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A lot of engineering practice shows that, during the construction and operation of rockmass projects, in addition to the static load,
the rock is more subjected to cyclic load. Constant amplitude cyclic load is one of the simpler cyclic loading methods.+e damage
of rocks gradually accumulates under the action of periodic cyclic load, and finally, fatigue damage occurs, which affects the
stability of the project. +erefore, it is necessary to study the mechanical properties of the rock under the action of constant
amplitude cyclic load. Acoustic emission (AE) parameters and resistivity are both sensitive to the damage process of the rock and
can well describe the damage evolution law of the rock. Under the action of constant amplitude cyclic loading, different loading
conditions, different state specimens, and so on, factors will make a big difference to the AE signal and resistivity, such as the
difference in stress amplitude, loading rate, and saturation.+erefore, in this paper, the typical sandstone in the Chongqing area is
taken as the research object, the AE characteristics and resistivity characteristics of sandstone under different test conditions such
as different stress amplitude, different loading frequency, and different saturation are tested, and the evolution of AE is found. It
also has a three-stage rule: in the initial stage, the deformation is faster and the AE signal is strong; in the constant velocity stage,
the deformation develops slowly and the AE signal is also stable; in the acceleration stage, the deformation develops sharply and
the AE signal also becomes more intense. With the increase of cyclic loading stress amplitude, or the decrease of cyclic loading
frequency, or the decrease of rock sample saturation, the acoustic emission signal generated in each cycle will be stronger. +e
resistivity as a whole shows a rapid decline in the loading phase and a rapid rebound in the unloading phase. +e changes in
resistivity at different stress amplitudes show differences in the first few cycles; the overall change trend of resistivity at different
frequencies is consistent, but the rate of change increases with decreasing frequency, and the variation trend of resistivity is very
different under different saturation.

1. Introduction

In practice, rock mass is often subjected to cyclic loading. As
one of the relatively simple cyclic loadingmodes, the damage
of rock under cyclic loading gradually accumulates until
fatigue failure occurs, which affects the stability of the
project. +erefore, it is of great practical value to study the
damage law of rock under constant amplitude cyclic load to
judge the stability of engineering rock mass.

As early as the 1930s, Obert and Duvall first discovered
that there is acoustic emission (AE) activity in the process of
rock compression, and thenmany scholars continue to study

the AE characteristics in the process of rock failure [1]. For
example, Ganne [2] carried out experimental research on AE
characteristics of brittle rock in the process of failure and
analyzed the accumulation of AE energy of rock. Shkuratnik
et al. [3] studied the memory effect of AE of coal rock under
triaxial cyclic loading. Rodŕıguez and Celestino [4] studied
the crack propagation of granite and marble in combination
with AE parameters and time-frequency characteristics.
Wang et al. [5] made a detailed analysis of the AE char-
acteristics of granite and sandstone during uniaxial com-
pression. Jiang et al. [6] analyzed the AE characteristics of
red sandstone during fatigue damage and discussed that the
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rationality of damage varies based on axial strain. Wang [7]
studied the AE characteristics of conglomerate, sandstone,
and mudstone under different stress conditions. Song [8]
studied the AE characteristics corresponding to the evolu-
tion, stretching, and dislocation of rock deformation process
in the deformation localization zone. +e results show that
the damage and failure process of rockmust be accompanied
by the generation of AE signal, which can characterize the
damage evolution law of rock.

