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The mesoscopic structure of rocks determines their strength and deformation
characteristics. The grain and pore size distribution of granite samples buried
depth of 1600 m to 1900 m in a goldmine of Shandong Province are measured by
polarizing microscope and low-field nuclear magnetic resonance. The splitting
test is carried out and the acoustic emission signal is obtained in real time by using
an electro-hydraulic servo press and PCI-2 acoustic emission collector. The re-
lationship between meso-mechanics and acoustic emission characteristics of split
granite is analyzed. The experimental result shows that there is no clear correla-
tion between meso-grain size and pore size distribution. Rocks with larger mineral
grains easily form inter-embedded structures between grains and grains, the
bearing effect of grains is enhanced, and the tensile strength of rocks is improved.
The level of stress concentration in the rock is closely related to the pore size of the
rock, and the acoustic emission ringing count before the main rupture in the large
aperture (0.1~10 um) of the rock is more active than that of the small aperture
rock (0.01~1 um), and a large number of high frequency acoustic signals are in-
duced by the penetration between the pores in the unstable failure stage and
post-peak failure stage, the stress concentration is higher, and the energy release
frequency is increased, however the energy released strength by a fracture is weak.
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Introduction

Differences in the meso-structure of rocks affect their strength and deformation
characteristics [1]. The experimental study on the relationship between rock meso-structure
and macroscopic mechanical properties can not only reveal the substantial mechanism of the
different macroscopic properties of rock, but also improve the bridge between me-
so-mechanics and macro-mechanics [2]. Acoustic emission (AE) signals can directly show the
activity of crack development and expansion. At present, AE technique is still one of the ef-
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fective means to monitor the microstructure evolution of rock [3]. This paper will focus on the
macroscopic mechanical properties and the evolution of AE signals when there are differ-
ences in the meso-structure of granite.

The macroscopic mechanical properties of rock depend on its mineral composition
and meso-structure. Fu et al. [4] studied the effect of random mesoscopic structure on the
macroscopic mechanical behavior of rocks based on MFPA, revealing the influence of ran-
dom mesoscopic structure on the failure process of brittle materials. Wu et al. [5] explored the
micro-failure process and failure mechanism of a typical brittle rock under uniaxial compres-
sion, which are investigated via continuous real-time measurement of wave velocities.

The differences in rock meso-structure should be reflected in the characteristics of AE
[6]. Based on micro- and macro-crack damage of rock, Moradian et al. [7] divided the crack
levels into eight stages by AE signal parameter analysis. Current experiments show that the
influence of rock meso-structure differences on the micro-crack propagation mode is indeed
reflected in the AE characteristics of rocks [8]. However, there are few studies on the difference
of meso-structure in AE characteristics, and the mechanism of meso-structure on rock mechan-
ical properties is not clear.

The grain and pore size distribution of granite buried in the depth of 1600 m to 1900
m in a goldmine of Shandong Province were measured by polarizing microscope and
low-field nuclear magnetic resonance (NMR). The splitting test is carried out and AE signal is
acquired during the test by the time. The meso-structure changes on the mechanical and AE
character of split granite are measured and analyzed.

Test samples and test methods

Rock samples were taken from the cores of the geology exploration holes in a
goldmine of Shandong Province. Those cores were made into a disk sample with a diameter
of 50 mm and a thickness of 25 mm for splitting tests. The parameters are shown in tab. 1.

Table 1. Testing sample

Rock type | Depth, [m] | Average tensile strength, [MPa] | Density, [kgm] | Ultrasonic speed, [ms™]
Granite 1600 8.91 2618 2604
Granite 1700 9.56 2635 3289
Granite 1800 8.42 2619 3125
Granite 1900 7.75 2597 2606

Firstly, the samples at different depths were prepared into micro-slices, and the min-
eral composition, morphology and particles were observed by polarized light microscope.
Then, the rocks were vacuum-saturated, and he distribution characteristics of water molecules
in pores of different sizes inside the rocks were detected by NMR to obtain the T2 spectrum
distribution. The ZYB-II type vacuum pressure saturation device was adopted in the process
of water saturation. The vacuum pump rate was 2 Lpm, the vacuum degree was —0.1MPa, and
the water retention time was 12 hours. The low-field NMR experiment was performed using a
Meso MR23-060H-1 NMR instrument at a resonance frequency of 23 MHz. Finally,
ac-cording to the relationship between T2 relaxation time and core pore radius, the pore size
distribution characteristics of the rock could be obtained.

After the meso-structure tests, the splitting mechanics tests were carried out, and the
AE signals were collected during the test. The splitting loading testing machine is a micro-
computer-controlled electro-hydraulic servo universal machine. The loading mode is load
control, and the loading rate is 60 N/s. The acoustic signal acquisition device is a PCI-2 AE
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acquisition collector, using two probes with resonant frequencies of 60 kHz low frequency
and 150 kHz high frequency respectively, and the threshold value of AE acquisition is 45
dB. During the test, the sample was preloaded with 1kN to stabilize the sample, and then the
press, AE acquisition collector and strain acquisition collector were started at the same
time. After the rock was split into two parts, each acquisition device was stopped and the
data was saved.

