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ABSTRACT: Permeability plays a pivotal role in geotechnical engineering, influencing the strength, deformation, 
and long-term performance of soil structures. Despite the growing interest in liquefied stabilized soil (LSS) as a 
sustainable backfill material, there is limited research on its use in projects with low permeability requirements. In 
order to investigate the consolidation and permeability properties of LSS, a series of 1-D consolidation and 
permeability tests were conducted on LSS with slurry densities of 1.216, 1.280, and 1.344 g/cm³, a cement content 
of 100 kg/m³, and fiber content of 0 and 10 kg/m³. The consolidation and permeability characteristics of LSS with 
different slurry densities were compared, and the influence of adding fiber material to LSS was examined. The 
results indicate that the coefficient of consolidation of LSS decreases with increasing pressure. The coefficient of 
consolidation increases with the increase in the slurry density of LSS and is minimally affected by the amount of 
fiber. The coefficient of permeability of LSS is closely related to slurry density, the amount of added fiber material, 
and the initial void ratio of the specimen. The coefficient of permeability decreases with the increase in slurry 
density and fiber content. The average coefficient of permeability of LSS is 3×10⁻⁶ cm/s, which shows high 
permeability resistance. 
 
Keywords: Liquefied stabilized soil, Fiber material, Slurry density, Coefficient of permeability, Coefficient of 
consolidation  
 
1. INTRODUCTION 
 

As a common construction material, soft clay 
presents various engineering challenges, including 
high natural water content, significant 
compressibility, low bearing capacity, and low shear 
strength [1]. These properties result in poor bearing 
capacity and stability, often leading to uneven 
settlement and structural deformation in construction 
projects [2,3]. Therefore, effectively improving the 
mechanical properties of soft clay has been a long-
standing concern in the engineering field [4-7]. In 
addition to methods such as preloading, deep mixing, 
and vacuum consolidation [8,9], cement-treated soil 
stabilization techniques are also effective solutions to 
address these issues [10]. By reacting with cement 
and other stabilizing agents, these techniques 
significantly enhance the compressive strength, shear 
strength, and stability of the soil [11-13]. 

In Japan, the widespread utilization of cement-
treated soil for foundation reinforcement has yielded 
substantial benefits, particularly in improving bearing 
capacity and reducing settlement issues [14]. Since 
the 1980s, cement-treated soil technology has seen 
rapid development and has been extensively applied 
in foundation reinforcement projects for roads, 
railways, bridges, and underground engineering [15-
18]. The promotion of this technology has not only 
mitigated settlement problems but also significantly 
increased the bearing capacity and seismic resistance 

of foundations, providing notable social and 
economic benefits. Due to its low cost, cement-
treated soil has become an economical and efficient 
choice for large-scale projects, providing long-term 
stability and durability while achieving significant 
cost savings [19,20]. Furthermore, with the growing 
emphasis on environmental protection, the 
sustainability characteristics of cement-treated soil 
have become an important factor in its widespread 
application [21]. 

Liquefied stabilized soil (LSS) [22] is a type of 
cement-treated soil created by proportionately 
blending excavated soil, cement-based solidification 
materials, water, and additives. Unlike conventional 
cement-treated soil, LSS is fluid during construction, 
making it highly workable and easy to place. LSS is 
used widely as a backfill material in Japan, especially 
in applications such as underground pipelines, tunnels, 
foundation pit support, foundation reinforcement, 
subgrade cushioning, and canal seepage prevention 
[23-27]. Various engineering properties of LSS 
exhibit significant enhancements compared to 
excavated soil, notably excelling in compactness, 
compressive strength, and shear strength [28-30]. 

Furthermore, there has been an extensive 
exploration into the engineering characteristics of 
LSS, which is fluid before solidification and is 
prepared as a slurry mixed soft clay with water and 
cement-based solidification material. According to 
previous studies, adding organic fiber materials, 
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which are made resembling cotton wadding 
pulverized waste newspaper, to LSS has notably 
enhanced mechanical properties on shear and tensile 
failure, and so on, thereby the amplifying advantages 
of LSS are found [31,32]. Although previous studies 
have explored various engineering characteristics of 
LSS, there remains a significant difference between 
research and its application in impermeability or 
seepage resistance. Past research has noted that the 
evaluation of seepage performance when using 
Cement-Stabilized Soils as backfill material is still 
insufficient [33-35].  

