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Abstract: Calcareous silt exhibits a higher concentration of calcium carbonate. Due to its inherently inferior engineering properties, 

calcareous silt necessitates solidification treatment prior to utilization. The shear strength of calcareous silt serves as a pivotal metric for 

evaluating the calcareous silt’s capacity to withstand shear deformation, which is of paramount importance for assessing soil stability and 

engineering performance. To explore the engineering properties of calcareous silt solidified with a fluorgypsum-slag-based(F) binders, 

this research utilized such an agent to solidify calcareous silt. Direct shear tests were subsequently conducted on the solidified calcareous 

silt samples to analyze the shear behavior of the silt at varying curing durations and solidifying agent dosages. numerical simulations of 

the ultimate bearing capacity of foundations were carried out using the Abaqus numerical modeling software. The experimental findings 

reveal that the F group possesses superior shear characteristics compared to cement group, with a 28-day cohesion value of 1365.36 KPa 

and a friction angle of 39.62° for the F20 cohort. The F group exhibits a tendency towards brittle failure influenced by aging and dosage, 

whereas the cement group demonstrates plastic failure traits. The rate of cohesion enhancement in the F group diminishes with aging but 

escalates with increased dosage. Numerical simulations indicate that the F group exhibits a notably higher ultimate bearing capacity of 

5460.75 KPa, underscoring its excellent engineering efficacy.  

 

Keywords: Calcareous silt, Shear performance, Abaqus, Ultimate bearing capacity of foundation.  

 

1. Introduction 
 

In the process of urbanization, the construction of 

underground projects and harbor facilities generates a 

significant amount of waste mud [1]. Improper disposal of this 

mud can lead to the encroachment of land resources, cause 

environmental pollution, and pose safety hazards [2]. 

calcareous silt is a type of silt with a high content of calcium 

carbonate [3]. Currently, research on silt solidification 

primarily focuses on siliceous-aluminous silt, with relatively 

few studies on the engineering properties of solidified 

calcareous silt [4]. The resourceful utilization of silt 

represents a primary approach to achieving green construction 

in engineering projects. By solidifying silt into soil suitable 

for engineering purposes, it becomes feasible to effectively 

utilize silt [5]. Traditionally, cement has been employed for 

the solidification of silt [6]; however, this method encounters 

issues such as low strength and high cement demand. 

Furthermore, cement production entails resource 

consumption and environmental pollution [7]. The utilization 

of solid waste as a partial substitute for cement to formulate a 

solid waste-based solidifying agent can overcome the 

deficiencies associated with cement-solidified silt [8]. This 

approach holds significant importance in realizing the 

resourceful utilization of industrial waste residues and silt, 

and in embodying the environmental protection principle of 

efficient waste utilization [9]. 

 

Fluorogypsum, a by-product of hydrogen fluoride production 

from sulfuric acid and fluorite, resembles natural anhydrite in 

composition [10]. Slag and fly ash, by-products of blast 

furnace ironmaking and coal combustion in thermal power 

plants respectively, exhibit high pozzolanic activity and hold 

potential for soil stabilization applications [11]. Calcium 

carbide residue is the solid waste produced after the 

hydrolysis of calcium carbide to produce acetylene, which 

belongs to industrial solid waste and accumulates in large 

quantities [12]. 

 

