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Sandy dolomite, being a soluble rock, is prone to dissolution and erosion caused by groundwater, leading to the formation of
underground caves and fractures. This may result in geological disasters such as ground subsidence and collapse. In this paper,
the changes and mechanical properties of black sandy dolomite after hydrochemistry are studied. A semi-immersion test with
different concentrations of iron sulfate solution was carried out to simulate the water-rock interaction in different water
environments. After that, scanning electron microscope (SEM) results could reflect the dissolution and pore development of
rock by the effect of water-rock interaction from the microscopic. Water-rock interaction enlarges cracks in rocks and dissolves
pyrite, carbonate minerals, and other components, reducing the cementation between particles. The change in the mechanical
properties of black sandy dolomite under water-rock chemical interaction was revealed by uniaxial compression test. The
mechanical properties of the samples exhibit varying degrees of deterioration, with strain increased ranging from 4.96 to
29.58%. The brittleness index modified (BIM) values for each sample ranged from 5.20 to 6.20%, all of which are larger than

4.70% in the natural state.

1. Introduction

Sandy dolomite, a sedimentary rock primarily composed of
dolomite (a calcium magnesium carbonate mineral) and
sand-sized particles [1], is known for its abundant presence
of pores and fissures, making it susceptible to erosion and
dissolution by groundwater [2, 3]. This rock type is
frequently utilized in geology as a significant layer for under-
ground water storage and transportation purposes [4]. How-
ever, its solubility and fissure characteristics also render it
prone to geological hazards, including ground subsidence,
collapse, and damage [5]. In the context of preventing and
controlling geological hazards in mountainous regions,
investigating the characteristics and mechanisms of sandy
dolomite holds great significance for the mitigation of land-
slides and rock collapses [6, 7].

With increasing concerns regarding engineering con-
struction issues associated with sandy dolomite strata, the
investigation of degradation caused by water-rock interac-
tion has emerged as a forefront topic in the field of engineer-
ing geology. During the weathering process, sulfide minerals
and organic matter present in sandy dolomite undergo
oxidation in an oxygen-rich water environment, resulting
in the formation of a complex acidic water environment
[8, 9]. Consequently, water dissolution leads to the depletion
of certain minerals, while the formation of new minerals
occurs in their original positions, thereby altering the
distribution of pores and stress within the rocks [10]. This
aqueous environment further accelerates the weathering of
primary minerals, leading to the rapid disintegration of
rocks and subsequent modifications to their composition
and structure [11]. Ultimately, the chemical weathering of
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the rock mass can result in the deterioration of its physical
and mechanical properties.

Sandy dolomite contains a significant amount of organic
matter and sulfide minerals, particularly pyrite, which plays
a crucial role in water-rock interaction. Pyrite surfaces do
not achieve automatic charge compensation, leading to the
formation of polar surfaces with excess charges. These polar
surfaces exhibit instability and high surface activity. They
readily form bonds with ions or molecules in the surround-
ing medium to compensate for the excess charges in the sus-
pension, resulting in surface oxidation reactions [12, 13]. In
an acidic environment, the oxidation reaction of pyrite can
be expressed as follows:

7 2+ + 2-
FeS, + =0, +2H,0 — Fe™" + 2H" + 250
2

1 1
2 3
Fe*' + 10, + H" — Fe' + H,0 (1)

Fe’* + 3H,0 — +Fe(OH), + 3H"
FeS, + 7Fe, (SO,), + 8H,0 —> 15FeSO, + 8H,S0,

The reactions involved in water-rock interaction con-
tinue to cycle, resulting in intensification. Research indicates
that Fe’* ions, rather than O,, are the most significant oxi-
dizing agents in the process of pyrite oxidation [14, 15].
Aqueous solutions containing ferric ions can accelerate the
oxidation of pyrite, leading to an increased concentration
of hydrogen ions in the water environment of the rock and
subsequent acidification [16]. Therefore, investigating iron
ions, which are among the primary factors influencing the
water-rock interaction of rock strata, holds theoretical
importance in exploring the degradation patterns of the
mechanical properties of sandy dolomite strata.

