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To address the challenges of limited space, quality control issues, and ensuring
stable self-compaction of backfill materials in trench backfilling projects, a
loess-based cement slurry was developed as a flowable backfill material by using
loess as the primary base material and incorporating an appropriate amount of
admixture for solidification and improvement. The permeability, collapsibility,
and disintegration of the loess-based cement slurry were analyzed by varying
the cement content and curing age. The slump test was first conducted to
determine the optimal water content for varying cement contents, aiming for
a slump of 180 mm. Subsequently, the compressive strength was tested using
an orthogonal experimental design. The analysis revealed the optimal mix ratio
for the loess-based cement slurry: 8% naphthalene sulfonate formaldehyde
condensate, 3% sodium sulfate, 0.5% sodium thiosulfate, and 0.08% ethylene
glycol. Experimental results indicated that with 4% cement content, the loess-
based cement slurry exhibited a maximum permeability coefficient of 0.977
× 10−5 and a maximum collapsibility coefficient of 0.865 × 10−2, confirming
that both permeability and collapsibility meet the required standards. When the
cement content exceeds 6%, the cement paste shows minimal collapse. This
study offers an efficient and reliable technical solution for backfilling operations
in loess regions.

KEYWORDS

loess-based cement slurry, mix proportion, engineering characteristics, compressive
strength, orthogonal test

1 Introduction

In the northwest region, traditional construction methods face several challenges,
including a cumbersome process, difficulty controlling backfill quality, and limited
construction space. Therefore, there is an urgent need for a backfill material that is easy to
work with, has good fluidity, and can achieve a high degree of compaction. The foundation
in this area is primarily composed of loess, a widely distributed soil type. Loess has
unique characteristics, including significant collapsibility, relatively weak cohesion, low
porosity, and poor plasticity (Song et al., 2021; Liu et al., 2025; Yang et al., 2021). To
address these issues, researchers have begun incorporating additives, particularly stabilizers,
into loess to improve its engineering properties (Xue et al., 2024a; Nazari et al., 2021;
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Li et al., 2024; Xue et al., 2024b; Zhou et al., 2023). This
approach aims to enhance the stability and strength of the
backfill material, thereby addressing the challenges of traditional
construction methods.

Currently, researchers employ a variety of methods to improve
loess. In terms of lime-improved loess (Sui et al., 2020), used
lime to improve the loess in Qingyang area, and studied the
permeability characteristics of loess under different lime content. It
was found that the permeability coefficient of the improved loess
increased with the in-crease of void ratio. Additives to improve
cement soil (Ma and Chen, 2021). Combined the un-confined
compressive strength and ultimate water content of solidified loess,
analyzed the evolution mechanism of mineral composition and
microstructure of solidified loess with the change of curing period,
and clarified the mechanism of quicklime-solidified loess. Yu et al.
(2023) studied the effect of hydroxyl lignin on cement solidified
soil with sodium silicate and lime as activators. In the aspect of
geopolymer modified loess, in order to solve the problems of low
strength, durability and environmental protection of traditional
loess curing agent (Zhao et al., 2021a), studied the engineering
performance of sodium silicate alkali activated fly ash geopolymer
solidified loess through compaction test, unconfined compressive
strength test, direct shear test and disintegration test. Bai et al.
(2023a) used red mud and fly ash as raw materials to prepare
high-strength geopolymer under the action of alkali activator, and
studied the effects of high temperature and sodium hydroxide on
the strength of the geopolymer. Li et al. (2023) developed a high-
strength geopolymer curing material with green steel slag fly ash
as the main component, and studied the mechanical properties
and microstructure changes of loess under different steel slag-
fly ash geopolymer dosage and curing age. Wang et al. (2024)
used carbide slag, desulfurization gypsum and slag multi-source
solid waste as the main cementitious components to prepare
geopolymer reinforced loess (Yang et al., 2024). solidified saline
loess with geopolymers produced by alkali-activated industrial
waste. The mechanical properties, microstructure characteristics
and solidification mechanism of geopolymer solidified saline loess
were systematically studied by orthogonal test design. In the aspect
of microbial solidified soil (Sun et al., 2021), solidified loess by
microbial induced carbonate precipitationmethod. Bai et al. (2024b)
used urease combined with biochar technology to treat Pb2 +
contaminated sand column, and it was found that urease combined
with biochar technology had a good solidification effect on Pb2
+. The effects of guar gum content, basalt fiber content and basalt
fiber length on the permeability and disintegration characteristics
of solidified loess were analyzed by (Xi et al., 2024). In addition
(Wang et al., 2022), used environmentally friendly magnesium
oxychloride cement as soil curing agent to prepare solidified soil,
and explored the best ratio of various raw materials when using
magnesium oxychloride cement as curing agent (Zhu et al., 2023).
Takes the solidified waste soft soil as the research object, predicts
the best ratio of calcium carbide slag and plant ash, and determines
the best ratio of calcium carbide slag and plant ash composite
curing agent. Many researchers have carried out field tests on the
developed solidified soil materials (Hessouh et al., 2023). Compared
the indoormix ratio testwith the deep soilmixing test results of three
different construction sites, and established the relationship between
the physical and mechanical properties of laboratory materials