Extensive scholarly research has been dedicated to the 

investigation of silt solidification processes., Pan conducted 

research on river sediment, utilizing a series of experiments, 

including unconfined compressive strength tests, microscopic 

imaging, and phase analysis (such as SEM and XRD), to 

evaluate the effectiveness of stabilizers at different mixing 

ratios and curing ages. The results indicated that by 

optimizing the stabilizer formulation, the strength of river 

sediment could be effectively enhanced, and the leaching of 

heavy metals could be reduced [13]. Wang used the SICP 

method to solidify Yellow River sediment, aiming to improve 

its mechanical properties. Results showed significant 

enhancements in both mechanical properties and CaCO3 

content, with a linear relationship between UCS and CaCO3 

content. The CaCO3, in the form of calcite, adhered to particle 

surfaces and filled interparticle pores, enhancing cohesion 

while maintaining permeability [14]. Hou explored the use of 

sodium silicate-activated slag/fly ash to solidify soft soil in 

the coastal regions of southern China. He discovered that the 

addition of sodium silicate had a significant impact on the 

strength of the solidified soil. As the content of sodium 

silicate increased, the strength of the solidified soil gradually 

rose, indicating that sodium silicate could activate the latent 

reactivity of the solidifying agent. Notably, the maximum 

strength of the sodium silicate-activated slag solidified soil 

reached 850 kPa, which was 155% higher than that of the soil 

solidified with slag alone [15]. 

 

there is limited research on the solidification of calcareous silt. 

This paper aims to explore the shear properties of calcareous 

silt solidified with fluorogypsum-based binders through direct 

shear tests. Furthermore, the ultimate bearing capacity of the 

solidified calcareous silt, when utilized as foundation fill, will 

DOI: 10.53469/jpce.2025.07(01).06

24



 

Journal of Progress in Civil Engineering                                 ISSN: 2322-0856

www.bryanhousepub.orgwww.bryanhousepub.com

  
  
   

 

                          Volume 7 Issue 1, 2025 

  
  

  

  
  

  

  
 

  

be analyzed using Abaqus simulation software. The objective 

is to investigate the potential for resource utilization of 

calcareous silt and to assess the mechanical properties of 

fluorgypsum-slag-based binders. 

 

2. Materials and Methods 
 

2.1 Raw Material Properties 

 

1) calcareous silt 

 

The calcareous silt was taken from Yichang, black in color 

and fluid-plastic. The basic physical property was shown in 

Table 1, and the particle size distribution as shown in Figure 1. 

calcareous silt was dried and pulverized at low temperature 

(50℃), and deionized water (w=55%) was added, stirred well, 

and settled for 24 hours, which was used as the soil for the test. 

The main components of the l calcareous silt used in the 

experiment, measured through X-ray diffraction (XRD), are 

shown in Figure 2. The silt contains quartz, calcite, kaolinite, 

muscovite, clinochlore and other components, with the 

primary mineral phases being calcite, quartz, kaolinite, and 

muscovite.  

 
Figure 1: Grain size distribution 

 
Figure 2: XRD results of calcareous silt 

2) cement 

 

Portland cement is P.O42.5 cement purchased from Yangchun  

 

Cement Co., Ltd. located in Zhucheng City. Specific surface 

area: 368 m²/g; initial setting time: 184 min; final setting time: 

265 min.  

 

3) slag 

 

slag is S105 grade slag micro powder purchased from Longze 

Water Purification Materials Co. The specific surface area of 

the slag was 628 square meters per kilogram and the 

flowability ratio was 102%. The slag has a 7d activity index of 

98% and a 28d activity index of 115%.  

 

4) fly ash 

 

Fly ash was produced by Wuhu Environmental Protection 

Technology Co., Ltd. in Henan Province. 

 

5) fluorine gypsum 

 

fluorine gypsum was produced by Xingsheng Calcium Co., 

Ltd. in Henan Province. 

 

6) calcium carbide slag 

 

calcium carbide slag was produced by Wuhu Environmental 

Protection Technology Co. 

Table 1: Basic properties of calcareous silt 
GS WL WP e IP specific gravity (g/cm3) 

2.68 20.4 37.1 1.5 22.9 1.45 

2.2 Specimen Preparation 

 

Calcareous silt will be dried and ground over 2mm sieve, and 

then the dried calcareous silt and curing agent with water for 

mixing, the water content to 55%, this paper sets 10%, 15%, 

20% of three groups of proportion, pouring to make a 

specimen. Specimens, vibration with vibration table vibration, 

and covered with plastic wrap for 24h, and then demolded and 

curing to the specified age. To assess the impact of 

fluorgypsum-slag-based solidifying agent on calcareous silt 

performance, a cement control group was established. The 

solidifying agent is detailed in Table 2. 