By applying the energy mechanism, the process of
energy absorption, transformation, and release in rocks can
be studied more effectively, leading to a more comprehen-
sive understanding of the degradation process of rocks.
Previous studies have systematically explained the process
of rock deformation and failure and the characteristics of
energy transformation [17, 18]. The energy absorbed and
transformed from the outside is divided into dissipative
energy and releasable elastic energy. Dissipated energy can
be used to describe the new plastic deformation and internal
damage of rock mass, which is the main cause of rock
strength loss [19, 20]. The releasable elastic strain energy
can be released during unloading.

In this paper, the effect of water-rock interaction on the
deterioration of sandy dolomite was studied, taking black
sandy dolomite as the research object. Semi-immersion tests
were conducted under various ferric sulfate concentrations
to simulate the effects of different water environments. Sub-
sequently, uniaxial compression tests were performed to
determine the changes in the mechanical properties of the
samples due to the chemical effects of water-rock interac-
tion. Based on the energy mechanism, the energy changes
of rocks under uniaxial compression were analyzed.
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2. Materials and Methods

2.1. Sampling and Preparation. The rock samples studied in
this paper were selected from the lower Cambrian black rock
in Chengkou County, Chongqing, China. Due to the high
levels of rainfall and hot summer temperatures in the local
area, the rock strata distributed in the study area have strong
water-rock interaction. As a result of abundant rainfall, the
surface of the rock mass was visibly fractured and denuded.
The rock mass was coated with a yellow substance, which
was speculated to be the oxide formed by the replacement
of iron ions due to the water-rock interaction.

The black sandy dolomite rock blocks were selected and
prepared into standard cylindrical samples with dimensions
of 950 mm x 100 mm, following the ASTM D4543 standard
[21]. Using ultrasonic velocity measurement, eight samples
with uniform internal structure were chosen. In order to
provide an objective assessment of the sample properties,
three samples were selected for the determination of their
physical and chemical properties.

The mineral analysis results obtained through X-ray
diffraction (XRD) measurements are presented in Table 1
and Figure 1, providing valuable insights into the mineral
composition of the tested black sandy dolomite samples.
The dominant minerals observed in the samples are dolomite,
accounting for 46.60-52.40% of the composition, and quartz,
comprising 31.70-36.80% of the mineral content. Addi-
tionally, minor constituents such as pyrite (3.60-4.60%),
plagioclase (1.60-2.90%), and illite (1.91-3.59%) were iden-
tified. The samples also contain trace amounts of chlorite
(0.36-0.59%), kaolinite (0.37-0.59%), and other unidenti-
fied minerals.

The chemical composition analysis of the black sandy
dolomite samples was conducted using PW2424 X-ray fluo-
rescence spectrometer (XRF), and the results are presented
in Table 2. The chemical composition of the samples is mainly
Si0, (32.00-36.37%), followed by CaO (16.45-18.55%), with
MgO content of 11.55-12.95%. The contents of Al,O;, SO;,
and Fe,O; are 2.17-3.30%, 2.25-2.80%, and 1.39-1.47%,
respectively. Other chemical compositions are relatively low.
This indicates that there are some pyrite contained in the black
sandy dolomite samples as well. The loss on ignition (LOI) is
25.64-28.98%, indicating that there is high content of inor-
ganic carbonate in the rock.

2.2. Experiments

2.2.1. Semi-immersion Test. After drying and vacuuming the
rock samples, they were immersed in solutions of Fe,(SO,),
at different concentrations for this study. Acid-proof plastic
boxes were used as containers, with four groups consisting of
two soaking samples per group. The immersion solution in
the simulation test consisted of deionized water and sulfuric
acid, with Fe** concentrations of 1g/L, 1.5g/L, 2g/L, and
2.5g/L, labeled as A, B, C, and D, respectively, in ascending
order of concentration. The semi-immersion experiment is
shown in Figure 2.

