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Compared with plain soil, polypropylene (PP) fiber-reinforced soil has markedly improved mechanical properties and can be
used in slope protection projects. To investigate the reduction law of the antierosion ability parameters of PP fiber-reinforced
loess under dry-wet (D-W) cycles and freeze-thaw (F-T) cycles, we took loess from Yan’an, China, mixed them with PP fiber,
and did shear strength tests, disintegration tests, and permeability tests under D-W cycles and F-T cycles. -e experimental
results show that D-W cycles or F-T cycles had a less deteriorating effect on the cohesion, disintegration rate, and permeability
coefficient of the fiber-reinforced samples than on plain loess; however, the reduction in their internal friction angle was more
obvious. Under D-W cycles or F-T cycles, the cohesion and internal friction angle of the reinforced soil decreased as the
number of cycles increased, while the disintegration rate and permeability coefficient increased as the number of cycles
increased. -e relation between the reduction in the antierosion ability parameters of reinforced soil and the number of D-W
cycles or F-Tcycles accorded with the hyperbolic function fitting results. -e most obvious reduction effect the D-W cycles had
on the reinforced soil was on the disintegration rate, followed by cohesion, internal friction angle, and permeability coefficient.
-e most obvious effect of F-T cycles was also on the disintegration rate, followed by cohesion, permeability coefficient, and
internal friction angle. Compared with D-W cycles, F-T cycles had a stronger effect on the reduction in the cohesion, dis-
integration rate, and permeability coefficient of reinforced soil, but the reduction in the friction angle was greater in
D-W cycles.

1. Introduction
Loess is widely distributed in the middle and western re-
gions of China [1, 2]. In recent years, an increasing number
of engineering construction projects have been done in the
Loess Plateau, such as road construction and urban ex-
pansion. -ose projects inevitably produce many steep
loess slopes [3, 4]. Under the influence of external factors
such as rainfall erosion, shallow slope problems such as
gullies and spalling are very common [5–7]. -erefore,
protection for loess slopes is particularly important. Tra-
ditional slope protection methods such as mortar, flag-
stones, and mortar plastering often offered poor slope
surface protection and poor ecological features. -is was
due to the aging of the materials, the differences in stiffness
of the loess, and meteorological conditions such as

concentrated rainfall. However, one type of comprehensive
slope protection—fiber reinforcement of the soil—has
gradually attracted the attention of scholars [8, 9].

Fiber-reinforced soil is essentially a type of soil rein-
forced by evenly distributed fibers. Mixing fibers with the
soil improves several of its mechanical properties [10]. -e
fibers used may be natural or synthetic [11–15]. Polypro-
pylene (PP) fiber is highly elastic, resistant to extreme
temperatures, acid and alkalis, and absorbs little water [16],
so research on PP fiber-reinforced soil has attracted ex-
tensive attention from scholars and engineers. Studies have
shown that the influence of rainfall splash erosion on slope
soil is closely related to soil shear strength [17], so it is
necessary to study the shear strength of reinforced soil. Jiang
et al. [18] reported that PP fiber-reinforced clayey soil had a
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greater unconfined compressive strength and greater co-
hesion and internal friction angles than those of the parent
soil. -ey also found that the best fiber content was 0.3 wt%
of the parent soil and the best fiber length was 15mm. Lian
et al. [19] did a series of triaxial compression tests and found
that the addition of fibers to loess markedly improved the
failure stress and shear strength of the loess compared with
unreinforced loess specimens. Han et al. [20] found that PP
fiber can effectively improve the shear strength of clay and
that a fiber content of 0.3 wt% with a fiber length of 9mm
was the optimum mixing ratio for the polypropylene-
reinforced clay system. Costas et al. [21] found that the shear
strength of PP fiber-reinforced soil increased with the in-
clusion of fibers up to the optimum dose, beyond which it
decreased or remained constant, and the impaction of soil
particles on the fiber surface was the dominant factor
controlling the interfacial strength. Soil permeability is a
property that describes the flow of fluid through the soil and
is an important factor affecting soil erosion. Saghari et al.
[22] found that increasing the length and weight percentages
of fibers initially increased the permeability coefficient of
polymer fiber-reinforced soil and when it exceeded 0.6%, a
decreasing trend began. Zhao et al. [23] reported that the
permeability of fiber-reinforced soil was improved with an
increase in fiber content. -e water stability characteristics
of soil indicate that the soil can resist the dispersion of soil
particles in water and remain stable, which is the main
feature of soil erosion resistance and reflects the difficulty of
dispersing soil by rainfall or runoff. Wang et al. [24] did field
and disintegration laboratory tests and found that the main
factors influencing the disintegration of loess samples were
shape, size, and clay mineral content. Qi et al. [25] did a
series of tests on the disintegration of prisms and cylinders
with the same volumes and different bottom side lengths
(diameters) and reported that the disintegration rate of
samples increased with the increase in specific surface area
and water depth. An et al. [26] found that the disintegration
rate of loess could be effectively reduced by adding poly-
propylene fiber.

