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ABSTRACT

Fiber-reinforced soils have been of great interest to experimenters for building foundations’ strength performance,
time, and economy. This paper investigates the effects of water content and polypropylene fiber dosage and length
on loess’s unconfined compressive strength (UCS) according to the central composite response surface design test
procedure. The water content is 11%–25%, the mass ratio of fiber to soil is 0.1%–0.9%, and the fiber length ranges
from 6–18 mm. The response surface method (RSM) developed full quadratic models of different variables with
response values. After analysis of variance (ANOVA), the mathematical model developed in this study was sta-
tistically significant (p ≤ 0.05) and applicable to the optimization process. The optimization results showed that
the optimal water content values, fiber amount, and fiber length were 16.41%, 0.579%, and 14.90 mm, respec-
tively. The unconfined compressive strength of the optimized specimens was increased by 288.017 kPa. The
research results can reference the design and construction of fiber-reinforced soil in practical projects such as road
base engineering and foundation engineering.
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1 Introduction

Collapsible loess is a typical structural soil with strong water sensitivity [1,2]. Although loess exhibits
high strength and low compressibility at low water content, its strength decreases when wetted with water [3].
Loess is widely distributed worldwide, a large area of loess covers the northwest of China, and seepage of
water leading to instability of the foundation is not uncommon [4]. Especially near the highway pipe culvert,
it is easy to cause the soil water content to rise, which causes the soil strength to decrease. The water content
of different parts of the roadbed is very different, so it is necessary to improve the loess roadbed with different
water content to meet the design strength requirements.

Because traditional stabilizers such as lime and cement have good pozzolanic properties with soil
particles, they are often used to improve the engineering properties of soil [5,6]. Traditional stabilizers
can improve loess’s physical and mechanical properties by reducing the soil’s water content and
increasing the density. However, conventional stabilizers suffer from high energy consumption, CO2

emissions, and resource depletion, e.g., approximately one ton of CO2 is released into the environment
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for each ton of cement produced [7]. Researchers have been searching for alternatives to traditional improved
materials [8,9]. Fiber reinforcement is a new type of soil improvement technique to improve the engineering
mechanical properties of soil by uniformly mixing dispersed fiber filaments into the soil to form a soil-
reinforcement composite [10]. Since fibers are uniformly distributed in the soil and act as reinforcement
in all directions, one of the main advantages of randomly distributed fibers is that there are no potential
weak planes parallel to the oriented reinforcing material. Thus, fiber reinforcement is considered a three-
dimensional reinforcing technique, and fiber-reinforced soils are often considered isotropic homogeneous
materials [11]. The more commonly used fibers are natural and artificial synthetic fibers in two categories
[12]. Polypropylene fiber is a polymer compound polymerized by a unique process with high strength,
heat resistance, acid and alkali resistance, and no water absorption. Therefore, in recent years attention
has shifted to applying polypropylene fibers in soil improvement, including expansive soils, tunnels,
landfill linings, and geological barriers [13–16].

Several scholars have conducted experiments on the mechanical properties of reinforced soils [17,18].
The cohesion and the internal friction angle of polypropylene fiber reinforced clay increased and then
decreased with fiber content. Akbulut et al. [19] proposed that the shear strength decreases with
increasing fiber content for fiber contents exceeding 2%. Fiber-reinforced sandy soils increase residual
strength and reduce soil brittleness but have little effect on peak strength [18–20]. The addition of fibers
also reduces the volume shrinkage and the number of surface cracks in the soil and improves the crack
resistance of the soil [21,22]. The cement soil’s peak and residual strengths increase with the fibers’
content [23]. For fiber-reinforced loess, the main research elements were: unconfined compressive
strength under dry and wet cycles and freeze-thaw cycles [24,25]; unconfined compressive strength
[26,27]; triaxial shear behaviors [28–30]. The research method mainly uses the control variables method,
which examines changes in the level of each independent variable while the other variables are held
constant. The control variables approach requires many experiments when studying the effects of multiple
factors on the dependent variable, and it is not easy to directly study the interactions between the factors.
In order to overcome these drawbacks, a recent optimization technique called Response Surface
Methodology (RSM), which utilizes the experimental data to fit first-order or second-order models, could
be used. The RSM consists of a series of experiments designed to optimize a response. Due to its
capability to provide reasonably alternative solutions for the decision support of engineering problems,
RSM has been shown to be relatively beneficial for the determination of optimal mix proportions.