Rock meso-structural characteristics and
splitting mechanical characteristics

According to the polarizing microscope test, the rock mineral composition of each
depth is basically the same which the main minerals potassium feldspar, plagioclase and
quartz account for more than 90%. The rocks at the 1700 m depth contain small amounts of
white mica and calcite, while other deeper rocks contain small amounts of black mica and
chlorite. The rock samples with burial depths of 1600 m and 1700 m are medium and
coarse-grained granite structures, and the rock samples with burial depths of 1800 m and 1900
m are medium-grained granite structures.

Figure 1 shows the pore size distribution characteristics of rocks at various depths
detected by low-field NMR experiment. It can be seen from fig. 1 that the pore size of the
rock samples with a buried depth of 1600 m and 1800 m is mainly concentrated between 0.1
and 10 pm, the pore size of the rock samples with a buried depth of 1700 m is mainly concen-
trated between 0.01 um and 1 pwm, and the pore size of the rock samples with a buried depth
of 1900 m is between the two types of rocks.
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Figure 1. Pore size distribution Figure 2. Splitting stress-strain curve

In order to better describe the pore size, the classification proposed by Yu et al. [9]
was integrated, and the pore size of 0.1~10 wm was considered as large apertures, and the
pore size of 0.01~1 wm was considered as small apertures. According to the microscopic test
results and NMR, the rock samples at 1600 m and 1700 m are medium-coarse rocks, but the
mesoscopic pore sizes at 1600 m are dominated by larger sizes, and the mesoscopic pore sizes
at 1700 m are dominated by small sizes. The rock samples with the burial depth of 1800 m
and 1900 m are medium-grained structure, but the mesoscopic pore size of 1800 m is a main-
ly large size, and the mesoscopic pore size of 1900 m is distributed between large size and
small size. The integration results of meso-structural characteristics of granite samples at
various depths are shown in tab. 2.
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The experimental results show that there is no clear correlation between meso-grain
size and pore size distribution. The size of rock crystals only affects the intergranular pore
size distribution characteristics, while the actual pore size distribution characteristics by the
intragranular cracks and intergranular cracks of rock weave together while the actual pore size
distribution characteristics by the rock intracrystalline fractures and intergranular fractures
together weave.

Table 2. Characteristics of granite particle size and pore size

Depth, [m] Particle size Pore size

1.2~7.5 mm

1600 Medium-coarse-grained

0.1~10 um

1~7 mm
1700 Medium-coarse-grained 0.01~1 um
0.8~5.5 mm
1800 Medium-grained 0.1~10 pm
1900 2 0.01~10 pm

Medium-grained

Figure 2 indicates the stress-strain curve diagram of splitting granite at various
depths. Medium coarse granites buried at depths of 1600 m and 1700 m showed ductility
characteristics when close to tensile strength, while medium-grain granites buried at depths
of 1800 m and 1900 m showed brittle cracking characteristics. In addition, the average ten-
sile strength of the tested medium-coarse-grained granite is slightly higher than that of the
medium-grained granite. The structure shows that in granite with larger grains, small grains
are more easily embedded between large grains, and more intercalation structures are
formed between grains, the high strength of the mineral composition gives more play to its
bearing capacity. In the spatial strength distribution of rocks, there is a strong heterogeneity,
and the inhomogeneous spatial distribution of mineral components makes it easy to have
local micro-ruptures during rock loading, and the stiffness of rocks is gradually reduced,
showing good ductility characteristics.

According to the tensile stiffness values, the rock stiffness buried at a depth of 1700
m is significantly higher than the rocks at other depths. The deformation of rocks is mainly
due to the closing and stretching action of cracks. It can be seen from the microscopic pore
distribution characteristics that the granite buried depth of 1700 m is mainly small pores, so it
is not easy to deform under low stress level, so the stiffness is large. The granite with a burial
depth of 1900 m has a slightly higher stiffness than the other three groups due to the higher
proportion of small and medium-sized pores. When the difference in porosity between rocks
is not large, the smaller the average pore size, the smaller the deformation capacity of the
rock, so its stiffness value will be larger.
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Acoustic emission characteristics of splitting tests

Cumulative ringing count of Acoustic emission

The AE is the stress wave released by the expansion of micro-cracks in the rock.
The AE ringing count can reflect the active degree of micro-crack propagation in the rock. As
shown in fig. 3, the loading process of each group of rocks was normalized, and the tensile
strength was divided into 10 equal parts to calculate the variation trend of the cumulative
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Distribution characteristics of acoustic emission peak frequency

The simple harmonic vibration corresponding to the peak frequency of AE can be
close to the frequency characteristics of the actual acoustic signal to the maximum extent
[10]. The higher the frequency of acoustic signal is, the greater the restoring force of the frac-
tured vibration region inside the rock.