Two typical weathering processes, dry-wet (D-W) cycles
and freeze-thaw (F-T) cycles are common in China’s Loess
Plateau [27, 28], affecting the physical and mechanical
properties of its loess [29–31], and causing shallow diseases
of loess slopes to become more prominent [32–34].
-erefore, when PP fiber-reinforced loess is applied in loess
areas, it is necessary to study the effects of D-W cycles and
F-Tcycles on that reinforced loess. Zaimoglu [35] did a series
of tests to study the effect of F-T cycles on the strength
characteristics and durability of PP fiber-reinforced fine-
grained soil. -ey found that the fiber-reinforced specimens
showed more ductile behavior than the unreinforced soil
and the mass losses in the fiber-reinforced soils were almost
50% lower than those in the unreinforced soil. -e research
results of Ghazavi et al. [36] indicated that after F-T cycles,
adding fibers increased the unconfined compressive strength
of the soil and reduced its frost heaving. On the basis of a
triaxial compression test and a dynamic triaxial test,
Kravchenko et al. [37, 38] concluded that the shear strength,
the resilient modulus, the dynamic axial stress, the dynamic

shear modulus, and the damping ratio of PP fiber-reinforced
soil all decreased with an increase in the number of F-T
cycles. Liu et al. [39] found that the unconfined compressive
strength of fiber-reinforced soil decreased exponentially
with the number of F-T cycles. Chaduvula et al. [14] found
that the addition of fiber markedly inhibited the formation
of cracks in clayey soil while it dried.

Existing research focuses on the observation and de-
scription of the deformation characteristics and strength
characteristics of reinforced soil enduring D-W cycles and F-T
cycles. However, if PP fiber-reinforced loess is to be applied to
protect a loess slope, it is also important to study the anti-
erosion ability of the reinforced soil in those conditions.

-e purpose of this study was to investigate the effect of
D-W cycles and F-T cycles on the antierosion ability of PP
fiber-reinforced loess. We did a series of laboratory ex-
periments including a direct shear test, a disintegration test,
and a permeability test on PP fiber reinforced loess under
D-W cycles or F-T cycles. On the basis of the test results, we
formulated a reduction law of the antierosion ability pa-
rameters of PP fiber-reinforced loess in those conditions.

2. Materials and Methods

2.1. Materials and Preparation of Samples. -e test materials
included mainly loess and PP fiber.

-e loess used in the test was taken from a loess slope in
Yan’an, Shaanxi province; the loess was yellowish-brown
with small pores. Geotechnical test results indicated that the
basic physical and mechanical indicators were density
1.38 g/cm3, water content 12%, maximum dry density 1.6 g/
cm3, and optimum moisture content 14%. -e grain size
distribution of the soil is shown in Figure 1.-e physical and
mechanical properties of PP fiber is shown in Table 1.

To prepare experimental samples, we added PP fiber
15mm long with a content of 0.5% by weight (of the dry
weight of the loess) into the loess [26]. We also prepared
plain loess samples for controls. Samples were prepared by
the compression method.-e dry density of the samples was
controlled to 1.6 g/cm3, and the moisture content was 14%
(these were the maximum dry density and the optimal
moisture content obtained from a compaction test). Cy-
lindrical samples of Φ 61.8mm× 20mm were made for a
shear strength test, and cylindrical samples of Φ
61.8mm× 40mm were made to determine the disintegra-
tion resistance and permeability coefficient of the sample.
-e prepared samples were sealed with plastic wrap and
placed in a moisturizing tank, and after curing for 48 h, they
were taken out for D-W cycles or F-T cycles and determi-
nation of their antierosion parameters.

