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.is work presents the results of an experimental investigation aimed to study the disintegration of carbonaceous mudstone and
properties of modified materials. .e mineralogical composition of carbonaceous mudstone was determined with X-ray dif-
fraction. .e microscopic characteristics of carbonaceous mudstone disintegration were determined with scanning electron
microscopy. .e surface modification effect of carbonaceous mudstone was researched by comparative tests on coatings’ hy-
drophobic property, fastness, and waterproof before and after modification, and the modification mechanism of polymer-cement
composite modified carbonaceous mudstone was analyzed. .e results show that the mineral composition of carbonaceous
mudstonemainly contains illite, quartz, and kaolinite. It is found that the disintegration of carbonaceous mudstone can be divided
into external factors and internal factors. External factors are water and temperature difference, and internal factors are the
swelling of the kaolinite and illite mineral particles..ere are differences in themodification effects under different cement dosage.
When the cement dosage is 30%, the modification effect is the best. .e results may provide a reference for the prevention and
control of soft rock slopes.

1. Introduction

In recent years, with the implementation of China’s “.e
Belt and Road” strategy, roads, railways, and other in-
frastructure in the southwest of China, where carbonaceous
mudstone is widely distributed, have developed rapidly.
However, the carbonaceous mudstone cutting slope, under
the coupled action of heat-water-force-chemistry and other
factors, will produce crack and disintegration (Figure 1),
which is easy to cause shallow instability and even induce
engineering geological disasters such as expressway cutting
slope collapse and landslide, seriously affecting the progress
of the project, safety of staff, and economic losses [1, 2].
.erefore, domestic and foreign scholars have carried out a
series of experiments and theoretical studies on soft rock and
obtained fruitful research results. Ganesh et al. [3] studied
the influence of the mineral composition on the disinte-
gration resistance of soft rock. Zhang et al. [4] analyzed the
influence of swelling rock with drying-wetting cycles on
stability of canal slope through laboratory and centrifuge

model tests. Pan et al. [5] quantitatively characterized the
disintegration process of soft rock in water by establishing
the interface model of soft rock with water disintegration. It
was found that the crack propagation of carbonaceous
mudstone can be divided into three stages: slow develop-
ment, rapid development, and stable development by lab-
oratory tests [6]. Wong and Wang [7] constructed a three-
dimensional mathematical model to simulate the expansion
of argillaceous rock by considering the three elements of
mineral particle expansion, fabric, and stress-induced an-
isotropy. Some researchers discussed the influence of strain
change and number of dry and wet cycles on expansive force
based on the expansion test of argillaceous rock [8–10].
From the perspective of energy, the energy transfer and
energy dissipation model of the process of soft rockfall was
established through quantitative characterization of the
process [11]. More recently, scanning electron microscopy
and X-ray diffraction have been used to analyze the char-
acteristics of soft rock disintegration. For example, Zeng
et al. [12] obtained that the mesodamage evolution of
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carbonaceous mudstone under the action of confining
pressure and deviatoric stress was a nonlinear cumulative
growth process based on CT-triaxial test. Chai et al. [13]
analyzed the relationship between the disintegration re-
sistance of mudstone and mineral composition. Vgerara
et al. [14] analyzed the effect of water content on the me-
chanical properties of argillaceous expansive rocks. A
mathematical model was established based on the disinte-
gration test, which is used to describe the variation rule of
the disintegration index with the increase of the number of
dry and wet cycles [15]. Undoubtedly, the above research
provides an important reference for the disintegration and
disintegration mechanism of soft rock.

At present, domestic and foreign scholars have
studied how to improve the stability of tunnel, chamber,
slope, and other geotechnical engineering, and the re-
search results have achieved good results [16–23].
However, there are few research studies on improving
the stability of soft rock and soft rock engineering.
.erefore, this paper takes the carbonaceous mudstone
slope of the Liuzhai-Hechi expressway in Guangxi city,
China, as the research object. A new kind of polymer-
cement composite was synthesized by radical solution
and sol-gel method. Verified by a case study, the results
may provide a reference for the prevention and control of
soft rock slopes.