This paper uses polypropylene fiber as an additive material to develop the unconfined compressive
strength of loess with different water content. This study applied the surface response method to fiber-
strengthened loess and developed a quadratic model between the independent variables and response
values. Finally, the mechanism of the influence of polypropylene fibers on the strength of loess was
analyzed by scanning electron microscopy. The results of the study can provide theoretical guidance for
the use of polypropylene fibers for reinforcing loess.

2 Materials and Methodology

2.1 Materials
The loess specimens used in this paper were taken from Guyuan City, Ningxia Hui Autonomous Region,

with a sampling depth of 3–3.2 m. The soil sample was Malan loess, and a Bettersize2000 laser particle size
distribution instrument tested the particle size distribution. The results showed that the loess sample consisted
mainly of silt particles (about 83.54%), with approximately the same sand and clay particle content of 8.18%
and 8.28%, respectively (Fig. 1). The main physical properties of the loess were determined following the
ASTM 2006 standard test methods [31], as listed in Table 1. The fiber selected for this study was
polypropylene fibers, a strong monofilament organic fiber with chemically stable properties. Some
physical indications of the polypropylene fibers used in the tests are listed in Table 2.
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2.2 Sample Preparation
The test results were closely related to the specimen preparation method, so mixing the fibers with the

soil was a major consideration in the specimen preparation process. The specific test steps were as follows:
The soil obtained in the field was dried, crushed, and passed through a 2 mm sieve. The water mass of the soil
humidified to the target water content is calculated, and then the water is added uniformly to the dry soil.
After mixing, the soil was sealed and left to stand for 24 h to ensure uniform distribution of water in the
soil. Since the fibers are bundles, they are first dispersed in water. The dispersed fibers were air-dried
after being removed from the water and mixed into the soil. The dispersed fibers and soil were mixed
well and put into the compactor for compaction, and the compaction work per unit volume of the control

Figure 1: The distribution curve of loess particles

Table 1: Major physical properties of loess were used in this study

Property Value

Maximum dry density qd (g/cm3) 1.72

Optimal water content w (%) 16.21

Specific gravity Gs 2.69

Liquid limit wL (%) 26.6

Plastic limit wP (%) 17.4

Particle size distribution

Sand 0.075–2 mm (%) 8.18

Silt 0.002–0.075 mm (%) 83.54

Clay < 0.002 mm (%) 8.28

Table 2: Partial parameters of polypropylene fiber

Type Color Density/
(g/cm3)

Melting
point/�C

Diameter/
μm

Tensile
strength/MPa

Stretch
limit/%

Elastic
modulus/GPa

Bunched
monofilament

White 0.91 >165 18 >458 >150 >3.5
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specimen was 592.2 kJ/m3. Finally, the compacted soil sample was chipped to the specimen size required for the
unconfined compressive strength test. The specimen used for the unconfined compressive strength test is
cylindrical with a diameter of 39.1 mm and a height of 80 mm. After the samples were prepared, they were
placed in a constant temperature and humidity chamber for 7 days at 20�C and 70% humidity. The
specimens’ unconfined compressive strength (UCS) was tested by a YSH-2 type unconfined pressure
instrument produced by Nanjing Soil Instrument Factory, and the strain rate was controlled as 1 mm/min.
Three parallel tests were conducted for each test condition to eliminate errors in test results and take the
average value. After the unconfined compression test, representative soil samples were selected for electron
microscopy scanning analysis to observe fibers’ distribution characteristics and interface morphology in the soil.

2.3 Response Surface Design
The response surface method (RSM) is a collection of statistical and mathematical techniques that can be

used to develop, improve, and optimize the input terms in a manufacturing process [12,32]. The effect of
several input (independent) variables on the output (response or dependent) variables can be thoroughly
investigated by RSM. Compared to other statistical experimental design techniques, it can be argued that
the main advantage of RSM is that it requires a relatively reduced number of experimental trials to evaluate
multiple parameters and their interactions. The independent variables in this study were fiber length (PFL),
water content (w), and polypropylene fiber content (PFC). The polypropylene fiber content is defined as:

PFC ¼ WPF

W
� 100% (1)

where WPF is the fiber weight, and W is the air-dried soil weight. Considering the cost and permeability, the
amount of polypropylene fiber admixture should not exceed 1% [33]. The content of polypropylene fiber
was 0.1%, 0.5%, and 0.9%, respectively. According to the common types of polypropylene fibers available
in the market, the lengths of polypropylene fibers were set to 6, 12 and 18 mm in this study. Fig. 2 shows
the compaction curves of loess with different fiber contents. The optimum moisture content of the loess
with different fiber contents is around 18%. The water content of the soil on the site varied between 11%
and 25%, with the maximum water content occurring near the pipe culvert. Therefore, the water content
levels were set to 11%, 18%, and 25%, respectively. The test levels of the independent variables are given
in Table 3. The terms “−1”, “0”, and “1” in Table 3 are the minimum, mean and maximum values of the
input variables, respectively.