According to the empirical formula of the oxidation rate
of bulk pyrite, the concentration of Fe’* produced during
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TaBLE 1: Mineral composition of the samples.
Sample Quartz Plagioclase Pyrite Dolomite Ilite Kaolinite Chlorite Others
1 31.70 2.20 4.60 52.40 191 0.46 0.36 6.38
2 36.80 2.90 5.30 46.60 3.02 0.34 0.59 445
3 33.80 1.60 3.60 51.80 3.59 0.46 0.46 4.69
Average 34.10 2.23 4.50 50.27 2.84 0.42 0.47 5.17
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F1GURE 1: X-ray diffraction results of the samples. D: dolomite; Q: quartz; P: pyrite.
TaBLE 2: Chemical composition of the samples.
Sample Sio, TiO, Al O, K,O MgO Fe,0, CaO P,0O, Na,O SO, Cr,0, BaO LOI
1 32.83 0.13 2.17 0.52 12.85 1.44 18.30 0.06 0.16 2.27 <0.01 0.03 28.54
2 36.37 0.18 3.30 0.87 11.55 1.47 16.45 0.09 0.27 2.80 <0.01 0.05 25.64
3 32.00 0.14 2.22 0.58 12.95 1.39 18.55 0.09 0.16 2.25 <0.01 0.02 28.98
Average 33.73 0.15 2.56 0.66 12.45 1.43 17.77 0.08 0.20 2.44 <0.01 0.03 27.72

F1IGURE 2: Semi-immersion experiment.

the oxidation and acid erosion process of black sandy
dolomite differs by four orders of magnitude from the Fe’*
concentration in the immersion solution. This difference
has a weak impact on the test process and can be ignored
[22-24]. Therefore, the chosen iron ion concentrations in

the immersion solution for this paper are reasonable and
feasible.

Before the test, the rock samples underwent vacuum
freeze-drying for one hour using a vacuum freeze-dryer.
This process created a negative pressure within the rock
mass, ensuring that the soaking liquid entered the rock mass
through the cracks. The initial pH value of the precipitate
was approximately 2.2, so the pH value of the immersion
solution was set to 2.

During the test, the electronic conductivity and pH of
each group of solutions were periodically measured.
Initially, measurements were taken three times a day at
6-hour intervals, and subsequently, measurements were
taken twice a day at 12-hour intervals. After the semi-
immersion test, the samples were removed for the
mechanical test.



2.2.2. Scanning Electron Microscopy Analysis. The rock sam-
ples were initially cleaned to eliminate surface impurities.
Subsequently, they were processed into small pieces of
approximately 1cm’ using a cutting machine. The surfaces
of these samples were then polished to obtain smooth flakes
suitable for argon ion polishing. These samples were
polished in a LEICA EM RES102 argon ion polishing instru-
ment. The polished samples were thoroughly cleaned with
deionized water and dried for 24 h in a drying box with the
temperature set at 60°C. After the rock sample was polished
by argon ions, they were fixed on the surface of the coin to
ensure the smooth placement of the rock sample on the
scanning electron microscope platform, and then, the rock
sample was observed and analyzed by scanning electron
microscopy (QUanta-Fec250). Lastly, a platinum coating
was applied to the surface of the rock samples observed
under the scanning electron microscope. This was accom-
plished by placing the samples into a platinum deposition
instrument, ensuring optimal electrical conductivity through
a platinum injection time of 60 seconds.

2.2.3. Uniaxial Compression Experiment. After 41 days of
soaking in different ferric sulfate solutions, the samples
underwent uniaxial compression testing using a YZW-Y
series microcomputer-controlled electrohydraulic servo
pressure testing machine, with a loading rate of 0.5 MPa/s.
The test was conducted until the sample was completely
destroyed, and the stress-strain parameters of each sample
were recorded.

3. Results and Discussion

3.1. Oxidation-corrosion morphology of the samples. The
change of the samples at four different concentrations is
similar. Typical changes in the process of immersion are
described as follows.

The rock samples were immersed in a liquid solution
with the top surface positioned approximately 1cm above
the water level. Upon immersion, bubbles were observed in
the lower portion of the solution at all concentrations. After
3 days, a slight cloudiness was noticeable in the soaking
solution compared to its initial state. By the fourth day, the
sample with a concentration of 1 g/L exhibited an increased
pH value, accompanied by additional precipitation at the
bottom of the solution. Precipitation in the form of white
substances was observed in the wetted regions above the
liquid level for all rock samples, consistently appearing at
the boundary between the wet and dry areas surrounding
the rock samples.