Table 2: Proportion of components in different binders 
 cement GGBS Flyash fluorogypsum CCR 

F 30 34.5 11.5 14 10 

PO 100 0 0 0 0 

2.3 Experimental Methods 

 

The direct shear strength test was conducted by automatic 

four-connected direct shear apparatus, and the test was carried 

out at the specified age, with the axial stress controlled at 50, 

100, 200 and 300 KPa. The specific proportions of the 

solidified calcareous silt and the experimental scheme are 

outlined in Table 3. 

Table 3: Test scheme of solidified calcareous silt 
bonder proportion water content Curing day/d 

F 10 

1：0.55 7,14,28d 
F 15 

F 20 

PO 10 
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3. Experimental Results and Discussion 
 

3.1 Stress-strain Behavior 

 

As shown in Figure 3, at 7-day curing age, the shear 

stress-shear displacement curves for both the 10% 

Fluorogypsum-Slag-Based (F) group and the cement group 

exhibit relative smoothness, indicating a stable shear 

deformation process. A slight decrease after reaching the peak 

and a relatively smooth stress-strain curve are observed. As 

the F content increases to 15% and 20%, the curves 

demonstrate distinct brittle failure characteristics, specifically 

characterized by a rapid rise to a peak followed by a sharp 

decline. This is attributed to the higher F content promoting 

the formation of more cementitious materials and ettringite, 

significantly enhancing the connections [16] between 

calcareous silt particles, improving the integrity and strength 

of the calcareous silt, and absorbing more free water, leading 

to brittle behavior similar to rock in the calcareous silt. The 10% 

F group displays clear peaks under all tested confining 

pressures. For the cement group, the curves are smooth and 

exhibit obvious plastic characteristics at higher confining 

pressures (200 kPa and 400 kPa), but similar peak failure as 

observed in the 10% fluorogypsum-blended group occurs at 

lower confining pressures (50 kPa and 100 kPa). The increase 

in F content significantly alters the shear behavior of 

solidified silt at 7 days, increasing soil brittleness. The 

mechanical response of cement-solidified calcareous silt 

varies with confining pressure. 

  
(a) F10 (b) F15 

  
(c) F20 (d) PO10 

Figure 3: Shear stress-strain curve for solidified calcareous silt at 7-day curing age (a)F10, (b)F15, (c)F20, (d)PO10 

As illustrated in Figure 4, the 10% Fluorogypsum-Slag-Based 

(F) group at a 14-day curing age also exhibits partial brittle 

failure characteristics with fracturing under a low confining 

pressure of 50 kPa. Overall, compared to the 7-day curing age, 

there is an increase in stress-strain curves displaying brittle 

failure characteristics with fracturing, and the rate of rapid 

descent becomes more pronounced. The stress-strain 

characteristics of the cement group remain similar to those at 

the 7-day curing age. Meanwhile, there is a notable increase in 

the peak stress-strain values for all groups under various 

confining pressures. This may be due to the continued 

hydration reaction in the F group as the curing age increases. 

During this process, more cementitious materials and 

ettringite are formed, thereby enhancing the connections 

between soil particles and improving the integrity and 

strength of the soil mass. This reinforcement leads to the 

transformation of stress-strain curves into brittle failure 

characteristics in some cases, as evidenced by the rapid 

descent of the curves after reaching their peaks. This indicates 

that with the increase in curing age and the progression of the 

hydration reaction, the mechanical properties of the 

Fluorogypsum-Slag-Based solidified silt gradually tend to 
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enhance, accompanied by an increase in brittleness. The 

mechanical properties of the cement group also increase with 

the curing age; however, the cement group still exhibits 

obvious plastic characteristics at the 14-day curing age. Its 

stress-strain curves are smooth, with a gradual increase in 

stress, reflecting the gradual stabilization and strengthening of 

the internal structure of cement-solidified silt during the aging 

process. 