2.2. Test Methods

2.2.1. Dry-Wet Cycle Test. Under natural conditions, the soil
in the surface layer of a loess slope alternates between wet
and dry for many cycles due to rainfall infiltration and
evaporation. According to our field investigation of the loess
cut slope in Yan’an, the moisture content of the surface soil
in the natural state was basically between 9% and 22%.
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-erefore, to better simulate the actual environmental
conditions in Yan’an, we controlled the D-W cycle ampli-
tude to be 9% to 22%. -e first D-W cycle path of the
samples was 14% to 22% to 9% to 22%, and the subsequent
D-W cycle paths were 22% to 9% to 22%. We humidified the
samples using the water film transfer method [40] and
dehumidified them by natural air drying. After the hu-
midification or dehumidification process of the samples was
completed, we sealed the samples with plastic wrap and put
them in a moisturizing tank for 24 hours to ensure that the
moisture content in the samples was evenly distributed. In
the process of humidification and dehumidification, the
moisture content of the samples was monitored by weighing,
and the numbers of D-W cycles were set as 0, 2, 4, 6, 8, and
10 times.

2.2.2. Freeze-2aw Cycle Test. According to the meteoro-
logical data of the Yan’an area in recent years, in late winter
and early spring, the daily mean minimum temperature was
−11°C, and the daily mean maximum temperature was 5°C.
-erefore, we set the samples’ frozen temperature to −11°C
and the thawed temperature to 5°C. In this experiment, one
F-T cycle comprised freezing for 12 h and thawing for 12 h.
Samples were frozen in a DW-40 low-temperature test box,
and samples were thawed in an HN-25 S constant tem-
perature drying box.-e numbers of F-Tcycles were set at 0,
2, 4, 6, 8, and 10 times.

2.2.3. Shear Strength Test. -e shear strength parameter of
fiber-reinforced soil is an important index to evaluate the
effect of fiber on the reinforcement. Direct shear tests were
done on the reinforced and control loess samples after D-W
cycles and F-T cycles. We used a ZJ strain-controlled direct
shear apparatus to do the direct shear test on the cylindrical
samples. -e shear rate was 0.8mm/min, and the vertical
loads were 50 kPa, 100 kPa, 150 kPa, and 200 kPa.

2.2.4. Disintegration Test. -e disintegration test was done
on the cylindrical samples that had completed the D-W

cycles and F-T cycles using a clay soil disintegration tester
developed by Li [41].

2.2.5. Permeability Test. -e permeability coefficient of soil
is an important index of its permeability. -e cylindrical
samples that had completed the D-W cycles and F-Tcycles
were placed in a TST-55 penetration tester, and their
permeability coefficients were measured by the variable
water head.

2.3. Evaluation Index. To quantitatively determine the re-
duction law of the antierosion ability of fiber-reinforced
loess under D-W cycles and F-T cycles, we defined the
following evaluation indices.

(1) Disintegration coefficient and average disintegration
rate:

Bi �
ΔVi

V
,

VB i �
ΔVi

ti

,

(1)

where Bi and VBi are the disintegration coefficient
and average disintegration rate of a sample respec-
tively, ΔVi is the disintegration volume when the
sample reaches a stable disintegration after i D-W
cycles or F-T cycles, V is the volume of a sample
without the disintegration test, and ti is the duration
required for a sample to reach disintegration stability
after i D-W cycles or F-T cycles.

(2) Cohesion reduction:

Dc i �
c0 − ci( 

c0
× 100%, (2)

where ci is the cohesion of a sample after i D-W
cycles or F-Tcycles, and c0 is the initial cohesion of a
sample before the D-W cycles or F-T cycles.

(3) Internal friction angle reduction:

Dφi �
φ0 − φi( 

φ0
× 100%, (3)

where φi is the internal friction angle of a sample
after i D-W cycles or F-T cycles, and φ0 is the initial
internal friction angle.

(4) Average disintegration rate reduction:

DVBi �
VBi − VB0( 

VB0
× 100%, (4)

where VBi is the average disintegration rate of a
sample after i D-W cycles or F-T cycles, and VB0 is
the initial average disintegration rate.

