2021). Zhou et al. analyzed the
microscopic failure mechanism of rocks subjected to
Brazilian dynamic loading based on the acoustic emis-
sion characteristics (Zhou et al., 2021). Further in 2021,
Kharghani et al. checked for the effect of anisotropy an-
gle on the Kaiser effect assessment (Kharghani et al.,
2021). Beltyukov studied the impact of Kaiser effect on
the modeling of rock condition in the vicinity of a bore-
hole (Beltyukov, 2021). Kunpeng et al. investigated the
effect of loading angle on the Kaiser effect for sandstone
(Kunpeng et al., 2021). Fu et al. worked on the effect of
rise time on Kaiser stress in sandstones (Fu et al., 2021).

The mechanism of the Kaiser effect differs in differ-
ent rocks and under different tests. Generally speaking,
in stressed rocks, the acoustic emission can be induced
by microcracks and pore clogging, the development of
microcracks, fracture formation in grain structure, shear
rupture tension, phase conversions, and electric bursts
(Hardy Jr and Leighton, 1984). From another point of

view, in brittle rocks, the acoustic emission is usually
associated with microcrack propagation, while it is usu-
ally attributed to plastic displacement flow mechanism
in formable rocks. It has been further confessed that, in
geological materials with their multiple-crystal nature,
the acoustic emission can be induced due to micro-scale
displacements or macro-scale couplings, grain border
shifts, or inter-grain and intra-grain fracture initiation
and/or propagation (Hardy Jr, 2003).

Based on the theory of acoustic emission testing, a
series of the acoustic emission signal parameters (e.g.
count, rise time, amplitude, persistence time, and peak
frequency) are usually used to describe the damage level
of respective materials. Figure 2 depicts the parameters
of acoustic emission for a signal.

According to the Japanese standard code of building
materials, one can generally classify the sources of
acoustic emission under two broad categories, namely
tensile and shear cracks. This classification is based on
two parameters, namely RA and AF. RA is the ratio of
the rise time to peak amplitude of the signal, while aver-
age frequency (AF) is defined as the count ratio divided
by the persistence time (Ohtsu and Tomoda, 2007).
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Figure 4: observed failure patterns of samples after the Brazilian tensile strength test

Figure 5: A phyllite sample subjected to Brazilian loading
in an acoustic emission test

Other important parameters include energy level and the
number hits of the acoustic emission in different periods
and what we know as the b-value. The energy level is
proportional to the cracking intensity, while the number
of hits serves as a measure of the count of propagating
cracks (Moradian et al., 2016). On the other hand, iden-
tification of the frequency spectrum of acoustic emission
provides some key information regarding the formation
of microcracks (Hou et al., 2021). Accordingly, one
should transform the received signals from the time do-
main to the frequency domain — a task that can be han-
dled using mathematical transformations.

The b-value provides a measure of the count of weak
events to strong events. Different fracture configurations
produce different acoustic signals with different ampli-
tude and frequency contents. In general, fracture ampli-
tude and size are controlled by the energy released upon
crack opening or displacement. Accordingly, small dis-

placements generate low energy levels while large
cracks and displacements produce higher energy levels
(Liu, 2000). Aki proposed an equation based on statisti-
cal principles, where he weighed all recorded earth-
quakes equally to present a new methodology for deter-
mining the distribution of independent frequencies and
magnitudes of earthquake events (Sagar et al., 2012).
The method proposed by Aki is one of the methods for
calculating b-value (Aki, 1965). This method is used to
study the fracture process in rocks (Main et al., 1989;
Shiotani, 2001). In the acoustic emission technique, the
b-value is calculated from Aki’s method for independent
frequency using Equation (1) (Kyriazopoulos et al.,
2015). The b-value parameter is the logarithmic linear
slope of the frequency-amplitude distribution of the
acoustic emission. This parameter provides a scale for
the distribution of acoustic emission amplitude and is a
measure of the relative number of small and large acous-
tic emissions that indicate local fractures in stressed ma-
terials (Rao and Lakshmi, 2005).

_ 2010g10 e

b (1)

<a>-a,
Where:
< a >— the mean amplitude,
a_— the threshold amplitude,
e — Euler’s number.
The value of < a > can be obtained from Equation 2:

<a>= N4 (2)
>N

Where:
N A — the amplitude of acoustic events,
N — the number of acoustic events.

