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Nano materials are becoming more and more relevant in the construction of civil works, since they
can be used as additions or additives to improve and stabilize asphalt concretes, hydraulic concretes,
fine soils at the level of subgrade, sub-bases, bases and even for filters in water treatment. This article
intends to collect the different experiences in the use of nano materials, in order to stabilize or improve
the mechanical and geotechnical properties of soils used in road construction, especially what has to
do with the manufacture of nano fibers for use in soils; finding that its use in the field of roads is to be
investigated and developed with different types of solutions, as the most studied are the carbon nano fibers.

RESUMEN
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Los nano materiales toman cada vez mas relevancia en la construccion de obras civiles, ya que se pueden
usar como adiciones o aditivos para mejorar y estabilizar concretos asfalticos, concretos hidraulicos, suelos
finos a nivel de sub rasantes, sub bases, bases e inclusive para filtros en el tratamiento de aguas. El presente
articulo pretende recolectar las distintas experiencias plasmadas por la ciencia en el uso de nano materiales,
con el fin de estabilizar o mejorar las propiedades mecanicas y geotécnicas de los suelos usados en la
construccion de vias, sobre todo lo que tiene que ver con la fabricacion de nano fibras para uso en los suelos;
encontrandose que su uso en el campo de las carreteras esta por investigarse y desarrollarse con diferentes
tipos de soluciones, pues las mas estudiadas son las nano fibras de carbono.

Introduction

All civil works are founded on soil, whether natural,
stabilized or improved; normally the natural soil does
not have the adequate characteristics to serve as the
foundation of an infrastructure, which requires that the
soils be competent so that the works are not vulnerable
to the different seismic and load variables, for this reason
stabilization or improvement procedures are carried out
in order to reinforce geotechnical properties to comply
with certain standards of durability, permeability, volume
stability, resistance and compressibility or deformation.
Mainly fine soils such as clays, silts or mineral fillers
are stabilized or improved, taking into account that the
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surface area of the particles is greater with respect to
that of granular materials, since these are elongated and
flattened [1] - [3].

Taking into account that roads are mainly built with
selected granular materials, arranged in different layers
that make up the subbase, base and asphalt mixes, each of
them containing fine materials defined as mineral fillers
that have plasticity indexes that must be controlled; In
addition, the subgrade may contain clayey materials
that can be expansive; therefore, in order to meet the
standards, these soils are stabilized and improved with
common materials such as cement, lime, fly ash, silica
fume, fibers, among other materials [4], [5].
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Studies have been made to use non-common materials for roads and other civil works, such as natural fibers from
date palm, coconut, bamboo, jute, hemp, among other plants [6], [7]; for the improvement of subgrade soils, sub-bases
and bases for roads, finding an increase in the C. B.R. by improving the tensile strength between particles, increasing
the angle of internal friction and even increasing permeability; however, its low production cost is affected by the low
durability of the fibers [8] - [10].

Historically, one of the problematic soils has been expansive clays, because they have very high volume variations in
very short times, due to external factors such as moisture and desiccation. Several studies have been carried out to
control this phenomenon, such as the use of sulfonated oil [11]; however, in the search for new materials to control and
improve these and other properties of soils, experiments are being carried out with different nano materials, which in
clays can manipulate their structure and their interaction with water, resulting in a better behavior within the layers
of a pavement [12].

Nanotechnology in the construction sector

Nanotechnology is a field that has developed over the last five decades, it works with the structural units of materials
to change their unique characteristics, the philosophy on which it works is with the addition of nano materials to a
common material, in order to greatly improve the properties of such material, In the construction sector, the aim
is to have composite materials that are lighter, more resistant, have better adherence, reduce thermal and acoustic
susceptibility, and even create materials that function as sensors in hydraulic concretes to detect changes in
temperature, humidity and micro cracks at early ages [13]-[15].

Nano materials are distinguished by having a size smaller than 100 nm in diameter, developed by methods of synthesis
of materials in gaseous, liquid or solid state, which are generally sought to have a morphology, chemical composition,
microstructures and purity desired for the application of different technologies in the field of chemistry, biomedical,
electronics and others [16], [17]. Table I shows the different types of structures that can be achieved in the field of nano
materials and their fabrication methods that are currently under development, which initially have a high cost due to
the fabrication equipment, but are compensated throughout the life span of the works [18].