(5) Permeability coefficient reduction:
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Figure 1: Particles gradation curve of loess soil.
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Dki �
ki − k0( 

k0
× 100%, (5)

where ki is the permeability coefficient of a sample after
i D-W cycles or F-T cycles, and k0 is the initial per-
meability coefficient.

3. Results and Discussion

3.1. Antierosion Ability of Reinforced Loess Samples.
Table 2 shows the antierosion ability parameters of the
control and PP fiber-reinforced loess samples before D-W
cycles or F-Tcycles. Compared with the control samples, the
cohesion of the reinforced loess increased by 135.3%, the
internal friction angle increased by 8.7%, the disintegration
coefficient decreased by 42%, and the permeability coeffi-
cient increased by 39.9%. We believe that the fiber con-
tributed to the marked increase in the cohesion of the loess
but had little influence on its internal friction angle.-is was
due mainly to the spatial restraining force between the fibers
and soil particles through interleaving. -e connections
between soil particles improved, but the fiber had little
influence on the roughness of the soil particles and their
crisscross arrangement. Fibers in the soil interweaved with
each other to form a 3D network structure, which delayed
the disintegration and cracking of the soil in water. At the
same time, the fibers created many seepage channels in the
soil, which markedly improved the loess permeability.

3.2. Dry-Wet Cycle Characteristics of Reinforced Loess

3.2.1. Effect of Dry-Wet Cycles on Strength. As shown in
Figure 2, after D-W cycles, the shear strength parameters c
and φ of the control loess and the fiber-reinforced loess
decreased. -e cohesiveness of the control loess samples
decreased first during cycles 0 to 6 and remained stable
during cycles 6 to 10, while the internal friction angle
remained unchanged during cycles 0 to 2 and gradually
decreased during cycles 2 to 10. -e cohesion and internal
friction angle of the reinforced samples showed the same
trend with the number of cycles; those parameters decreased
rapidly during cycles 0 to 2, changed gradually during cycles
2 to 4, decreased again during cycles 4 to 6, and remained
basically stable during cycles 6 to 10.

After 10 D-W cycles, the amount of reduction in co-
hesion and the internal friction angle of the control samples
were 31.3% and 7.2%, respectively, and those of the rein-
forced samples were 17.3% and 9.1%, respectively. -e re-
duction in the cohesion of the reinforced loess was markedly
lower than that of the control loess, but the reduction in the
internal friction angle of the reinforced loess was higher than
that of the control loess, indicating that the durability of the
cohesion of the reinforced loess was higher than that of the

control loess, while the durability of the internal friction
angle of the reinforced loess was worse than that of the plain
loess. After 10 D-W cycles, the cohesion and internal friction
angle of the reinforced loess were 39.1 kPa and 26°, re-
spectively, and compared with the control loess without
D-W cycles, the cohesion of the reinforced loess was still
improved to 94.5%, while the internal friction angle was only
reduced by 1.1%, indicating that the strength characteristics
of fiber-reinforced loess after D-W cycles were still better
than those of the control loess.

3.2.2. Effect of Dry-Wet Cycles on Disintegration. After D-W
cycles, the disintegration coefficient of control loess
remained unchanged, the samples were completely dis-
integrated, and the disintegration coefficient always reached
100%. However, with an increase in the number of D-W
cycles, the duration for the control loess to reach a stable
disintegration was continually shortened, and the disinte-
gration rate of the control loess gradually increased
(Figure 3(a)). -e disintegration rate of the control loess
increased linearly with the number of cycles during cycles 0
to 4 and decreased gradually during cycles 4 to 10. -e
changes in the disintegration coefficient and average dis-
integration rate of the reinforced loess corresponded with
the number of D-W cycles (Figure 3(b)). After two cycles,
both rates increased noticeably, and the growth rate de-
creased slightly during cycles 2 to 6. -e change was gradual
during cycles 6 to 10.

After 10 cycles, the average disintegration rate of the
control loess increased from 1.667 cm3/s to 2.222 cm3/s, with
a rate of increase of 33.3%. -e disintegration coefficient of
the reinforced loess increased from 58% to 63.5%, and the
average disintegration rate increased from 0.138 cm3/s to
0.175 cm3/s, with an increase rate of 9.5% and 26.8%, re-
spectively. Compared with the control loess, the reduction
rate of the reinforced loess was only 80.5% of the former,
showing that D-W cycles had a more noticeable effect on the
reduction in the disintegration resistance of the control
loess. Also, after 10 cycles, the disintegration coefficient and
average disintegration rate of the reinforced loess were far
lower than those of the control loess without D-W cycles,
indicating that the fiber could markedly improve the anti-
disintegration property of the loess.