In this study, a Brazilian test was used to determine
the tensile strength of the samples as well as acoustic
diffusion tests. Tensile strength measurements for stone
samples are done directly and indirectly, of which the
Brazilian method is the most famous. These research
studies were conducted in three time phases (BriSevac
et al., 2015). Carneiro first conducted research on the
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Figure 6: Variations of stress, amplitude, and rise time
with time for the sample QP1

Brazilian test (Carneiro, 1943). The formula presented
is as follows:
OBrS = 2B

Dt
Where:

opgrs — indirect tensile strength determined by the
Brazilian test (MPa),

F —applied load (kN),

D — diameter of the tested sample (mm),

t — thickness of the tested sample (mm).

Then, in 1978, the International Society of Rock Me-
chanics presented its proposed method (ISRM, 1978).
The research studies were conducted in the second phase
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Figure 7: Variations of stress, amplitude, and rise time
with time for the sample QP2

between 1979 and 1991. The research was conducted in
the second phase between 1979 and 1991, the most im-
portant of which were the research conducted by Lajtai,
Pandey and Singh, and Newman and Bennett (Lajtai,
1980; Pandey and Singh, 1986; Newman and Ben-
nett, 1990). In the third phase, researchers such as Lav-
rov et al., Wang et al., Kazareni, Lin and Wong and
BriSevac and Kujundzi¢ examined various aspects of the
Brazilian test (Lavrov et al., 2002; Wang et al., 2004;
Kazareni, 2013; Li and Wong, 2013; BriSevac and
Kujundzi¢, 2015).

The tested samples are made of phyllite. Phyllite is a
foliated metamorphic rock rich in tiny sheets of sericite
mica. It presents gradation in a degree of metamorphism
ranging between slate and mica schist. The colour varies
between black and gray to greenish-gray. The phyllite
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Figure 8: Variations of stress, amplitude, and rise time
with time for the sample QP3

forms from pelitic sediments (shale and mudstone) at a
slightly higher degree of regional metamorphism from
slate (Haldar, 2020). Phyllite has good compressive and
tensile strength for acoustic tests, which means that it
either does not have a very low resistance to failure at
low stresses, or it has such high compressive strength
that the utilized apparatus does not have enough capabil-
ity to induce and recover the stress (Kharghani et al.,
2021).

In this research, we begin by determining the Kaiser
effect point through a parametric method followed by
investigating all of the mentioned parameters and the
mechanism of the Kaiser effect.
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Figure 9: Variations of stress, amplitude, and rise time
with time for the sample QP4
2. Methods

In this research, Brazilian loading tests were per-
formed to measure tensile strength of the samples. The
ultimate tensile strength of the samples was evaluated to
measure the preloading stress, which is usually consid-
ered as a percentage of the ultimate strength. The tested
rock samples were Phyllite rock, which has anisotropic
behaviour, so the tensile strengths obtained were differ-
ent. We herein performed the Brazilian tests. The testing
apparatus is schematically shown in Figure 3.

Rudarsko-geolosko-naftni zbornik i autori (The Mining-Geology-Petroleum Engineering Bulletin and the authors) ©, 2022,

pp. 15-31, DOI: 10.17794/rgn.2022.3.2



21 The Mechanism of the Kaiser Effect in Phyllite under Indirect Tensile Loading

14

12

[

stress (MPa)

0 10 20 30 40 50 60 70 80
120
100
s 1801
o
2
o
3 60
=
-5
£
< 40
20
0
0 10 20 30 40 50 60 70 80
1000
900
800
700
@ 600
T
£ 500
=
2
b= 400
300
200
% AL
5 T ).
0 10 20 30 40 50 60 70 80
time(s)

Figure 10: Variations of stress, amplitude, and rise time
with time for the sample QP35

Table 1 shows physical and mechanical properties of
Phyllite. It should be noted that the experiments were
performed according to the ISRM suggested method.
Before performing the acoustic emission tests, labora-
tory tests were performed to determine some of the main
mechanical characteristics of the rock sample intended
for research.

Rock blocks were collected from the ground that did
not experience much stress and the test samples were
prepared by core extraction from rock blocks. Samples
were collected from western Iran and the Sanandaj-Sir-
jan Formation. The most important characteristics of
rock samples are anisotropic behaviour and brittle rock
behaviour. The specification of rock specimens and the

results obtained from Brazilian tests are presented in Ta-
ble 2. Figure 4 shows the observed failure patterns of
rock samples after the Brazilian tensile strength test.