As an important electrical parameter of rock, the re-
sistivity indicates the strength of rock conductivity. In 1942,
Archie, an American logging engineer, obtained the rela-
tionship between resistivity and porosity of saturated
sandstone samples using double logarithmic coordinates,
which is the famous Archie formula. Since then, the research
on rock resistivity characteristics has gradually developed,
and the application of resistivity testing has developed from
the interpretation of formation logging data to the study of
rock deformation characteristics under loading [9–12]. For
example, brace and orange [13] measured the resistivity
changes of a variety of rocks under different constant am-
plitude and fracture water pressures through the bipolar
method and studied the correlation between resistivity and
deformation of loaded rocks; Chen and Lin [12] studied the
electrical effect of rock under load through experiments and
put forward the state equation of rock failure law. Kahtaman
et al. [14] conducted uniaxial compression tests and tensile
tests on igneous rocks and found that both compressive
strength and tensile strength are linearly related to resis-
tivity. Ji et al. [15] analyzed resistivity changes during rock
deformation and failure based on the test results of resistivity
testing under cyclic loading conditions and indirectly linked
the resistivity and damage variables through the secant
modulus. Song et al. [16] conducted constant amplitude
cyclic loading and graded cyclic loading experiments on
limestone and found that the change of resistivity can better
reflect the development of microcracks in the rock sample
under this state. Tu et al. [17] derived the expression of the
ratio of the stress to the peak stress of the rock corresponding
to the sudden change of the resistivity before the rock
rupture under the load based on the evolution law of the
resistivity during the deformation and failure of the rock
under load. +e above studies show that the closure of rock
pores and the expansion of microcracks will affect the
electrical conductivity of the rock. +erefore, the damage
state of the rock can be judged through the change of re-
sistivity, and the mechanical properties of the rock can be
inverted.

In summary, AE parameters and resistivity are both
sensitive parameters in the process of rock deterioration and
damage. At present, although certain studies have been
carried out on the AE characteristics and resistivity of rocks,
there is still a lack of research on the correlation between rock
wave electrical characteristic parameters and stress and the
comprehensive use of wave electrical testing techniques to
study rock damage evolution. In view of this, this paper has
studied the change law of sandstone AE parameters and
resistivity under constant amplitude cyclic loading and
provides a basic foundation for further analysis of rock

damage evolution under cyclic loading through wave-electric
combined testing technology.

2. Experimental Device Design and Testing

2.1. ExperimentalDeviceDesign. +is test mainly studied the
AE characteristics and resistivity characteristics of sandstone
under constant amplitude cyclic loading. AE test system and
resistivity test system were used in conjunction with rock
pressure testing machine to carry out AE-resistivity-stress
simultaneous test. As shown in Figure 1, the RMT-301 rock
mechanics test system was used as the loading system,
SAEU2S AE system was used for AE testing, and M300 data
acquisition system was used for resistivity testing. By de-
signing a fixing device, the AE probe and electrode sheet
were fixed in the experimental device, so as to achieve the
purpose of the AE-resistivity-stress synchronous test.

2.2. Sample Preparation and Screening. +e sandstone
specimens this time were taken from the same sandstone
rock mass in the Chongqing area. +e drilled sandstone
specimens were processed into standard cylindrical speci-
mens of V50 mm× 100 mm by the wet processing method.
As shown in Figure 2, the two end faces are flat. +e degree
error is less than 0.02mm. In order to minimize the dis-
creteness of the test results caused by the individual dif-
ferences of the specimens, the diameter, height, mass, and
wave velocity of the specimens were measured, and the
sandstone specimens with the closest parameters such as
density, geometric size, and wave velocity were selected for
grouping and numbering, as shown in Table 1. +e first
group of samples (DZ01–DZ 06) was used for static uniaxial
compression test, the second group of samples (SX01, SX
01–1, SX 01-2- SX 03, SX 03–1, and SX 03–2) was used for
constant amplitude cyclic loading test with different stress
amplitude, the third group of samples (PL01, PL01-1, PL01-
2-PL03, PL03-1, and PL03-2) was used for constant am-
plitude cyclic loading test with different frequency, and the
fourth group of samples (BH01, BH01-1, BH01-2-BH03,
BH03-1, and BH03-2) was used for cyclic loading test of
different water saturation states (saturated state, natural
state, and drying state).

2.3. Experimental Process. First, a uniaxial compression test
was performed to obtain the uniaxial compressive strength
of the specimen. Since the upper limit and lower limit of the
load in the constant amplitude cyclic loading test are de-
termined based on the stress, the axial force is used as the
control parameter during the uniaxial compression test,
which can maintain the consistency before and after the
experiment. +e average loading rate is set. It is 0.5 kN/s.

+e constant amplitude cyclic loading and unloading test
adopted the axial force to control, and the loading was
carried out in two stages: the first stage was the linear loading
stage, and the axial stress was loaded from zero to the av-
erage stress (σ MAX+ σ min)/2 at the rate of 0.5 kN/s; the
second stage was the cyclic loading stage, in which the cyclic
load was applied from the average stress until the fatigue
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failure of the specimen occurs, and the loading waveform
was a sine wave, as shown in Figure 3.

