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ABSTRACT:

In recent years, nano technology has been signtficémplemented in geotechnical engineering, eisigcfor soil remediation.

Using this technology has improved soil resistgmaameters and led to the stabilization of manyleroatic soils. Clay soils, due
to their nature, have a large dispersion on thé&aserof the earth. The widespread dispersion cfetiigpes of soils in the site of
structures, describes the necessity of studyingirarestigating new methods of improving and ameagdire resistive properties of
these soils. This research is a review of the @igeootechnology for the improvement of soil régestproperties by geotechnical

researchers.

1. INTRODUCTION

The Regarding the locating of some important cootitn

projects on clay soils, it is important to improsad amend
them in order to create an appropriate basis fgineering
projects. In recent years, nanotechnology has kedely and

rapidly used in all fields, and due to the newrasd lack of a
complete reference in geotechnical engineeringpedged and
inadequate researches, there is a need to knowdose and
the effect of nanoparticle in this field. In gediaial

engineering, clay soils in some cases have beastigated by
the researchers as problematic soils in termsanfifg capacity,
swelling, stacking, subsidence, etc. From the phst,use of
additives to amend these soils has been in ordiengoove the
density, reduction in swelling, improve the regis®@a and
stability desired by researchers in the field obtgehnical
engineering. In recent years, as the population drasvn,

appropriate lands for civil projects are declini@gnerally, the
soil available on the site is not ideal and conghjeappropriate
for construction from the engineering viewpoint., oshould
be prepared by making changes on it for civil aigs. One of
the suitable approaches in dealing with inapproprioils in
geotechnical engineering is the change in soil rigs that is
known to improvement or modification. There are esal/
modification methods for improving the soil undehet
foundation, which can be referred to using deemdation,

poor soil removal, and replacement with filler nmegtks, use of
additives, injections, etc. Selection of the methad

improvement depends on several factors such asypeil fine-
grained percentage, area, and depth of improvenmiet,
resistance, and compressibility of the intended| sabsidence
regulations, and access to technical skill, typeegfiipment,
materials, and cost of the improvement. There aversl goals
for soil improvement, including increasing load aaity,

increasing resistance properties, increasing stbgiility, and
reducing subsidence (Hashemi Tabatabaei, 2013).

Now with the advance of technology and science,
nanotechnology has also opened its doors in gewisaih
engineering and has interested engineers of &l o perform
research in this field. The use of nanomaterialsalso
considered as one of the chemical methods for

improvement, is used in most soils, and is usatigiresearch.
In this research, using geotechnical researchestsitlies, a
review of the use of nanomaterials has been camwigdto
improve the clay resistance properties.

soil

2. STUDY METHOD

This research was carried out through a study ekipus
studies by geotechnical researchers on the effadfts
nanomaterials on clay resistance parameters.

2.1 Methodological Frameworks

We systematically identified sources for review fojlowing
the detailed process for deciding upon search teamd
databases conceptualized who define a systenatiew as
differing from a traditional review by adopting eopess that is
transparent enough to be replicable by other rebees, namely
by providing an audit trail of procedures and rtiatlecisions.
When filtering and analyzing the literature, wensolted the
search-screen-appraise method and qualitative mpatelysis
recommendations outlined.

2.2 Inclusion criteria

For a source to be considered relevant to thisevevit must
have provided insight into at least one of our aede
questions. Additionally, the study must have beeailable in
English & Persian from a peer-reviewed source, twhi a
common practice in systematic reviews. Literatuges Wmited
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to peer-reviewed sources because these sourcesigirly
relevant.

The final search terms were:

Clay, resistance soil, nanoparticles, nanomatemggstechnical
engineering, soil stabilization

The final selections of databases were:

(a) EBSCO: Academic Search Complete
(b) EBSCO: Education Research Complete
(c) ProQuest

(d) Research gate

(e) Engineering Village (all databases)

(f) Google Scholar

(g) ACM Digital Library

However, the database search outlined above vyielded

reasonable quantity of relevant studies.