and construction site materials. The compressive strength, dynamic
elastic modulus, porosity and hydraulic permeability were studied
by deep mixing method and trench mixing method respectively.
Yuan et al. (2023) conducted laboratory tests and field evaluation
tests on the erosion resistance of solidified soil. On the self-
developed anti-erosion test system, the clear water andmuddy water
erosion tests were carried out, and the earth-rock dam test dam
was built with solidified soil as the material, and the field erosion
test was carried out, and the corresponding hydraulic factors were
analyzed. Finally, the safety inspection of the dam structure was
carried out (Ye et al., 2021). Proposed a new binder for stabilizing
soft soil based on industrial solid waste. A series of laboratory
tests and field tests were carried out to compare and analyze the
geotechnical performance evaluation of GS binder and cement
on soft soil.

In summary, using additives to solidify loess can enhance
its engineering performance, including its bearing capacity and
stability. However, further research is needed to optimize additive
selection and processing methods for more effective application of
solidified loess in engineering construction. Most research focuses
on the impact of additives or cement on loess performance. Most
studies examine only one aspect of loess performance, without
exploring multiple factors.

Given these research gaps and challenges, the combined effect of
additives and cement on loess has been evaluated. By analyzing loess
properties such as disintegration, fluidity, and compressive strength,
a loess-based cement slurrymaterial for trench and subgrade backfill
is proposed. This provides a more practical solution for engineering
construction and further advances loess solidification technology.

2 Materials and methods

2.1 Materials

The loess used in the test is taken from Pengjiaping area,
Lanzhou City, Gansu Province. The soil is uniform, and the basic
physical properties of loess are shown in Table 1 cement is the
ordinary Portland cement of Qilianshan brand purchased locally in
Lanzhou City. The grade is P.O42.5, which is gray and powder. The
composition of cement is shown inTable 2.The test water is Lanzhou
tap water. Naphthalenesulfonic acid formaldehyde condensate is a
kind of concrete superplasticizer, which is yellowish brown and
powder. Sodium sulfate is a kind of concrete early strength agent,
which is white and powder. Sodium thiosulfate is a kind of concrete
early strength agent, which is colorless and transparent monoclinic
crystal. Ethylene glycol is a kind of concrete antifreeze, colorless
and liquid.

2.2 Sample preparation methods

Refer to the (Ministry of housing and urban-rural development
of the people’s republic of China, 2011). (1) Weigh the loess, water,
and cement required for the sample, then place them into the
mixer. Stir the mixture for 2–3 min, followed by adding the required
amount of water andmixing for an additional 10 min before loading
the mold.; (2) Install the mold in two stages. After each installation,
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TABLE 1 Physical properties of loess.

Natural moisture content Air-dried moisture
content

Liquid limit Plastic limit Liquidity index Plastic index

16.5% 0.8% 28.3% 19.5% 0.09% 10.2%

TABLE 2 Cement composition.

Component SiO2 Al2O3 CaO Fe2O3 MgO SO3 Other

Content 18.23% 6.15% 66.25% 3.27% 0.12% 2.85% 3.13%

FIGURE 1
Preparation process.

insert the rammer evenly and vibrate on the vibration table for 20 s;
(3) Prepare the ring knife sample for the disintegration test. After
vibrating the test mold, insert the ring knife slowly, ensuring the
top of the knife is at least 5 mm below the upper edge of the mold.
Remove any excess loess-based cement slurry from the top of the
mold using a knife; (4) Cover the surface of the testmold with a layer
of plastic film. Place the mold in a curing box set at 20°C ± 2 °C and
more than 95% humidity for curing. Once the specified curing time
has passed, proceed with the relevant tests. The preparation process
of loess-based cement slurry is shown in Figure 1.