2. Disintegration Experiment of
Carbonaceous Mudstone

2.1. Chemical Composition of Specimens. .e carbonaceous
mudstone used in the test was taken from the K24 + 400
station of the Liuzhai-Hechi expressway in Guangxi city,
China. .e carbonaceous mudstone was analyzed by X-ray
diffraction. .e X-ray diffraction spectrum is shown in
Figure 2. .e mineral composition is shown in Figure 3. It
can be seen from Figure 3 that the mineral composition of
carbonaceous mudstone mainly contains quartz, illite, and
kaolinite, and the mass percentage of other mineral com-
ponents is less than 7%. As kaolinite and illite are highly
hydrophilic clay minerals, the carbonaceous mudstone is
easily softened and disintegrated in water.

2.2. ExperimentMethod. In order to comprehensively study
the disintegration characteristics of the carbonaceous
mudstone, an experimental scheme was designed from three
treatment modes, i.e., water action, heat action, and water-
heat interaction. According to the test specifications [24], the
carbonaceous mudstone is composed of 10 round samples
with a mass of 40∼60 g, as shown in Figure 4. After each
cycle, sieves of 40mm, 20mm, 10mm, 5mm, 2mm, 0.5mm,
0.25mm, 0.075mm, and other specifications were used to

(a) (b)

Figure 1: Failure mode of carbonaceous mudstone. (a) Cracking type. (b) Carbonaceous mudstone after disintegration.
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Figure 2: X-ray diffraction spectrum of carbonaceous mudstone.
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Figure 3: Mineral composition of carbonaceous mudstone.
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screen and record the particle grade. Various treatment
methods are as follows:

(1) Under the action of water: the selected sample was
weighed and placed in an open container, and the
sample was completely immersed in water for 24
hours by water injection. .e disintegration was
obtained by using a standard sieve and placed out-
side to dry until the quality of the disintegration
remained unchanged. Each cycle is from soaking to
drying.

(2) Under the action of heat: the selected sample was
weighed and placed in an oven at 105°C for 24 hours.
.e disintegration was then taken out and cooled to
room temperature.

(3) Under the action of water-heat: the selected sample
was weighed and placed in an open container, and
the sample was completely immersed in water for 24
hours by water injection. .e disintegration was
obtained by using a standard sieve and placed in an
oven at 105°C until the quality of the disintegration
remained unchanged.

Under the above three conditions, the weight of each
particle size is a cycle, and 5 cycles are carried out under each
condition.

2.3. Distribution Characteristics of Disintegration Particles.
When the disintegration of the carbonaceous mudstone was
completed, the disintegrating particles were analyzed. .e
percentage of disintegrating particles of the carbonaceous
mudstone under different conditions was obtained as shown
in Figure 5.

When the disintegration was basically stable, it can be
seen from Figure 5 that the particles were mainly distributed
in the particle size of 0.5∼5mm under the action of water
and water-heat. .e disintegrating particles with a particle
size less than 2mm account for 37.82% under the action of
water and 54.41% under the action of water-heat. During the
cycle of heat, the disintegration of the carbonaceous mud-
stone is very small and almost not disintegrated, which is
consistent with the results of Yamaguchi et al. [25]. .e
results show that the effect of water-heat action on the
disintegration of the carbonaceous mudstone is greater than

that of water or heat, and the temperature difference can
accelerate the disintegration rate of the carbonaceous
mudstone based on the condition of water.

2.4. Microscopic Characteristics of Carbonaceous Mudstone
Disintegration. Studying the characteristics of microstruc-
ture changes during the softening and disintegration of
carbonaceous mudstones has important guiding significance
for the formulation of engineering stability technical
countermeasures. At present, scanning electron microscopy
(SEM) is one of the main instruments for material mi-
croscopy research, which is widely used in geotechnical
engineering. In this paper, SEM was used to observe the
carbonaceous mudstone under different soaking conditions,
as shown in Figure 6.