After 14 days, the height of the immersion solution
within the rock samples had increased by approximately
lcm due to capillary action, and an increased amount of
flocculent or needle-like white precipitates was observed.
Some of the precipitates transitioned from white to a
yellow-brown color. At the 20-day mark, the soaking
solution further penetrated the internal pores of the rock
samples, resulting in significant precipitation from the
immersed regions. Approximately half of the white precipi-
tates turned yellow-brown in alignment with the direction
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of solution infiltration. Over time, noticeable dissolution
phenomena occurred within the wetted portions of the
rock samples.

By the 34th day, the wetted regions of the rock samples
displayed the appearance of yellow-brown material, with
the coverage area gradually expanding. As more precipitates
migrated through the pores in the direction of the solution,
the surface exhibited undulations, and a few instances of
exfoliation and discrete particles could be observed at the
bottom of the solution. After 41 days, no visible precipitate
was observed on the immersed surface of the rock samples.
However, the portion above the liquid level was coated with
a yellow-brown precipitate. Figure 3 provides a depiction of
the typical etching characteristics observed in the samples.

3.2. pH and Electric Conductivity. Electric conductivity (EC)
is a measure of solution conductivity and is influenced by
the properties of ions present in the solution. The observed
increase in conductivity can be attributed to the ongoing
oxidation of pyrite, resulting in the production of various
ions. Simultaneously, the hydrogen ions generated during
the oxidation process react with other minerals within the
rock sample, causing their dissolution and the formation of
additional soluble ions. Consequently, the conductivity value
is further elevated. The augmentation of electrical conduc-
tivity exhibits a positive correlation with the extent of
water-rock interaction.

The relationship curves of EC and pH values of the sam-
ples in hydrochemical solutions with different concentra-
tions with experimental time are shown in Figure 4. The
data shown in the figure are the average values of the two
samples in each experiment group. The EC changes in differ-
ent concentrations of aqueous chemical solution in different
time periods were consistent. In the early stage of the test,
the soaking solution directly contacted the surface of the
rock sample, and the soaking fluid entered the sample along
with the pores. The water-rock reaction was severe, and
rock-forming minerals and cementation were dissolved.
Soluble minerals in the rock sample begin to decompose,
producing ions into the immersion solution, such as Fe**
and Mg>". Macroscopically, the conductivity of the soaking
fluid increased. With the passage of oxidation acid etching
time, the conductivity of the soaking solution increased
gradually, and when it increased to a certain value, the
increasing rate decreased to different degrees and finally
tended to a certain stable value.

To ensure that the pH value was kept within a stable
range during the test, when the pH value rose to 2.3, an
appropriate amount of sulfuric acid solution was added to
the soaking solution to adjust the pH value to the initial
value of 2. The EC and pH values increased and decreased
rapidly in the early stage in group A. At 25h, the EC value
reached a maximum of 6.8 mS/cm, and the pH value reached
a minimum of 1.6. Then, the EC value began to decrease
with partial fluctuation, and the pH value began to rise. In
groups B, C, and D, the trends of both were similar; the
EC value increased slowly, and the pH value decreased
slowly. After 25h, EC and pH fluctuated occasionally but
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FIGURE 3: Group A oxidation acid etching characteristics: (a) day 4; (b) day 20; (c) day 34; (d) day 41.

generally tended to be stable, and the conductivity stabilized
at approximately 3.3, 5.1, and 6.2 mS/cm, respectively.

After 500 hours of testing, the EC value and pH value of
the soaking solution in the test groups were stable. It is spec-
ulated that pyrite in the rock is completely dissolved and the
chemical reactions reach equilibrium. The conductivity of
the four groups increased from 3.2 to 9.8 mS/cm, 2.7 to 8.2
mS/cm, 4.0 to 9.2 mS/cm, and 4.6 to 9.1 mS/cm, respectively.
The pH values of the four groups were kept at about 2.0, 2.1,
2.1, and 2.0, while the electrical conductivity increased with
growth rates of 206%, 203%, 130%, and 97%, respectively.
The change in conductivity decreases with increasing
immersion concentration. This indicates that with the
increase in the concentration of Fe’" in the soaking solution,
the water-rock chemical interaction weakens in the same
period. The rate of ion generation is also slow, which makes
the change range of EC smaller, leading to less consumption
of H* and a smaller rise rate of pH. It is speculated that the
complexes formed by Fe’* with water and dissolved oxygen
cover the surface of rock samples in the form of thin films,
which inhibit the dissolution rate of diagenetic minerals.
This prevents further chemical reactions, giving the rock
some protection [25, 26]. The control group with the same
concentration of iron ions and different immersion heights
showed a similar change trend in EC, indicating that the
immersion height has little effect on the water-rock interac-
tion of black sandy dolomite.