2.3 Slump test

Referring to the (China Association for Engineering
Construction Standardization, 2022) and the actual engineering
requirements, the optimum slump of loess-based cement slurry is
determined to be 180 mm. The slump test is used to determine the
optimum water content when the slump of loess-based cement
slurry is 180 mm, which lays a foundation for the subsequent
orthogonal test. The test steps are as follows: (1) The water content
is preset to 22%, 24%, 26%, 28%, 30%, and 32%, and the cement
content is set to 4%, 6%, 8%, 10%, and 12%, respectively. (2) The
finished loess-based cement slurry was uniformly loaded into the
collapse cylinder in three times. Clean the excess slurry around
the cylinder with a scraper, and then lift the collapse cylinder
immediately, which is completed in 5–10 s (3) Put the collapse tube
beside the loess-based cement slurry material, put a ruler facing the
mixture on the top of the tube, and measure the vertical distance
from the bottom of the ruler to the highest point of the sample, that
is, the slump of the mixture. All the slumps in the test need to be
tested three times.

2.4 Disintegration test

A disintegration test was conducted on loess-based cement
slurry with varying cement contents, as determined by the slump
test. The wetting and disintegration behavior of the sample in
water was observed to evaluate the water stability characteristics
of the loess-based cement slurry. The optimal cement content was
identified, providing parameters for the subsequent orthogonal test.
The test steps are as follows: First, the sample is dried to constant
weight in a drying oven, and its initial mass is recorded. A beaker
filledwith distilledwater is prepared, and the sample, having reached
the curing age, is fully immersed. The samples are then removed at
intervals, and the surface moisture is dried using filter paper. The
samples are weighed, and the disintegration behavior is recorded.

2.5 Permeability test

The permeability of loess-based cement slurry is an important
property as well as the strength and deformation characteristics.
The permeability coefficient is a quantitative index representing the
permeability of loess-based cement slurry, and it is also a necessary
physical quantity in permeability calculation. The samples were
prepared with cement content of 4%, 6%, 8%, 10% and 12%. The
permeability test of loess-based cement slurry samples was carried
out after the curing age reached 7d, 14d, 28d and 60d, and the
impermeability of loess-based cement slurry was analyzed.

According to (Ministry of housing andurban-rural development 
of the people’s republic of China, 2019), the variable head
permeability test is based on Darcy's law and mass conservation
principle. It is a test method for measuring the permeability

Frontiers in Materials 03 frontiersin.org

https://doi.org/10.3389/fmats.2025.1604066
https://www.frontiersin.org/journals/materials
https://www.frontiersin.org


He et al. 10.3389/fmats.2025.1604066

coefficient of low permeabilitymaterials. Different from the constant
head permeability experiment, the variable head experiment
calculates the permeability coefficient by measuring the change
of the head with time, which is suitable for the medium with low
permeability. Therefore, this experiment uses the variable head
permeability test method to test the permeability characteristics of
loess-based cement slurry.

The test methods are as follows:

(1) The samples that have reached the curing age are taken out
of the curing box, and vaseline is evenly applied around the
sample to maintain sufficient tightness be-tween the sample
and the permeameter. The sample, the permeable stone, and
the rubber gasket are successively placed in the permeameter.
Tighten the top bolts and ensure that they are dense and
no bubbles.

(2) After the permeameter and the water supply device are
assembled, the exhaust pipe is opened and the water stop valve
is opened.Thewater is slowly injected from the bottom tomake
the sample fully saturated. After the excess air is discharged, the
exhaust pipe is closed.

(3) Adjust the water level in the variable head pipe to the initial
height h1, open the valve, allow water to flow through the
sample, and record the time t when the head drops from h1
to h2.

(4) Record the cross-sectional area a, sample length L, sample
cross-sectional area A and head change of the variable head
tube, record 2 sets of test data each time, and repeat the
test 6 times.