3. FINDINGS

Changizi and Haddad (2018) studied the effect ofhaisi

nanosilica particles to improve the mechanical egslstance
properties of soft clay. Characteristics such agrAtrg limit,
optimum moisture content, maximum dry weight,
compressive strength were measured
nanosilica. Nanosilica ratio was 0.5, 0.7, and Or&étive to
the soil. The limitation has improved relative tucriease in
nanosilica content. Increasing ratios led to a cédn in the
plasticity index and an increase in contractionitition. The
results showed that the viscose gel increasedrtial istress
before hardening from 70 Kn/m2 for soft clay to Ba¢m2 for
a stabilized soil with 0.7% nanosilica. The compies strength
has increased by up to 56%. Increasing the coofemnosilica
resulted in a decrease in tensile stress, but erease in the
elastic modulus of the soil. Based on the resuttxan be
concluded that the addition of nanosilica has impcb the
mechanical and resistivity properties of clay. Fegli shows the
effect of nanosilica on clay particles. Figure wh the effect
of nanosilica on compressive strength and figurgh8ws the
effect of nanosilica on shear strength. Butron et(2009)
studied the effect of silica nanoparticles in taege of 5-100
nm, consolidation tests, three-axis and compressiength on
clay and showed that the soil containing nanopesiavere
formable in the early stages of formation and thelysequently
turn into elastoplasticity.

With increasing
nano-silica

.

== Bonding due to
ahsorbed water

== Bonding due to

< soil particle
viscous gel

Figure 1. The effect of nanosilica on clay soiltjzdes

Abbasi et al. (2018) investigated the effects afaparticles on
the dispersion potential and resistance parameferso types
of clay soil with low plastic and high plastic. Fidtis purpose,
initially, identification tests were carried out dwo types of
clay soil and nanopatrticles. Then they did pintetperiments
on soil samples with different quantities of namipkes
including (0, 0.25, 0.5, 1, 2 and 4% based on drigit).
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Figure 2. The effect of nanosilica on compresstuwength

Figure 3. The effect of Nano silica on uniaxial gessive
strength(UCS)

Based on the results of various experiments, it desrmined
that adding nanoclay to clay soils could reducé digpersion
and improve soil resistance parameters. Table Icdetphe
effect of nanoclay on the soil adhesion potential. this
research, the soil is divided into six classes émms of
dispersion. Dispersed soils (D1 and D2), mild dispé soils
(ND3 and ND4), and non-dispersed soils (ND1 and ND2

Table 1. The effect of nanoclay on adhesion paénficlay

Nanoclay Dispersivity potential at different curing ages
Without curing | 1-day | 3-day| 7-day

0 D1 D1 D1 D1

0.25 D1 D2 D2 D2

0.5 D1 ND3 ND4 ND4

1 D1 ND3 ND3 ND3

2 D1 D2 ND3 ND3

4 D1 D2 ND3 ND3
Fakhri et al. (2012) studied the effect of nanoctay basic

geotechnical properties of kaolinite clay soil. fhis end, they
performed Atterberg limit and standard concentratiests for
controlling the pasty behavior and optimal moistpeecentage
of kaolinite clay and its mixtures with differeneqgentages of
modified montmorillonite nanoclay. The results dfese
experiments show that the pasty range increasedisantly by

adding a small amount of modified montmorillonitanoclay
and the compression properties of kaolinite clalyisgproves.