In order to reduce the influence caused by the dis-
creteness of the samples, parallel tests of three samples were
carried out under each test condition. +e specific experi-
mental conditions are as follows:

(1) Study on the influence of stress amplitude: the stress
amplitude is changed by using the same lower limit
stress ratio (i.e., the ratio of the lower limit stress
value σ_min to the compressive strength value σ_c)
and the different upper limit stress ratio. +is ex-
periment uses three different stress amplitude ratios:
20%–80%, 20%–85%, and 20%–90%. +ree speci-
mens were used for each group of stress ratio, and the
average loading and unloading frequency was set to
0.2HZ.

(2) Research on the influence of loading frequency: this
cyclic loading test used three different frequencies
(0.1Hz, 0.2HZ, and 0.5HZ), the upper limit stress
ratio was 80%, and the lower limit stress ratio was
20%.

(3) Research on the influence of saturated sandstone:
three different saturated sandstone samples (satu-
rated, natural, and dried) were used for the constant
amplitude cyclic loading test. +e loading frequency
is 0.2HZ. +e upper limit stress ratio was 80%. +e
lower limit stress ratio was 20%. +e sample was
saturated with water for 24 hours with a vacuum
saturated machine to make a saturated test piece, and
the sample was placed in an oven at a constant
temperature of 105°C for 48 hours to make a dry test
piece.

3. Analysis of Acoustic Emission Response
Characteristics of Sandstone under Constant
Amplitude Cyclic Loading

+e number of ringing counts generated inside the rock per
unit time can reflect the damage state of the internal
structure of the rock. +e more the counts, the more serious
the rock damage, and the opposite, the lighter the rock
damage. +erefore, this paper mainly used AE ringing
counting to explore the AE characteristics of sandstone.

3.1. Acoustic Emission Characteristics of Sandstone under
Different StressAmplitudes. According to the test results, the
axial force-time-ringing count relationship curve of typical
sandstone samples under different stress amplitude condi-
tions was drawn, as shown in Figure 4. In the initial stage of
cyclic loading, the sandstone deformed quickly, the AE
activity was strong, and the AE ringing count was large; in
the isokinetic development stage, the AE signals of almost
the same size were generated in each cycle, but the AE
activity weakened and the ringing count reduced, which
indicated that the upper limit stress reaches the yield
strength of rock, and a small amount of plastic damage was
produced in each cycle; during the accelerated failure stage,
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Figure 1: Experimental device. (a) Design of test system. (b) Acoustic emission-resistivity-stress synchronous test.

Figure 2: Sandstone specimen.
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the rock deformation suddenly increased, the AE activity
suddenly increased, and the ringing count increased ex-
ponentially until the rock failed.

At the same time, the test results also showed that the
activity of AE is related to the stress level. With the increase
of stress amplitude, the activity of AE increases, and the
ringing count of AE is increased. At the same time, the test
results also showed that the activity of AE is related to the
stress level. With the increase of stress amplitude, the activity
of AE increases, and the ringing count of AE is increased.

+is is because with the increase of stress amplitude, the
deformation of sandstone increases in each cycle, so the
strain energy has a positive correlation with the stress
amplitude. +e generation of AE is actually the process that
the accumulated strain energy is released to the outside in
the form of a transient elastic wave. If the energy of AE is
increased indirectly, the activity of AE is more obvious. In
addition, the AE signals almost appear near the upper limit
stress, which indicates that the upper limit stress is more
sensitive to the generation of AE signals.

3.2. Acoustic Emission Characteristics of Sandstone under
Different Loading Frequencies. According to the test results,
the axial force-time-AE ringing count relationship curve of
typical sandstone specimens under different loading fre-
quency conditions was drawn, as shown in Figure 5. Under
different loading frequencies, the AE response characteris-
tics of sandstone are basically similar. In the initial cycle
stage, the primary cracks and weak structural planes in the
specimen produce damage and failure, the deformation of
sandstone is large, the plastic damage is large, and the AE
ringing count is large; after entering the fatigue stable period,
the deformation is small, and the plastic damage produced

Table 1: Grouping of test pieces.

