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The high-strength red sandstone in its natural state is subjected to significant strength deterioration under alternating wet and dry
conditions, which can cause many catastrophic problems in the process of engineering construction. It is important to deeply
understand the damage mechanism of red sandstone under the action of dry and wet cycles. Therefore, this paper explores the
mechanism of red sandstone’s uniaxial deformation and failure through indoor uniaxial compression tests, studies the damage to
the microstructure of red sandstone under wet–dry cycles using scanning electron microscopy, and establishes a damage variable
based on fractal dimension. The results show that with the increase of wet–dry cycles, the peak stress of red sandstone shows a
decreasing trend, and the minimum peak stress is 17.3MPa, which is a 46.62% decrease compared to the sample with 0 wet–dry
cycles. During the wet–dry cycle process, there are four deformation characteristics of red sandstone samples, namely, crack
compression, crack extension, progressive fracture, and crack penetration. SEM images show that the porosity, pore area, and
fractal dimension all show a nonlinear increase, and the maximum damage variable can reach 10.41%. The research results can
provide guidance for engineering design and slope failure mechanism research in red sandstone areas.

1. Introduction

In recent years, the Ordos region has experienced frequent
extreme rainfall events, leading to high levels of rainfall and
temperatures during the summer months. This can cause
rocks to undergo periodic wet and dry cycles, which can
result in the deterioration of their physical and mechanical
properties [1–6]. This poses significant challenges for geo-
technical construction in the region. Therefore, studying the
macroscopic and microscopic damage degradation laws of
red sandstone under dry–wet cycling environment is of great
significance for guiding the construction of geotechnical
engineering in the Ordos region and other red sandstone
areas.

Previous studies have extensively investigated the dry
and wet cycling processes of red sandstone, which causes
structural softening and strength loss. Zhou et al. [7, 8] pro-
posed that irreversible cumulative fracture damage under
wet and dry cycle treatment is the main cause of strength

reduction in sandstone. Zhang et al. [9] used acoustic emis-
sion techniques to study the damage characteristics of sand-
stone under the action of dry and wet cycles and found that
the uniaxial compressive strength and modulus of elasticity
increase with the number of wet and dry cycles. Du et al. [10]
showed that dry and wet cycles have a significant degrading
effect on dynamic fracture properties. Yao et al. [11] demon-
strated that during the dry–wet cycle, water–rock interac-
tions lead to progressive changes in mineral composition,
microstructure, and micropores. Khanlari and Abdilor [12]
studied the effect of dry–wet, freeze–thaw, and hot–cool
cycles on the physical and mechanical properties of the
upper red sandstone in Central Iran. Ying et al. [13] sug-
gested that the number of wet and dry cycles has an effect on
type I crack extension, with the fracture toughness decreas-
ing and dispersing as the number of cycles increases. The
crack expansion speed is accelerated, and the crack initiation
time is shortened. Cai et al. [14] found that the fracture
toughness and energy dissipation of sandstone decreased
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significantly with the increase in the number of cycles, and
the interparticle calcite cement gradually dissolved after
cyclic wet and dry treatment. The above studies show that
dry and wet cycling will deteriorate the mechanical proper-
ties of red sandstone, but their research tools mainly utilize
mechanical and physical indicators and indicators such as
microscopic pores, without in-depth study of pore parame-
ters (e.g., fractal dimensions [15–21]), and lack of research
on microscopic damage variables of red sandstone.

And the wet and dry cycles will not only affect themechan-
ical property changes of red sandstone but also cause damage
to the red sandstone soil. Currently, Chen et al. [22] analyzed
the effect of water content and fracture angle on rock strength,
damage mode, and acoustic emission properties. In particular,
kernel density estimation (KDE) was used to quantify the
spatial distribution of acoustic emission events and to distin-
guish the difference in damage patterns between dry and satu-
rated rocks. Studies have shown that the presence of water in
the rock reduces the strength of the rock. The number and
acoustic emission count of secondary cracks are reduced.With
the increase of fracture angle, the rock strength and acoustic
emission number increase, and the damage mode changes
from tensile damage to shear damage [23]. However, this study
did not consider the impact of dry–wet cycles on red sandstone
and lacked the effect of dry–wet cycles on fracture angle.
Therefore, the conclusions drawn did not fully explain the
failure mode of red sandstone [24]. Further damage modeling
is also needed to elucidate the degradation mechanism of red
sandstone under dry and wet cycling.

