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Abstract

Soil stabilization techniques have traditionally relied on cement or lime, yet there remains a
significant knowledge gap regarding the mechanical behavior of soil treated with innovative
materials. Addressing this gap, this study delves into the mechanical properties of soil stabilized
with polyurethane (PU) foam, nano-silica, and basalt fiber. Through rigorous experimentation,
unconfined compressive strength (UCS) and direct shear tests were conducted on reconstituted
silica and calcareous samples, each treated with various combinations of these additives. A
comprehensive examination of parameters such as additive content and curing time was
undertaken to elucidate their effects. The results unveiled a noteworthy enhancement in UCS and
shear strength parameters (cohesion and friction angle) with the incorporation of PU foam, nano-
silica, or their amalgamation with fiber. Particularly striking was the superior performance
observed with the combination of PU and basalt fiber, showcasing remarkable improvements in
the mechanical behavior of both silica and calcareous sand, especially when considering shorter
curing times. The synergistic effects of PU and basalt fiber proved instrumental in fortifying the
soil's structural integrity against environmental challenges. Furthermore, it was consistently
observed that calcareous samples exhibited elevated UCS, and shear strength values compared to
their silica counterparts. This discrepancy underscores the inherent differences in mechanical
behavior between these two types of sand, highlighting the need for tailored stabilization
approaches. Moreover, the investigation delved into the failure patterns and microstructural
changes within the stabilized samples, employing Scanning Electron Microscopy (SEM) for
detailed analysis. This microscopic examination offered valuable insights into the efficacy of the
stabilizing agents and their impact on the soil's mechanical properties. For instance, SEM
imaging revealed significant bonding in fiber-reinforced samples, indicating enhanced load
transfer mechanisms. Similarly, the presence of clusters of nano-silica particles adhering to sand
particles showcased an improved cohesion within the stabilized soil. PU-stabilized samples, on
the other hand, exhibited a cohesive layer enveloping sand particle, thereby enhancing
interparticle connectivity and overall stability. The superior performance of PU over nano-silica
was underscored by its ability to create a more cohesive matrix and foster stronger interparticle
bonds, as evidenced by the SEM analysis. In conclusion, this study sheds light on the potential of
innovative stabilization materials such as PU foam, nano-silica, and basalt fiber in bolstering the
mechanical properties of soil. The findings not only offer valuable insights into the efficacy of
these additives but also pave the way for the development of tailored soil stabilization techniques
geared towards enhancing infrastructure resilience and sustainability.
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Table 1. Summary of physical characteristics of silica and
calcareous sands

Soil type

(Usgg) G Oopt  €max  Cmin
Silica Sand SP 2.66 8 0.83 0.61
Ca'scgrrfjo“s sP 267 65 142 0.90

L S SO 5 (S sl S Y o
Table 2. Physical and mechanical characteristics of basalt fiber

Characteristics Results
Color Golden brown
Cut Length (mm) 12
Diameter of fiber (um) 16
Density (g/cm3) 2.62
Fracture strength (MPa) 2150
Elastic modulus (GPa) 98
Tensile strength (MPa) 3000
Water absorption (%) 0.1
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Table 3. Physical properties of nano-silica

Characteristics Results
Color White
Form Amorphous
Nano type Silicon oxide (SiOy)
Purity (%) 99
Particle Size (nm) 20-30
Specific Surface Area (m%/g) 190-220

Free water content Less than 3%

OBLIk (Sep sla Shs ¥ ol
Table 4. Technical properties of PU foam

Characteristics Results

Application
temperature
Foam expansion

25° C; curing below 50° C not possible

Approx. 100%-200%
At 20°C and high humidity: ~1cm/h;
at low humidity and 20°C: ~0.5cm/h;
at high humidity and 50°C: ~0.5cm/h;
loses adherence after 10-20 minutes

Curing time

Cell structure after

. Closed cell
curing
Tem_perature -40°C t0 100°C
resistance
Heat conductivity Approx. 0.04 W/mK
Density (DIN
53420) 23 g/ml
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Fig. 1. Particle size distribution curves of silica and calcareous
sands
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Fig. 2. UCS results of fiber-reinforced samples
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