Grouping Specimen number Diameter (mm) Height (mm) Duality (g) Density (g/cm3) Velocity (km/s)

No. 1

DZ01 49.29 100.30 451.6 2.36 2.564
DZ02 49.40 100.22 455.5 2.37 2.525
DZ03 49.45 100.01 454.8 2.37 2.564
DZ04 49.43 99.86 456.2 2.38 2.538
DZ05 49.38 100.53 456.1 2.37 2.584
DZ06 49.44 99.70 449.8 2.35 2.532

No. 2

SX01 49.38 99.18 452.1 2.38 2.571
SX01-1 49.30 99.76 453.4 2.38 2.500
SX01-2 50.36 100.03 468.4 2.35 2.513
SX02 49.40 99.14 453.3 2.39 2.598
SX02-1 49.50 99.67 451.8 2.36 2.538
SX02-2 50.21 99.96 469.8 2.37 2.525
SX03 49.41 99.59 454.2 2.38 2.538
SX03-1 49.26 99.94 452.5 2.38 2.506
SX03-2 49.35 99.17 452.8 2.39 2.604

No. 3

PL01 49.40 100.06 451.3 2.35 2.500
PL01-1 49.50 100.16 457.7 2.38 2.525
PL01-2 49.42 98.89 451.2 2.38 2.591
PL02 49.38 99.18 452.1 2.38 2.571
PL02-1 49.30 99.76 453.4 2.38 2.500
PL02-2 50.36 100.03 468.4 2.35 2.513
PL03 49.22 99.98 449.6 2.36 2.538
PL03-1 49.48 100.01 456.1 2.37 2.577
PL03-2 50.34 100.13 472.6 2.37 2.525

No. 4

BH01 49.38 99.18 452.1 2.38 2.571
BH01-1 49.30 99.76 453.4 2.38 2.500
BH01-2 50.36 100.03 468.4 2.35 2.513
BH02 49.45 99.92 456.5 2.38 2.551
BH02-1 49.43 100.23 456.2 2.37 2.625
BH02-2 49.35 99.89 453.1 2.37 2.551
BH03 50.34 100.19 471 2.36 2.532
BH03-1 50.25 99.17 461.8 2.35 2.494
BH03-2 49.51 99.78 451 2.35 2.475

t (sec)

σ 
(M

Pa
)

σmin

σmax

Figure 3: Cyclic loading path.
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by each cycle is small, so the AE ringing count is small, which
lasts for a long time. Near the last few cycles of failure, that is,
when the damage of rock has accumulated to a certain
extent, the deformation of rock develops rapidly. In a few
cycles, the strain reaches the limit deformation of rock. +e
macrocracks are connected and the rock is destroyed. At this
stage, the AE activity increases sharply and the ringing count
increases suddenly. +ese well reflect the failure process of
the rock cycle.

+e test results also showed that the higher the loading
frequency, the weaker the AE signal generated in each cycle.
+is is because as the loading frequency increases, the cycle
life of the rock is longer, and the strength of the rock will
increase. However, the loading stress value was selected by
the same standard, so this indirectly reduced the loading
stress, resulting in the fact that the smaller the damage and

deformation of the rock during each loading cycle, the
longer the cycle period. +e strength of the AE signal is
directly related to the degree of damage inside the material.
+e more severe the material damage, the stronger the AE
activity, and vice versa. +erefore, as the loading frequency
increases, that is, while the cycle life of the rock increases, the
AE activity during the cyclic loading process is corre-
spondingly weakened.

3.3. Acoustic Emission Characteristics of Sandstone under
Different Saturations. According to the test results, the axial
force-time-AE ringing count relationship curve of three
typical sandstone specimens under different water satura-
tion was drawn, as shown in Figure 6. +e AE signals of
sandstone under different water saturation conditions are
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Figure 4: Evolution Law of acoustic emission of sandstone under different stress amplitudes. (a) Acoustic emission law of 20%–80% stress
level. (b) Acoustic emission law of 20%–85% stress level. (c) Acoustic emission law of 20%–90% stress level.
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obviously different.+e AE signals of sandstone under water
saturation conditions were relatively sparse, which was
obviously weaker than those under dry state and natural
state. Under natural conditions, the water content of
sandstone was relatively low, which was similar to that of
sandstone after drying treatment. +erefore, the AE char-
acteristics under natural conditions were basically similar to
those under dry conditions. However, it can be seen that the
AE activity of sandstone under dry conditions is stronger
than that of sandstone under natural conditions. In addition,
it can be seen from the sound produced by the failure of
sandstone in three different water-saturated states that the
dry and natural specimens emit strong noise, while the
sound of saturated specimens is relatively weak. +ese