In summary, wet and dry cycles have significant effects
on rock deterioration, and previous studies have mainly reflected
the deterioration of rocks by dry andwet cycles through changes
in physical and mechanical properties. However, the deterio-
ration mechanism of red sandstone under dry and wet cycles
from damagemechanics andmicroscopic perspectives is lack-
ing. The damage deterioration pattern of red sandstone is
rarely studied, and the corresponding damage variables need
to be studied.

Therefore, this study aims to use Ordos red sandstone as
the research object to conduct uniaxial compression and
microscopic tests on red sandstone with different numbers
of wet and dry cycles. The response law of physical parame-
ters such as stress–strain curve, strength loss [25, 26], poros-
ity, pore area, and fractal dimension of red sandstone to the
number of dry and wet cycles will be studied. This will reveal
the mechanism of macro- and micro-deformation damage
deterioration of red sandstone under dry and wet cycles.
Finally, the fractal dimension will be used to define the dam-
age of red sandstone after dry and wet cycles, and the damage
variables of dry and wet cycle red sandstone will be defined.

The research results can provide a reference basis for the
deformation, damage, and deterioration of red sandstone
under dry and wet conditions.

2. Materials and Methods

2.1. Basic Physical andMechanical Properties of Red Sandstone.
In accordance with the “Standard Test Methods for Engineer-
ing Rock Masses” (GB/T 50266-2013), laboratory testing was
conducted to determine the basic physical properties of red
sandstone. The results of the tests are presented in Table 1.
Statistical analysis of the data in Table 1 reveals that the water
saturation coefficient of red sandstone in the Ordos region is
relatively high. Rock formations containing clay minerals have
limited space for clay expansion after water absorption, which
can lead to swelling and fragmentation, resulting in a signifi-
cant decrease in rock strength [27].

Moreover, X-ray diffraction was employed to analyze the
mineral composition of the red sandstone. The analysis
revealed that the clay mineral components of the red sand-
stone are montmorillonite, chlorite, illite, and kaolinite, with
a high clay mineral content of over 64%. The detrital com-
ponents are mainly composed of quartz, calcite, and feldspar.

2.2. Red Sandstone Sample Preparation. The red sandstone
used in this article was selected from the red sandstone in
the Ordos region (as shown in Figure 1), with a purple-red
appearance and an average density of 23.40 kN/m3. Cubic
sandstone blocks were cut on-site and transported to the
rock mechanics laboratory for processing [28]. In accordance
with the requirements of rockmechanics testing standards, the
processed samples had an average size of 50.00mm× 100mm.
To ensure the smooth completion of the experiment, a total of
60 cylindrical samples were prepared. In order to avoid dis-
continuity in the test results, each group of samples was

TABLE 1: Main physical and hydraulic properties parameters of rock samples.

Formation
lithology

Natural
density, ρ
(g/cm3)

Dry density,
ρd (g/cm

3)

Saturated
density, ρw
(g/cm3)

Saturated water
absorption, Wsa (%)

Natural water
absorption, Wa (%)

Natural moisture
content, W (%)

Saturation
coefficient, Ks

Purple-red
sandstone

2.34 2.32 2.43 3.85 2.47 0.61 0.64

FIGURE 1: Photos of sampling points.
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subjected to three dry andwet cycle tests, and the experimental
results were averaged.

2.3. Dry and Wet Cycle Test Design and Method. According
to the “Highway Geotechnical Test Procedure” (JTG E40-
2007), the drying temperature for rock in the standard state
is 105°C. In this state, the free and bound water of the rock
will be completely dissipated [29]. However, considering that
the destabilization of the slopes in this area mostly occurs in
summer and the surface temperature can only reach a maxi-
mum of 60–70°C. At the same time, most structural damage
is caused by the formation of cracks due to the dissipation of
free water from the rock structure. Therefore, the dry and
wet cycle test is designed to simulate the rock surface tem-
perature conditions under natural conditions, so the drying
temperature is 70°C. The drying state was selected as the
initial cycle state and the saturated state as the cycle termi-
nation state for this test [30]. The test is carried out in five
groups of three specimens each at 0, 5, 10, 15, and 25 cycles
for uniaxial compression tests. One of the dry and wet cycle
processes consists of two parts: extraction saturation and
drying [31].