The acoustic emission test was herein performed
through the following steps:

1. The contact point of the acoustic emission sensor
and the rock sample is made of couplant material
and the AE sensors are attached to the sample and
fixed to the sample with adhesive tape on both
sides. Due to the dimensions of the sensors and the
rock sample and the appropriate reception of
source signals inside the sample, the sensors are
embedded in the centre of the disk sample diame-
ter. The sensors were connected to an acoustic data
logger. Ensure that the sample surface is thorough-
ly polished and smooth.

2. Set the data logger configurations including the
sampling frequency and other required parameters.

3. Mount the sample inside the Brazilian testing ma-
chine. Adjust the jaws of the testing machine on
the sample. Use a spacer, if necessary.

4. Start loading and the data logger device simultane-
ously.

An acoustic emission test begins by subjecting the
sample to a first loading cycle (pre-loading). In subse-
quent experiments, the value of preloading stress was
selected at about 70 to 80% of the final strength to create
a stress memory in the rock. Next, full unloading is per-
formed and a second loading cycle is triggered immedi-
ately until the failure point is reached. In all stages,
acoustic data is being collected, for further analyses,
through two sensors installed on the disk samples. Fig-
ure 5 shows a sample under Brazilian loading in an
acoustic emission test, with the sensor positioning fur-
ther indicated.

Based on the results of several tests, the threshold was
determined at 45 dB. This threshold was set to attenuate
the ambient noise and the noise contents associated with
the testing machine itself and the sample-machine con-
tacts, not to mention other possible sources of noise.

3. Results and Discussion

In this research, the Kaiser effect point was evaluated
using the amplitude and rise time. Figure 6 shows the
plot of stress, amplitude and rise time versus time for the
QP1 sample. As indicated on the figure, no increase is
observed in neither the amplitude nor the rise time prior
to 31.3 s. At this time, however, abrupt increases oc-
curred in the level of acoustic parameters, indicating the
occurrence of the Kaiser effect at this time.

Similar to Figure 6, Figure 7 refers to the sample
QP2. Considering Figure 7, it is evident that the acous-
tic data remained almost unchanged until 123.6 s, at
which time an abrupt increase in the data occurred, indi-
cating the occurrence of the Kaiser effect. Figure 8 dem-
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Figure 18: Two-dimensional diagram of peak frequency for
hit no. 802 of the Sample QP3

onstrates the plots of applied stress, amplitude, and rise
time versus time for the sample QP3. Based on the fig-
ure, the Kaiser effect occurred at 46.5 s for this sample.
According to Figure 9 and 10, the Kaiser effect for sam-
ples 4 and 5 occurred in 52.8 and 60 seconds, respec-
tively.

According to the Japanese standard code of building
materials, a high RA coupled with a low AF describes
acoustic emission events sourced from shear microc-
racks, while a low RA coupled with a high AF character-
izes the acoustic emissions generated upon tensile mi-
crocracks (Ohtsu and Tomoda, 2007). Therefore, the
RA/AF ratio provides a good criterion for characterizing
the source of an acoustic emission event. As seen in Fig-
ure 11 (referring to the sample QP1), the value of RA/
AF ratio is low at the time of the Kaiser effect (i.e. 31.3
s), implying that the effect is a result of some tensile
crack formation. The same state is seen in Figures 12 to

Figure 19: Peak frequencies in all
received hits for the sample QP1

Figure 20: Peak frequencies in all
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Figure 24: Variations of energy level with time
for the sample QP1
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Figure 25: Variations of energy level with time
for the sample QP2
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Figure 26: Variations of energy level with time
for the sample QP3

15 where the Kaiser effect occurs at 123.6, 46.5, 52.8
and 60 s, respectively, reflecting the dominant contribu-
tion of tensile cracks into the Kaiser effect.