3.2.3. Effect of Dry-Wet Cycles on Permeability. Figure 4
shows the effects of D-W cycles on the permeability coef-
ficients of the control loess and reinforced loess. -e per-
meability coefficients of the two kinds of samples showed a
gradually increasing trend with the number of cycles. After 8
cycles, the permeability coefficients of the samples reached
their maximum value and remained stable during cycles 8 to
10. After 10 cycles, the permeability coefficient of the control

Table 1: Physical and mechanical properties of PP fiber.

Fiber type Density (g/cm3) Diameter (μm) Tensile limit (%) Tensile strength (MPa) Elastic modulus (MPa)
Single fiber 0.91 48 17 >358 >3500
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loess was still lower than that of reinforced loess without
D-W cycles. -e permeability coefficient of the control loess
increased from 4.46×10−6 cm/s to 5.44×10−6 cm/s, with a
rate increase of 22%, and the permeability coefficient of

reinforced loess increased from 6.24×10−6 cm/s to
6.81× 10−6 cm/s, with a rate increase of only 9.1%, indicating
that the D-W cycles had a more obvious influence on the
permeability of the control loess. -is phenomenon

Table 2: Antierosion ability parameters of the control loess and the reinforced loess.

Type Cohesion
(kPa)

Internal friction angle
(°)

Disintegration
coefficient

Disintegration rate
(cm3/s)

Permeability coefficient
(cm·s−1)

Plain loess 20.1 26.3 1 1.667 4.46×10−6

Reinforced
loess 47.3 28.6 0.58 0.138 6.24×10−6
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Figure 2: -e effects of D-W cycles on strength with the number of cycles: (a) control loess; (b) fiber-reinforced loess.

Disintegration coefficient
Average disintegration rate

Av
er

ag
e d

isi
nt

eg
ra

tio
n 

ra
te

 (c
m

3 ·s–1
)

D
isi

nt
eg

ra
tio

n 
co

ef
fic

ie
nt

1.00

1.50

2.00

2.50

1.70

1.90

2.10

2.30

2 4 6 8 100
Number of dry-wet cycles

(a)

Av
er

ag
e d

isi
nt

eg
ra

tio
n 

ra
te

 (c
m

3 ·s–1
)

Disintegration coefficient
Average disintegration rate

D
isi

nt
eg

ra
tio

n 
co

ef
fic

ie
nt

0.55

0.58

0.61

0.64

0.13

0.15

0.17

0.19

2 4 6 8 100
Number of dry-wet cycles

(b)

Figure 3: -e effects of D-W cycles on disintegration with the number of cycles: (a) control loess; (b) fiber-reinforced loess.
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occurred because the fibers effectively inhibited the soil from
cracking [14, 42, 45], thus reducing the seepage channels in
the soil.

3.2.4. Reduction in Antierosion Ability Parameters of Rein-
forced Loess. -e reduction in fiber-reinforced loess cohe-
sion, internal friction angle, disintegration rate, and
permeability coefficient varied with the number of D-W
cycles (Figure 5). It can be seen that the reduction in the four
antierosion ability parameters increased first and then
tended to be stable with the number of D-W cycles. To better
describe the influence of D-W cycles on the reduction in the
antierosion ability of reinforced loess, we used the hyper-
bolic equation (6) to fit the change of each antierosion ability
parameter with the number of cycles. -e R2 of the fitted
curves were all greater than 0.95; the specific fitting results
are shown in Figure 5 and Table 3.

D � A −
B

(1 +(n/C))
, (6)

where D is the reduction degree of each antierosion ability
parameter, n is the number of D-W cycles, and A, B, and C
are fitting parameters.