To begin the process, place the specimen in the oven,
turn on the dehumidifying and drying fan, and dry at 70°C
for 12 hr to determine the quality of the specimen. The pro-
cess of pumping saturated air is as follows: The specimen is
placed in the vacuum saturation device and evacuated until
the pressure gauge reads close to 0.1MPa (1 standard atmo-
spheric pressure). Allow the value to stabilize before continu-
ing to pump for about 4 hr, then place the pumping tube into
the water tank. Open the suction valve and slowly pump the
water into the vacuum saturator. When the water surface
exceeds the height of the specimen, lift the water pipe from
the sink. The specimen is allowed to stand at atmospheric
pressure for 12 hr and then removed. At this point, the test
piece has finished absorbing water. Remove and dip the sur-
face water and weigh. Drying and pumping saturated once
for one cycle. Measure the longitudinal wave velocity and
dimensions of the rock sample after each cycle [32].

2.4. Uniaxial Compression Test Method. The uniaxial com-
pression test of red sandstone was conducted using a new
Changchun tester (TSW-1000). The tester is produced by
Changchun New Testing Machine Co., Ltd., and has a maxi-
mum axial force of 2,000 kN and a maximum circumferential
pressure of 100MPa. It can conduct routine unconfined
compression tests and triaxial compression tests. To avoid
any discreteness in the test results, the average of three sam-
ples completed in each group of tests is taken. During the
experiment, displacement control was used, with a loading
rate of 0.02mm/s, until the sample was damaged, and pres-
sure was relieved [33].

In summary, the red sandstone samples were prepared
and tested using a dry and wet cycle test and uniaxial com-
pression test method. The test results will provide valuable
insights into the mechanical properties of red sandstone and
its potential for use in slope stabilization.

3. Analysis of Test Results

3.1. Stress–Strain Curve. In order to investigate the damage
characteristics of red sandstone under uniaxial compression
by dry and wet cycles, a study was conducted. The uncon-
fined compressive strength test was carried out, and the
stress–strain curve of the specimen was plotted for different
numbers of wet and dry cycles (Figure 2). The stress–strain
curves exhibited a single-peak shape at varying numbers of
wet and dry cycles. At n= 0, the peak stress in the red sand-
stone was 32.41MPa. However, as the number of wet and dry
cycles increased, the peak stress tended to decrease nonli-
nearly. At n= 5, the peak stress reached 31.95MPa, which
was a decrease of 1.44% from 0 cycles of wet and dry. At n=
10, the peak stress decreased even further to 27.90MPa. This
was due to the fact that the higher the number of wet and dry
cycles, the more fissures were induced in the red sandstone,
causing serious damage to its internal structure and resulting
in a decrease in its strength index. The peak stresses were
27.05 and 17.30MPa for n= 15 and 20, respectively. This
indicates that with increasing numbers of wet and dry cycles,
there was already a large amount of primary fracturing
within the red sandstone. After the immersion process, water
penetrated into the interior of the red sandstone and entered
the fracture tip microfracture damage zone of water to form
cleavage. The water pressure acting on the surface of the
microfracture increased the stress intensity factor at the tip
of the fracture, prompting the microfracture within the red
sandstone to crack and extend, increasing the porosity of the
red sandstone and expanding its volume. This led to the
progressive development of primary microfractures under
the influence of water damage and the generation of new
secondary fractures, causing irreversible progressive damage
to the red sandstone. Therefore, the higher the number of
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FIGURE 2: Stress–strain curve (n is the number of wet and dry cycles).
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wet and dry cycles, the more pore space within the red sand-
stone, further leading to a decrease in peak stress in the red
sandstone specimen.

It is also observed that the stress–strain curve shows a
sawtooth shape after the peak stress for 0, 5, and 15 cycles of
wet and dry conditions. The reason for this is the heteroge-
neous nature of the red sandstone itself and the random
development of initial and secondary cracks and development
of cracks under “wet–dry” damage. The combination of uni-
axial loading and dry–wet alternation has resulted in a rock
failure mode based on “dry–wet” interaction. This causes the
complexity of existing newly created cracks to deepen, as
evidenced by increased undulations and fluctuations in the
stress–strain curve. The internal fractures in the red sandstone
also produce more undulating ripples, with a significant
increase in the distribution interval of mechanical parameters
such as stress and strain, and a jagged curve over a range.

3.2. Characterization of Uniaxial Deformation of Rocks by
Dry and Wet Cycles. Based on the stress–strain curve pre-
sented in Figure 2, the stress–strain behavior of red sand-
stone subjected to wet and dry cycles can be represented by
the complete process model of red sandstone deformation, as
shown in Figure 3. The wet and dry cycles induce four dis-
tinct stages of fracture evolution, including the compression,
extension, progression, and penetration stages.