The permeability coefficient K should be calculated according to
the following Formula 1:

KT =
aL
At

ln(
h1
h2
) (1)

K: permeability coefficient (m/s).
a: the cross-sectional area of the variable head pipe (m2).
L: Length of sample (m).
A: The cross-sectional area of the sample (m2).
t: the time when the water head decreases from h1 to h2 (s).
h1: initial water head (m).
h2: Final head (m)

2.6 Collapsibility test

Collapsibility is one of the most unfavorable engineering
properties of loess, which has an important influence on the stability
of buildings on loess foundation. Therefore, in the construction
of loess foundation, the evaluation of collapsibility is one of
the important conditions. In order to meet the requirements of
engineering practice, the collapsibility test of loess-based cement
slurry was carried out, and the improvement effect was evaluated
to determine whether the collapsibility was eliminated.The samples
were prepared according to the ratio of cement content of 4%, 6%,
8%, 10%and12%, and the collapsibility coefficient test of loess-based
cement slurry samples was carried out after the curing time reached
the specified time.

The test is used to evaluate the collapsibility characteristics
of the sample. Ac-cording to (Ministry of housing and urban-
rural development of the people’s republic of China, 2018), the test
method is immersion compression test.

The specific steps of the test are as follows:

(1) Using ring knife sampling to ensure that the soil is not
disturbed, weighing the initial mass of the soil, and recording
its initial height h0;

(2) Put the sample into the sample ring of the consolidation
instrument, and place a filter paper and a permeable stone on
the top and bottom of the soil sample;

(3) The initial pressure is applied to make the soil sample
consolidated and stable, and the deformation of the soil sample
under the initial pressure is recorded.

(4) Stepwise pressure (50kPa, 100kPa, 150kPa, 200kPa, 300 kPa)
was applied, and the deformation of soil samples under each
pressure was recorded.

(5) After the deformation of the sample is stable under the
specified soaking pressure, water is injected into the sample to
make it fully saturated, and the deformation of the sample after
soaking is recorded.

The collapsibility coefficient should be calculated according to
the following Formula 2:

δs =
Δh
h0
× 100% (2)

δs: Collapsibility coefficient;
Δh: deformation before and after soaking;
h0: the initial height of the specimen (mm).

2.7 Determining the optimal mix
proportion based on orthogonal test

The cement content was set to 10%, and the water content
was set to 28.67%. The four factors of naphthalene sulfonic acid
formaldehyde condensate content, sodium sulfate con-tent, sodium
thiosulfate content, and ethylene glycol content were selected to
design a four-factor four-level orthogonal test. The orthogonal test
table is shown in Table 3.

3 Results

3.1 Analysis of slump test results

Figure 2 shows the slump curve of loess-based cement slurry
material under different cement contents. As shown in Figure 2,
the slump of loess-based cement slurry increases with the water
content for each cement content. Specifically, when the slump is
180 mm, thewater content of loess-based cement slurrywith cement
contents of 4%, 6%, 8%, 10%, and 12% are 26.5%, 27.1%, 28%,
28.29%, and 28.67%, respectively. In the subsequent tests, the water
content corresponding to a slump of 180 mm will be used as the
optimal water content. In the subsequent tests, the water content
corresponding to a slump of 180 mm will be used as the optimal
water content. When the water content is constant, the slump of
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TABLE 3 Orthogonal test table.

Group Naphthalene
sulfonic acid
formaldehyde
condensate

Sodium sulfate Sodium thiosulfate Ethylene glycol

1 4% 2% 0.75% 0.06%

2 6% 4% 0.25% 0.04%

3 8% 4% 0.75% 0.08%

4 10% 2% 0.25% 0.02%

5 4% 3% 0.25% 0.08%

6 6% 1% 0.75% 0.02%

7 8% 1% 0.25% 0.06%

8 10% 3% 0.75% 0.04%

9 4% 1% 1.00% 0.04%

10 6% 3% 0.50% 0.06%

11 8% 3% 1.00% 0.02%

12 10% 1% 0.50% 0.08%

13 4% 4% 0.50% 0.02%

14 6% 2% 1.00% 0.08%

15 8% 2% 0.50% 0.04%

16 10% 4% 1.00% 0.06%

the loess-based cement slurry decreases with an increase in cement
content.This is because, as the cement content increases, the relative
loess content decreases, and the loess particles, which have high
water absorption, reduce the fluidity of the slurry. The lubricating
layer formed between the small particles diminishes, reducing the
fluidity of the loess-based cement slurry and, consequently, lowering
the slump value. This is consistent with the conclusion of the new
loess-fly ash-based filling material test carried out by Zhang et al.
(2022b) in the Huangling area of Shaanxi Province: ' As the loess
content increases, the slump of the paste filling slurry increases
significantly '. The optimal water content for each cement content
was determined, providing data for the subsequent orthogonal test.