Table I. Types of nanostructures and their fabrication methods

Nano structures Manufacturing methods
Aerogels
Carbon nanotubes Electron beam lithography
Dendrimers Nanoimprint lithography
Magnetic molecules Chemical vapor deposition
Nano metallic particles Focused ion beams
Nano clays Pulsed laser deposition
Photonic crystals Sputtering deposition
Quantum corrals Molecular self-assembly
Self-assembled monolayers Hydrothermal synthesis
Nanowires Molecular beam epitaxy
Semiconductor quantum dots Electrospinning
Fluorescent semiconductor nanocrystals

Source: [18]

With the understanding that nanotechnology can change nano properties and these in turn change macro properties,
nano materials have been developed in construction such as: Carbon Nanotubes (CNT), Carbon Nanofibers (CNF),
Nano silica (N-silica), Polyhedral Oligomeric Silsesquioxane (POSS), Montmorillonite organoclay (MMT), Titanium
dioxide nanoparticles (TiO2), Silver nanoparticles (Ag), aluminum oxide nanoparticles (A1203), silicon dioxide
nanoparticles (SiO2), zirconium oxide nanoparticles (ZrO2), zinc oxide nanoparticles (ZnO), Wolfram (Tungsten)
Oxide nanoparticles (WO3); the inclusion of a small percentage of these nanoparticles can produce extraordinary
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changes in the properties of the materials used for construction and even on natural soil [19] - [21].

Currently, the use of nanomaterials in road construction has already been reported as shown in Table I1, where it can
be observed that in India they have been used in different fields and that they help in road safety issues, however, there
is still a limitation in their use due to their production cost [22]. Even in the United States there is a budget of billions
of dollars for the development of nano materials that contribute, among others, to the improvement of the resistance

of construction materials [23].

Table I1. Overview of nanoparticles and their application

No. Nano particles Areas of application
| Nano-silica (Si0z) . Replaces part of the cement to densify concrete and obtain early strength
. Improves pavement surface characteristics
2 Micro silica (silica fume) . Increases compressive strength and flexural strength in concrete
3 Nano carbon tubes (SWCNTSs or . Increases compressive strength and flexural strength in concrete
MWCNTs) . Can be used in concrete as a sensor to monitor structural conditions
4 Nano phosphorus . Improving road visibility
5 Nano TiO, . Self-cleaning of concrete pavement
6 Polymeric fiber matrix with nano silica . Self-structural Health Monitoring System in Repairs and Rehabilitations
7 High performance StFEl using copper . In bridges for corrosion resistance and improved weldability
nanoparticles
g Nanotechnology enabled sensors . For monitoring and controlling temperature, humidity, smoke, noise, stresses,
vibrations, cracks and corrosion

Source: [22].

It is even being studied as waste materials that are used
on a macro scale such as fly ash, these being synthesized
at nano levels, can be used as an additive to stabilize non-
competent soils, in the expectation that with the increase
of the surface area of the soil, the mechanical properties
of the soil will be improved in general [24].

Use of nanotechnology to stabilize soils

The importance of soil stabilization from the point
of view of nanotechnology is because soil has a great
variety of sizes ranging from nanometers to millimeters
(I nm - 75 mm) [25], precisely one of the applications
of nanotechnology for soil stabilization is to waterproof
soils, It has even been demonstrated that the use of
nanochemical substances can improve the bearing
capacity of the soil, and although they show a high cost
during their construction, in their maintenance phase
they can be lower [26] - [28].

The stabilization of subgrades, subbases and bases for
road construction is normally done with materials that
change the chemical properties of the soil; however,
studies have been carried out on fine soils composed of
clays and sands that with the addition of polypropylene
fibers have improved properties of density, strength,
fatigue, deformation and durability, tested in full-scale
tests under the action of different traffic loads and also in

triaxial tests [29] - [32].

There are records that the use of nanotechnology can help
to make soil stabilization a little more economical, since,
for example, 2% of nanosilica replaced 6% of cement
addition in a stabilized base and sub-base; however,
more studies are needed, since it was also shown that
the bearing capacity of the soil could be increased up
to 2% of nanosilica content and then tended to decrease
as the nano-content increased [33]; Other studies have
shown that nanosilica alone does not give good results;
for example, mixing 1% with 5% lime can increase the
C. B.R. of the soil under study, this result increased with
the addition of more nanosilica up to 3%, where the best
results were seen for the subbase, base and subgrade of
roads [34], [35]; and even the addition of nanosilica with
recycled polyester fibers has shown results that reach
190% increase in shear strength in clays, with increases in
cohesion and the angle of internal friction and reduction
of cracks in the compacted soil [36].