3.3. Characteristics of Microstructure after Water-Rock
Interaction. The samples of black sandy dolomite were ana-
lyzed by scanning electron microscopy after soaking in solu-
tions for 41 days. Pores and fissures in the black sandy
dolomite were observed, as well as the microstructure and
the cementation between the mineral particles.

The internal microstructure before water-rock interac-
tion of the sample is shown in Figure 5(a). The overall struc-
ture of the black sandy dolomite is closely connected, and
the main frame is jointly constructed of dolomite and
quartz. The overall structure of the rock and the clay min-
erals is layered.

Figure 5(b) shows the internal pore diagram of black
sandy dolomite in natural state. The size and shape of micro-
scopic particles are irregular, and the structure between par-
ticles is loose. Inside the rock, there are many pores of

different sizes with irregular shapes (red arrows). The pores
are a few microns in diameter, much smaller than the min-
erals in the rock sample. At the same time, honeycomb
aggregates were observed, which were inferred to be pyrite
by X-ray energy-dispersive spectrometry. Pyrite on the sur-
face of rock samples is easily dissolved into fine particles,
which are further decomposed into ions to improve the con-
ductivity of the solution.

Erosion and fissures occurred in the samples, as shown
in Figure 5(c), resulting in mineral loss and disintegration.
Pore water carries the ions released by minerals to move into
the cracks of rock mass. After the ion concentration reaches
saturation in the open area of the cracks, mineral redeposi-
tion will occur. During this process, the concentration of
ions in the solution increases, resulting in the increase of
EC value. Chemical dissolution in the narrow fissure widens
the opening, changes the cementation between mineral par-
ticles, and reduces the mechanical properties. In acidic envi-
ronments, all the samples have strong dissolution
phenomena, mainly manifested as dissolution and expan-
sion along the intergranular pores and all kinds of cracks
and cavities, and finally connected to a certain extent. After
these reactions, the solution pores and gaps are beaded.
Figure 5(d) shows that the pyrite particles are eroded away
and the original structure turns into holes after water-rock
interaction.

Scanning electron microscopy analysis reveals that the
microdissolution process of dolomite primarily occurs along
the dolomite grains, crystalline pores, and crystal interfaces.
Dissolution initially takes place at crystal cleavage fissures,
contact points between dolomite crystals, and within and
around sand patches. This results in a gradual deterioration
of the internal structure of dolomite. The pores gradually
enlarge and extend as the dissolution progresses. Crystal
detachment during the process weakens the interconnection
between dolomite crystals, leading to a loosening of the
structure and the eventual formation of a powdery sub-
stance. Thus, water-rock interaction has a significant impact
on the micromorphological characteristics of the rock
samples.

3.4. Uniaxial Compression Experiment Results. The results of
the uniaxial compression test indicate that the failure mode
of the rock samples is brittle failure. The stress-strain curve
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FIGURE 4: Conductivity and pH value of the samples: (a) group A; (b) group B; (¢) group C; (d) group D.

FiGure 5: SEM images of the samples before and after water-rock interaction. Before water-rock interaction: (a) overall structure and (b)
internal pores. After water-rock interaction: (c) enlargement of pores and (d) pyrite corrosion.

of the samples after acid etching with different concentra-
tions of Fe’* is shown in Figure 6.

The initial compression section of the uniaxial compres-
sion stress-strain curve of a rock sample displays an upward
concave shape, and its length is indicative of the sample’s
internal defects and void development. After chemical cor-
rosion, the upward concave section of the sample is length-
ened. The length and degree of the upper sag can reflect
the pore development of rock. The compaction section of
the sample increased obviously. The softening effect of the

chemical solution significantly impacts the elastic and yield
stages of the curve, with the elastic stage being shorter after
chemical corrosion than under natural conditions.