  
(a) F10 (b) F15 

 
 

(c) F20 (d) PO10 

Figure 4: Shear stress-strain curve for solidified calcareous silt at 14-day curing age (a)F10, (b)F15, (c)F20, (d)PO10

As illustrated in Figure 5, At the 28-day age, the solidified 

calcareous silt in the F group exhibited more pronounced 

brittle failure characteristics, with an increased number of 

failure curves displaying brittle fracture features. Furthermore, 

the quantity of these brittle failure curves followed a trend of 

10% < 15% < 20% F content. The stress drop amplitude in the 

brittle failure curves increased significantly compared to 

earlier ages. Specifically, the 10% F group exhibited brittle 

failure curves under lower confining pressures (50 kPa and 

100 kPa), whereas at the 14-day age, such curves were only 

observed at 50 kPa. At higher confining pressures, the 10% F 

group displayed brittle peak curves similar to those at the 

7-day age, with peak values becoming flatter as the confining 

pressure increased. Meanwhile, the 15% and 20% F groups 

exhibited brittle peak curves and extremely significant brittle 

failures under higher confining pressures, respectively. These 

changes may be attributed to the ongoing hydration reactions 

with increasing age, which not only enhanced soil strength but 

also reduced the free water content, thus increasing soil 

brittleness [17]. Notably, the 20% As illustrated in Figure 5, 

group exhibited extremely significant brittle failures under all 

confining pressures, indicating a high degree of brittleness. 

The mechanical properties of the solidified calcareous silt in 

the cement group showed some similarity to those at the 7-day 

age. At lower confining pressures of 50 kPa and 100 kPa, the 

cement group exhibited brittle peak values similar to those of 

the 10% F group at the 7-day age. However, under higher 

confining pressures of 200 kPa and 400 kPa, the cement group 

displayed continuous and flat stress-strain curves, 

characteristic of plastic failure. 
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(a) F10 (b) F15 

  
(c) F20 (d) PO1 

Figure 5: Shear stress-strain curve for solidified calcareous silt at 28-day curing age (a)F10, (b)F15, (c)F20, (d)PO10 

The failure mode and stress-strain relationship of the 

solidified calcareous silt in the F group were jointly 

influenced by F content, age, and confining pressure. With 

increasing age and ongoing hydration reactions, soil strength 

increased while free water content decreased. The cement 

group exhibited a relatively stable failure mode and 

stress-strain relationship over time. Compared to the F group, 

the stress-strain curves of the cement group were flatter. Both 

the cement and F groups exhibited an increase in brittleness. 

 

3.2 Analysis of Experimental Results 

 

Four different vertical pressures were applied to the solidified 

sludge samples, and the corresponding peak stresses under 

each vertical pressure were recorded. Linear fitting was 

performed between the shear strength values of the solidified 

sludge and the applied vertical pressures, followed by 

regression analysis of the linear fitting results. The coefficient 

of determination (R²) for each linear fit was calculated. The R² 

values obtained from the linear fits were all greater than or 

equal to 0.989, indicating a high degree of goodness-of-fit. 

linear model accurately depicts the correlation between the 

shear resistance and the vertical stress of the solidified 

calcareous silt, as shown in Table 4. 

 

 

Table 4: shear strength values 

Types Curing age c φ R2 

PO 7d 214.09 32.86 0.985 

PO 14d 250.14 33.3 0.993 

PO 28d 318.35 29.77 0.995 

F10 7d 403.31 39.9 0.998 

F10 14d 453.95 43.2 0.998 

F10 28d 491.76 45.11 0.994 

F15 7d 785.64 39.08 0.989 

F15 14d 841.55 40.1 0.999 

F15 28d 895.35 42.27 0.996 

F20 7d 1025.93 38.13 0.991 

F20 14d 1172.41 37.27 0.999 

F20 28d 1365.36 39.62 0.999 

3.3 The Influence of Solidifier Dosage on Shear 

Performance 

 