phenomena showed that the water content has a great in-
fluence on the activity of AE: high water content reduces the
brittleness of the specimen, which weakens the activity of
AE; low water content increases the brittleness of the
specimen and enhances the activity of AE; that is, water
content greatly affects the activity of AE. +e reason is that
the rock fracture is mainly transgranular fracture and in-
tergranular fracture. +e moisture can soften and lubricate
the specimen and reduce the connection between the rock-
forming grains and the mechanical strength of the grains, so
that the energy needed to be injected into the rock during
fracture is reduced. +e more the water is, the more obvious
this phenomenon is, and the AE activity of sandstone is
obviously weakened.
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Figure 5: Acoustic emission evolution of sandstone under different loading frequencies. (a) Evolution of acoustic emission at 0.1Hz
frequency. (b) Evolution of acoustic emission at 0.2Hz frequency. (c) Evolution of acoustic emission at 0.5Hz frequency.
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4. Analysis of Resistivity Response
Characteristics of Sandstone under Constant
Amplitude Cyclic Loading

4.1. Resistivity Characteristics of Sandstone under Different
Stress Amplitudes. According to the test results, the axial
force-time-resistivity curve of typical sandstone samples
under different stress amplitude conditions is drawn, as
shown in Figure 7. Under different stress amplitude loading
conditions, the variation law of resistivity of sandstone
specimen is basically the same as that of loading way. +e
specific performance was as follows: in the loading stage, the
rock specimen was heterogeneous, and there were many
microcracks and pores inside, which made the stress in-
crease, the pores closed quickly, and the resistivity decreased
rapidly; in the unloading stage, due to the decrease of stress,
the compacted pores and microcracks gradually opened, and

the resistivity increased. Generally speaking, the residual
plastic deformation of the specimen occurred due to yield
after each cycle of loading and unloading. +e contact be-
tween mineral particles, the contact between skeleton and
pore water, and the connectivity of water passage would be
better than those of the previous cyclic loading. +erefore,
with the development of cyclic loading, the resistivity of rock
samples presented a gradual decline trend. But in the last few
cycles, the specimen was on the verge of failure, the internal
cracks accelerated to expand, the contact between skeleton
particles became worse, and the rock resistivity presented a
gradual increase process. When the fatigue life of the
specimen was reached, the microcracks had penetrated into
a large macrocrack, and the electrical resistivity increased
suddenly when the specimen was destroyed.

At the same time, the test results also showed that the
evolution characteristics of resistivity of different samples
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Figure 6: Acoustic emission evolution law of sandstone under different saturation conditions. (a) Evolution of acoustic emission in natural
state. (b) Evolution of acoustic emission in saturated state. (c) Evolution of acoustic emission in dry state.
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were different under different stress amplitude loading
conditions. In the case of high-stress amplitude (when the
stress level was 20%–85% and 20%–90%), it can be seen that
the resistivity decreased gradually from the beginning to the
end of the cycle and then increased suddenly until the
failure. However, when the stress level was between 20% and
80%, the change of resistivity was different. +e specific
performance was as follows: within the initial several cycles,
the resistivity increased gradually and then decreased
gradually until the end of the cycle. +e reason for this
phenomenon is that when the stress level is 20%–80%, the
stress level is low and the yield strength of rock is not
reached. At the initial cycle, the microcracks have begun to
expand. During the whole loading and unloading process,
the closing effect of microcracks is less than the crack
propagation effect. +e closing of microcracks leads to the

decrease of resistivity, and the propagation of microcracks
leads to the increase of resistivity. +erefore, the resistance
first increases gradually and then decreases gradually after
plastic residual deformation occurs for a certain number of
cycles. When the stress amplitude continues to increase, the
upper limit stress has exceeded the yield strength of rock,
and each cycle will produce a certain amount of plastic
residual deformation, which makes the resistivity continue
to decrease.