Permeability is a critical aspect of geotechnical 
engineering, playing a pivotal role in the stability and 
performance of various soil structures. As an 
important parameter, the evaluation of the coefficient 
of permeability significantly influences the strength, 
deformation, and overall behavior of soil under 
different conditions. In particular, the permeability 
property of soil influences its suitability for 
applications such as foundation construction, 
embankment stability, and seepage control. However, 
there is a scarcity of research findings and 
engineering instances concerning the application of 
LSS in projects with anti-seepage or anti-
permeability requirements. This lack of knowledge in 
the literature highlights a significant opportunity for 
further investigation, as the current understanding of 
LSS's permeability characteristics remains 
insufficient. Given the increasing interest in LSS as a 
sustainable and versatile material, an in-depth 
investigation into its permeability properties becomes 
imperative. Specifically, understanding the factors 
that affect the permeability of LSS will provide 
valuable insights into its performance in engineering 
projects. Additionally, the coefficient of 
consolidation cv holds great engineering significance 
as it mirrors the overall consolidation degree and 
settlement process of the entire soil layer. Accurately 
assessing this parameter is crucial for predicting soil 
behavior over time and ensuring long-term stability in 
construction projects.  

Therefore, this study aims to fill this difference by 
investigating the consolidation and permeability 
characteristics of Liquefied Stabilized Soil (LSS) 
prepared under various conditions. Its novelty lies in 
the addition of fiber materials and the variation in 
initial slurry density. Based on the results of the 
consolidation and permeability tests, the effects of 
changes in slurry density and fiber material content 
on the consolidation and permeability properties of 
LSS are discussed. This research offers key insights 
into how these factors influence the consolidation and 
permeability characteristics of LSS, providing 
practical guidance for future urban infrastructure and 
environmental protection projects and geotechnical 
engineering applications, promoting the sustainable 
application of LSS.   
 

 Table 1 Physical properties of NSF-Clay 
 

Physical parameters Values 

Liquid limit (%) 60.15 
Plastic limit (%) 35.69 
Plasticity index 24.46 

Particle density (g/cm3) 2.762 

Soil classification CH 

 

 
 
Fig.1 Photograph of Pulverized newspaper (with 
scale: cm) 
 
2. RESEARCH SIGNIFICANCE 

 
Permeability and consolidation are critical factors 

in evaluating the application of LSS in geotechnical 
engineering, making a comprehensive investigation 
into the consolidation and permeability 
characteristics of LSS essential. The outcomes of 
such research are not only a theoretical consideration 
but also applicable to practice. By bridging a lack of 
knowledge in this area, this study aims to contribute 
to both scientific understanding and engineering 
practice, offering guidance for future applications of 
LSS in geotechnical projects. 

 
3. MATERIALS AND TESTING METHOD  
 
3.1 Test Materials  
 

In this study, to ensure the homogeneity of soil 
material, commercially available New Snow Fine 
Clay (NSF-Clay) [36] was utilized as the base 
material for testing. The physical parameters of this 
soil are detailed in Table 1. A specialized cement 
designed for soft clay was used as the cement-based 
solidification (Taiheiyo Cement Co. Ltd., Geoset 
200). Additionally, waste newspaper, easily 
accessible in daily life, was chosen as the fiber 
material. This newspaper was pulverized through a 
food processor to create a fibered material resembling 
cotton wadding (Fig. 1). Fiber length is between 0.5 
and 3 mm. 

