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Abstract: The construction of roads on soft clay soils is a challenging task and therefore considered as one of the biggest
concerns in geotechnical engineering. The utilization of soft soils in tropical regions is currently low, although
construction on them has become increasingly necessary due to economic reasons. Recent developments in nanoscience
and nanotechnology opened fundamental and applied new frontiers in science and materials engineering. Advanced
materials are being developed with enhanced chemical and physical properties with unique characteristics. The properties
of these materials are determined not only by their composition and chemical bonds, but also by size and morphology.
However, the traditional cementitious stabilizers like cement are under discussion, not only for their negative
environmental effects during manufacture but also for their cost.
Keywords: Green Environmental; Nanomaterials; Cementitious Stabilization; Carbon Nanotube.
Introduction
The use of stabilization techniques has
increased signiﬁcantly in recent decades owing to new
construction sites, increasingly being located in areas of
poor quality ground. It is suggested that ground
improvement will be critically important in future
geotechnical practices to adopt cost-effective solutions,
to achieve reductions in quantities of material used and
etc. [1–3]. One of the extensively used techniques for
the improvement of problematic soils in relatively
tropical countries is soil treatment with customary
cementitous additives such as cement, lime and ﬂy ash
[4-7].

soil and accelerate the stabilization process and causes
reduce air and soil pollution by adding a big amounts of
chemical additive like cement and lime.

In recent years, nanoparticles have attracted
considerable scientiﬁc interest for many civil
engineering applications. The types of nanoparticles
that are most commonly used in cementitous
composites are SiO2, TiO2, Al2O3, and carbon
nanotubes [8-11]. Of all the introduced nanoparticles
plays the most signiﬁcant role. Furthermore,
nanoparticles accelerate hydration of cement due to its
high surface energy [9,12,15]. Also, nanomaterials
causes physical alterations such as improvement in the
packing density which corresponds to ﬁlling effect of its
particles [14-17]. The emerging field of nanotechnology
is mostly focused on carbon and inorganic based
nanomaterials, such as carbon nanotubes, graphene,
transition metal nanotubes and nanowires [17-20].

A Carbon Nanotube is a tube-shaped material,
made of carbon, having a diameter measuring on the
nanometer scale. The graphite layer appears somewhat
like a rolled-up chicken wire with a continuous
unbroken hexagonal mesh and carbon molecules at the
apexes of the hexagons. Carbon Nanotubes have many
structures, differing in length, thickness, and in the type
of helicity and number of layers. Although they are
formed from essentially the same graphite sheet, their
electrical characteristics differ depending on these
variations, acting either as metals or as semiconductors.
As a group, Carbon Nanotubes typically have diameters
ranging from <1 nm up to 50 nm. Carbon Nanotubes
can be categorized by their structures:

This study addresses a review of role stabilization
soft soils by nanomaterials. Inclusion of carbon
nanotube may reduce the cement consumption in the
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Carbon Nanotube
Carbon Nanotube (CNT) can now be
considered as the “king” of nanomaterials. Its
exceptional strength have made it as one of the
candidates for stiff and robust structures. In-line with
this, as the prices of the CNT continue to drop (this is
important since geotechnical engineering use materials
in bulk), its applications in geotechnical engineering is
envisaged [17].

Single-wall Nanotubes (SWNT), Multi-wall
Nanotubes (MWNT), and Double-wall Nanotubes
(DWNT)
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Single-wall Nanotubes (SWNT)
Single-wall nanotubes (SWNT) are tubes of
graphite that are normally capped at the ends. They
have a single cylindrical wall. The structure of a SWNT
can be visualized as a layer of graphite, a single atom
thick, called graphene, which is rolled into a seamless
cylinder. Most SWNT typically have a diameter of
close to 1 nm. The tube length, however, can be many
thousands of times longer. SWNT are more pliable yet
harder to make than MWNT. They can be twisted,
flattened, and bent into small circles or around sharp
bends without breaking.
Multi-wall Nanotubes (MWNT)
Multi-wall nanotubes can appear either in the form
of a coaxial assembly of SWNT similar to a coaxial
cable, or as a single sheet of graphite rolled into the
shape of a scroll. The diameters of MWNT are typically
in the range of 5 nm to 50 nm. The interlayer distance in
MWNT is close to the distance between graphene layers
in graphite. MWNT are easier to produce in high
volume quantities than SWNT. However, the structure
of MWNT is less well understood because of its greater
complexity and variety.