Figure 2: The compaction curves of loess with different fiber contents
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This study used a face-central composite design (FCCCD) for the experimental design, which is essential
for developing response surface models. The three-way experimental design using FCCCD contains eight
factorial points, six vertices, and six central points. The number of center points was determined according
to the design matrix that can be orthogonalized. The center point provides information about curvature in
the constructed system. The purely quadratic term can be efficiently estimated by adding axis points if the
curvature is available. Table 4 gives the experimental procedures followed in this paper for the experimental
study of UCS and the average test results of three parallel specimens.

Table 3: Experimental levels of the independent variables

Variable
Level

−1 0 1

w (%) 11 18 25

PFC (%) 0.1 0.5 0.9

PFL (mm) 6 12 18

Table 4: Face-centered composite design experiments and results

Experimental design Experimental program UCS (kPa)

w PFL PFC w (%) PFL (mm) PFC (%) Actual RSM

−1 −1 −1 11 6 0.1 110.02 127.89

1 −1 −1 25 6 0.1 62.24 65.59

−1 1 −1 11 18 0.1 138.03 124.27

1 1 −1 25 18 0.1 78.09 82.57

−1 −1 1 11 6 0.9 117.56 145.13

1 −1 1 25 6 0.9 66.51 52.03

−1 1 1 11 18 0.9 186.75 152.35

1 1 1 25 18 0.9 105.66 97.24

−1 0 0 11 12 0.5 215.41 249.52

1 0 0 25 12 0.5 121.86 104.19

0 −1 0 18 6 0.5 222.25 187.93

0 1 0 18 18 0.5 297.71 416.60

0 0 −1 18 12 0.1 222.55 190.90

0 0 1 18 12 0.9 277.04 382.20

0 0 0 18 12 0.5 317.33 309.06

0 0 0 18 12 0.5 317.33 309.06

0 0 0 18 12 0.5 317.33 309.06

0 0 0 18 12 0.5 317.33 309.06

0 0 0 18 12 0.5 317.33 309.06

0 0 0 18 12 0.5 317.33 309.06
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3 Results and Discussions

The unconfined compressive strength tests were performed on each group of specimens as described in
Table 4, and the relevant results are shown in Table 4. This section includes a statistical evaluation of the UCS
test results by analysis of variance (ANOVA) and optimization of the study results by the RSM method.

3.1 Statistics and Evaluation of Experimental Results
In controlled variable methods, it is challenging to examine the interaction of independent variables on

the change of the dependent variable, so ANOVA can be helpful for describing the relationship between
variables. The independent factor and interaction effects on the dependent variable (UCS) are examined
via ANOVA. For RSM methods and ANOVA analysis, Stat-Ease Inc.’s free evaluation statistics package
Design-Expert was used. With a 95% confidence level, Table 3 evaluates the established RSM model and
its terms with a quadratic model with three factors and three levels. The input factors and the response
variable were investigated using backward elimination to create a formulation with only statistically
significant terms (P ≤ 0.05). Statistical significance was determined for the test parameters (w, PFC, PFL)
at a 95% confidence level. In this study, the data set obtained from the experimental study was
transformed using the natural log transformation provided by the software package before the regression
analysis. As a next step, the complete quadratic model is transformed into a natural logarithmic form and
a posterior analysis is performed. Table 5 presents the results of the ANOVA analysis. According to
Table 5, the developed RSM model has a p-value less than 0.05, which indicates statistical significance.

