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Abstract 
 

Sandy soils have low mechanical properties and high susceptibility to settlement and deformation, which lead to 

significant challenges for construction and infrastructure. This study investigates the mechanical enhancement of 

sandy soil stabilized with varying percentages of nylon thread (1–6%) and cement (0–4%), using samples collected 

from Khulna University of Engineering & Technology (KUET). The length and diameter of nylon fiber were 5 

mm and 0.45 mm. We have conducted laboratory tests, including the Atterberg limits test, Standard Proctor test, 

Unconfined Compressive Strength (UCS) test, Direct Shear Test, and Free Swell Index (FSI) test to evaluate 

performance. Samples were cured for 0, 7, 14, and 28 days. Stress–strain analysis indicated increased brittleness 

with cement content. With the combination of 3% cement, the inclusion of nylon fiber up to 4% significantly 

improved soil strength, which suggests an optimal reinforcement limit. SHapley Additive exPlanations (SHAP) 

analysis identified that the highest factor affecting soil strength was cement, whereas nylon fiber impact is very 

little. Partial Dependence Plot (PDP) analysis demonstrated a strong interaction between cement content and curing 

time, but nylon fiber exhibited a nonlinear effect. This study highlights an effective stabilization strategy using 

cement-fiber blends for enhancing sandy soil performance.  
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1 Introduction 
 

Soil is the basis of all of the structures constructed by people, such as buildings, pavements, embankments. Weak 

soils are often highly permeable, lacking in cohesion, and prone to compressing easily, which may result in 

excessive settlement and the instability of structures (Wang et al., 2020; Basu, Misra 2021). Although upgrading 

the weak soils with suitable fill can enhance its performance, the procedure becomes expensive in terms of 

transportation and materials (Arora, 2020). Owing to this, soil stabilization by means of either chemical or 

mechanical additives has become a viable and affordable alternative (Moayedi et al., 2020).  

 

Back in history, the Romans and Chinese used lime and organic builders as a mechanism to improve soil strength 

(Ghasemi & Ghadir, 2021). Widespread uses of cement, lime, and polymer stabilization in modern engineering 

practice have largely become popular since the 1970s energy crisis (Moayedi et al., 2020). Modern methods are 

also to add fibers and other industrial waste products to make it much stronger and more ductile (Estabragh et al., 

2021; Moayedi et al., 2020).  

 

Cement enhances soil mechanical properties by enhancing cementitious material formation (specifically, calcium 

silicate hydrates (CSH) and calcium aluminate hydrates (CAH)) which bind together soil particles (Mohammadinia 

et al., 2015; Chemeda et al., 2023). But, cement-stabilized soils are brittle and their post-peak behavior is therefore 

restricted. Fiber reinforcement, e.g. with nylon or polypropylene, overcomes this restriction by making 

microcracks bridge, increasing ductility, and energy absorption (Ramesh et al., 2010; Sivakumar Babu & 

Vasudevan, 2008; Babu & Lavanya, 2007). 

 

Combinations of cement and fibers in soils have also been used to show resistance to cracking and post-peak and 

toughness behavior (Puppala et al., 2006; Correia et al., 2014; Estabragh et al., 2021) However, the investigation 

on nylon fiber cement-stabilized sandy soils is discreet. Correspondingly, the predictive modelling of stabilized 

mixtures using interpretable machine learning methods is an upcoming field (Khan et al., 2025; Zhang et al., 2023)  

 

This paper establishes an improvement of natural sandy soil by adding 1-4 percent cement and 1-6 percent nylon 

fiber to it examining the aspects of strength and ductility properties. Laboratory tests, such as, Atterberg limits, 

mailto:sur2423554@stud.kuet.ac.bd
mailto:khan1623052@stud.kuet.ac.bd
mailto:islam2023052@stud.kuet.ac.bd
mailto:swapnilnandiprome@gmail.com


Sur et al. 

ICCEI 2025 
 

784 

 

Standard Proctor, UCS, Direct Shear, and FSI, were done after a curing period of up to 28 days. In addition, 

machine learning models have been created to predict UCS on the basis of input results (content of cement, content 

of fiber, content of moisture, and curing time). SHAP (SHapley Additive Explanations) was used to identify the 

relative importance of each variable in addition to showing the interaction, such as the nonlinear impact of fiber 

dosage using Partial Dependence Plots (PDP). Through a combination of geotechnical experiments with 

explainable AI tools, this study is expected to offer valuable data on how to develop the best cement and nylon 

fiber blends sandy soil performance in infrastructure projects. 
 

2 Materials and Methodology 
 

2.1 Materials 

We have collected the mother soil from the premises of Khulna University of Engineering & Technology (KUET). 

To stabilize, we have used Ordinary Portland Cement (OPC) at 1-4% by dry weight of soil. Nylon thread fibers 

were used to enhance ductility by about 1-6% in selected batches. All mixtures were mixed with tap water and 

cured at room temperature (~25 °C). 

 

2.2 Sample Preparation 

The soil samples were oven-dried for 24 hours at 110°C, then crushed and sieved through a 4.75 mm sieve. It was 

stabilized in two stages. At the first stage, the soil was mixed with 1% to 4% cement to determine whether the 

addition of cement influenced strength and brittleness. In the second phase, 1%-6% nylon fiber was mixed with 

the 1-4% cement stabilized soil to determine the enhanced ductility and strength. The various batches were 

thoroughly mixed following the amount of water content at the optimum moisture content (OMC) found from the 

standard proctor test. The samples were prepared, firmly pressed into cylindrical (38 mm x 76 mm) molds, and 

cured at 0, 7, 14 and 28 days in closed bags. 