3.2 Analysis of disintegration test results

Disintegration refers to the process where soil breaks apart,
sheds, and disintegrates upon contact with water. Its characteristics
serve as critical indicators for assessing engineering safety. In this
study, specimens were prepared with cement contents of 4%, 6%,
8%, 10%, and 12%. After curing for 7, 14, and 28 days, disintegration
tests were conducted on loess-based cement slurry specimens.
By comparing the disintegration behavior and amounts of the

specimens, the influence of different cement contents and curing
ages on loess-based cement slurry was analyzed.

Figure 3 shows the disintegration of loess-based cement slurry.
The test results indicate that when the cement content is 8%,
10%, or 12%, the specimens show almost no disintegration. In
contrast, specimens with cement contents of 4% and 6% exhibit
notable disintegration. After immersion in water, the loess-based
cement slurry specimens formed a few tiny bubbles on their surfaces
within 1 h, with no spalling or expansion observed. After 1 day
of immersion, the specimens showed no significant morphological
changes from their initial state. After 3 days of immersion, a small
amount of debris was observed at the bottom of the beaker with
the 4% cement specimen. Localized spalling occurred on the right
side of the specimen. The spalling likely resulted from mechanical
damage to the right specimen during preparation. As a result,
the data for this specimen were excluded. As shown in Figure 3,
after 7 days of immersion, the specimen with 4% cement content
exhibited only debris at the bottom, with no significant expansion or
spalling. When the cement content reached 6%, disintegration was
significantly reduced,with only a small amount of disintegrated loess
observed at the bottom.

Figure 4 shows the relationship between curing age and the
amount of disintegration for a cement content of 4%. Figure 5
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FIGURE 2
The slump curve of loess-based cement slurry under different
cement content.

also shows the relationship between curing age and the amount of
disintegration for a cement content of 6%. Figures 4, 5 show that
as curing age increases, the disintegration amount in each soaking
period gradually decreases. This is due to the increased degree and
rate of cement hydration reactions with curing age, which enhance
the gelation of the sample, gradually inhibiting disintegration.
Additionally, as soaking time increases, the disintegration amount
of samples at each curing age also increases. However, samples with
6% cement content generally exhibited less disintegration than those
with 4% cement content. Figure 5 shows that the disintegration
amount of the sample cured for 28 days and soaked for 1 day
is nearly zero. When cement content exceeds 6%, disintegration
becomes negligible, and thus no further analysis is conducted.

Observations indicate that at cement contents of 4% and 6%, the
disintegration is more pronounced. However, at 8% cement content,
the disintegration phenomenon is alleviated. As cement content
increases further, the disintegration amount gradually decreases.
The loess-based cement slurry samples showed no significant
disintegration, indicating good water stability. Analysis indicates
that maintaining a cement content above 6% effectively inhibits
disintegration. In practical engineering, adding an appropriate
amount of cement and ensuring proper curing can significantly
reduce loess disintegration, maintaining strong anti-disintegration
performance and improving soil water stability.

3.3 Analysis of penetration test results

Figure 6 shows the relationship between cement content
and permeability. As cement content increases, the permeability
coefficient of loess-based cement slurry continuously decreases.
This is because the rising cement content leads to a greater
concentration of cement particles in the slurry. The small size of
cement particles fills the gaps between loess particles, reducing
porosity and consequently lowering the permeability coefficient
of the cement slurry. Additionally, the hydration products formed

during the reaction effectively fill the pores in the loess-based cement
slurry. With increasing cement content, the permeability coefficient
of the loess-based cement slurry at 60 days curing age is significantly
lower than at 7 days. This reduction occurs because as the curing
age extends, ongoing hydration reactions continue within the loess-
based cement paste, generating more cementitious compounds that
fill the pore structure, improving the material’s impermeability.