(1) Section OB is a fracture compacted section. The main
components are the OA section of the compression
dense zone and the AB section of the elastic zone.
Compressive closure of primary microcracks due to
the application of axial loads. It was also found that
the fracture closure stress σcc at the end of the OA
stage was about 10%–20% of the peak stress σc. After
fracture compression, the rock is transformed from a
discontinuous medium to a seemingly continuous
medium and enters the elastic deformation stage
AB section. AB ends with an initial crack initiation
stress σci of approximately 30%–50% of the peak
stress σc.

(2) Section BC is a fissure extension. When the elastic
limit is exceeded, microfractures in the rock begin to
develop, expand, and accumulate. Fractures within
the rock develop as the stress difference increases.
When the crack initiation stress is reached, the origi-
nally compacted and closed fractures begin to con-
tinue to expand and new cracks will appear between
some of the relatively weaker grain boundaries.

(3) Segment CD is a rupture progression segment. Upon
entering this phase, a qualitative change in the devel-
opment of microfractures occurs. Due to the signifi-
cant stress concentration effect caused by the rupture
process, the rupture will continue to develop progres-
sively even if the working stress remains constant.
After the rock has reached its peak strength, strain
softening occurs as the strain increases and the stress
continues to decrease.

(4) Section DE is a fissure through section. Development
of microfracture surfaces within the rock mass into
through fracture surfaces. Rapid loss of strength of the
rock mass but continued growth of plastic deformation.

3.3. Uniaxial Strength Loss Pattern in Red Sandstone. In
order to explore the impact of wet–dry cycles on the mechan-
ical properties of red sandstone, this study aims to define the
rate of strength loss (Wj) and deformation (Ej) of red sand-
stone under different wet–dry cycle numbers (0 cycles and
beyond). Equations (1) and (2) will be utilized to calculateWj

and Ej, respectively:

Wj ¼
σj − σ0
σ0

× 100%; ð1Þ

Ej ¼
Ej − E0
E0

× 100%: ð2Þ

The data in Table 2 were analyzed to determine the aver-
age values of uniaxial compressive strength (σc) and modulus
of elasticity (E). These values were obtained before (σj) and
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FIGURE 3: Stress–strain curve model.
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after (σ0) the initial cycle, as well as after subsequent cycles
(Ej). Additionally, the initial cyclic mean modulus of elastic-
ity (E0) was also considered. The results of this analysis are
presented in Figures 4 and 5.

Table 2 and Figures 4 and 5 reveal that the red sand-
stone’s uniaxial compressive strength and modulus of elas-
ticity decrease as the number of wet and dry cycles increases.
The impact of wet and dry cycles on Poisson’s ratio is negli-
gible. The total loss rate of strength and deformation indices
of the red sandstone increases throughout all stages as the
number of wet and dry cycles increases. However, the initial
stage shows insignificant strength depreciation. The uniaxial
compressive strength σc only decreases by 1.41%, and the
modulus of elasticity E by 1.08%, which is consistent with
the rock’s preabsorption pattern. As the number of wet and
dry cycles (25) increases, the rate of loss of uniaxial com-
pressive strength σc reaches 46.62%, and the rate of loss of
modulus of elasticity E reaches 49.24%. This indicates the
progressive deterioration of the rock by water during the
wet and dry cycles. Additionally, the rate of loss of strength
deformation in stages III and IV is demonstrated by the
compressive strength σc being less than the modulus of

elasticity E. This also suggests that water has a more signifi-
cant impact on the rock’s deformation parameters during
the wet and dry cycles.

The correlation analysis between σc, E, and the number
of dry and wet cycles n indicates a strong negative exponen-
tial relationship with n. As shown in Figure 6, the trend of
uniaxial compressive strength and modulus of elasticity
reveals a relatively stable reduction until 15 wet and dry cycles
for red sandstone. However, beyond 15 cycles, the uniaxial
compressive strength of red sandstone experiences a signifi-
cant decline, accompanied by an increased reduction rate of
the modulus of elasticity. These findings suggest that the
strength of red sandstone deteriorates progressively under
various wet and dry cyclic conditions, leading to the acceler-
ated development of pores and fissures within the rock.