From the Figure 6, it can be observed that the ratio of cohesion 

c of the fluorogypsum group to cohesion c of the cement 

group, denoted as c(F)/c(PO), Exhibits a tendency to 

progressively diminish with aging and escalate with an 

increase in dosage level. The gradual decrease with age may 

be related to the large amount of fluorogypsum added in the 

fluorogypsum-based curing agent. During the initial stages of 

curing, fluorogypsum reacts with other components to 

generate a large amount of ettringite [18], effectively 

enhancing the strength of the solidified calcareous silt, 

resulting in a relatively high cohesion for the fluorogypsum 
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group in the early stages. As the age increases, cement 

gradually hydrates and demonstrates its advantage of having 

more cementitious components. In contrast, fluorogypsum - 

based curing agents contain relatively fewer cementitious 

components such as CSH and CASH [19], leading to a smaller 

increase in cohesion in the later stages and consequently a 

gradual decrease in the ratio of cohesion to that of cement. 

  
(a) Cohesion(F)/ Cohesion(PO) (b) φ 

Figure 6: Variation rule of shear resistance with dosage 

Analyzing the impact of dosage on cohesion, by subtracting 

the cohesion ratios of different dosages at the same age, we 

obtain F207d-F157d and F157d-F107d as 1.122 and 1.786, 

respectively; F2014d-F1514d and F1514d-F1014d as 1.323 

and 1.549, respectively; and F2028d-F1528d and 

F1528d-F1028d as 1.477 and 1.267, respectively. It can be 

found that for the 7-day and 14-day ages, when the dosage 

increases from 10% to 15%, the proportion of cohesion for 

fluorogypsum-based solidified calcareous silt increases 

relatively significantly. This may be due to the fact that within 

this dosage range, the amount of ettringite produced in the 

solidified sludge is smaller, while the corresponding pores are 

relatively more abundant, and the reinforcing effect of 

ettringite is greater. When the dosage increases from 15% to 

20%, the proportion increase for the 7-day and 14-day ages is 

smaller than that from 10% to 15%, but the increase for the 

28-day age is greater than that from 10% to 15%. This may be 

because as the age increases, the consumption of calcium 

hydroxide in the system by hydration reactions increases. 

Fluorogypsum-based curing agents contain a large amount of 

slowly hydrated fly ash that requires sufficient alkalinity for 

hydration reactions [20]. A 20% dosage can better maintain 

the alkalinity of the system at the 28-day age, while 10% and 

15% dosages suffer from insufficient alkalinity, resulting in a 

larger increase from 15% to 20% than from 10% to 15%. 

 

Figure 6 reveals that the fluorogypsum group exhibits a higher 

internal friction angle than the cement group across all time 

points. The abundant ettringite formed during agent curing in 

fluorogypsum-Slag-Based group may be the reason. Ettringite 

acts as a micro-reinforcement [21] and simultaneously 

densifies the solidified calcareous silt, thereby enhancing φ of 

solidified calcareous silt. Except for the F group with a 20% 

dosage at the 7-day age, the internal friction angle gradually 

decreases with an increase in dosage. In contrast, the internal 

friction angle of the cement group exhibits a trend of first 

increasing and then decreasing. 

 

3.4 The Influence of Curing Age on Shear Performance 

 
 

(a) Cohesion(bd)- Cohesion(ad)/ Cohesion(ad) (b) φ 

 

Figure 7: Variation rule of shear resistance with curing age 
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Figure 7 indicates that the cohesion enhancement ratio of the 

F group is markedly lower than that of the cement group at 

any specified age. The maximum ratio for the F group is 0.165, 

which is less than the minimum ratio of 0.168 for the cement 

group. This indicates that the cohesion increment ratio of the 

cement group is greater than that of the F group at the same 

age. This is because the growth of cohesion depends on the 

formation of hydration products. During the nascent stages of 

hydration, ettringite can fill pores [22], increase the 

compactness of solidified sludge, and enhance its early 

strength. However, by the seventh day of hydration, the 

enhancing effect of ettringite formation diminishes, and the 

growth in shear strength primarily relies on the generation of 

gelatinous substances. The F group, due to the addition of 

some fluorogypsum, as well as slag and fly ash which hydrate 

more slowly, reduces the hydration rate. Meanwhile, the early 

enhancing effect of ettringite results in relatively high 

cohesion in the F group. In the later stages of hydration, the 

enhancing effect of hydration reactions is relatively small 

compared to the early enhancement of shear strength by 

ettringite, leading to a smaller increment ratio for the F group 

compared to the cement group. 