 

1 cm 
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3.2 Preparation of Test Specimens 
 

The objective of this study is to investigate the 
effect of slurry density and fiber content on the 
consolidation and permeability characteristics of LSS 
with fiber material. In order to achieve this, three 
different slurry densities were used. A standard slurry 
density of 1.280× 103 kg/m3 (Dρf = 100 %) was set, 
and two slurry densities of 1.216 (Dρf = 95 %) and 
1.344 × 103  kg/m3 (Dρf = 105 %) were set by 
adjusting 5 % increase or decrease from the standard 
slurry density. Dρf is calculated as (current slurry 
density)/ (standard slurry density) × 100 (%). The 
amount of fiber material added to each specimen of 
three slurry densities was set at 0 or 10 kg/m3, and the 
specimens were cured for 28 days. The test conditions 
for each specimen are shown in Table 2. 

The prepared LSS mixed fiber material was 
subjected to a degassing process for 30 minutes under 
a negative pressure of approximately -90 kN/m². 
Subsequently, the specimen was poured into 60 × 60 
mm commercial plastic molds. The top of each mold 
was sealed with cling film and cured in humid air at 
20 ± 3 °C. For each specimen, three test specimens 
were produced and left in the molds for 28 days 
without removing the formwork, residing in the 
standard curing room.  

 
3.3 Test Method 
 

The experimental procedures followed the steps 
described in the "Test Method for One-Dimensional 
Consolidation Properties of Soils Using Incremental 
Loading" (JIS A 1217: 2009) [37]. The apparatus 
used for testing is a conventional oedometer, as 
shown in Fig. 2. After 28 days of curing, the specimen 
was trimmed and placed in the apparatus. The initial 
dimensions of the specimen are 20 mm in height and 
60 mm in diameter. 

Under the conditions of double-sided drainage, 
the one-dimensional consolidation test using 
incremental loading with a load incremental ratio of 
1 is conducted over a loading range of 9.8 to 1256 
kN/m². A vertical load is applied based on the load 
incremental ratio, and the specimen displacement is 
measured using a dial gauge under full lateral  
 
 Table 2 Test condition for each specimen 
 

Test 
number 

Cement 
content 
(kg/m3) 

Fiber 
content 
(kg/m3) 

Slurry density 
× 103 (kg/m3) 

Curing 
days 

1 

100 

Pc=0 

1.216  

28 

2 1.280  
3 1.344  
4 

Pc=10 

1.216  
5 1.280  
6 1.344  

 

restraint. The consolidation time for each incremental 
load step was set to 24 hours. Parameters for the 
consolidation and permeability characteristics of LSS 
are derived from the compressive displacement of the 
specimen at each incremental load step. For each 
incremental load step, the amount of compressive 
displacement was recorded at time intervals of 0 s, 6 
s, 12 s, 18 s, 30 s, 42 s, 1 min, 1.5 min, 2 min, 3 min, 
5 min, 7 min, 10 min, 15 min, 20 min, 30 min, 40 min, 
1 h, 1.5 h, 2 h, 3 h, 6 h, 12 h, and 24 h. For a single 
test condition, three specimens were tested, and if two 
of the specimens gave valid and similar results, that 
result was adopted. 
 
4. RESULTS AND DISCUSSIONS 
 
4.1 Consolidation Property of LSS  
 

Consolidation is the process by which excess pore 
water pressure dissipates and effective stress 
increases under load. The coefficient of consolidation 
cv is an important parameter in Terzaghi's one-
dimensional consolidation theory [38]. Its magnitude 
indicates the rate of consolidation progression in soft 
soil. A higher cv implies a faster consolidation of the 
soil layer. In essence, the coefficient of consolidation 
is a parameter that reflects the consolidation 
characteristics of the soil layer. This coefficient is not 
only a vital soil test indicator but also a pivotal 
parameter in the design of treatments for soft ground 
foundations. Particularly, the coefficient of 
consolidation is an essential indicator when the 
drainage consolidation method is applied to 
foundations on soft ground. Effective and accurate 
determination of the coefficient of consolidation is 
critically important for the accurate prediction of 
foundation settlement. 