The determination coefficient (R2) describes howmuch variation there is around the mean defined by the
fitted model. Table 5 shows that the model’s R2 is 0.9997, which is close to 1. Although the R2 value of a
model is high, it does not necessarily mean the model is great because any additional variable, regardless of

Table 5: ANOVA results for response surface model

Source Sum of
squares

Degree of
freedom

Mean square F-value P-value
Prob > F

Model 6.24 9 0.69 4230.52 <0.0001

w 0.81 1 0.81 4952.61 <0.0001

PFL 0.28 1 0.28 1706.23 <0.0001

PFC 0.091 1 0.091 558.38 <0.0001

w * PFL 1.44E-009 1 1.44E-009 8.793E-006 0.9977

w * PFC 2.19E-009 1 2.19E-009 1.337E-005 0.9972

PFC * PFL 0.028 1 0.028 170.05 <0.0001

w * w 1.26 1 1.26 7678.37 <0.0001

PFL * PFL 0.13 1 0.13 768.87 <0.0001

PFC * PFC 0.17 1 0.17 1043.50 <0.0001

Residual 1.638E-003 10 1.638E-004

Lack of Fit 1.638E-003 5 3.276E-004

Pure Error 0.00 5 0.000

Cor Total 6.24 19

R2 0.9997 Pred R2 0.9980

Adj R2 0.9995 Std. Dev. 0.013
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its statistical significance, increases the R2 value [12,20]. In general, adjusted R2 (Adj R2) will not always
increase when variables are added to a built model, since it measures the variation in the mean explained
by the model, adjusted for the number of terms. In addition, Adj R2 values typically decrease as
unnecessary terms are added to the model. The value of Adj R2 is 0.9995. R2 and Adj R2 are similar,
indicating a good agreement between predicted and measured UCS values. In addition, predicted R2

(Pred R2) is another assessment criterion used in this study to measure the change in new data, which is
explained by the built-in RSM model. In Table 5, the Pred R2 of the RSM model is found to be 0.9980,
which indicates that the RSM model can explain approximately 99.80% of the variability in new
response values, in contrast to approximately 99.97% in the original data. Additionally, since the
difference between Pred R2 and Adj R2 is less than 0.20, it can be said that these statistics fit very well in
the developed model [32].

Generally, the smaller the P-value, the greater the significance of the contribution to the response. The
model is significant if the P-value is less than 0.05. The parameter marginally affects the response if the P-
value is between 0.05 and 0.15. If the P-value for a parameter is greater than 0.15, it must be ignored.
Consequently, the w*PFL and w*PFC passages ought to be erased here. The developed RSM’s P-value
was less than 0.05 (Table 5), suggesting that it was statistically significant and that there was only a
0.01 percent chance that it would have been higher owing to noise creation. By dividing the mean
squares of the components and residuals, the F-value in the ANOVA table is determined. Then, they were
compared with the F-value of the Fisher distribution (significant level of 0.05). The correlation
coefficient, the residuals’ degrees of freedom, and the significance (or probability) level are used to
calculate the F-value in the Fisher distribution. By dividing each parameter’s F-value by the total of all
parameters’ F-values and multiplying the result by 100, the contribution of each parameter to the UCS in
the created RSM model was calculated (Fig. 3).

The water content, the fiber length, and the fiber content are the three parameters that have the greatest
influence, as shown by the contribution values in Fig. 3. Only PFC*PFL significantly affects the UCS
performance (P < 0.05) among the interaction terms of the complete quadratic RSM model (w*PFC,
w*PFL, and PFC*PFL). The most significant secondary parameter, according to the study’s analytical
findings, is w*w. The RSM model constructed to predict the response variable (UCS) may be discovered

Figure 3: Contributions of each parameter in the built RSM model to UCS results
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as stated in Eq. (2) as a consequence of mathematical modeling of the experimental design of the RSM
method.

lnðucsÞ ¼ 0:471þ 0:456 � wþ 0:158 � PFLþ 1:502 � PFC
þ 0:025 � PFL � PFC � 0:014w2 � 0:006 � PFL2 � 1:558 � PFC2

(2)

The developed RSM model is shown in Eq. (2). Fig. 4 shows that there is high agreement between the
predicted and measured values. The adequacy check of the developed RSM model (Eq. (2)) needs to be
tested from the least-squares hypothesis perspective through residual analysis. Normality and equal
(constant) variance are the two assumptions underlying the residual analysis. To determine if the
assumption of normality was met, the normal probability was plotted against the internally generated
t-student residuals. The normality assumption is now met if the residuals within the t-student are
generally plotted along a straight line.

On the other hand, the conversion of the response (dependent variable) is frequently done once the graph
demonstrates that the normalcy assumption is broken. Fig. 4 depicts the normal probability curve of the RSM
model built for this investigation. The residuals are roughly displayed along a straight line, demonstrating
that the developed RSM model satisfies the normality assumption.