According to Figure 5, the reduction in each antierosion
ability parameter showed the same change trend with the
number of D-W cycles, which increased first during cycles 0
to 8 and remained stable at cycles 8 to 10. During the entire
D-W cycle process, the reduction degrees all showed
DVb>Dc>Dφ > Dk, so we considered that a D-W cycle had
the greatest effect on the antidisintegration of reinforced
loess, followed by the cohesion, internal friction angle, and
permeability coefficients. Also, Table 4 shows that fitting
parameters A and B were basically equal, and Figure 5 shows
that the reduction in the antierosion ability parameters
eventually tended to be stable with the increase in the
number of cycles. -at indicated that the antierosion ability
parameters of the reinforced loess had the maximum

amount of reduction. Combined with (6), it can be con-
sidered that this fitting function can predict the maximum
reduction in the antierosion ability parameters of reinforced
loess; that is, the maximum reduction D�A. However, the
accuracy of the maximum degree of reduction predicted by
the fitting function needed to be verified by doing a higher
number of D-W cycle tests.

3.3. Freeze-2aw Cycles Characteristics of Reinforced Loess
Samples

3.3.1. Effect of Freeze-2aw Cycles on Strength. Figure 6
shows the variation curves of the shear strengths of the
control loess and reinforced loess with various numbers of
F-T cycles. -e cohesion of the control loess and reinforced
loess generally decreased with the increase in the number of
F-T cycles. -e cohesion of the control loess decreased first
during cycles 0 to 8 and remained stable during cycles 8 to
10. -e cohesion of the reinforced loess decreased slightly
during cycles 0 to 2, but decreased markedly during cycles 2
to 4, decreased slightly at cycles 4 to 8, and remained stable
during cycles 8 to 10. -e internal friction angle of the
control loess showed a “wave-shaped” fluctuation trend with
the number of F-T cycles, and the range of variation was
within 0.4°. -e internal friction angle of the reinforced loess
decreased first during cycles 0 to 8, and increased slightly at
cycles 8 to 10.

After 10 cycles, the cohesion reduction in the control
loess was 21.4%, while that of the reinforced loess was 19.7%:
slightly lower than that of the control loess, indicating that
the cohesion durability of the reinforced loess was better
than that of the control loess. Also, the cohesion of the
reinforced loess was 38 kPa, which was still 89.1% higher
than that of the control loess without F-T cycles. Under the
effect of F-T cycles, the internal friction angle of the control
loess did not show a marked downward trend but showed a
fluctuating change process, and after 10 cycles the amount of
reduction was only 0.4%, which indicates that the influence
of F-Tcycles on the internal friction angle of the control loess
was not obvious.While under the influence of F-Tcycles, the
maximum amount of reduction in the internal friction angle
of reinforced soil was 4.2%, which was obviously larger than
that of the control loess, indicating that the durability of the
internal friction angle of reinforced loess was inferior to that
of unreinforced loess. However, under the effect of F-T
cycles, the minimum internal friction angle of the reinforced
loess was 27.4°, which was still 4.2% higher than that of the
control loess without F-Tcycles, which further indicates that
fiber can obviously improve the shear strength of loess.

3.3.2. Effect of Freeze-2aw Cycles on Disintegration. As
shown in Figure 7(a), similar to D-W cycles, the disinte-
gration coefficient of the control loess after F-T cycles was
always 1, but the disintegration rate increased with the
increase in F-Tcycles, increased first during cycles 0 to 8 and
remained stable during cycles 8 to 10. With the increase in
F-T cycles, the disintegration coefficient and rate of the
reinforced loess showed a gradually increasing trend; both of
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them increased at cycles 0 to 6 and kept stable during cycles 6
to 10 (Figure 7(b)). After 10 cycles, the reduction rate of the
control loess reached 41.2%, and the reduction rate of the
reinforced loess was 31.9%. -e disintegration coefficient of
the reinforced loess increased from 0.58 to 0.646, which was
still 35.4% lower than that of the control loess. -is indicates
that the durability of fiber-reinforced loess under F-T cycles
was better than that of unreinforced loess. It also shows that
the fiber markedly improved resistance to loess
disintegration.

3.3.3. Effect of Freeze-2aw Cycles on Permeability. As
shown in Figure 8, the permeability coefficients of the
control loess and reinforced loess showed a gradually in-
creasing trend with the number of F-Tcycles.-ey increased
first during cycles 0 to 6 and gradually changed during cycles
6 to 10. After 10 F-T cycles, the amount of reduction in the
permeability coefficient of the control loess was 15.5%, and
that of reinforced loess was 11.2%. However, after F-Tcycles,
the permeability coefficient of the control loess was

5.15×10−6 cm/s, which was still 17.5% lower than that of the
reinforced loess without F-T cycles, which indicated that the
influence of F-T cycles on the permeability of the control
loess was more obvious, but the permeability coefficient of
the reinforced loess was always higher than that of the
control loess.