There are four primary methods for determining 
the coefficient of consolidation: indoor consolidation  

 

 
 

Fig.2 Schematic diagram of test apparatus 
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testing method, indirect extrapolation method, 
inversion analysis method, and in-field testing 
method. Laboratory methods for determining the 
coefficient of consolidation include the time square 
root method, time logarithm method, and three-point 
method. In this experiment, the time square root 
method was mainly used. At a specific pressure level, 
record the time it takes for the specimen to reach 90 % 
consolidation (t90). The coefficient of consolidation at 
this pressure level is calculated as follows: 
 

90

2

60
848.0

t
hcv =                          (1)    

 
In the Eq. (1): 
cv: Coefficient of consolidation, cm²/s. 
ℎ�: Maximum drainage distance, equal to half the 

average of the initial and final heights of the specimen 
under a certain pressure level, cm. 

 
4.1.1 cv -p relationship 

By examining the correlation between the 
consolidation pressure applied to the specimen and 
the coefficient of consolidation, we can deduce the 
variation trend of the coefficient of consolidation for 
LSS with different slurry densities and fiber contents. 
Fig. 3 shows the correlation between the coefficients 
of consolidation and consolidation pressures in 
consolidation tests. The legend illustrates the 
different slurry densities (Dρf = 95 %, 100 %, and 
105 %) and fiber contents (0 and 10 kg/m3) for the 
specimens. 

As shown in Fig. 3, the experimental results 
reveal that the coefficient of consolidation of LSS 
varies between 0.1 and 1.9 × 10⁻¹ cm²/s under the 
consolidation pressure ranges from 9.8 to 1256 kN/m². 
It is observed that the coefficient of consolidation of 
LSS decreases gradually with an increase in  
 

 
 
Fig.3 Relationship between the coefficient of 
consolidation and consolidation pressure 
 

consolidation pressure. Within the low-pressure 
range, the coefficient of consolidation of each 
specimen is almost constant, and then decreasing. 
That is, at a consolidation pressure of 100 kN/m², the 
coefficient of consolidation starts to decrease. After 
200 kN/m², the soil becomes progressively denser due 
to compression, leading to a faster decline in the 
coefficient of consolidation, and the coefficients of 
consolidation of LSS specimens with different slurry 
densities begin to diverge. Around a consolidation 
pressure of 300 kN/m², the specimen with a slurry 
density of 95 % already exhibits cv = 0.4 × 10⁻¹ cm²/s, 
while the specimens with slurry densities of 100 % 
and 105 % show cv = 1.2 × 10⁻¹ cm²/s and 1.7 × 10⁻¹ 
cm²/s, respectively. After 600 kN/m², the difference 
between the coefficients of consolidation of LSS with 
different slurry densities becomes smaller gradually. 

 
4.1.2 The Influence of Slurry Density on 
Consolidation Characteristics 

In order to investigate the effect of slurry density 
on the consolidation properties of LSS, the 
relationship between the coefficient of consolidation 
and consolidation pressure for specimens with slurry 
densities of 95 %, 100 %, and 105 % is shown in Fig. 
4, under the condition of no fiber material addition. 

In the absence of fiber material, a comparison of 
slurry density reveals that at a consolidation pressure 
of 100 kN/m², the coefficients of consolidation for 
specimens with slurry densities of 95 % and 100 % 
exhibit similar values.  

 When the consolidation pressure increases to 200 
kN/m², the coefficients of consolidation for 
specimens with Dρf =95 % and Dρf =100 % decrease 
rapidly, while the decrease in the coefficient of 
consolidation for specimens with Dρf =105 % is less 
pronounced. It is found that the stress range for rapid 
changes in the coefficient of consolidation is 200 to 
300 kN/m² for Dρf =95 % and 200 to 600 kN/m² for  
 

 
 
Fig.4 Relationship between the coefficient of 
consolidation and consolidation pressure (Pc=0) 
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Dρf =100 %. When the consolidation pressure 
exceeds 400 kN/m², the coefficient of consolidation 
of the Dρf =105 % specimen rapidly decreases, with 
the stress range for rapid decline being 400 to 600 
kN/m². After reaching a consolidation pressure of 600 
kN/m², the rate of change in the coefficient of 
consolidation for all specimens becomes more 
gradual.  