In order to reflect the change rate of resistivity under
different stress ratios, the change of resistivity is represented
by the ratio ((ρ − ρ0)/ρ0) of the difference of resistivity
(ρ−ρ0) and initial resistivity (ρ0), and the resistivity change
rate cycle number curve of the specimen was obtained, as
shown in Figure 8. It can be seen that the change trend of
resistivity analyzed above is well corresponding to this
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Figure 7: +e resistivity evolution law of sandstone under different stress amplitude conditions. (a) Evolution of resistivity at 20%–80%
stress level. (b) Evolution of resistivity at 20%–85% stress level. (c) Evolution of resistivity at 20%–90% stress level.
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diagram. If the previous several cycles are ignored, the
variation trend of resistivity also conforms to the three-stage
variation rule, which can be divided into initial stage,
constant velocity stage, and acceleration stage.+e resistivity
decreases sharply at the beginning, then decreases gently at
the constant speed stage, and increases gradually at the final
acceleration stage. With the difference of stress amplitude,
the proportion of each stage is different, which is consistent
with the deformation law of sandstone. It can also be seen
that the curve with high loading stress amplitude is always
below the curve with low loading stress amplitude, which
indicates that the resistivity change rate with high loading
stress amplitude is higher than that with low loading stress
amplitude in the same cycle times.

4.2. Resistivity Characteristics of Sandstone under Different
Loading Frequencies. According to the test results, the axial
force-time-resistivity curves of typical sandstone samples
under different frequency loading conditions were drawn, as
shown in Figure 9. +e basic change trend of resistivity with
stress was not changed under different frequency. In the
loading stage, the internal porosity of the specimen de-
creased and the rock resistivity decreased; in the unloading
stage, the internal closed cracks opened and the resistivity
increased. However, the cyclic loading of specimens at
different frequencies is at the same stress level, and the stress
is the same, so the overall change trend of resistivity is
different from that under different stress amplitude. Under
different frequencies, the variation trend of the resistivity of
sandstone specimens is basically the same from the begin-
ning of the cycle to the failure stage. +e resistivity gradually
rises from the beginning of several cycles and then decreases
after a few cycles. Finally, the resistivity suddenly increases
when the specimen is damaged. +erefore, the different
loading frequency has no effect on the overall change trend
of resistivity at the same stress level.

+e change of resistivity is still represented by the ratio
(((ρ−ρ_0))⁄ρ_0) of the difference of resistivity (ρ−ρ_0) and
initial resistivity (ρ_0). +e resistivity change rate cycle
number curve was obtained, as shown in Figure 10. It can be
seen that the curve with low frequency is always under the
curve with high frequency. In the same cycle times, the
resistivity with low frequency changes greatly, which indi-
cates that the damage caused by the low loading frequency of
each cycle is larger than that of the high loading frequency.
+is also explains why the lower the loading frequency is, the
longer the cycle of the sample is.

4.3. Resistivity Characteristics of Sandstone under Different
Saturations. According to the test results, the axial force-
time-resistivity relationship curves of typical sandstone
samples under different saturation conditions were drawn,
as shown in Figure 11. +e water content had a great in-
fluence on the resistivity of sandstone specimens. It can be
seen that the resistivity of sandstone in saturated state was
only a few hundred Ω·m, but the resistivity of natural state
specimen was relatively high due to its small water content,
which could reach several thousand Ω·m. After drying, the
resistivity of the dry specimen had reached tens of thousands
Ω·m, which was mainly because the dry specimen has almost
no moisture, and the current could only be conducted
through the rock skeleton particles with weak conductivity,
so that the resistivity of the dry specimen was relatively high.
With the increase of saturation, the water content of the
specimen was also increasing. Water is very easy to conduct
electricity, which greatly improves the conductivity of the
whole specimen, so the resistivity of the specimen decreases
rapidly with the increase of saturation. +erefore, the
moisture content is a very important factor affecting the
resistivity of the specimen.