At the stage of plastic deformation, the peak point strain
can reflect the amount of deformation when the rock is
damaged. The mechanical and deformation parameters of
specimens obtained by uniaxial compression test are shown
in Table 3. With the increase in acidity of the chemical solu-
tion. The axial strain increases when the peak point is
reached. After soaking in chemical solution, the axial strain
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FIGURE 6: Stress-strain curves of the samples.

at the peak point of each sample is greater than that in the
natural state.

The degradation of mechanical indexes of the sample
under different Fe’* ion concentrations is as follows: com-
pared with the unsoaked samples, the peak strength of
groups A, B, C, and D decreased by 4.18%, 0.19%, 2.93%,
and 0.64%; the peak strain increased by 29.58%, 14.11%,
12.42%, and 4.96%; and the elastic modulus decreased by
16.00%, 2.96%, 6.98%, and 1.88%, respectively. Different
concentrations of immersion solution have different corro-
sion effects on the samples. With increasing Fe’* ion con-
centration, the degradation rate of the strength parameter
decreased. If the concentration of Fe’" increases, Fe’* forms
a film on the surface of the sample, the contact surface
between sample and solution was reduced, and the dissolu-
tion rate is inhibited [27-29].

4. Energy Mechanism under
Uniaxial Compression

In the process of the uniaxial compression test, the rock
deforms until it is destroyed by an external load. It is
assumed that there is no heat exchange in the process of
deformation, and the external force works on the rock with
input energy U. That includes the elastic strain energy
released at the time of failure and the dissipated energy of
the rock [25].

U=U+U", (2)

where U® is the releasable elastic strain energy and U? is the
dissipated energy.

The relationship between dissipative energy U¢ and
releasable elastic energy U® is shown in Figure 7. The dissi-
pated energy of damage and plastic deformation U¢ in the

TaBLE 3: Strength and deformation parameters of the samples
under uniaxial conditions.

Grou Peak strength Peak strain  Elasticity modulus

P (MPa) (%0) (GPa)
A 102.16 38.54 3.87
B 106.41 33.94 4.47
C 103.50 33.44 4.28
D 105.94 31.22 4.52
Nature 106.62 29.75 4.60

9

us >
E;
Uy
o &

FIGURE 7: Quantitative relationship between U® and U<,

forming element is numerically equal to the area formed
by the stress-strain relationship curve and the unloading
elastic modulus. The area of the shaded part represents the
value of the releasable elastic strain energy U¢, which is
the elastic strain energy released by the rock mass after
unloading.
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TABLE 4: Average plastic deformation and BIM.

Group A B C D Nature

Concentration (g/L) 1.0 1.5 2.0 2.5 /

BIM (%) 6.20 5.60 5.90 5.20 4.70

Up (mm) 1.22 1.02 0.93 0.78 0.65

The energy of each part in the principal stress space can
be represented as [26]

3

81 82 8;
U= J o,de, + J o0,de, +J 0,de;,
0 0 0

1 1 1
[]e = Eoildsi + Eﬂzdsg + 503d€§,

vi=U-U"

In this formula, U is the work done by the principal stress in
the direction of the principal stress; ¢; (i = 1, 2, 3) is the strain
in three principal stress directions; & (i = 1, 2, 3) is the elastic
strain in three principal stress directions.

In practical engineering applications, the releasable elas-
tic strain energy can be written as follows [30, 31]:

2 2 2
_ 0y +05+ 05— 2u(010, + 0,03 +030)
2E

U* SN C))

u

where E, is the unloading elastic modulus.

At present, a large number of studies show that the
initial elastic modulus E, is generally used to replace the
unloading elastic modulus E,, in calculating the elastic strain
energy that can be released [32-34]. In the uniaxial com-
pression test, only the axial stress £, works on the sample,
and the principal stress in the other directions is 0. There-
fore, the above formula can be written as

€1
U- J o.de,, (5)
0
€ 1 €
U®=—o0,de], (6)
2
£ 0.2
Ud=U—Ue=J o,de, — 1. (7)
0 2EO

The amount of plastic deformation can be expressed by
the value of the brittleness index modified (BIM) [35, 36]:

Ud
BIM = 1., 8)

where U and U°® represent the dissipated energy and releas-
able elastic energy of the sample at the peak stress.