The crack pattern from which acoustic emission is
originated can be obtained from the characteristics of the
distribution of peak frequency of the acoustic emission
signals (Hou et al., 2021). Peak frequency is a popular
parameter in the analysis of acoustic emission signals.
As mentioned earlier, this parameter can be assessed by
transforming the signal from the time domain to the fre-
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Figure 27: Variations of energy level with time
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Figure 28: Variations of energy level with time
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Figure 29: Variations of b-value with time for the sample QP1

quency domain. Once finished with importing the data
from the data logger into the software, mathematical
transformations were applied to different hits associated
with the samples. The peak frequency was considered as
arequired parameter for analyzing the mechanism of the
Kaiser effect, with the relevant data extracted. Figures
16 through 18 demonstrate examples of the obtained
peak frequency diagrams for the samples QP1 through
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Figure 31: Variations of b-value with time for the sample QP3

QP3, respectively. In these figures, the horizontal axis
denotes time (i.e. the hit length) while the vertical axis is
the frequency. The colour code shown in the Figures 16
to 18 shows the intensity of the corresponding peak fre-
quency. As is evident in Figure 16, in the hit no. 342 for
the sample QP1, the maximum intensity occurred at a
frequency of 18 kHz. Moreover, Figure 17 and 18 show
that the peak frequencies for the hits no. 497 and 802 of
the samples QP2 and QP3 are 31 kHz and 22 kHz, re-
spectively.

The frequency range of acoustic emission signals var-
ies for different materials and sources. For example, for
metals it is between a few kilohertz to several mega-
hertz, for composites it is between a few kilohertz to a
few hundred kilohertz, and for rocks it is between a few
hertz to a few hundred kilohertz (Hou et al., 2021). The
peak frequency distribution provided for the acoustic
emission signals of the phyllite specimens varies be-
tween 0 and 350 kHz. It is stated that high frequencies
are associated with tensile cracks and low frequencies
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Figure 32: Variations of b-value with time for the sample QP4
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Figure 33: Variations of b-value with time for the sample QP5

are associated with shear cracks (Shengxiang et al.,
2021). As can be seen, due to the high frequencies in the
Kaiser effect range, tensile cracks are the main source of
the Kaiser effect.

Figures 19 through 23 show the obtained peak fre-
quencies for all hits upon the acoustic emission tests on
the samples QP1 through QP3, respectively. As the fig-
ures indicate, an increase occurs in the number of hits
with relatively high (> 200 kHz) peak frequencies within
the range of the Kaiser effect. The peak frequency is
high at the time of the Kaiser effect. This is related to the
increase in crack propagation rate, which means that a
higher peak frequency reflects a higher crack propaga-
tion rate. It is stated that high frequencies are associated
with tensile cracks and low frequencies are associated
with shear cracks (Bak et al., 2013; Shengxiang et al.,
2021). In this research, high frequency at the time of the
Kaiser effect shows that the effect is sourced from ten-
sile cracks. Finally, the increase in the number of hits
within the range of the Kaiser effect reflects an increase
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Table 3: Results of investigating the mechanism of the Kaiser effect

Sample Name Time of Kaiser Effect (s) Energy in Kaiser Point (eu) RA/AF Ratio b-value
QP1 31.3 3.5x107 0.04 1.15
QP2 123.6 9.73x107 0.06 1.05
QP3 46.5 7.37%107 0.05 1.10
QP4 52.8 2.23x10° 0.02 1.04
QPS5 60 4.5x10° 0.04 1.09
3 associated acoustic emission and indicates large cracks
o . that are visible to the naked eye. As can be seen, the b-
E ?§ value related to the failure point of the sample, which in-
Lo O'”_><1o7 ° . ° cludes large cracks, is less than one. Based on Figures 30
* 1114 through 33, the b-values are 1.05, 1.10, 1.04 and 1.09 at
09r 9 ' the time of the Kaiser effect, respectively. Therefore, the
0sl gt * corresponding samples (i.e. QP2 through QPS5) suffer
11.12 . . : oS o
. from microcrack-induced acoustic emissions of high in-
orr x x tensity. Table 3 summarizes the results of investigating
06+ 6} ° 1" the mechanism of the Kaiser effect.
05 5 ° Figure 34 shows the values obtained for different pa-
il 4l 108 rameters at the Kaiser effect point. As shown in Figure
' * . 34, the sample QP1 has low energy, RA/AF, and higher
03[ 3f 1196 p-value in the Kaiser effect. The sample QP2 has high
02+ 2} ° energy, RA/AF and low b-value, and the sample QP3
o 1104  has moderate values in all parameters. The sample QP4
ot T has lower magnitude for all parameters than the others
ot o : . : * * 102 and the sample QPS5 has low energy and a moderate b-
Qrl Q2 Qs QM Q3 value and RA/AF ratio.

Figure 34: Values obtained from different parameters
at the Kaiser effect point for the tested samples

in the number of cracks in that range (Moradian et al.,
2016).