According to scanning electron microscopy, the natural
carbonaceous mudstone sample has a good integrity and its
rock particles are tightly cemented (see Figure 6(a)). .e
main reason is that the coarse grain skeleton, which is
composed of quartz, mica, feldspar, and other mineral
particles, was filled with clay particles such as illite and
kaolinite with smaller grain size, which acts as cementation
to make the structure compact. When the sample was im-
mersed for the first day, the microstructure of the sample did
not change and the structure was stable (Figure 6(b)). When
the sample was immersed for the second day, a large number
of clay particles were exposed and shed, which caused the
destruction of rock microstructure (Figure 6(c)). When the
sample was immersed for the seventh day, the sample was
transformed from an initial compact structure to a loose
flocculated structure (Figure 6(d)). Compared with the
soaking condition, the clay particle was shed more quickly
and the microstructure was destroyed more seriously under
the condition of drying-wetting circulation (Figures 6(e) and
6(f )). .e results show that the disintegration of the car-
bonaceous mudstone in water is closely related to the mi-
crostructure change of the carbonaceous mudstone, and the
disintegration of the carbonaceous mudstone can be
accelerated under the action of drying-wetting circulation.

3. Analysis of Properties and Mechanism of
Modified Materials

3.1. Modified Material Preparation. .e modified material
used in the test is a polymer-cement composite curing agent,
which is composed of epoxy resin emulsion, cement, and
polyether-modified silicone. .e composition of the mod-
ified material is shown in Table 1..e preparation process of
the modified material is as follows:

(1) .e weighed epoxy resin emulsion and water were
stirred for 30 s at a low speed, and the stirring
method was carried out by the prewetting method

(2) .eweighed cement and polyether-modified silicone
defoaming agent were added in the low-speed stir-
ring process, and the stirring time was 120 s

(3) Stirring was continued by hand and then shaken
evenly manually

Figure 4: Photographs of the test samples.
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Figure 6: Continued.
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Figure 5: Percentage of disintegrating particles of the carbonaceous mudstone under different conditions. (a) Under the action of water.
(b) Under the action of heat. (c) Under the action of water-heat.
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3.2. Hydrophobic Performance. .e contact angle was ef-
fectively used to characterize the hydrophobic properties of
the material surface. .e contact angle was determined by
the static water contact method according to the Chinese
Standard GB/T 30693-2014 [26]. Under the dry conditions
at room temperature, the contact angle of unmodified and
modified samples was measured by using the contact angle
measuring instrument. .e shape of the water droplet on
the surface of unmodified and modified samples is shown
in Figure 7. .e measured results of the surface contact
angle of unmodified and modified samples are shown in
Table 2.

It can be seen from Figure 7 that the water droplet on the
surface of the unmodified sample was convex lenticular,
while that of the modified sample was hemispherical. As can
be seen from Table 2, the contact angle of the modified
sample increased obviously and the variation was
42.3°∼50.1°. When the cement dosage was 30%, the change of
the contact angle was the largest and the hydrophobic
performance was the best. It is shown that the polymer-
cement composite can change the surface structure and

properties of the rock sample effectively and make the
surface change from hydrophilic to hydrophobic.

3.3. FilmPerformance. .e firmness between the membrane
layer and the rock surface was generally measured by the
method of scratch according to the Chinese Standard
GB1720-1979 [27]. First, the scratch tool was used to scratch
100 squares with a side length of 1mm on the rock surface
and glued the tape. After quickly removing the cementation
tape, the film shedding between scratches was observed as
shown in Figure 8.

.e percentage of film shedding was used to measure the
firmness between the membrane layer and the rock surface.
To study the influence of cement dosage on the bond
strength, the relationship between the cement dosage and
the percentage of film shedding was plotted, as shown in
Figure 9.