By showing the connection between the t-student internal residuals and the predicted response variable,
the assumption of equal variances (UCS) is examined. The graph will frequently display a funnel-shaped
pattern if the response variance is dependent on the average of the measured responses, suggesting that
the response variable has to be shifted. The internal t-student residuals are randomly distributed in the
plot, as shown in the overall representation of Fig. 5, which implies that the variance of the initial
measurements is constant for all measured (actual) response values. The assumption of equal (constant)
variance that satisfies the least-squares method implies that the constructed RSM model approximates the
actual response surface well.

Figure 4: Normal probability plot of internally t-student residuals
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3.2 Effect of Polypropylene Fiber and Water Content on Unconfined Compressive Strength
Fig. 6 shows three-dimensional response surfaces and contour plots to examine how the independent

variable affects the dependent variable. The addition of polypropylene fibers significantly affected the
specimens’ unconfined compressive strength, but the UCS did not always increase with the increase in
fiber content. The fiber length showed the same pattern when the content of polypropylene fibers was
fixed. The unconfined compressive strength increases and then decreases with increasing fiber length. A
moderate increase in the water content of the fiber-reinforced soil can increase the specimen’s strength,
but a significant increase in water content can have the opposite effect [34]. The strength of the specimen
increases and then decreases with water content, fiber content, and fiber length, so there is an optimal
ratio to maximize the strength of the fiber-reinforced loess.

Expert software was designed to determine the reinforced soil’s maximum unconfined compressive
strength. The optimum ratio is 16.41% water content, 0.579% polypropylene fiber content, and 14.90 mm
polypropylene fiber length. The unconfined compressive strength of reinforced soil is 342.757 kPa at the
optimum ratio, and the unconfined compressive strength of plain soil is 54.74 kPa. Compared with the
unconfined compressive strength of plain soil, the unconfined compressive strength is increased by
288.017 kPa at the optimum ratio.

3.3 Influence Mechanism of Polypropylene Fiber and Water Content
During the unconfined compression strength test, the inconsistent modulus of elasticity of the fiber and

soil must cause the fiber and soil surfaces to misalign with each other and generate interfacial forces.
Interfacial forces depend mainly on friction and cohesion [23,35]. The anchorage length can influence the
contact area between the fiber and the soil, directly affecting interfacial friction and cohesion. The contact
area between the fiber surface and the soil is smaller for shorter fibers, and the fibers tend to slide or pull
out relatively in the specimen. Thus, the soil loses its reinforcing effect (Fig. 7). As the fiber length
increases, the interfacial friction between fiber and soil also gradually increases, and it is difficult for the
fiber to slip or pull out, which is macroscopically expressed as an increase in the unconfined compressive
strength. As the fiber mass is fixed, the increase in fiber length will inevitably decrease the number of

Figure 5: The plot of the internally t-student residuals vs. predicted response
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fibers. In addition, too long fiber length tends to cause fiber aggregation and knotting. Therefore, when the
fiber length exceeds 14.9 mm, it will cause a reduction of the unconfined compressive strength.

Figure 6: Three-dimensional surface and contour of unconfined compressive strength with water content,
fiber length, and fiber content
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The polypropylene fibers incorporated in the soil are randomly distributed, and the fibers do not form a
good linkage when the fiber content is small and are mainly single fibers under tension (Fig. 8a). Therefore,
when the fiber content was low, the damage mode of fiber reinforced loess was brittle damage [36]. With the
increase of fiber content, the fibers interweave into a three-dimensional mesh structure in the soil (Fig. 8b).
When a single fiber is pulled out, it then causes the other fibers in the mesh to be stressed at the same time so
that the stress is distributed to a broader area and the force is more uniform, and to a certain extent, it acts as a
spatial constraint on the soil. Therefore, when the fiber content was moderate, the damage mode of fiber
reinforced loess was ductile damage [30,36]. When the fiber content is large, the fiber cannot form a
three-dimensional mesh structure and will form a flat agglomerated structure, making the soil a soft
surface [37]. The fibers are not subjected to pull-out force when the specimen is stressed. The specimen
breaks from the contact plane between the fibers and the soil, and many fibers are exposed in planar form
(Fig. 8c). Therefore, the unconfined compressive strength of the specimens increased gradually with the
increase of fiber admixture, but the strength decreased when the fiber content exceeded 0.579%.