The energy level is an important parameter for inves-
tigating the mechanism of the Kaiser effect (Sause,
2016). In this research, the unit for energy level was eu.
Developed by the Vallen Company, an eu is equivalent
to 102 J. the energy level is directly related to the inten-
sity of crack formation in the sample (Bak et al., 2013).
As shown in Figures 24 through 28, the energy level
increased significantly at the time of the Kaiser effect,
reflecting the high intensity of crack formation at this
point, as explained earlier.

The value of the b-value parameter is examined to ana-
lyze and study the mechanism of occurrence of the Kaiser
effect. Regarding the b-value, the higher this parameter,
the smaller the magnitude of the acoustic emission, and
vice versa (Ohtsu and Tomoda, 2007). Moreover, previ-
ous studies have shown that h-values below 1 signify
large failure events in the samples (Sagar et al., 2012).
Figures 29 through 33 indicate the b-values for the sam-
ples QP1 through QPS5, respectively. As is evident in Fig-
ure 29, at the time of the Kaiser effect, the b-value is 1.15.
As detailed previously, the fact that this value exceeds 1
show the occurrence of microcracks, while the relatively
low value of this parameter reflects the largeness of the

4. Conclusions

The following conclusions were drawn based on the
acoustic emission tests performed on three samples of
phyllite rock.

Different rocks exhibit different mechanisms of the
Kaiser effect with different sources. Based on the acous-
tic emission parameters obtained for the phyllites under
the Brazilian tensile tests, the Kaiser effect was found to
be a result of tensile stresses.

Regarding the obtained values of peak frequency, it
was discovered that the rate of crack propagation is
higher in the range of the Kaiser effect. In addition, the
relatively high peak frequencies confirmed the tensile
nature of the source of Kaiser effect.

The increase in the energy level at the Kaiser effect
point show that the crack formation intensity is higher at
this point rather than other points. The increase in the
number of hits in the vicinity of the Kaiser effect point
indicated the higher count of cracks formed in this re-
gion rather than other ranges.

The low b-value at the Kaiser effect point showed that
the acoustic emission intensity is higher at the Kaiser
effect point. However, the obtained h-values were above
1, indicating that the acoustic emission was sourced
from microcracks.
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SAZETAK

Mehanizam Kaiserova efekta u filitu pri vlacnome opterecenju neizravnim mjerenjem

In situ odredivanje naprezanja, medu ostalim, sluzi kao vazan korak u projektiranju i izradi gradevinskih i rudarskih
projekata. Konvencionalne in situ metode mjerenja naprezanja vremenski su i troskovno zahtjevne. Stoga istrazivaci sve
vi$e razmatraju primjenu jeftinih, ali brzih metodologija za procjenu in situ naprezanja. Metoda akusti¢ne emisije koja
se temelji na Kaiserovu efektu jedan je od takvih novih pristupa u procjeni in situ naprezanja. Ne samo tocka u kojoj se
Kaiserov efekt javlja, nego i mehanizam Kaiserova efekta od iznimne je vaznosti. U ovome su istrazivanju provedena is-
pitivanja akusticke emisije na uzorcima filitnih stijena pri ispitivanju vla¢ne ¢vrstoce stijena uporabom brazilskoga testa
kako bi se prikupili razliciti akusticki podatci uklju¢ujuc¢i amplitudu, vrijeme porasta, broj, trajanje i energiju. Potom je
na temelju prikupljenih podataka o akusti¢kim parametrima odredena tocka Kaiserova efekta te je ispitan mehanizam
njezina nastanka. Osim toga, usvojene su matematicke transformacije za transformaciju akusti¢koga signala iz vremen-
ske domene u frekvencijsko podrudje, gdje je analizirana vr$na frekvencija. Rezultati analize omjera RA/AF pokazali su
da je akusti¢ka emisija nastala iz vla¢nih mikropukotina. Stovise, visoka razina energije upucuje na visok intenzitet stva-
ranja pukotina u tocki Kaiserova efekta. Velik broj primljenih impulsa pokazao je da se broj novonastalih pukotina naglo
povecava unutar raspona Kaiserova efekta. Osim toga, dobivena visoka vrijednost vr$ne frekvencije implicira da je brzina
Sirenja pukotine visoka u tocki Kaiserova efekta.

Kljuéne rijedi:
akusticka emisija, Kaiserov efekt, vr$na frekvencija, filit, brazilski test vla¢ne ¢vrstoce
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