Majdi et al. (2017) studied the effect of addingolkaite
nanoparticles on the geotechnical properties oy dail. In
order to provide nanokaolinite, a mechanical balll was used,
the initial powder of kaolinite was shredded inrna@tary ball
mill machine for 10 hours, and changed into theonaeter
scale (less than 100 nm). The images produced dyFibld
Emission Scanning Electron Microscope (FESE)

nanoparticles confirm this. The obtained nanoplagichen
were mixed with different soil weight ratio (CL clapil) and
the amount of soil geotechnical parameters chahg&se and
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of



JOURNAL OF APPLIED ENGINEERING SCIENCES
| SSN: 2247-3769 / e-| SSN: 2284-7197

VOL. 9(22), | SSUE 2/2019
ART.NO. 265 pp. 139-144

after the addition of nanoparticles were investdatby
compression, direct cut, and casagrande tests atichuom

addition of nanoparticles was obtained. The reslitsved that
the fluidity and pasty range of clay soil increasegh

increasing the number of nanoparticles to the amihposition.
However, since the rate of increase in pasty rémbéeher than
the fluidity level, the pasty index decreases white a
desirable result in geotechnical engineering to lément
construction projects. In addition, according te thsults of the
compression experiment, the weight of volume uhttlay soil

increases to a certain degree of addition of navlolite, and
then rapidly decreases. The adhesion of the clay s

consequently the shear strength is also increasearding to
the results of the direct cutting test after additof a certain
amount of nanoparticles and does not change mueh thfat
limit. The results of XRD and XRF experiments shovtiedt

nanokaolinite causes to increase in soil adhesioth thus
increases the shear strength of the soil (Majdalet2017).
Figure 4 shows the increase of shear strength agf sbil by

addition of nanokaolinite and increase in the nundfelays of
resistance. The direct cutting test has performitiil 4y 2, and 6

in soil improvement and upgrading which reflects &zonomic
impact of nanomaterial and consequently the rednctf
energy consumption and environmental pollution. ufég 5
shows a comparison of the effects of gamma nanadailumand
processing time on single-axial compressive sttengt

Uniaxial compressive

strength. pa

Processing time per day

Figure 5. Comparison of the effects of gamma namoiaium
and processing time on single-axial compressivangth

Changizi and Haddad (2015) studied the behaviorlaf by

kg weights, which are equal to 128, 74, and 222, kPa@dding a composition of nano iron oxide and pobesiber.

respectively. The results showed that the sheangtin of the
soil under these loads increases by adding nanokaalo the
soil composition as well as increasing the numifemaoisture
days due to increased adhesion between soil grains.

%1 nanokaolinite

o (KPa)

Figure 4. Increase of shear strength of clay spadiding
nanokaolinite and increase the number of moistayes d

Ghafarpour Jahromi and Zahedi (2016) used nanoiaistdo
improve the behavioral properties of problematizycsoils in
order to increase load capacity, reduce subsideresyce
swelling, and reduce economic costs for soil stadtibn in the
short and long term. In this research, at firsg #ffect of
cement on soil improvement was evaluated and then
simultaneous effect of cement and nano-aluminumsoih
specifications was investigated. This investigatioh these
effects was done in 1-day to 28-day treatment gsridrhe
characteristics evaluated in this study includesrtérg limit,
compaction characteristics, single-axial compresstrength,
California bearing ratio, and degree of acidity (pfdr
unmodified soil, modified soil with different cemeoontents
and cement modified soil in different
percentages. The scanning electron microscope le@asised to
control and evaluate the effect of materials on riaeoscale.
The results of this research show that the effeét
nanoaluminum on short-term behavior is very tamild
increase the resistance and rate of corrosionaddithadding 2
nanomaterials, the single-axial resistance of tlenpdes
increased up to 20% on the first day in comparigdath the
corresponding samples. Also, the results of thislystshowed
that by adding less than 6% of nanomaterial (imgeof cement
weight), soil mechanical strength can be incredsechore than
35% and consequently a significant part of cemensamption

nanoaluminum

The results showed that by adding various percestaf nano
iron oxide and polyester, the strength of soil pweters
increased, and this increase in different percenteas until a
tangible percentage and since then the increagercentage
has not had a significant effect on resistance had no
economic impact. According to the research done,agbtimal
percentage with the highest resistance is 1% ob iiram oxide
and 0.5% polyester fiber.
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Figure 6. The impacts of nano iron oxide and pdésefiber on
soil resistance
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Tadayonfar et al. (2014) investigated the effectpofyvinyl

acetate on improvement of mechanical propertieslay soils
and showed that the presence of polymer leads ¢redse in
dry density and optimum moisture percentage redativ free-
of-additive state and adding polymer leads in gicgtly

increase in soil compressive strength after 2 hodise
researches of Majeed et al. (2014) showed thaadoaktion of
nanomaterials to clay resulted in a decrease ircongpressive
strength of clay. The results show that the maximshmear
strength of the soil is obtained with nanoclay.
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Figure 7. The effects of different nanomaterialsoit (UCS
TEST)