The consolidation yield stress refers to the 
maximum effective stress that a soil has historically 
experienced, also known as the pre-consolidation 
pressure. Once this stress is exceeded, the 
compressibility of the soil increases significantly. 
This implies that when the applied pressure is an 
initial part of consolidation below the yield stress, the 
soil undergoes minimal deformation, with a slower 
compression rate, resulting in a relatively high 
coefficient of consolidation. However, once the 
pressure surpasses the yield stress, the soil begins to 
compress more substantially, and the coefficient of 
consolidation decreases. This is because, above the 
yield stress, it takes longer for the pore water within 
the soil to dissipate, thereby slowing the 
consolidation rate fully. 

The consolidation yield stress is typically 
determined from the e (void ratio) versus log p 
(stress) curve using methods such as the Casagrande 
method or the Mikasa method (JIS A 1217: 2009). In 
this study, the yield stress of LSS was calculated 
using the Mikasa method, as shown in Table 3. 

Considering the consolidation yield stress 
presented in Table 3, the differences in coefficients of 
consolidation are substantial before and after 
consolidation yield stress. Therefore, the selection of 
the coefficient of consolidation corresponding to 
different stress levels is crucial in consolidation 
analysis. Within the scope of this study, for Dρf 
=95 %, where slurry density decreases by 5 %, the 
soil exhibits low strength, and an increase in load 
significantly impacts the coefficient of consolidation, 
showing a tendency for rapid reduction. On the other 
hand, for Dρf =105 %, where slurry density increases 
by 5 %, the strength of LSS gradually increases, and 
the consolidation stress range for the rapid coefficient 
of consolidation decrease progressively shifts. It is 
considered that the influence of slurry density on the 
coefficient of consolidation is significant in this study. 
 
4.1.3 Influence of fiber content on consolidation 
characteristics 
The relationship between the coefficient of 
consolidation and consolidation pressure for 
specimens is shown in Fig. 5, with slurry densities of 
95 %, with fiber content of 0 and 10 kg/m³. From Fig. 
5, it is found that under the same slurry density, the 
coefficients of consolidation of LSS with different 
fiber content are very close. However, specimens 
with added fiber material exhibit slightly higher 
coefficients of consolidation compared to those  

Table 3 Consolidation yields stress of LSS 
 

Sample ID Yield stress (kN/m2) 

Dρf = 95%, Pc=0 199.5 
Dρf = 95%, Pc=10 231.6 
Dρf = 100%, Pc=0 322.5 

Dρf = 100%, Pc=10 338.6 

Dρf = 105%, Pc=0 447.5 

Dρf = 105%, Pc=10 478.6 

 

 
 
Fig.5 Relationship between the coefficient of 
consolidation and consolidation pressure (Dρf =95%) 
 

 
 
Fig.6 Relationship between void ratio and 
consolidation pressure 
 
without fiber material. 
 
4.1.4 Variation of void ratio with consolidation 
pressure 

The e-log p curves for specimens with slurry 
densities of 95 %, 100 %, and 105 %, and fiber 
content of 0 and 10 kg/m³ are shown in Fig. 6. From 
the trend of e-log p relation, it is found that under 
consolidation pressures ranging from 9.8 to 1256 
kN/m², the void ratio of LSS varies between 2 and 4.5. 
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The e-log p curve indicates a gradual reduction in 
void ratio with increasing consolidation pressure for 
LSS. Moreover, the change in void ratio for LSS is 
not remarkable at lower consolidation pressures. Fig. 
6 also indicates the comparison of the slurry density 
and fiber content on the void ratio of LSS. The void 
ratio decreases with an increase in slurry density and 
fiber material content.  
 
4.1.5 Variation of coefficient of consolidation with 
void ratio 

The cv -e relations for specimens with slurry 
densities of 95 %, 100 %, and 105 %, and fiber 
content of 0 and 10 kg/m³ are shown in Fig. 7. At the 
low-pressure level, as the consolidation pressure 
increases, the void ratio decreases rapidly, leading to 
a sharp decline in cv. However, when the void ratio 
reaches a certain value, a decreasing tendency of cv 
decreases. For the specimens of Dρf = 95 %, the 
inflection points where cv transitions from a rapid 
decline to a more gradual decrease is approximately 
at 300 kN/m². This indicates that when the 
consolidation pressure exceeds 300 kN/m², the Dρf = 
95 % specimen is in a relatively dense state. Similarly, 
for the specimens of Dρf = 100 %, the inflection point 
is around 600 kN/m², suggesting a relatively dense 
state when the consolidation pressure exceeds 600 
kN/m².  

