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1. Introduction 
     Weak soils with unfavorable geotechnical characteristics cause many technical and economic problems in 
construction projects such as road construction. One of the solutions to the problem is soil improvement 
(Asgari et al., 2015; Bayat et al., 2021; Eshaghzadeh et al., 2021; Hadi Sahlabadi et al., 2021; Hakimelahi et al., 
2023; Rezaei-Hosseinabadi et al., 2022, 2022; Saadat and Bayat, 2022; Tavakol et al., 2023). Many materials 
such as fiber, cement, lime, nanomaterials etc. have been used to improve of soils. On the other hand, previous 
studies indicate that freeze-thaw cycles have an important effect on the mechanical behavior of geomaterials 
(Hadi Sahlabadi et al., 2021; Noroozi et al., 2022; Roustaei, 2021). 
 

2. Methodology 
      This research investigates the compressive strength and shear strength parameters of sandy soil reinforced 
with basalt fibers and nano-silica as a new method of improving soils. For this purpose, a series of UCS and 
triaxial static tests have been conducted to investigate the effect of the content of basalt fibers, nano silica, and 
curing time. 

 
3. Results and discussion 

3.1. UCS results 
Fig. 1 shows the effect of nano-silica content and curing time on the UCS values of nano-silica stabilized 

specimens. As shown from the results, the specimens containing 10% of nano-silica show the highest values of 
UCS. On the other hand, the UCS values of specimens increase with increasing curing time. Fig. 2 shows the 
effect of fiber content and curing time on the UCS values of stabilized specimens with 10% nano-silica. As 
shown from the results, the specimens containing 10% of nano-silica and 1% of basalt fiber exhibited the 
maximum UCS values for a given curing time.  
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Fig. 1. Effect of nano-silica content and curing time on the UCS values of stabilized specimens 

 

 
Fig. 2. Effect of fiber content and curing time on the UCS values of stabilized specimens with 10% nano-silica 

 

3.2. Triaxial test results  
     Fig. 3 shows the Effect of fiber content on the maximum deviatoric stress and brittleness index. The results 
indicate that the reinforced specimen with 1% fiber has the highest value of deviatoric stress. On the other 
hand, adding fiber to the specimens resulted in a decrease in the brittle index. Fig. 4 shows the Effect of nano-
silica content on the maximum deviatoric stress and brittleness index. The results indicate that the stabilized 
specimen with 10% nano-silica has the highest value of deviatoric stress. On the other hand, adding fiber to the 
specimens resulted in an increase in the brittle index. Fig. 6 shows the effect of freeze-thaw cycles on the shear 
strength parameters of improved specimens with 10% nano-silica and 1% basalt fiber. As you can see from the 
results, the shear strength parameters of specimens decrease with increasing freeze-thaw cycles.  
 

 
Fig. 3. Effect of fiber content on the maximum deviatoric stress and brittleness index 
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Fig. 4. Effect of nano-silica content on the maximum deviatoric stress and brittleness index 

 

 
Fig. 5. Effect of fiber content on the maximum deviatoric stress and brittleness index of stabilized specimens with 10% 
nano-silica 

 

 
Fig. 6. Effect of freeze-thaw cycles on the shear strength parameters of improved specimens with 10% nano-silica and 1% 
basalt fiber 

 
4. Conclusions 

In this study, using UCS and triaxial static tests, compressive and shear strength parameters of sandy soil 
improved with basalt fibers and nano-silica were investigated. Based on the test results, the following results 
have been obtained: 

1) Increasing the content of fibers from 0.5% to 1% increased the compressive strength of the sample, 
although after that, the compressive strength of the samples decreased with the increase of the content of fibers 
from 1% to 4%. However, increasing the content of fibers from 0.5% to 4% has increased the strain 
corresponding to the maximum compressive stress. 

2) The results obtained for the samples stabilized with nano-silica show that the samples containing 10% 
nano-silica have the highest resistance. Increasing the content of nano-silica from 5 to 10% has increased the 
resistance, and then increasing the content of nano-silica from 10 to 20% has decreased the resistance. 
Increasing the curing time from 7 to 90 days has caused a significant increase in the compressive strength of 
the samples. The effect of the content of nano-silica has become more significant with the increase of curing 
days from 7 to 90 days, and it has also caused more brittle behavior of the samples. 

3) Comparison of the results of samples improved with fibers and samples improved with nano-silica shows 
that the samples containing nano-silica have obtained higher compressive strength. 
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4) Based on the results, 1% of basalt fibers has been found as the optimal content, which has shown the 

highest compressive strength. 
5) The results of triaxial static tests show that basalt fibers have increased all parameters of shear 

resistance, friction angle and adhesion. Although the increase in adhesion is greater than the friction angle. The 
addition of nano-silica compared to the pure sand sample has also increased the resistance. Nano-silica has 
caused a slight increase in the friction angle and a significant increase in cohesion, which is due to the 
phenomenon of cementation created by nano-silica particles between sand particles. 

6) Increasing the freeze-thaw cycles has caused a significant decrease in the maximum stress. The freeze-
thaw cycles have caused a significant decrease in the cohesion of the sample while the friction angle has 
changed much less. 
 

5. References 
Asgari, MR, Baghebanzadeh Dezfuli A, Bayat M, “Experimental study on stabilization of a low plasticity clayey 

soil with cement/lime”, Arabian Journal of Geosciences, 2015, 8, 1439-1452.  
https://doi.org/10.1007/s12517-013-1173-1 

Bayat M, Khosravian Homami A, Mousivand M, Shear, “Strength and wind erosion potential of biologically 
improved sand”, Geomicrobiology Journal, 2021, 38, 631-638.  
https://doi.org/10.1080/01490451.2021.1917733 

Eshaghzadeh M, Bayat M, Ajalloeian R, Hejazi SM, “Mechanical behavior of silty sand reinforced with nanosilica-
coated ceramic fibers”, Journal of Adhesion Science and Technology. 2021 Dec 2, 35 (23), 2664-283.  

Hadi Sahlabadi S, Bayat M, Mousivand M, Saadat M, “Freeze-thaw durability of cement-stabilized soil reinforced 
with polypropylene/basalt fibers”, Journal of Materials in Civil Engineering, 2021, 33, 04021232. 
https://doi.org/10.1061/(asce)mt.1943-5533.0003905 

Hakimelahi N, Bayat M, Ajalloeian R, Nadi B, “Effect of woven geotextile reinforcement on mechanical behavior 
of calcareous sands”, Case Studies in Construction Materials, 2023, Jul 1;18:e02014.  
https://doi.org/10.1016/j.cscm.2023.e02014 

Rezaei-Hosseinabadi MJ, Bayat M, Nadi B, Rahimi A, “Utilisation of steel slag as a granular column to enhance 
the lateral load capacity of soil”, Geomechanics and Geoengineering, 2021, 00, 1-11.  
https://doi.org/10.1080/17486025.2021.1940315 

Roustaei M, Hendry M, Aghaei E, Bayat M, “Shear modulus and damping ratio of clay soil under repeated freeze-
thaw cycles”, Acta Geodynamica et Geomaterialia, 2021, 18 (1). https://doi.org/10.13168/AGG.2021.0005 

 
 