Double-wall Nanotubes (DWNT)
Double-wall nanotubes (DWNT) are an important
sub-segment of MWNT. These materials combine
similar morphology and other properties of SWNT,
while significantly improving their resistance to
chemicals. This property is especially important when
functionality is required to add new properties to the
nanotube. Since DWNT are a synthetic blend of both
SWNT and MWNT, they exhibit the electrical and
thermal stability of the latter and the flexibility of the
former.
Mechanical and Transport Properties of Carbon
Nanotubes
The intrinsic mechanical and transport
properties of Carbon Nanotubes make them the ultimate
carbon fibers. Table 1 and Table 2 compare these
properties to other engineering materials. Overall,
Carbon Nanotubes show a unique combination of
stiffness, strength, and tenacity compared to other fiber
materials which usually lack one or more of these
properties. Thermal and electrical conductivity are also
very high, and comparable to other conductive
materials.

Table 1: Mechanical Properties of Engineering Fibers
Strength
Fiber Material
Specific Density
(GPa)
Carbon Nanotube
1.3 - 2
10 – 60
HS Steel
7.8
4.1
Carbon Fiber-PAN
1.7 - 2
1.7 - 5
Carbon Fiber - Pitch
2 – 2.2
2.2 – 3.3
E/S - glass
2.5
2.4 – 4.5

Strain at Break (%)
10
< 10
0.3 – 2.4
0.27 – 0.6
4.8

Table 2. Transport Properties of Conductive Materials
Thermal conductivity
Electrical Conductivity
(w/m.k)
Carbon Nanotube
> 3000
106 - 107
Copper
400
6 × 107
Carbon Fiber-Pitch
1000
2 – 8.5 × 106
Carbon Fiber - PAN
8 - 105
6.5 – 14 × 106
Material

Stabilization Using CNT
Effects of adding CNT to kaolinite causes the
liquid limit, plastic limit, and of the mixtures increases
in the mixture. This indicate that the mixture will have a
lower soil strength, higher compressibility and reduced
hydraulic conductivity. Consolidation tests results
showed that the observation on compressibility to be
true [18].
The presence of carbon nanotube (CNT) in a
soil cement matrix has the ability to reduce the
interparticles, spacing, which will promote the
construction of a stronger and stiffer soil skeleton
matrix together with the cementitious materials,
therefore improving the mechanical properties of the
material [21].
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Additional CNT can lead to increased
durability, decreased brittleness and increased tensile
strength, and routine use of large volumes of nontraditional materials like fly ash [24].
Soil cement is extremely weak in tensile and
flexural strength due to its brittleness. Thus, cracks tend
to propagate quickly as the soil cement is put through
undue stress in tension and by using a few amount of
CNT which they have very unique specific (Table 1
&2) the problem will be solved [22-24].
The use of carbon nanotubes (CNT) in material
science have already been documented to providing 117
times more tensile strength than steel and 30 times more
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strength than Kevlar. The use of CNT also provides an
increase in Yong’s modulus and elastic potential, which
means that the soil cement and concrete can take greater
loads without any potential permanent damage [24].
8.
Conclusion
In view of the importance of achieving the status of
green environmental policy and cleaner technology
approach, the innovation of using carbon nanotube in
tropical soft soil stabilization was investigated. The
positive ﬁndings of this research work proved the
existence of a combined action among the pozzolanic
reaction between cement/lime by nanomaterials in
clayey soil stabilization. These ﬁndings can help
attacking two aspects: First, under adequate technical
and environmental conditions, massive amounts of this
residue would be partially reduced, converted to useful,
value-added adsorbents, and second, can result in more
economic projects. Although the use of nanomaterials
in ground improvement applications is still in its
infancy stage, the widespread and signiﬁcant progress
in the application of this environment-friendly stabilizer
in tropical soil stabilization can be expected in the
future.
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