Tabatabaei and Salamat (2013) in a research priojeatiding
lime and polyvinyl acetate nano polymer on clayissstudied
the changes in soil resistance parameters. Thdtgesiithe
experiments were that adding polymer to the soénged the
soil's behavior towards less water absorption anteasing the
amplitude of the pasty. Adding lime to the soil, the long-
term, has a greater effect on the increase of oesspe
strength than the polymer, and the result obtaifteth the
direct cutting test shows that by adding both nial®r soil
adhesion also increases. Neethu and Remya (2013)
performing experiments on mixture of clay with nelay
showed that increase of nanoclay increases sixige-a
compressive strength and decreases the
coefficient of soil. Mahmoodi and Niazian (2013), érder to
evaluate the impact of nanoclay on the geotechmicgberties
of clay, performed compaction, direct cutting, uni@oed
compression and Atterberg limits tests on clay amxkd with
different nanoclay percentages, and found thatrssangth,
compressive strength, and soil increased by incrgathe

consofidatio

percentages. Figure 8 shows the effect of nanoday
compressive strength.
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Figure 8. The effect of nanoclay on compressivensfth

Bahari et al. (2012) studied the effect of nanoatey fine-
grained clay soils. The results of this researdficated the
level of fluidity limit, the pasty limit, and theog pasty index
due to the adding nanoclay. They also announcedhbaffect
of nanoclay is negative on the compression testaBse it
increases the optimum moisture content and redheespecific
weight of dry soil. The results of single-axial eximnents
showed that nanoclay has a positive effect on asing the
unconfined compressive strength of soils versusidied the
corresponding strain, so that nanoclay increasesadil elastic
modulus. Another part of the results of this resedndicates
the increase in adhesion along with the sheargttesf the soil
due to the addition of nanoclay. Figure 9 showsétffiects of
nanoclay on the soil. The results show the posiéffect of
nanoclay on the soil. By increasing the nanoclag $oil
compression strength reached 1.35 kg/cm2 withaansof 1.12
for the free-nanoclay soil and reached to 2.1 kg/amith a
strain of 1.185 for the soil containing nanoclay.

Strain (%)

Figure 9. The effect of nanoclay on soil resistance

Majed and Taha (2012) examined the effect of natenriads on
the geotechnical properties of Malaysia's orgaminemg clay.
The selected nanomaterials were nano magnesiune aad
nanoclay with 0.5 to 1 weight percent of soil. Auglieach of
the nanomaterials reduces the Atterberg limit aastyp Index
and increases the maximum dry specific weight ef ghil. In
addition, soil resistance properties have improsedthat by
increasing the number of nanomaterials, the corsmes
strength initially has a rising trend and then dases. Figure
I310 shows the effect of different nanomaterials omjgression
rength.
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Ganji et al. (2012) investigated the effect of naayp on shear
stress variations in a clay silicate soil. Compatimg results of
single-axial compression tests in two conditionshwthe
presence and absence of nanoclay shows, thatsthess of the
soil will increase using the nanoclays.