 

The F group showcases a tendency of initial reduction 

succeeded by augmentation with regard to the doping level. 

This could be ascribed to the circumstance where the doping 

concentration rises from 10% to 15%, the amount of ettringite 

formed also increases. The early strength growth contributed 

by ettringite is higher than the strength growth attributed to 

gel-forming substances in later stages. As a result, higher 

initial cohesion values are observed. Therefore, there is a 

decrease in the cohesion increment ratio due to the increase in 

doping amount. When the doping amount increases from 15% 

to 20%, the corresponding alkalinity increases accordingly, 

and the gel-forming components also increase 

correspondingly. Consequently, the amount of gel-forming 

substances produced increases significantly. The strength 

growth contributed by these gel-forming substances becomes 

larger, leading to an increase in the cohesion increment ratio. 

 

The increment ratio of cohesion for the cement group between 

the ages of 14 and 28 is much greater than that between 7 and 

14 days. This is because as the age increases, the hydration 

reactions that were initially hindered due to insufficient 

alkalinity proceed normally. Meanwhile, it can be observed 

that for the fluorogypsum groups with doping amounts of 10% 

and 15%, The ratio of growth from the 7th to the 14th day 

surpasses that from the 14th to the 28th day. Similarly, for the 

20% doping amount, the growth ratio between 7 and 14 days 

is also greater than that between 14 and 28 days. This may be 

due to the fact that during the 7 to 14-day period, ettringite in 

the fluorogypsum groups still exhibits a slight enhancing 

effect. Additionally, the cement components in the 

fluorogypsum, when sufficient alkalinity is present, can also 

play a significant role. However, the enhancement of 

solidified calcareous silt cohesion between 14 and 28 days is 

primarily attributed to the hydration reaction of slag and fly 

ash [23]. During the early stages, the formation of ettringite 

consumes a large amount of calcium hydroxide, resulting in a 

decrease in system alkalinity. For the fluorogypsum group 

with a 20% doping amount, during the 14 to 28-day period, a 

higher alkalinity is maintained. Simultaneously, the hydration 

of slag and fly ash produces a more dense geopolymer [24] 

cementitious material. Compared to the enhancement of shear 

strength contributed by cement components, the mechanical 

properties of geopolymer cementitious materials are superior. 

Therefore, for the F group, the growth ratio between 14 and 28 

days is higher than that between 7 and 14 days. 

 

The φ of the cement group demonstrates a pattern of initial 

augmentation succeeded by a diminution with age. In contrast, 

the F groups F10 and F15 show a gradual increase in internal 

friction angle with age, while F20 exhibits a pattern of initial 

decline followed by subsequent ascent. This may be attributed 

to the initial hydration stage where the cement group forms 

hydration products that fill pores, leading to an increase in φ. 

As the hydration process progresses, chemical shrinkage and 

physical deformation associated with cement hydration exert 

an influence on the internal friction angle, causing it to 

decrease. 

 

4. Ultimate Bearing Capacity of Foundation 
 

To investigate the disparities in engineering properties 

between cement-stabilized and fluorgypsum-based 

solidifier-stabilized calcareous silt, a foundation model was 

developed utilizing ABAQUS software. the ultimate bearing 

capacity of the foundation was computed when the stabilized 

calcareous silt served as the fill material. 

 

4.1 Model Establishment and Parameters 

 

The Mohr-Coulomb model can precisely captures the 

stress-strain behavior of solidified calcareous silt [25], Other 

models, such as HSS, have numerous parameters [26]. 

Therefore, the Mohr-Coulomb is chosen for numerical 

simulations of solidified calcareous silt. In consideration of 

the actual construction circumstances where loads are often 

imposed on the solidified silt foundation at an early age, the 

direct shear test data acquired at a 7-day curing duration was 

selected for simulation purposes. Based on a review of 

relevant literature [26] and considering the actual situation 

[20], parameters were adopted, as shown in the table below. 