When the cement content is between 4% and 8%, the
permeability coefficient of the loess-based cement slurry decreases
rapidly. This is primarily due to the large internal pores and low
compactness of the loess. The hydration products significantly
increase, rapidly filling the pores within the soil and reducing
the pore size between particles, thereby enhancing the material’s
impermeability. When the cement content increases to between
8% and 12%, the rate of decrease in permeability coefficient
slows significantly. This occurs because the pores within the loess-
based cement paste are largely filled with hydration products,
and further increases in cement content have a limited effect
on the pore structure, leading to a gradual reduction in the
improvement of impermeability. Research indicates that increasing
both cement content and curing age positively affects the reduction
of permeability coefficient in loess-based cement paste. When the
cement content is 4%, the permeability coefficient of the loess-based
cement paste is less than 10−6, classifying it as highly impermeable,
which meets engineering requirements.

3.4 Analysis of collapsibility test results

Figure 7 shows the collapsibility coefficient of loess-based
cement slurry at varying cement contents and curing ages. As the
cement content increases, the collapsibility coefficient of loess-based
cement slurry steadily decreases. This phenomenon is primarily
attributed to the enhanced cement hydration reaction and its
positive effect on the soil structure. Increasing the cement content
leads to the formation of more cementitious materials (e.g., C-
S-H gel), which effectively fill the pores between loess particles,
reduce soil porosity, and enhance soil strength. Additionally, the
cement hydration products in the soil form a structure that further
inhibits collapsible deformation caused by water infiltration. As
the curing age increases, the collapsibility coefficient of loess-based
cement slurry also decreases.The collapsibility coefficient shows the
greatest change at 60 days of curing. Compared to a 4% cement
content, the collapsibility coefficient is reduced by 74.07% when
the cement content is 12%. This is because the longer curing
time allows the cement hydration reaction to continue, generating
more cementitious materials and further optimizing the soil’s
pore structure. Longer curing times result in higher soil strength.
Compared with the influence of cement content, the influence
of curing age on the reduction of the collapsibility coefficient is
slower, primarily due to the gradual rate of hydration reaction
in the later stages and the longer time required for significant
strength development. The effect of increased cement content on
the reduction rate of the collapsibility coefficient is faster than that
of curing age. This occurs because the increase in cement content
directly boosts the amount of cementitious material generated,
significantly improving the soil’s physical properties in the short
term. In contrast, the effect of curing age depends on the gradual
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FIGURE 3
The disintegration of loess-based cement slurry.

FIGURE 4
The relationship between curing age and disintegration amount at 4%
cement content.

accumulation of hydration products, which limits its impact in
the short term. Therefore, in practical engineering, increasing the
cement content can more rapidly improve the collapsibility of loess-
based cement slurry.

In summary, the collapsibility coefficient of loess-based cement
slurry with a cement content of at least 4% is less than 0.015.
According to the ' Building Standards for Collapsible Loess Areas
' (GB 5 002 5–20 18), it is non-collapsible. The collapsibility of loess

FIGURE 5
The relationship between curing age and disintegration amount at 6%
cement content.

has been fully eliminated, ensuring the stability of the foundation pit
after backfilling, even under the influence of water.

3.5 Analysis of range

It can be seen from Figure 8 that the R values of each factor
are 0.1250,0.0825,0.0750 and 0.0200, respectively, RA > RB > RC
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FIGURE 6
Relationship curve between different cement content and permeability.

FIGURE 7
Relationship curve between different cement content and collapsibility.

> RD. Naphthalene sulfonic acid formaldehyde condensate has the
greatest influence on the compressive strength of loess-based cement
slurry samples, followed by sodium sulfate, sodium thiosulfate and
ethylene glycol. The optimum content of loess-based cement slurry
samples is determined by the k value of each factor. The larger
the k value, the greater the influence of the compressive strength
of loess-based cement slurry. In order to find out the best ratio
more intuitively and accurately, the influence of the horizontal
content on each factor is described in the form of a graph. It
can be seen from Figure 8 that when the content of naphthalene
sulfonate formaldehyde condensate is 8%, k is the maximum value
at this time, that is, the best mix ratio is 8%. When the content of
sodium sulfate is 3%, the k value is the maximum, that is, the best
mix ratio is 3%.When the content of sodium thiosulfate is 0.5%, the
k value is the maximum, that is, the best mix ratio is 0.5%. When
the content of ethylene glycol is 0.8%, the k value is the maximum,
that is, the best mix ratio is 0.08%. The results show that the
optimum ratio of admixture content of loess-based cement slurry

is as follows: the content of naphthalene sulfonate formaldehyde
condensate is 8%, the content of sodium sulfate is 3%, the content
of sodium thiosulfate is 0.5%, and the content of ethylene glycol
is 0.08%.