Taipodia et al. (2011) investigated the effect @lcium
dichloride, calcium oxide and potassium nitrate apanticles
on clay properties. Their results indicated incee@s shear
strength, reduction in permeability and reductiom
compressibility under the adding nanoparticles.arahd Taha
(2012) investigated the effect of adding differagpes of
nanoparticles, including nano-aluminum, nano-coppand
nanoclay, on the swelling and contracting behawbrclay.
Their results showed that the adding nanoclay had
impalpable effect on the optimum moisture contemd a
maximum dry specific weight of the samples and bylilg
nanoclay, the pasty index, and soil contractioritlincreases.
Mohapatra and Anand (2010) acknowledged that thérMo
Coulomb rupture is identified by two parameters:esibn and
internal friction angle. In general, intact soilsich of
nanoparticles, except for smectite and halloy$igeie a higher

volumetric density and weak intralayers bond. Oa tiher
hand, there are groups of fibrous nanoparticlesdaa increase
the shear strength of the soil through their tissffrect, just like
arming with fiber. The effects due to intralayesstie effect and
the effect of surface adsorption may significaritigrease the
shear strength of the soil.

4. DISCUSSION AND CONCLUSION

i In this paper, the use of nano additive materialsail stability

and resistance, with clay and its effects and tesdve been
studied. In most nanosilica studies, nanoclay, fsigmer,
nano iron oxide, and kaolinite nanoparticles wesedu Due to
smaller dimensions, nanoparticles have a spedaifitase and
aare actively reactive with other particles in tlod satrix. Even
one minute of these nanoparticles can have tremendffects
on soil engineering properties. This study showért t
nanoparticles affect strength, permeability, coregian,
density, indices, and resistance. In this resedr®hstudies on
the effect of nanomaterials on soil resistance werestigated.
Table 2 shows types of nanomaterials used in astighd figure
11 shows comparison of the nanomaterials usederatticles.

friction angle and adhesion due to the bond betwee/According to figure 11, it is observed that the oclay is the

nanoparticles and other particles of soil that ltesin a
relatively larger and stronger aggregate. For siteedtie to the
formation of thick dual electric layers on its saads, direct
particle contact rarely happens; hence, its friictimgle is the
least in all clay types. However, halloysite mayéaignificant
effect on degradation of under pressure soil duétstdow

Fitrgns Mamo  Calm Mmoo  Dobpvind  Namo
penopar  copper  dichleri  mamee  acetme 1mu
tickes de sml  npang- omida

omide  palymer

nanomaterial

most common nanomaterial used in papers to incréase

strength of the soil. Thus, it can be concluded tiamoclay has

a greater effect on the resistance of clay thaneroth
nanomaterials. It is recommended that this resedaectione for

other sails.

number

[

= e b

Mamoa Hanak apg Mamosilicz
bmin gl ey
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Figure 11. Comparison of used nanomaterials inlartic

Table 2. Types of nanomaterials

used in articlesthair effectiveness

Effect of nanomaterial on soil Authors

Nanomaterials

Improvement of soil mechanical and Changizi and Haddad
resistance properties et al. (2019)
Reduction in soil dispersion and Abbasi et al. (2018)
improvement of resistance parameter
Increase in optimum moisture and
reduction in soil dry specific weight
Increase in optimum moisture and
reduction in soil dry specific weight
Increase in adhesion, increase in sheafajdi et al. (2017)
strength

Bahari et al. (2012)
Ganji
Fakhri et al. (2012)

Increase in single-axial strength and Ghafarpour Jahromi and Zahedi (2018),Nanoaluminum
Taha and Taha (2012)

soil mechanical resistance
Increase in soil resistance parametersChangizi and Haddad

Increase in compression resistance Tadayonfar et al. (2014)
Increase in compression resistance Tabatabaei and Salamat (2013)
Improvement of resistance properties Majed and Taha (2012)

(2018) and BotrourNanosilica

Nanoclay

Nanokaolinite

Nano iron oxide
Polyvinyl acetate nano-polymer

(2015)

Nano magnesium oxide
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Increase in shear resistance, reductiomypodia et al. (2011)
in permeability and density
Increase in pasty index
Increase in shear resistance

Taha and Taha (2012)
Mahapatra and Anand

Calcium dichloride, Calcium oxide and
Potassium nitrate hanoparticles

Nano copper

Fibrous nanoparticles

(2010)
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