 

Considering the symmetry of the foundation model, half of 

the model is selected for analysis. A two-dimensional 

deformable solid with a side length of 7.5 meters is 

established, and the strip foundation with a width of 0.6 

meters, half of it is taken for modeling. And a compressive 

load of 9 kPa is applied to the foundation surface. To ascertain 

the ultimate bearing capacity, a substantial displacement (0.3 

m) is imposed on the strip foundation to ensure it attains the 

state of failure. 

Table 5: The mechanical parameters of soil 

Group c/KPa φ/° 
E/ 

MPa 
v Ψ/° Preload/KPa γ/KN/m3 

PO10 214.09 32.86 20 
0.3 0.1 9 18 

F10 403.31 39.9 60 
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(a) mesh (b) load 

Figure 8: Model 

  
(a) PO10 (b) F10 

Figure 9: Stress contour plot 

4.2 Analysis of Numerical Simulation Results 

 

The stress contour plot distinctly illustrates that the peak 

stress concentration occurs at the bottom edges of the loading 

plate of the strip foundation, constituting the area of 

maximum load within the entire foundation system. 

Furthermore, it is evident that the ultimate stress exhibited by 

the F10 group surpasses that of the cement group by a 

significant margin. The stress is localized in the vicinity of the 

strip foundation, whereas it diminishes significantly in 

regions distant from the strip foundation. 

  
(a) PO10 (b) F10 

Figure 10: Settlement Force Curve 

Upon comparing the settlement-force curves of the PO10 and 

F10 groups, it is evident that the F10 curve exhibits superior 

mechanical properties and demonstrates more excellent 

engineering performance. By drawing tangents at both ends of 
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the two curves, the corresponding ultimate bearing capacities 

are obtained, which are 767.63 KN/m and 1638.225 KN/m for 

the PO10 and F10 groups, respectively. The corresponding 

ultimate bearing capacities of the foundation soil are 

calculated as 2558.8 KPa and 5460.75 KPa, respectively. It 

can be concluded that the fluorogypsum-based solidifier 

exhibits better engineering performance when used to solidify 

calcareous silt compared to cement-based solidification, as it 

can withstand greater loads. 

 

5. Conclusion 
 

(1) The stress-strain responses of calcareous silt stabilized 

with F agent and cement demonstrate notable disparities, with 

the fluorogypsum-treated group exhibiting a more 

pronounced slope and distinctive brittle failure traits in 

contrast to the cement-treated group. Under varying confining 

pressures, the failure characteristics of intra-group 

stress-strain curves diverge significantly, highlighting the 

substantial influence of confining pressure on the samples’ 

stress-strain response. 

 

(2) The cohesive strength of the F group increases with its 

content, however, an appropriate amount of ettringite filling is 

necessary, limited by the calcareous silt’s pore structure. At 

7-day and 14-day curing ages, the enhancement in cohesive 

strength ratio upon increasing content from 15% to 20% was 

less than 10% to 15%. However, at 28 days, the result was 

opposite to that at 7 and 14 days, as the 20% content provided 

sufficient alkalinity to maintain the hydration rate.  

 

(3) Due to the hydration reaction, free water is converted into 

bound water, and calcium hydroxide is continuously produced, 

leading to a significant increase in the strength of the cement 

group between 14 and 28 days of age. In the F group, the 

strength was already relatively high before 7 days, and the 

increase in cohesive strength caused by the gelatinous 

substances in the later stages was relatively small. 

 

(4) Numerical simulations conducted using Abaqus indicate 

that the fluorogypsum-based stabilizer significantly 

outperforms the cement-based counterpart in solidifying 

calcareous silt foundations, demonstrating enhanced shear 

strength and elevated ultimate bearing capacity. The stress 

contour plots of the solidified silt reveal that the maximum 

stress is concentrated at the bottom corners of the strip 

foundation’s loading plate, with a decreasing stress gradient 

observed as the distance from the loading point increases. 
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