The fiber surface of the specimen with 18% water content clearly showed scratches along the
longitudinal direction of the fiber (Fig. 9), while the fiber surface of the specimen with 11% water content
was smoother (Fig. 7). The scratches may be due to the insertion of hard soil particles into the fiber body

Figure 7: The sample with a fiber length of 6 mm and a water content of 11%

Figure 8: The distribution form of fiber (a) dispersed structure (b) Three-dimensional network structure
(c) planar agglomeration structure
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during the compaction of the specimen and the fiber pull-out [38]. The scratches confirm the interlocking
forces between the soil particles and the fiber surface. Some soil particles adhered to the fiber surface
(Fig. 9), indicating that the fiber pull-out disrupted the interfacial soil structure. Thus, when the fibers are
pulled out, the interfacial friction strongly depends on the resistance to rotation and rearrangement of
the interfacial soil particles [39]. The less the possibility of rearrangement of interfacial soil particles
during stretching, the higher the interfacial friction [40]. Soil particle rotation occurs when the resistance
provided by mineral friction and mechanical interlocking between adjacent soil particles is less than
the resistance between the particles and the fiber surface [38].

The SEM images of the specimens with 11% and 18% water content are shown in Fig. 10. The SEM
images were converted into black and white binary images using PCAS software developed by Nanjing
University, with white pixels indicating pores and black colored pixels indicating particles, and finally,
pores and particles were identified (Fig. 10) [41]. Therefore, the surface porosity Pa can be expressed as:

Pa ¼ Nb

N
(3)

where Nb is the number of white pixels, and N is the total number of pixels of the graph.

The mean area of the particle aggregates S is the mean area of the equivalent circle of the particle
aggregates and can be expressed as:

S ¼
Pn

i¼1
Si

n
(4)

where Si is the area of the equivalent circle of the particle aggregates, and n is the number of set particles.

Figure 9: Sample with a water content of 18%
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The surface porosity of the specimens with 11% and 18% water content was 18.33% and 11.35%,
respectively, indicating that the 18% water content specimens were denser. The average particle areas of
the specimens with 11% and 18% water content were 1434.27 μm2 and 3292.52 μm2, respectively,
indicating that the water film bonded the soil particles together, increasing the area of the particles.
Therefore, the unconfined compressive strength of the sample with 18% water content is increased
compared with the 11% sample due to the following reasons: i) The water film thickness of the sample
with 18% water content is moderate compared with the 11% sample. Because the water film is too thin, it
will affect the compaction of the sample, resulting in large pores in the sample; The increase in water
content makes the soil more compact, thereby increasing the effective contact area between the fiber and
the soil; ii) An appropriate amount of water film binds the soil particles together, and the aggregate
volume of the particles increases, thereby restricting the rearrangement of the soil particles on the
interface; iii) The increase in sample density creates an interlocking force, making it more difficult to pull
out the fiber. For the 25% water content sample, due to the large water film thickness inside the sample, it
plays a role in lubrication, and the strength is reduced to a certain extent. Therefore, the specimens’
unconfined compressive strength increased with the water content, but when the water content exceeded
16.41%, the high-water content caused the unconfined compressive strength to decrease.

3.4 Engineering Implications
About one-third of the geological disasters in China occur on the Loess Plateau [42,43]. The strength of

the loess controls geological hazards [44,45]. The addition of appropriate number of polypropylene fibers in
loess can form a three-dimensional fiber-soil composite, which greatly increases the strength of the loess. In
this case the probability of damage to artificial slopes and foundations in loess areas is greatly reduced.
Therefore, this study investigates the change of fiber reinforced soil strength and its mechanism, which
can provide reference for the prevention and control of engineering geological disasters on the Loess Plateau.

4 Conclusions

This paper investigates the optimization problem of loess improvement based on the performance of
UCS using response surface methodology. Based on the UCS values, an RSM model was developed to
study the input variables’ optimal ratios (w, PFC, PFL). The following main conclusions were obtained:

(1) Water content, polypropylene fiber length, and polypropylene fiber content significantly affect the
fiber reinforced loess strength. The unconfined compressive strength shows an increasing trend
and then decreases with the abovementioned factors.

Figure 10: PCAS information recognition process (a) water content of 11%, (b) water content of 18%
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(2) Water content is the most important factor influencing the strength of fiber-reinforced loess, followed
by the fiber length and content.

(3) There is an optimal ratio to maximize the unconfined compressive strength, which is 16.41% water
content, 0.579% polypropylene fiber content, and 14.90 mm polypropylene fiber length. The
unconfined compressive strength of reinforced soil under the optimal ratio is 342.757 kPa. The
unconfined compressive strength under the optimal ratio is increased by 288.017 kPa.

(4) As a result of mathematical modeling of the experimental design of the RSM method, the formula
for the RSMmodel used to predict the response variable (UCS) was constructed, and the established
model was determined to be statistically significant by analysis of variance.
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