The relationship between compression height and 
consolidation pressure is presented in Fig. 8. The CH-
p curve obtained from the consolidation tests shows a 
clear increasing trend in compression height as the 
applied pressure increases. In the initial stage, the 
compression height changes only slightly with 
increasing pressure, primarily because the pore water 
within the soil is being expelled at a slower rate. 
When the pressure exceeds 100 kN/m², the 
compression height begins to increase, though the 
 

 
 
Fig.7 Relationship between the coefficient of 
consolidation and void ratio 

 

rate of consolidation remains relatively slow.  
However, at pressures above 300 kN/m², there is 

a significant increase in compression height, 
indicating an acceleration of the consolidation 
process. 

The compression height in samples with a slurry 
density of 105 % is noticeably less than in those with 
a slurry density of 95 %, suggesting that the higher 
slurry density results in lower compressibility. This is 
likely because higher slurry density corresponds to a 
lower initial void ratio. During the consolidation 
process, changes in the void ratio are influenced by 
the amount of water expelled from the pores. Since 
soils with higher slurry density have fewer initial 
voids, the extent of void ratio change during further 
compression is smaller. Consequently, as the slurry 
density increases, the corresponding change in the 
void ratio is also relatively smaller. 
 
4.2 Permeability Property of LSS 
 
4.2.1 Variation of coefficient of permeability with 
consolidation pressure 

In this subsection, the relationship between the 
coefficient of permeability (k) of liquefied stabilized 
soil (LSS) and consolidation pressure is discussed. 

The coefficient of permeability is calculated by 
the following formula: 
 

100
wvvmck γ

=                          (2)    

 
In the Eq. (2): 
k: Coefficient of permeability, cm/s. 
cv: Coefficient of consolidation, cm²/s. 
mv: Coefficient of volume compression, m²/kN. 

wγ : Unit volume weight of water (= 9.81 kN/m3) 
 

 
Fig.8 Relationship between the compression height 
and consolidation pressure 
 

4.5 4.0 3.5 3.0 2.5 2.0 1.8
0.0

0.5

1.0

1.5

2.0

2.3

Void ratio e

C
oe

ff
ic

ie
nt

 o
f c

on
so

lid
at

io
n 

c v
 (1

0-1
cm

2 /s
)

 Dρf=95%,Pc=0

 Dρf=95%,Pc=10

 Dρf=100%,Pc=0

 Dρf=100%,Pc=10

 Dρf=105%,Pc=0

 Dρf=105%,Pc=10

313.6kN/m²

627.2kN/m²

10 100 1000
8

7

6

5

4

3

2

1

0

Consolidation pressure p (kN/m2)

C
om

pr
es

si
on

 h
ei

gh
t C

H
 (m

m
)

 Dρf=95%,Pc=0

 Dρf=95%,Pc=10

 Dρf=100%,Pc=0

 Dρf=100%,Pc=10

 Dρf=105%,Pc=0

 Dρf=105%,Pc=10

2.837 mm

3.981 mm

4.815 mm
5.198 mm

7.259 mm

7.333 mm



International Journal of GEOMATE, Jan., 2025 Vol.28, Issue 125, pp.64-74 

70 
 

 
 
Fig.9 Variation of coefficient of permeability with 
consolidation pressure  
 

The relationship between the coefficient of 
permeability and consolidation pressure for 
specimens with slurry densities of 95 %, 100 %, and 
105 %, with a fiber content of 0 and 10 kg/m³ is 
shown in Fig. 9. As can be seen from the Fig. 9, the 
coefficient of permeability of LSS gradually 
decreases with the increase of consolidation pressure. 
For the LSS specimen with a slurry density of 95 %, 
the coefficient of permeability decreases from 
9.06×10-6 cm/s to 5.29×10-7 cm/s as consolidation 
pressure varies from 9.8 to 1256 kN/m². This 
corresponds to a reduction in hydraulic conductivity 
by 1 to 2 orders of magnitude. 