3.6 Analysis of variance

Although the range analysis method is simple and clear, easy to
understand and less computationalworkload, it is easy to popularize,
but this method can not distinguish the data fluctuation caused
by the change of test conditions from the data fluctuation caused
by the test error. In addition, this method can not accurately
estimate the influence of various factors on the test results,
and can not propose a standard to judge the significance of
the factors investigated. Therefore, in order to make up for the
shortcomings of range analysis, variance analysis is used for auxiliary
verification.
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FIGURE 8
Relationship curve between test factors and compressive strength k.

TABLE 4 Cost analysis table of loess-based cement slurry material.

/ Loess Naphthalene
sulfonic acid
formaldehyde
condensate

Sodium sulfate Sodium
thiosulfate

Ethylene
glycol

Cement Total price

Quality of use 822.5 kg 65.75 kg 25 kg 4.1 kg 0.65 kg 82 kg —

Unit price 0.4 yuan/kg 5.5 yuan/kg 0.7 yuan/kg 12 yuan/kg 5 yuan/kg 2 yuan/kg —

Footing 329yuan 361.6 yuan 17.5 yuan 49.2 yuan 3.25 yuan 164 yuan 924.55 yuan

The analysis of variance is shown in Table 4. According to
the results of the distribution critical value F in the variance
analysis table of Table 4, it can be seen that factor A has a significant
effect on the strength of the sample, and factor B has a significant
effect on the strength of the sample. This conclusion is consistent
with the influence of four factors on strength in range analysis, which
verifies the accuracy of range analysis and has high accuracy and
credibility.

3.7 Determine the optimal mix proportion

Considering the results of range analysis and variance analysis,
the optimum ratio of additives under different dosage of loess-
based cement slurry samples is as follows: cement content: 10%;
naphthalene sulfonic acid formaldehyde condensate content: 8%;
sodium sulfate content: 3%; sodium thiosulfate content: 0.5%;
ethylene glycol content: 0.08%.

3.8 Cost analysis of loess-based cement
slurry material

For some groove backfill projects with small backfill space,
difficult mechanical construction and high requirements for

compactness, concrete is often used for filling to achieve the desired
effect, but the cost of concrete is high.The loess-based cement slurry
proposed in this paper can effectively solve such problems. It has
high self-compactness and can effectively avoid groove collapse or
uneven settlement. Taking the use of 1000 kgmaterial as an example,
referring to the market price of each material, 1 kg of cement needs
2000 yuan, and the cost of 1000 kg loess-based cement slurry and
each unit price are shown in Table 4.

Through comparative analysis, it is found that the cost of loess-
based cement slurry is about twice lower than that of traditional
concrete, and the material can well meet the requirements of groove
backfilling, so it has a good application prospect.

4 Conclusion

Slump and disintegration tests were performed, and the
compressive strength of loess-based cement slurry samples with
various additives was assessed using an orthogonal test. The results
of the orthogonal test were analyzed using range and variance
analysis. The following conclusions were drawn:

(1) The slump test revealed that when the slump is 180 mm,
the water content of loess-based cement slurry with cement
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contents of 4%, 6%, 8%, 10%, and 12% was 26.5%, 27.1%, 28%,
28.29%, and 28.67%, respectively.

(2) The disintegration test showed that the disintegration of loess-
based cement slurry decreased as cement content and curing
age increased. The loess-based cement slurry demonstrated
good water stability when the cement content was 6%
or higher.

(3) The orthogonal test and variance analysis revealed the
following order of influence on the compressive strength of
loess-based cement slurry, from greatest to least: naphthalene
sulfonate formaldehyde condensate, sodium sulfate, sodium
thiosulfate, and ethylene glycol.

(4) Permeability and collapsibility tests showed that as cement
content and curing age increased, both the permeability
and collapsibility coefficients gradually decreased. Cement
addition effectively eliminated the collapsibility of the loess-
based cement slurry.

(5) The orthogonal test and variance analysis identified the
optimal mix ratio for loess-based cement slurry as follows:
10% cement content, 8% naphthalene sulfonate formaldehyde
condensate, 3% sodium sulfate, 0.5% sodium thiosulfate, and
0.08% ethylene glycol.
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