3.3.4. Amount of Reduction in Antierosion Ability of Rein-
forced Loess. Figure 9 shows the reduction in the antierosion
ability of the fiber-reinforced loess and the number of F-T
cycles. Similar to the variation trend of the antierosion
ability parameters under D-W cycles, the amount of re-
duction in four antierosion ability parameters all showed a
trend of first increasing and then becoming stable with the
number of F-Tcycles. We used equation (6) to fit the relation
between the amount of reduction and the number of F-T
cycles. Except for the R2 of the fitting curve of the internal
friction angle, which was 0.85, the R2 of other anticorrosion
ability parameter fitting curves was greater than 0.95. -e
specific fitting results are shown in Figure 9 and Table 4.

As shown in Figure 9, the reduction in the antierosion
ability of the reinforced loess gradually increased with the
number of F-Tcycles, which increased first during cycles 0 to
8 and remained stable at cycles 8 to 10. During F-Tcycles, the
amount in reduction of each antierosion ability parameter
showed DVb>Dc>Dk>Dφ, which indicated that F-T cycles
had the most obvious influence on the antidisintegration of
the reinforced loess, followed by cohesion, the permeability
coefficient, and the internal friction angle.

3.4. Comparison of Dry-Wet Properties and Freeze-2aw
Properties of Reinforced Loess. From the above experiments,
we found that the effects of D-W cycles and F-Tcycles on the
antierosion ability parameters of the reinforced loess were
different. To better analyze this difference, we plotted the
amount of reduction in each antierosion ability parameter of
the reinforced loess, as shown in Figure 10.

As shown in Figure 10(a), under the effect of F-Tcycles, the
cohesion reduction in the reinforced loess was not obvious after
two cycles but increased sharply after four cycles and gradually
increased with the number of cycles. Under the effect of D-W
cycles, the cohesion reduction in the reinforced soil increased
markedly after two cycles and showed a gradually increasing
trend with the number of cycles. However, except for cycle two,
the cohesion reduction in the reinforced loess under D-W
cycles was clearly greater than that under F-T cycles, but the
cohesion reduction under F-T cycles was greater than that
under D-W cycles in the other cycles. After cycles 4, 6, 8, and
10, the cohesion reductions of the reinforced loess under F-T
cycle were 19.8%, 7.1%, 18%, and 13.9%, respectively, higher
than those of D-W cycles, which indicated that the cohesion
reduction under F-T cycles was stronger than that of D-W
cycles, but the reduction under D-W cycle was more advanced.

According to Figure 10(b), after cycles 2, 4, 6, 8, and 10, the
reduction in the internal friction angle underD-Wcycles was 8,
3, 2.4, 2.1, and 3.8 times that of F-Tcycles, which indicated that
the reduction under D-W cycles was stronger than that of F-T
cycles, and the reduction was more advanced.
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Figure 5: -e effects of D-W cycles on the reduction of the
antierosion ability parameters with the number of cycles.

Table 3: Fitting parameters of antierosion ability parameter re-
duction of the reinforced loess during D-W cycles.

Parameter Dc Dφ DVb Dk

A 0.24984 0.11344 0.40622 0.14571
B 0.24875 0.11322 0.40622 0.14691
C 4.22599 2.29447 4.7287 5.34984
R2 0.96767 0.95242 0.99722 0.98551

Table 4: Fitting parameters of antierosion ability parameter re-
duction of the reinforced loess during F-T cycles.

Parameter Dc Dφ DVb Dk

A 0.58078 0.05702 0.41682 0.16847
B 0.58095 0.05705 0.41682 0.16846
C 17.05626 5.93519 2.77541 4.74593
R2 0.9587 0.84992 0.99882 0.99169
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-e amount of reduction in the disintegration rate and
the permeability coefficient of the reinforced loess showed a
gradually increasing trend with the number of cycles under
the D-W cycles or F-T cycles (Figure 10(c) and 10(d)).
Compared with D-W cycle effects, the degradation rates
under F-T cycles increased by 41.5%, 37.4%, 24.3%, 19.5%,
and 19%, and the reduction in the permeability coefficient
increased by 64.7%, 3.1%, 23.8%, 23.9%, and 23.1%, which
indicated that the effects of F-T cycles on the disintegration
rate and permeability coefficient of the reinforced loess were
stronger than the effects of D-W cycles.