It can be seen that the evolution trend of resistivity of
saturated samples under load is as follows: in the initial linear
loading stage, the resistivity gradually decreases, which may be
because the saturated samples are not really saturated but still
have certain voids. With the increase of loading stress, the pores
are closed, so the resistivity tends to decrease.+en the resistivity
increases gradually, which may be due to the gradual seepage of
mineralized water in the pores after the pores are compacted.
When the stress reaches a certain value, microcracks and
fracture surfaces are produced in different degrees, and air entry
leads to an increase in resistivity. After entering the cyclic loading
process, due to the sharp increase of stress, the initial cyclic
loading resistivity changes greatly, and then the resistivity
presents an increasing processwith the increase of the number of
cycles. +is is because the strength of the rock will decrease
sharply after the specimen is saturated with water, and the upper
limit stress ratio of 75% is determined by the compressive
strength of the rock under natural state. For water-saturated
specimens, the upper limit stress ratio has exceeded the yield
strength or even close to the peak strength, which makes more
fractures and fracture surfaces appear in each cycle, so the re-
sistivity of sandstone shows a trend of gradual increase. How-
ever, the specimen in the natural state will produce a certain
plastic residual deformation after each cycle. +e contact
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Figure 8: Resistivity evolution law of sandstone under different
stress amplitudes.
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Figure 9: Resistivity evolution of sandstone under different loading frequencies. (a) Resistivity evolution law of frequency at 0.1Hz. (b)
Resistivity evolution law of frequency at 0.2Hz. (c) Resistivity evolution law of frequency at 0.5Hz.
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between the mineral particles and the contact between the
skeleton and the pore water will be better than the previous cycle
loading. As the loading progresses, the resistivity of the rock
specimen shows a gradual decline in evolution trend. In the dry
state, the water content of the specimen is almost zero, and the
strength is greatly increased, so it has not been damaged even
after 2,000 cycles. At the same time, the changing law of re-
sistivity is also quite different. After the initial decline in re-
sistivity, it shows periodic changes (rising-falling-rising-falling)
as the number of cycles increases. +is may be due to the
periodic expansion and closure of microcracks. Due to the time,
this test failed to compress the dry specimen to failure. +e
change trend of the resistivity later is unknown. It is inconve-
nient to analyze the specific reason. It is hoped that the follow-up
researchers can press it to destruction and then analyze the

specific reasons in detail through the change trend of resistivity
in the whole destruction process.

5. Conclusion

In this paper, the AE-resistivity-stress synchronous test ex-
periment of sandstone is carried out to analyze the evolution of
AE and resistivity of sandstone under constant amplitude cyclic
loading. +e main conclusions are as follows:

(1) Under the condition of constant amplitude cyclic
loading, the evolution law of AE of sandstone corre-
sponds to the three stages of rock fatigue deformation,
and the change law of resistivity is basically the same as
the way of loading. +e magnitude of the stress
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Figure 11: Resistivity evolution of sandstone under different saturation conditions. (a) In saturated state. (b) In natural state. (c) In dry
condition.
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amplitude has a significant impact on the AE and re-
sistivity evolution law of sandstone. Specifically, as the
stress amplitude increases, the AE activity increases, and
the AE ringing count generated increases. When the
stress amplitude is relatively high, the resistivity will
gradually decrease from the beginning of the cycle to the
end of the cycle, until the resistivity suddenly increases
when the stress is broken, andwhen the stress amplitude
is relatively low, the resistivity first gradually increases,
and then the resistivity gradually decreases as a whole.
Generally, the resistivity evolution rate of the specimen
with high loading stress amplitude is higher than that of
the specimen with low loading stress amplitude.

(2) +e loading frequency has a greater impact on the AE
activity of sandstone. +e higher the loading frequency,
the smaller the rock damage caused by each cycle, the
weaker the AE signal produced, and the less the ringing
count per unit time. However, the different loading
frequency has no effect on the overall variation trend of
resistivity under the same stress level. +e resistivity
increases gradually from the beginning of several cycles,
then decreases gradually after a few cycles, and finally
increases suddenly when the failure occurs. And the
lower the loading frequency, the faster the resistivity
change rate.

(3) Saturation has a significant influence on AE activity
and electrical resistivity of rocks. Saturation represents
the level of water content.+e higher the water content,
the weaker the AE activity; otherwise, the stronger the
AE activity. After entering the cyclic loading process,
the resistivity of water-saturated specimens changes
greatly in the initial stage, and the resistivity increases
with the increase of the number of cycles. However, the
resistivity of the specimens in natural state decreases
gradually. In the dry state, after the initial decline in
resistivity, the later period showed a periodic change
(up-down-up-down) as the number of cycles increased.
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