 

2.3 Test Methods 

A number of tests were conducted to determine the engineering behavior of the untreated and the treated soils. The 

compaction properties were identified by utilizing the Standard Proctor Test. Atterberg Limits test and the Specific 

Gravity test were performed to characterize the base soil. Unconfined Compressive Strength (UCS) tests were 

performed to determine the strength. We also found out the variation of cohesion and angle of friction and plotted 

the relation of normal stress and shear stress through the Direct Shear test. All of the tests were conducted according 

to ASTM. Free Swell Index (FSI) test was also carried out to determine how the addition of cement and nylon 

fiber has affected the swell potential of the soil and the ability of the soil to absorb water according to IS 2720 

standard. In order to further analyze the effect of the variables on UCS, two machine learning-based techniques 

were implemented. SHAP analysis was employed to measure the importance of features, whereas the PDP 

demonstrated the interaction effects of such crucial variables as the amount of cement, curing time, and fiber 

dosage. 
 

3 Results and Discussion 
 

After conducting the sieve analysis, it was identified as sandy soil, containing 82.67% sand, 14.17% silt, and 3.16% 

clay. The soil had a liquid limit of 38.65%, a plastic limit of 31.15%, and a specific gravity of 2.62, which is an 

indication of low plasticity and non-cohesive behavior.  

 

 
 

Figure 1.  Grain size distribution curve. 
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The UCS of the natural sandy soil (mother soil) was obtained at 77.4 kPa indicating that the soil is very weak in 

pure form. As cement was added between 1-4 %, there was a distinct rise in UCS indicating that cement enhances 

the strength of soil. But, the stress strain  graphs at figure 2 indicated that as the cement content increased, the soil 

got more brittle with the strain at the peak UCS decreasing.  

 

 
 

Figure 2.  Stress-Strain graph at different percentage of cement. 

 

 

 
(a)                                                                              (b) 

 

Figure 3.  UCS values for the difference in Nylon fiber and cement content (a) 7 days, (b) 28 days. 

 

Incorporation of nylon fibers added between 1 and 6% improved the UCS very slightly but had a bigger impact on 

ductility, raising the strain at peak and reducing the brittleness of the soil. We have found  that the mixture of 3% 

cement with 4% nylon fiber after 28 days of curing attained the UCS of 309.4 kPa compared to UCS of 321.3 kPa 

in 4% cement without the fiber. The important difference is that the fiber-reinforced soil could stretch much more 

before failing, showing better energy absorption. Figure 3 shows that, as the proportion of nylon fiber increased 

above 4%, UCS decreased in all samples due to the reason that too much fiber broke up the soil-cement matrix 

leading to forming of weak points.  

 

There was also an increase in UCS with increased curing time which is shown in figure 4. It suggests that the 

cement hydration process was ongoing ,which enhances soil-cement bond strength.   
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Figure 4.  UCS values for the difference in curing days and nylon fiber content with 3% cement. 

 

Figure 5(a) shows that, angle of friction decreases immediately after adding cement with mother soil and then keep 

on increasing as the amount of additives increases. The minimum value of angle of friction is at 1% of Nylon fiber, 

the maximum value for angle of friction is found at 6%. The initial decrease in friction angle occurs due to less 

adhesive force between soil mass and Nylon fibers. However, it later increases with further inclusion of additives 

as it creates additional surface area within soil particles. Figure 5(b) shows that, cohesion increases after adding 

additives till 2% to 4% Nylon Fiber and for further inclusion, it decreases as the amount of additive increases. 

Maximum value of cohesion is 4.33 kPa and it decreases to 2.49 kPa at 6% of Nylon Fiber. 

 

 
(a)                                                                                                (b) 

 

Figure 5.  Direct shear properties (a) Angle of Friction  (b) Cohesion. 

 

The Free swell index (FSI) of the untreated sandy soil (mother soil) was measured to be 6.2%, signifying a low 

swelling potential. The amount of 3% cement lowered the FSI to 3.79%, demonstrating more particles of cement 

act as a binding agent and restricted water absorption and swelling. But, addition of nylon to cement did not cause 

any significant difference to FSI. The results suggest that cement plays the major role in reducing swell in the 

stabilized sand soil, whereas nylon fibers play a role in providing mechanical improvement instead of reductive 

FSI. 

 

 
 

Figure 6.  SHAP Value impact on UCS 
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SHAP (SHapley Additive exPlanations) analysis in figure 6 suggested that cement content is the most dominant 

explanation that predicts soil strength, curing time and nylon fiber have smaller effects. PDP analysis in figure 7 

also demonstrated that there was a high positive interaction between cement content and curing time where 

prolonged curing resulted in more strength on the cement. The cement-nylon fiber interaction exhibited a non-

linear relationship, indicating that fiber does not enhance the soil strength past the optimum level, so increasing 

the amount fiber adds only small or no new capacity. These findings validate our initial expectation that the cement 

has the most significant influence on the mechanical improvement, whereas the nylon fibers contribute to ductility 

or post-peak performance and peak UCS to a lesser extent. 

 

 
(a) 

 

 
(b) 

 

Figure 7.  PDP Interactions (a) Cement x Days  (b) Cement x Nylon Fiber 
 

4 Conclusion 
 

Raw sandy soil is weak in strength and in elasticity but its mechanical behavior is considerably enhanced by 

stabilization. The effects of cement are primarily to provide compressive strength and stiffness, whereas nylon 

reinforcing provides ductility and energy absorption beyond the peak stress. The mixture of 3% cement and 4 % 

nylon fiber was optimal, with high strength and with higher strain at peak than the cement mixture. Cement 

contributes in reducing the soil Free Swell Index and fibers hardly affect the swell. These results indicate that the 

appropriate proportion between cement and nylon fiber is an effective and convenient way to make sandy soils 

stronger to be used as engineering materials. 
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