The total plastic deformation of the sample in the pro-
gressive failure process under uniaxial compression can be
calculated by the formula below [37]:

Usz(s—%), 9)

where U, is the total plastic deformation of the sample, L is
the length of the sample, ¢ is the axial strain, E is the elastic
modulus, and o is the axial compressive stress.

According to Equations (8) and (9), the average plastic
deformation amount and brittleness correction index value
of the sample at the peak stress before failure can be
obtained, as shown in Table 4.

As shown in Table 4, the BIM of the sample in the nat-
ural state is 4.70%, while those of the samples after soaking
are 6.20%, 5.60%, 5.90%, and 5.20%. That is greater than
the value of the rock in the natural state and decreases with
the increase in the concentration of solution. This indicates
that after oxidizing acid corrosion, the samples softened,
the ductility enhanced and brittleness weakened. The degree
of softening decreased with increasing aqueous chemical
solution concentration. The average plastic deformation of
groups A, B, C, and D is 1.22mm, 1.02 mm, 0.93 mm, and
0.78 mm, which are larger than the average plastic deforma-
tion of the natural rock (0.65mm). This demonstrates that
the variation law of BIM is the same as the average plastic
deformation, so the energy mechanism can be used to char-
acterize the chemical corrosion of rock. The larger the brit-
tleness correction index value is, the deeper the mechanical
properties of the sample deteriorate under the effect of
chemical corrosion.

According to Equation (5)-Equation (7), the curves of
the relationship between the strain energy of each part and
axial strain can be obtained, which were affected by chemical
corrosion at different concentrations, as shown in Figure 8.

It can be seen intuitively from Figure 8 that the accumu-
lation and transformation patterns of the absorbed strain
energy in various components are generally consistent in
black sandstone limestone specimens in their natural state
and after chemical corrosion. However, the evolution of
energy in the process of deformation and failure of the black
sandy dolomite samples in the hydrochemical solution cor-
rosion is still obviously different from that in the natural
state. The increase rates of absorbed total strain energy and
releasable elastic strain energy in the saturated state after
chemical corrosion are lower than those in the natural state.
With the same axial strain, the strain energy U and the
released elastic strain energy U® are both larger than those
after chemical corrosion, indicating that the chemical solu-
tion has a significant effect on them. After the peak value
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FiGure 8: Curves of axial strain and energy: (a) total strain energy; (b) dissipation energy; (c) releasable energy.

point, the energy absorption from the external environment
decreases to varying degrees for both natural corrosion and
chemical corrosion, but the decrease is more significant
under chemical corrosion.

5. Conclusions

The semi-immersion test and uniaxial compression test of
black sandy dolomite at different concentrations were car-
ried out, and the mechanical properties of rock under differ-
ent chemical damage states were analyzed combined with
the energy mechanism. The specific results are as follows:

(1) The morphological characteristics of oxidizing acid
erosion of black sandy dolomite were obtained
through the semi-immersion test of chemical solu-
tions with different Fe’* concentrations. Results
showed that water-rock interaction was more signif-
icant when the concentration of iron ions was low.
The electrical conductivity (EC) value increased rap-
idly in 1 g/L solution and reached its maximum after
approximately 25 hours, earlier than other concen-
trations. Moreover, the hydrogen ion consumption
capacity is weak, and the pH value increases more
slowly

(2) Through uniaxial compression tests of the samples
corroded by chemical solutions of different concen-
trations, the stress-strain relationship curves of the
whole process were obtained. Under the natural state
of rock in water after chemical etching, the peak
strength of the samples decreased to varying degrees,
and the peak strain increased to different extents,
with a decreasing trend as the concentration of
Fe’* increased. The maximum increasement of

strain reached 29.58% at a concentration of 1g/L
iron ions, and the minimum was 4.96% at 2.5g/L

(3) The variations in mechanical properties of the rock
under uniaxial compression have been derived from
an energy-based perspective by analyzing the stress-
strain curves. With increasing chemical solution
concentration, the strain energy of each characteris-
tic point of the rock sample decreases, and the U,/
U value, brittleness correction index, and average
plastic deformation also decrease. BIM reaches the
highest value of 6.20% at 1g/L, and U, also reaches
the maximum value of 1. The variation range of
the elastic strain energy (U,) value is small, suggest-
ing that the elastic properties of the rock have not
changed significantly during the process of energy
absorption
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