Figure 9 shows that the percentage of film shedding on
the modified rock surface was decreased. .e bond strength
between the membrane layer and the rock surface was

Table 1: Composition of the modified material.

Number Epoxy emulsion
quantity (g) Water quantity (g) Cement quantity (g) Silicone defoamer (%) Cement dosage

(cement: epoxy emulsion) (%)
A0 100 25 0 1 0
A1 100 25 10 1 10
A2 100 25 20 1 20
A3 100 25 30 1 30
A4 100 25 40 1 40
A5 100 25 50 1 50

Exposed clay

Clay shedding

(c)

Loose flocculated
structure

(d)

Exposed clay

(e)

Clay loss creates 
holes

(f)

Figure 6: Microscopic view of carbonaceous mudstone under different immersion times. (a) Natural state (×1000 times). (b) .e first day
(×1000 times). (c).e second day (×1000 times). (d).e seventh day (×1000 times). (e).e second day (×3000 times). (f ).e second day of
the drying-wetting cycle (×3000 times).
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improved. It is found that the firmness of the film layer does
not increase with the increase of the cement dosage, but
shows a trend of increasing gradually and then decreasing,
indicating that the film surface stability of the rock sample
was not better with the increase of cement content. By fitting
the test data, it is found that the relationship between the
cement dosage and the percentage of film shedding is in
accordance with the GaussAmp function distribution. .e
fitting expression is as shown in equation (1) and the cor-
relation coefficient R� 0.986:

y � 27.71 − 25.42e
− (x− 31.19/20.23

�
2

√
)2

. (1)

Comparing the fitting curve and the experimental data, it
can be seen that when the cement dosage is about 30%, the
percentage of film shedding was the smallest, the bond

strength between the rock surface and the film layer was the
largest, and the film layer was the strongest.

3.4. Waterproof Performance. .e waterproof performance
of modified materials was determined by a water absorption
test. .e water absorption rate was used to characterize the
surface waterproof performance of rock samples, and the
water absorption rate is the ratio of the water absorption
weight to the dry weight of the rock sample. .e variation
curve of the water absorption rate of the rock sample with
the immersion time under different cement contents is
shown in Figure 10.

Figure 10 shows that the unmodified carbonaceous
mudstone is immersed in water, the water molecules rapidly
infiltrated into the interior of the rock sample, and the water

38.1°

(a)

85.3°

(b)

Figure 7: Photos of the water droplet on the soft rock surface. (a) Unmodified sample. (b) Modified sample.

Table 2: Measured results of the contact angle on the sample’s surface.

Number
Contact angle (°)

Unmodified Modified Amount of change
A1 38.1 85.3 47.2
A2 35.0 83.1 48.1
A3 32.8 82.9 50.1
A4 34.4 80.8 46.4
A5 35.6 77.9 42.3

(a)

Film shedding

(b)

Figure 8: Photos showing the scratches on the membrane layer. (a) Rules of the graphics after scratch. (b) Shedding situation of the
membrane layer.
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absorption rate increases rapidly, and a large number of
bubbles were generated on the surface of the rock sample
and then the water absorption rate increases slowly. After 7
days of water immersion, the water absorption rate is 1.92%
and its failure form was cracking and disintegration. Since
the modified material can form a reticular membrane on the
surface of the rock sample, the water molecules are pre-
vented from infiltrating into the rock sample effectively.
.ere are differences in waterproof performance under
different cement dosage. When it is 30%, the waterproof
performance is the strongest and the water absorption rate of
the rock sample is 0.35%, which is only 18.23% before the

modification. .ere is no crack on the surface of the rock
sample.