As shown in Figure 11, under load, fibers and soil
particles produce inconsistent deformations and relative
displacements due to the differences in moduli, which

cause friction and interlocking actions at the contact
positions of soil particles and fibers [43]. At the same time,
the dislocation of soil particles and fibers makes the fiber
tensile, and the soil bears part of the load borne by the
fiber. -e shear strength of the soil is improved because of
the good tensile performance of the PP fiber. -e PP fibers
are randomly distributed in the soil, and the fibers are
interwoven into a 3D network structure in the soil, thus
playing an “interleaving” role [44]. When a fiber is sub-
jected to tensile force, other fibers in the network structure
are stressed at the same time so that the load is distributed
over a wider area, and the soil force is more uniform. Also,
to a certain extent, the PP fiber imposes a spatial con-
straint on the soil. After the D-W cycles or F-T cycles, the
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Figure 6: -e effects of F-T cycles on strength with the number of cycles: (a) control loess; (b) fiber-reinforced loess.
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Figure 7: -e effects of F-T cycles on disintegration with the number of cycles: (a) control loess; (b) fiber-reinforced loess.
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Figure 10: Continued.
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migration and phase transformation of water damage the
structure of the soil, the cracks in the soil gradually in-
crease in size, and the soil is divided into independent
blocks. -ereby, the shear strength of the sample de-
creases, and the disintegration rate and permeability
coefficient increase. After adding PP fiber into the soil, the
“interleaving” effect of the PP fiber strengthens the
connection between soil particles, inhibits the generation
of cracks in the soil [45, 46], and reduces the structural

damage caused by D-W or F-T cycles. -erefore, the
reduction in shear strength, disintegration resistance, and
permeability coefficient of PP fiber-reinforced loess is
lower.

4. Conclusions

-is study examined the effects of D-W cycles and F-T cycles
on the antierosion ability of PP fiber-reinforced loess. A series
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Figure 10: -e effects of D-W cycles and F-T cycles on the reduction of antierosion ability parameters: (a) cohesion; (b) internal friction
angle; (c) average disintegration rate; (d) permeability coefficient.
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of laboratory experiments such as direct shear tests, disinte-
gration tests, and permeability tests of PP fiber-reinforced loess
samples were done after D-W cycles and F-T cycles. In ac-
cordance with the test results, we drew the following
conclusions:

(1) -e D-W cycles and F-T cycles obviously degraded
the antierosion abilities of the control loess and the
reinforced loess. D-W cycles or F-T cycles had less
degradation of the cohesion, the disintegration
rate, and the permeability coefficient of the rein-
forced loess than that of the control loess, but the
degradation of the internal friction angle of the
reinforced loess was more obvious.

(2) During the D-W cycles, as the number of cycles
increased, the cohesion and the internal friction
angle of the reinforced loess first decreased, then
changed gradually, then decreased to stability. For
the reinforced loess, the disintegration coefficient,
average disintegration rate, and permeability co-
efficient increased at first and then stabilized with
the increase in cycle times.

(3) During the F-T cycles, as the number of cycles
increased, the cohesion of the reinforced loess first
decreased slightly, then decreased obviously, and
finally tended to be stable. -e internal friction
angle decreased at first and then increased slightly.
-e disintegration coefficient, average disintegra-
tion rate, and permeability coefficient increased
first and then remained stable with the increasing
number of cycles.

(4) Under D-W cycles or F-T cycles, the relation be-
tween the reduction in the antierosion ability and
the number of cycles conformed to the hyperbolic
function fitting results. -e D-W cycles had the
most obvious reduction in the average disinte-
gration rate of the reinforced loess, followed by
cohesion, internal friction angle, and the perme-
ability coefficient. -e F-T cycles had the greatest
reduction in the average disintegration rate, fol-
lowed by cohesion, the permeability coefficient,
and the internal friction angle.

(5) Compared with the D-W cycles, the F-T cycles
more severely reduced cohesion, average disinte-
gration rate, and the permeability coefficient of the
reinforced loess, but the reduction of the internal
friction angle was more obvious during the D-W
cycles.
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