Similarly, for the LSS with a slurry density of 
100 %, the coefficient of permeability decreases from 
5.39×10-6 cm/s to 3.14×10-7 cm/s, with a reduction of 
more than 10 times, exceeding one order of 
magnitude. The trend in the change of coefficient of 
permeability is more sensitive at lower pressures, 
experiencing a rapid decline in initial loading stages. 
As the pressure increases, the change becomes less 
pronounced, and after consolidation pressure reaches 
100 kN/m², the decreasing trend slows down. Among 
these, the coefficient of permeability of LSS with a 
slurry density of 95 % is most affected by 
consolidation pressure, followed by 100 %, and 
105 % is least influenced by consolidation pressure. 
 
4.2.2 The Influence of Slurry Density on Permeability 
Characteristics 

In order to investigate the effect of slurry density 
on the permeability properties of LSS, the 
relationships between the coefficient of permeability 
and consolidation pressure of LSS with slurry 
densities of 95 %, 100 %, and 105 % are shown in Fig. 
10. Comparing different slurry densities, it is found 
that, under similar conditions, higher slurry density 
corresponds to a smaller coefficient of permeability 
for LSS. Particularly, the coefficient of permeability   
 

 
 
Fig.10 Variation of coefficient of permeability with 
consolidation pressure (Pc=10) 
 

 
 
Fig.11 Variation of coefficient of permeability with 
consolidation pressure (Dρf =105 %) 
 
of LSS decreases rapidly with the increase of cement 
content in the initial loading stages. The coefficient of 
permeability for Dρf = 95% is 8.4×10-6 cm/s, which is 
greater than the coefficient of permeability for Dρf 
=100 % (3.5×10-6 cm/s) and Dρf =105 % (1.9×10-6 
cm/s). The coefficient of permeability of LSS of Dρf 
=95 % is approximately twice that of Dρf =100 % and 
four times that of Dρf =105 %.  

As shown in Fig. 10, the coefficient of 
permeability maintains a steady trend around a 
consolidation pressure of 100 kN/m, then gradually 
decreases, ultimately reaching the order of 10-7. This 
is considered that all specimens become denser with 
consolidation. In other words, LSS is considered to be 
improved into an impermeable material under high 
pressure. The LSS used in this study, with a curing 
period of 28 days, achieves a coefficient of 
permeability on the order of 1×10-6 cm/s, which is 
generally suitable for common engineering 
applications. 
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Fig. 12 Variation of coefficient of permeability with 
void ratio 
 

 
 
Fig.13 Variation of coefficient of permeability with 
void ratio with consolidation pressure (Pc=0) 
 
4.2.3 The influence of fiber content on permeability 
characteristics 

As shown in Fig. 11, under the same slurry density 
conditions, comparing different fiber content, Fig. 11 
demonstrates that in the absence of fiber material 
(Pc=0), the coefficient of permeability of LSS is 
approximately 5.3 × 10-6 cm/s. In contrast, for LSS 
with a fiber content of 10 kg/m3, the coefficient of 
permeability ranges between 1.8×10-6 cm/s. This 
indicates a significant decrease in permeability when 
fiber material is added, suggesting that the addition of 
fiber material can reduce the permeability of LSS. 
The coefficient of permeability of LSS is influenced 
by the size of the void in the soil and the flowability 
of the slurry.  Therefore, as the slurry density of the 
LSS is increased, the pores become denser and the 
coefficient of permeability decreases. 

 
4.2.4 Variation of coefficient of permeability with 
void ratio 

Fig. 12 presents the relationship between the 
coefficient of permeability and void ratio and the 

comparison of specimens with slurry densities of 
95 %, 100 %, and 105 %, with fiber content of 0 
and10 kg/m³. For cohesive soils, changes in water 
channels in the soil can lead to significant variations 
in the coefficient of permeability. From Fig. 12, it is 
found that the void ratio e and the coefficient of 
permeability k in consolidation tests are in direct 
proportion. As the void ratio decreases, there is an 
overall decreasing trend in the coefficient of 
permeability. It is considered that as the consolidation 
pressure increases, the liquid water in the pores of 
LSS is gradually replaced by air, resulting in a smaller 
network of connected capillaries and fewer effective 
pores, which reduces the path of water through the 
pore skeleton, leading to a decrease in the coefficient 
of permeability. 

