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Abstract

One of the problematic soil types is fine-grained soils including CL, CH, ML, MH, which are found in construction projects in large amounts. The
main problem with these soils in construction projects is their high ductility (inflation and shrinkage) and low strength, so the presence of these
soils in the foundation of construction projects will cause hazards, indicating the necessity of utilization of improving methods. Studies conducted
on geotechnical engineering effects of nanomaterials show the efficiency of these materials for soil treatment. by adding nanomaterials to the soil
treated with cement, the strength of the base soil has been increased and the percentage of cement use has been significantly decreased, reducing
the CO2 emissions into the environment, hence reducing the environmental pollution. The increase in soil strength is due to the high specific
surface area of nanomaterials and cationic interactions with soil compounds. Research on nanomaterials and fine-grained soil treatment is very
promising increasing our understanding of the relationship between nanotechnology and geotechnical engineering. In this research, the effects

of nano-silica on the uniaxial compressive strength of fine-grained soils are investigated.
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Introduction

Fine-grained soils CL, CH, ML, MH are considered as
problematic soils present in almost every civil project, especially
in roadbeds. Most of these soils are considered as inflatable soils
[1-3]. Due to their water absorption ability, in addition to volume
changes (so-called swelling), their strength is also significantly
reduced, intensifying risks in the foundation of construction
projects as well as in the road pavement beds. Therefore, various
physical and chemical methods have been used to stabilize this
type of soil. The advantages of using nanomaterials can be
expressed in reducing environmental damages and gaining the
desired strength for the problematic soils [1,4,5].

Additives used previously include lime, cement, bitumen, coal
fly ash, etc. One of the basic requirements in construction projects
is minimizing the environmental damages by choosing the most
proper material, in addition to reducing project costs. Sometimes
the land to be recovered covers a wide area such as highways,
railways, dams, airports, etc so to overcome the requirements of
the designs and to reduce environmental pollution, nano-products
can be used as additives to problematic soils [1,6].

Various studies such as Kalkan et. al. [7,8], Taha [9,10], Taha
and Taha [5], Arabani et.al [11], Mohammadi and Niazian [12],
Changizi and Haddad [13-15] and Choobbasti et al. [16] have
shown that the addition of small amounts of nanomaterials
to the fine-grained problematic soils increases their strength
significantly and minimizes soil swelling. The advantage of adding
nanomaterials in comparison to other stabilizing materials such
as lime and cement is that the small amount of nanomaterials
can result in obtaining similar outcomes, presented in studies
like Sobolev et al [17], Bahmani et al. [18,19], Choobbasti et.al
[20,21], Choobbasti et al. [22]0.4, 0.8 and 1.2% by weight of the
soil, Tsampali et al. [23] and Yao et al [24].

Nanotechnology

Nanotechnology is the manipulation of matter on
an atomic, molecular, and supramolecular scale. A more
generalized description of nanotechnology is defined as the
manipulation of matter with at least one dimension sized

from 1 to 100 nanometers. Nanotechnology in a simple
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definition allows the production of new materials or systems
by considering the control of molecular and atomic levels, the
controlled arrangement of nanostructures, and the achieving
unique properties in the final system. This technology due to its
rapid development and proper performance in various fields and
the limitations in traditional materials (including bitumen, lime,
cement, etc.) has become of great importance for improving soil
engineering parameters by introducing the nanomaterials [25,26].

Utilizing the properties of materials at the nanoscale has
become very promising in human life. The development of
industry and urban planning on one hand and the importance of
environmental sustainability on the other hand have challenged
soil researchers to find a satisfactory solution for improving the
soil engineering properties rather than using existing traditional
materials such as cement and chemical mortar (sodium silicate,
acrylate, and epoxy). These materials were both expensive
and environmentally damaging, so their use has been limited.
Therefore, by limited utilization of these materials, other
substances with better performance and reduced consequences
have been introduced by nanotechnology [27].

Stabilization theory with nanomaterials

The application of nanomaterials for problematic soils is one
of the chemical stabilization methods of soils. The nanoparticles
with unique characteristics like possessing very small size, high
specific surface area, surface charges, and nanoporous can actively

react with other soil particles. As a result, their usage even in small
amounts in soil modifies soil engineering properties. Various
nanomaterials are used for soil-improving purposes, including
nano-silica, nano-alumina, nano-clay, nano-carbon, and nano-
iron. In this research, the effects of nano-silica in fine-grained soil
improvement are briefly discussed.

Effects of nano-silica on improving soil strength

The uniaxial compressive strength testis commonly performed
for stabilized soils. Figure 1 shows the effects of a mixture of
treated soil with cement and different percentages of nano-silica
at 7, 14, and 28 days of curing time. The results indicate that the
strength increases with more curing time and cement hydration
process completion up to 28 days. Also, with the addition of nano-
silica by 1.5% of soil dry weight to the cement-treated soil uniaxial
compressive strength increases, it can be inferred that Nanosilica
has made the cement-stabilized soil structure denser and more
cohesive due to its high specific surface area, fine particles, and
cation exchange. With the addition of more nano-silica, the soil
strength decreases, which may be due to the agglomeration of
nanomaterial particles where the soil particles are separated
from each other and the cohesion and integrity of soil particles
are reduced so the uniaxial strength of the soil is reduced. results
of Bahmani et al.,, [18], Lei Lang et al, [28] and Thomas and
Rangaswamy [29] works, presented in Figures 2 to 4, also confirm
this.
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Figure 1- Effects of cement and nano-silica mixture on soils unconfined compressive strength [30].
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Results

i. The addition of small amounts of nanomaterials to
the fine-grained soil has significantly increased the strength of

the samples. The difference between adding nanomaterials and
other stabilizing materials such as lime, cement, etc. in obtaining
similar results is on the small amount needed for nanomaterial in
comparison to other stabilizers.
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ii. As the curing time increases, the uniaxial compressive iii. Addition of nanomaterials to cement-treated soils
strength of the stabilized samples increases, since the soil reacts has reduced the percentage of cement use, resulting in reduced
with the nanomaterials synthetically as time goes on the reactions  environmental pollution.
are more complete and samples are better stabilized.
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Figure 2- Effects of cement and nano-silica mixture on soils unconfined compressive strength [19].
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Figure 3- Effects of cement and nano-silica mixture on soils unconfined compressive strength [29].
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Figure 4- Effects of cement and nano-silica mixture on soils unconfined compressive strength [28].
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