3.4. Microanalysis. In order to investigate the damage mech-
anism of red sandstone caused by dry and wet cycles, we
utilized SEM images to analyze the microstructural changes
of red sandstone from a microscopic perspective under dif-
ferent dry and wet cycles. Figure 7 shows the SEM image. At
0 cycles, the red sandstone grains are closely aligned and
there are no large pores. However, as the number of cycles

TABLE 2: Deterioration analysis of uniaxial compression strength parameters of red sandstone.

Cycle
stage (i)

Number of
cycles (N)

Uniaxial compressive
strength, σc (MPa)

Total loss of compressive
strength in wet and dry
cycles, Wj ¼ σj−σ0

σ0
× 100%

(Phase i-1 loss ratio)

Elastic modulus,
E (GPa)

Total loss of modulus of
elasticity in dry and wet

cycles, Ej ¼ Ej−E0
E0

× 100%
(Phase i-1 loss ratio)

Ⅰ 0 32.41 0 9.2 0
Ⅱ 5 31.95 1.41 (1.41) 9.3 1.08 (1.08)
Ⅲ 10 27.90 13.91 (12.50) 7.45 20.82 (19.75)
Ⅳ 15 27.05 16.53 (2.61) 7.51 20.10 (−0.71)
Ⅴ 25 17.30 46.62 (30.09) 4.77 49.24 (29.13)
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increases (5 and 10), the red sandstone grains become loosely
aligned and pore space is developed, with visible large pores.
The minerals are mostly rounded and free from angularity,
with flocculated secondary mineral aggregates developing on
the surface and alteration of the remaining darker minerals.
The microscopic results after wet and dry cycling correspond
to the mechanical parameters of the specimens. With the
increase in the number of wet and dry cycles, the clay miner-
als inside the sandstone specimens gradually decreased,
the cementation force between the particles decreased, the
internal pores increased, the microcracks increased, and the
macroscopic results showed that the mechanical properties
decreased. At 15 and 25 cycles, the structure of the red

sandstone is dominated by individual mineral grains and
mineral aggregates (agglomerates), with loosely arranged
grains, well-developed fissures, and large pores that are easily
compressed. Various clay minerals are stacked or agglomer-
ated in sheets or coils, with slight alteration at the edges. And
it can be observed that after the dry and wet cycles, the
horizontal section appears interparticle pores and intrapar-
ticle pores, the structure is loose and bulging, and eventually
forms a broken body; the vertical section of the superposi-
tion appears to be separated and flaked, the thickness
decreases, the gap increases, etc., and the particles in face-
to-face contact are gradually transformed to the edge-to-
face contact.
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FIGURE 6: Rock strength and deformation loss rate under wet and dry cycles.

FIGURE 7: SEM images for the surfaces of red sandstone after different dry–wet cycle number: (a) n= 0; (b) n= 5; (c) n= 10; (d) n= 15; and (e)
n= 25.
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It is evident that the microscopic pore space of the red
sandstone increases with the number of wet and dry cycles,
resulting in increasingly low tightness between mineral grains
and progressively increasing compressibility. The edges of the
mineral grains become increasingly rounded and even altered,
leading to a gradual deterioration of the overall stability,
strength, and deformation properties of the red sandstone.
This explains the main reason for the decrease in mechanical
properties of red sandstone under the action of wet and dry
cycles.

3.5. Porosity and Pore Area Variation. In order to further
explore the variations in microscopic parameters of red
sandstone caused by dry and wet cycles, we employed Image
software to analyze the alterations in porosity and pore area
under different dry and wet cycles. First set the scale using
Image software, convert the image to 8 bit, use the rectangle
box selection tool, box in addition to the scale, adjust the
threshold, and select the porosity. Calculate the porosity
using the measure function of Image software. Porosity=
pore area/total area. The findings are presented in Figure 8,
which shows a nonlinear rise in porosity and pore area with
an increase in the number of dry and wet cycles. At n= 0, the
porosity and pore area were 7.8% and 25mm2, respectively.
However, at n= 5, the porosity and pore area increased to
8.6% and 54mm2, respectively. The increase in porosity and
pore area was more significant when the wet and dry cycle
reached 10 times, with a 31.59% and 69.51% increase in
porosity and pore area, respectively, compared to 0 dry
and wet cycles. This is because the internal microstructure
of the red sandstone is less damaged by wet and dry when the
number of wet and dry cycles is low. However, when the
number of wet and dry cycles is high, fractures and pores
within the red sandstone continue to expand, leading to
severe damage to the soil structure, weakened intergranular
cementation, and longer and wider fissures. At 15 wet and
dry cycles, the porosity and pore area increased to 12.6% and
158mm2, respectively. The maximum porosity and pore area

were reached at 25 wet and dry cycles, with a 42.2% and
90.64% increase in porosity and pore area, respectively,
compared to 0 wet and dry cycles. The changes in damage
variables after wet and dry cycling are the result of the
combination of pore enlargement due to damage to the
internal red sandstone and the compression of the original
fissures. Wet and dry cycling induces damage to the soil
structure near the pores and increases the pore size, while
wet and dry cycling also contributes to the enlargement of
small pores inside the specimen.