At the University of Sains Malaysia (USM) they
carried out some tests on stabilizing natural soil, this
report shows that nano materials such as nano Cu,
nano Al203, nano clays and nano MgO were mixed in
concentrations of 0.0%, 0.1%, 0.2% and 0.3%; as a result
it was obtained that in its great majority an improvement
of the geotechnical properties such as the reduction of
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the plasticity index and the increase of the unconfined
compressive strength, and even these additives can
reduce the soil shrinkage in desiccation. [37], [38].
However, in other tests with nanoclays, nano copper and
nano alumina, it was determined that the nanoclay did
not produce a significant improvement with respect to
the other two materials tested, and even that if its use
is exceeded, it can have negative effects, as was proven
when combined with glass fibers; On the other hand,
nano copper controls soil expansion and contraction
better than nano alumina. Finally, a recommendation is
made regarding the use of nano materials because they
are susceptible to particle agglomeration, which can have
adverse effects on the mechanical properties of the soil
[39] - [41]. However, there are studies in which the use
of nanoclays has worked to improve the geotechnical
properties of soft soils with a slight presence of sand,
since the addition of 2% to 4% of these nanoparticles
increased the compressive strength by up to 22%, the
angle of internal friction by up to 17% and a decrease
in the plasticity index of up to 25% [42]; and it is even
seen as a nano material with potential for use in civil
engineering with the addition of polymers for the use of
a lower percentage of filler in mixtures, showing benefits
over fiber composites [43].

On the other hand, work is being developed using a
method of synthesis of nanometric ashes from usual
waste materials such as quarry dust, tires, recycled
paper, fly ash, and other non-conventional ones such
as cigarette ash, bagasse, shells of different products
such as coconut, almond, and even dried animal bones,
among others. These products are burned and pulverized
to obtain nano sizes, the resulting ash is collected and
can have sizes ranging from 10 nm to 800 nm. With the
above, it is thought that by increasing the surface area
of the ash, it can function as an additive and mineral
filler, which improve the mechanical properties of the
soil [24]. Another experience recorded in Nigeria, where
waste materials from agricultural activities such as Palm
Bunch Ash (PBA) were used at the nano level to improve
the strength of bases and sub-bases with optimum results
[44].

In countries such as Nigeria and India, sub-base and sub-
surface soils were improved with organosilane composite
nanomaterials, this nanomaterial was diluted in water in
search of a hydrolysis reaction, which when mixed with

the soil particles formed a hydrophobic thin film, which is
an alkyl siloxane hydroxide type bond, which, like other
technologies described above, produce an impermeable
and waterproof layer on the soil, which as a result
increased the densities with a lower optimum humidity
in relation to the unimproved material, and additionally
improved the CBR value by more than 2.5 times in the
diluted solutions in concentrations of 1:100 and 1:225
with respect to the diluted solutions: 100 and 1:225, with
respect to the plasticity index it was possible to transform
soils from medium compressibility silts and clays to low
compressibility silts and clays, it was possible to decrease
the permeability of the soil by approximately 99% [45]-
[47]; even this nanotechnology of the silane organ with a
small amount of 0.07% and 3% of cement has been used
for the improvement of subgrade, with a result of 3.6
times increase in the original CBR [48].

They also used nano polymers such as CBR PLUS to
stabilize granular bases, with results similar to those
mentioned above, with increases of up to 6 times with the
addition of 1% CBR PLUS and 9% silica sand; in terms
of costs, it was concluded that a high initial investment is
required, but low during its lifetime due to maintenance
effects, according to the economic evaluation carried out
[49], [50].

Other studies have shown that the use of common
materials in soil stabilization, such as lime at the nano
level, presents remarkable results in the reduction of
porosity and in the unconfined compressive strength
of the soil, since with a 0.5% content of nano lime, the
resistance to different humidities increased by more than
300%; these results are approximately 50% higher than
the stabilization made with 5% lime on natural soil [51].

Nanofiber processing

Nanofibers have been developed for approximately
60 years, although at present their production at an
industrialized level still needs to be improved [52],
because their production requires complex methods,
the most common and simple is electrospinning, which
works by applying a voltage between two electrodes
that produces electrostatic forces on a polymeric liquid
solution [52], the result is fibers on a collector plate, which
can be designed with porosity, structure, arrangement or
alignment of the nanofibers; Fibers with a surface area of
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approximately 40 m2/g and a diameter of less than 100 nm can be generated [53]-[55].

At the nano level, fibers are still a field to be studied in civil engineering, one of the most reported fibers by authors
are carbon fibers, which have replaced carbon nanotubes, since they are cheaper to manufacture and have a good
interfacial performance that facilitates the interaction with different matrices [56]; Nowadays there are reports of the
use of carbon nanofibers in high performance hydraulic concretes, which improved the strength and workability in
the fresh state, as well as increased its density [57], however, there have been problems with the uniform distribution
of the fibers within the cement paste, which can generate failures within the concrete [58]. In asphalt concretes,
carbon nanofibers improved their mechanical properties such as compressive strength and reduction of micro-cracks
within the mixture [59].