As depicted in Figure 13, the results indicate that 
after consolidation, under the same void ratio 
conditions, the coefficient of permeability decreases 
with the increase in initial void ratio e0. This 
phenomenon may be considered for the following 
reasons:  

1. Soils with higher cement addition content 
(slurry density in this study) have coarser particles, 
greater bulk weight, smaller porosity, and greater 
coefficient of permeability.  

2. With a smaller initial void ratio e0, the structural 
strength of the soil skeleton is lower, and the 
arrangement of soil particles is looser. Under the 
influence of consolidation pressure, flattened clay 
particles are more prone to reorient and rearrange, 
leading to the filling of pore channels by finer 
particles and a significant reduction in the coefficient 
of permeability. 

In this study, the consolidation and permeability 
tests of LSS specimens with various slurry densities 
showed an average coefficient of permeability as low 
as 3×10-6 cm/s. According to the reference values in 
the literature, the coefficient of permeability of 
Cement-Stabilized Clay is usually in the range of 
3×10-5 cm/s to 3×10-3 cm/s. Our experimental results 
are significantly lower than this range, indicating that 
LSS has an extremely high permeability resistance 
[39-41]. 

In this study, the length of the fiber materials used 
ranged from 0.5 mm to 3 mm. While the effect of 
fiber length on the properties of the LSS specimens 
was not directly addressed, it is important to 
recognize that fiber length can significantly influence 
the mechanical behavior of soil mixtures. Previous 
studies have shown that variations in fiber length can 
alter the reinforcement efficiency and overall 
performance of composite materials [42,43]. 

Given the complexity of this relationship, further 
investigation into the scale effect of fiber length on 
the properties of LSS is recommended. Future 
research should focus on systematically evaluating 
how different fiber lengths affect consolidation and 
permeability characteristics, as well as the overall 
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behavior of the soil. 
 
5. CONCLUSIONS 
 

This study conducted experimental research on 
the consolidation and permeability characteristics of 
Liquefied Stabilized soil composed mainly of NSF-
Clay, with variations in slurry density and fiber 
content. The conclusions derived from this study are 
as follows: 

1) The coefficient of consolidation of LSS 
increases with higher slurry density and fiber content. 
Among these factors, slurry density plays a primary 
role, while the influence of fiber content on the 
coefficient of consolidation of LSS is relatively small. 

2) The overall trend for the coefficient of 
consolidation of LSS is a decrease with increasing 
pressure, and the inflection point of the rate of 
decrease is related to the consolidation yield stress. 

3) The coefficient of permeability of LSS is 
closely correlated with slurry density, fiber material 
content, and the initial void ratio of the specimens. 
Slurry density is a significant factor influencing the 
permeability of LSS, with the coefficient of 
permeability decreasing notably as slurry density 
increases. 

4) Fiber content has a relatively small impact on 
the consolidation and coefficient of permeability of 
LSS. However, the addition of fiber material 
contributes to reducing the permeability of LSS. In 
this study, while the effect of fiber length on the 
properties of the LSS specimens was not directly 
addressed, it is important to recognize that fiber 
length can significantly influence the mechanical 
behavior of soil mixtures. Future research should 
focus on systematically evaluating how different fiber 
lengths affect consolidation and permeability 
characteristics, as well as the overall behavior of the 
soil. 

5) The average coefficient of permeability of LSS 
is around 3×10-6 cm/s, which shows high 
permeability resistance. 

Based on the experimental results, empirical 
relationships between the consolidation and 
coefficient of permeability of LSS and parameters 
such as initial slurry density, fiber content, void ratio, 
and consolidation yield stress are summarized. These 
findings provide a basis for the design of LSS 
mixtures and the estimation of related parameters. 
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