3.6. Study of Damage Laws Based on Fractal Dimension. The
fractal dimension holds great significance in the field of rock
mechanics as it serves as an indicator of the complexity of the
pore structure of red sandstone. A higher fractal dimension
indicates a more intricate pore structure and a greater degree
of pore space development. The fractal dimension is calcu-
lated using D¼ logðNÞ := logð1=rÞ :, where D is the fractal
dimension, N is the number of pixels around each region,
and r is the relative size of the region.

Table 3 displays the number of score shape dimensions
obtained through Image analysis under varying wet and dry
cycles. By applying the principles of fractal damage rock
mechanics and calculating the fractal dimension, we can
define the damage variable DF for red sandstone subjected
to dry and wet cycling. This variable provides a quantitative
measure of the damage inflicted on the red sandstone due to
the cyclic exposure to dry and wet conditions:

DF ¼
ΔFN0

F0
¼ FN − F0

F0
× 100%; ð3Þ

where DF is the damage variable, ΔFN0 is the difference
between the fractal dimension when n= 0. FN is the fractal
dimension, F0 is the fractal dimension in the natural state.
This paper focuses on damage to red sandstone by wet and
dry cycling and therefore does not consider the initial
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damage to red sandstone. Damage variable D= 0 for red
sandstone in its natural state. The fine view damage variables
obtained from Equation (3) are shown in Table 3.

From the data in Table 3, it is clear that the fractal dimen-
sion of the red sandstone gradually increases with the number
of wet and dry cycles. The structural properties of the pores
tend to be more complex, which is consistent with the SEM
image findings. The greater the number of wet and dry cycles,
the more pronounced the internal microstructural damage
to the red sandstone. Quantitative characterization of damage
to the fine structure of red sandstone by wet and dry cycling
based on damage variables defined by fractal dimension. As the
number of wet and dry cycles increases, the damage variable
increases, up to 10.41%. It shows that the original pore space
and fracture within the red sandstone expand, secondary
fracture development evolves, red sandstone damage
increases, and dry and wet cycles have effectively increased
red sandstone structural damage. The wet and dry cyclic effect
tends to induce the expansion of fractures in red sandstone,
which leads to a serious impairment of the internal original
structure and the cementation between the grains. And the
changes in microstructure are the essence of macromechani-
cal changes, further explaining the intrinsic reasons for the
decrease in mechanical properties of red sandstone under the
action of dry and wet cycles.

4. Conclusions

The results of this study demonstrate that red sandstone is
significantly affected by wet and dry cycling, resulting in
damage degradation. The peak stress in the sandstone was
significantly reduced with multiple wet and dry cycles, with a
minimum peak stress of 17.30MPa. Therefore, it is recom-
mended that for geotechnical works or newly exposed slope
works, the slopes should be reinforced, taking into account
the damage degradation effect of the wet and dry cycle.

Furthermore, the rate of loss of uniaxial compressive
strength σc increased by 46.62% with an increase in the num-
ber of repeated wet and dry cycles (25). The loss of modulus of
elasticity E reached 49.24%, indicating increasing damage
deterioration of the rock by water during the wet and dry
cycles.

The porosity and pore area of the red sandstone also
increased with the number of wet and dry cycles, with the
greatest increase observed after 10 cycles. Additionally, the
fractal dimension of the red sandstone gradually increased
with an increase in the number of wet and dry cycles. The
structural properties of the pores tended to be more complex,
which is consistent with the SEM image findings. The injury

variable also tended to increase nonlinearly, with a maxi-
mum injury variable of 10.41%. With the increase in the
number of wet and dry cycles, there was a loss of clay
minerals within the specimen, an increase in pore size, a
significant increase in microcracks, and a loosening of par-
ticle connections.

In summary, the findings of this study highlight the
importance of considering the effects of wet and dry cycling
on red sandstone in geotechnical and slope works. Future
research could focus on developing effective methods for
mitigating the damage degradation effect of wet and dry
cycling on red sandstone.
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