Similarly, nanofibers from waste materials have been used for the management of fly ash sludge transported
hydraulically in thermoelectric plants [60], and nanofibers have even been made from expanded polystyrene (EPS)
waste, as an economical and environmentally responsible method for the management of manufacturing waste [61],
which opens the door for these products to have a great potential use in construction as an alternative method for
waste management and social and environmental commitment.

Registered uses of nanofibers in soils

Soil stabilization can be done in three ways: physical, mechanical or chemical (see Figure 1), which seek to improve
properties such as compressibility, hydraulic conductivity, density and strength; Some of the chemical methods used
are heat as a catalyst for curing (lime), the use of lime/cement to manage plasticity and improve soil strength, resin/
polymers as a binder to improve the soil matrix and reduce dust, nano chemical solutions that mixed with water
increase soil bearing capacity and reduce plasticity indices [62], [63]; on the other hand, on the mechanical side, in
clayey soils, plastics, polymers and fibers (wood, glass, polypropylene) have been used as mechanical reinforcement,
which considerably increase the cohesion and the angle of internal friction of the soil; one of the main difficulties
in the use of fibers in clays is based on on-site mixing, but with time it has excellent results, At the nano level it was
found that electromagnetic forces dominate over gravity forces, so the use of nanofibers in the soil resulted in an
improvement in shear strength and thixotropy, in addition they control the liquid limits, plastic limit and lower bulk
density due to the appearance of nano pores [64] - [66].

METODOS DE REFUERZO DEL SUELO

|
v v v

FisicO MECANICO QUIMICO
Vi N 2
a) Vibracion, termoeléctrica, a) Usando materiales fibrosos a) Materiales convencionales:
congelacién y descongelacién 1) Familia de geo sintéticos: cemento, cal, asfalto
geomalla, geotextiles,
geocompuestos, geonet, b) Enzimas: Ej. PZ-22X
geoceldas.
c) Resinas poliméricas: Ej. Alcohol
2) Fibras distribuidas al azar: fibras de Polivinilo, acetato de

naturales, fibras hechas por el polivinilo, acrilico de polivinilo,
hombre, fibras minerales. formaldehido de urea, (PMMA),

entre otros.
b) Compactacion: Ej. Incremento de
cargas

Figure 1. Different soil reinforcement procedures
Source: A simple review of soil reinforcement by using natural and synthetic fibers(p. 105) for [63].
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At the University of Kebangsaan Malaysia (UKM) they
were able to demonstrate that with the mixture of less
than 0.2% of carbon nanofibers (purity greater than 98%,
diameters 200 nm and length between 50 and 200 m) in
residual soils of sandy-clay composition, it is possible to
increase the maximum dry density, The density of the
nanofibers is higher than that of the natural soil, however,
a decrease in porosity and an increase in the hydraulic
conductivity of the soil was also observed [67], [68].
They have even worked on the management of expansion
and contraction in residual soils with carbon nanofibers,
where they found that volumetric shrinkage stress can
be reduced by more than 50%, which qualitatively
demonstrated that cracks were reduced [69]. Another
virtue of carbon nanofibers is that they are a material that
chemically are not reactive with other liquid compounds
coming from leachates or soil moistures [70].

Taking into account the results described above, the
University of Kebangsaan Malaysia investigated the
effect of mixing bentonite and carbon nanofibers in
three different soil samples, concluding that the shear
strength of the soil was indeed improved by increasing
the cohesion and friction angle of the tested samples, up
to an optimum addition of 0.1% carbon nanofibers, the
mechanism of nano reinforcement is due to the interface
bonding and frictional force between the mixed particles
[71].

Conclusions

Although it is registered and evidenced that the use of
nano materials improves in general the mechanical
and geotechnical properties of soils, its benefits will be
presented below:

1. It can be used to improve or stabilize chemically or
physically the soil.

2. Nano solutions can waterproof the soil by creating a
very thin layer that coats the particles and prevents the
passage of water.

3. The nanofibers create bonds between the particles,
which reduces and even prevents micro-cracks from

appearing on the compacted soil.

4. In general, the use of nano materials in soils improves

bearing capacity, shear strength, increases density,
reduces plasticity indexes, increases cohesion and friction
angle, among other properties.

Its limitation in construction lies in its difficult
reproduction at industrial level and in its use on site,
which generates higher construction costs; however, it
is projected as a method to work on waste management,
social and environmental commitment, by incorporating
it as a method of recycling non-conventional waste from
different industries.
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