3.5. Analysis of Modification Mechanism. X-ray diffraction
results show that the clay mineral composition of the car-
bonaceous mudstone mainly contains kaolinite and illite,
accounting for 45%. As the surface of kaolinite clay has free
silicon, aluminum atoms, and ions, an electrostatic gravi-
tational field is formed, so that water molecules are easily
adsorbed on the clay surface, resulting in clay mineral ex-
ternal expansion..e crystal structure of illite is a three-layer
cell. After immersion in water, the anti-ions between the
crystal cells will escape and water molecules will be squeezed
in. As a result, the spacing between crystal cells will expand,
resulting in the expansion of clay minerals. In addition, due
to the uneven distribution of expansive clay minerals in the
sample, uneven expansion occurs and a large number of
pores are generated, as shown in Figure 11(a).

.e microstructure of the soft rock modified by the
polymer-cement composite after immersion is shown in
Figure 11(b). .emineral particles on the surface of the rock
sample are closely bonded. .is is because the polymer
emulsion penetrates into the pores of the cement hydration
product to form a film layer, which is intertwined with the
hydration product, and the polymer particles are fused
together to form a cautious water film of the network
structure. .e bond strength and waterproof performance
between the modified material and the soft rock surface are
improved, thereby improving the permeability and softening
disintegration of the carbonaceous mudstone, which has
important practical significance for the development of the
soft rock slope engineering.

4. Typical Case Analysis

A field application of the polymer-cement composite curing
agent in the K24 + 400 station of the Liuzhai-Hechi ex-
pressway cutting slope in Guangxi city, China, was studied
with the modification effect. From the experimental results,
the polymer-cement composite with a cement dosage of 30%
is adopted to cure the soft rock slope. .e process of con-
struction technology is shown in Figure 12.

.ere are some findings at the construction site: by
curing the carbonaceous mudstone slope and spraying grass
seeds in the outside soil, the weathering and disintegration of
carbonaceous mudstone can be effectively prevented. .e
grass seeds have basically sprouted at the construction site by
observing, and the rate of germination reached 90%. After
several months of maintenance, the vegetation on the slope
grew well and the slope was in the steady state, as shown in
Figure 13(a). When the carbonaceous mudstone slope is not
solidified, the vegetation on the slope is poorly grown and
the carbonaceous mudstone on the slope is cracked, as
shown in Figure 13(b). .e engineering example shows that
polymer-cement composites are feasible to solve the stability
problem of the carbonaceous mudstone slope.
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5. Conclusions

.e experimental investigation of disintegration and mod-
ification of carbonaceous mudstone is presented in this
paper. .e disintegration characteristics and properties of
modified materials are studied. .e following conclusions
can be drawn based on this study:

(1) It can be seen from the disintegration experiment of the
carbonaceous mudstone that water and temperature

difference are external factors affecting the disinte-
gration of the carbonaceous mudstone, while kaolinite
and illite clay minerals are the internal factors leading
to the disintegration of the carbonaceous mudstone.

(2) .e carbonaceous mudstone before modification
was easy to soften and disintegrate in water, and its
mesoscopic characteristics change from dense
structure to loose and irregular floc structure. After
the modification of the polymer-cement composite,

(a) (b)

Figure 11: Micrograph of the carbonaceous mudstone before and after modification. (a) Before curing (×3000 times). (b) Cement dosage
is 30%.

Step 1

Clean up the slope

Step 2
Install lattice beams and bolts

Step 3

Step 4

Curing agent

Plant grass + maintenance

Figure 12: Construction technology process.

(a) (b)

Figure 13: .e effect of slope protection under different conditions. (a) Cured slope. (b) Slope without curing.
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the hydrophobic, binding, and waterproof properties
of the carbonaceous mudstone were improved, and
themicroscopic characteristics show that themineral
particles are closely bound together.

(3) .ere are differences in the modification effects
under different cement dosage. When the cement
dosage is 30%, the modification effect is the best. .e
engineering example shows that polymer-cement
composites are feasible to solve the stability problem
of the carbonaceous mudstone slope.
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