By analyzing the full waveform of AE and the evolution law of primary and sec-
ondary frequencies, the acoustic signals from 0 kHz to 100 kHz are regarded as low frequency
signals, the acoustic signals from 100 kHz to 200 kHz are regarded as medium frequency
signals, while those above 200 kHz are regarded as high frequency signals, revealing the rup-
ture destabilization process of rocks. It can be seen from the characteristic diagram of a peak
frequency distribution of AE in fig. 4 that in the early stage of the loading process of samples
buried at 1600 m, and 1800 m, the acoustic signals are mainly medium and low frequency
signals, and the signal points in each frequency band are densely distributed. In the un-stable
failure stage and post peak failure stage, high-frequency signals with a peak frequency above
200 kHz appeared in large quantities. The granite buried at a depth of 1700 m has the absence
of medium and low frequency bands and sparse distribution of frequency points in the linear
elastic loading stage. The granite with a buried depth of 1900 m is sparsely distributed in the
low frequency signal points in linear elastic loading stage, and there is no obvious medium
and high frequency signal in the rock during the whole loading process.

Combined with the meso-structure characteristics of rock, it can be seen that the
granite with the buried depth of 1600 m and 1800 m mainly has large apertures, and the
cracks are more likely to expand, so the frequency points of each frequency band are densely
distributed in the early stage of the loading process. The large apertures distribution in the
rock makes it easy produce stress concentration between the pores, especially with the in-
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crease of stress level, the large apertures gradually expand and penetrate in the middle and
later stages of loading, which induces the generation of high-frequency signals. The granite
buried at a depth of 1700 m mainly has small apertures, which are not easy to be broken under
low stress level. Therefore, the frequency distribution of each frequency band is sparse in the
early stage of the loading process, and even the frequency band is missing. The small size of
the aperture improves the co-ordination of rock deformation, and local crack penetration
rarely occurs in the middle of loading process. Thus, there is almost no high frequency signal
before splitting, and the small-size pore crack penetrates to form a large aperture channel in
the later loading stage, inducing a small amount of medium and high frequency signal genera-
tion. The granite buried at a depth of 1900m contains both large and small apertures. A con-
siderable number of small apertures make the frequency distribution of the rock at this depth
sparse, while the large aperture makes the rock not appear with high-frequency acoustic sig-
nals until the moment of failure.
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Figure 4. Characteristic diagram of peak frequency distribution of AE; (a) 1600 m, (b) 1700 m,
(c) 1800 m, and (d) 1900 m

Acoustic emission energy distribution

Figure 5 shows the change of granite AE energy with time from 1600 m depth to
1900 m depth. Combined with figs. 1 and 5, it can be seen that for the granite at 1600 m and
1800 m depth has more large apertures, and the energy release is concentrated in the fracture
closure stage, instability stage and post-peak damage stage, and the energy release is more
sparse in the elastic loading stage. Granite at 1700 m and 1900 m depth has more small size
pores, and the energy release is shorter. The higher the proportion of large pore size pores in
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the rock, the more the number of energy release and the more dispersed the energy distribu-
tion, which is due to the fact that large pore size pores close and release a lot of energy in the
fracture closure stage, while small size pores are not easy to rupture in loading and release
energy in the unstable stage and post-peak damage stage with concentrated rupture.
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Figure 5. Characteristic diagram of energy distribution of AE; (a) 1600 m, (b) 1700 m,
(c) 1800 m, and (d) 1900 m

Conclusion

The grain size and pore size distribution characteristics of the granite samples were
detected by polarizing microscope and NMR. There is no clear correlation between me-
so-grain size and pore size distribution for such granite. The meso-grain size mainly affects
the strength and ductility of granite. The rocks with larger mineral grains are prone to form
inter-embedded structure among grains, the high-strength mineral composition exerts a great-
er load-bearing capacity, and the tensile strength of the rock is increased. In addition, the in-
homogeneous spatial strength distribution caused by the increase of particle size makes gran-
ite prone to induce micro-fissure evolution before the macroscopic fracture, and the rock
stiffness gradually decreases, and presents ductile phenomenon. The distribution characteris-
tics of meso-pore size affect the deformation stiffness of granite. Large pore rocks (0.1~10
pum) have a small deformation stiffness compared to small pore rocks (0.01~1 pum). The rock
with large pore exhibits an effective energy dissipation structure to reduce the energy storage
capacity of the rock. The effect of rock pore size on the degree of stress concentration is veri-
fied by the AE response characteristics. The AE response of rocks with large apertures is
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characterized by active AE bell counts before the main fracture of the rock, and a large num-
ber of high-frequency acoustic signals are induced by the penetration between the pores in the
unstable failure stage and post peak failure stage, and relatively dispersed during energy re-
lease, weak average energy at single rupture.
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