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Use of soft clay soils in construction activities has faced many problems. Some improvement,
stabilization, and reinforcement methods is required to use these soils in body of roads, sub-foundations
and embankments. In this research, the effect of chitin nanofiber and rice husk ash as additives on the
behavioral properties and bearing resistance of soft clay soils by considering the processing time of 7,
28, 42 and 90 days was investigated. The suitability of chitin nanofiber to be used as an additive was
evaluated by FT IR, XRD and SEM analysis. Different percentages of additives (1,2, 4, 6 and 8%) with
variationsin chitin nanofiberandrice husk ash ratiowere added to soil containing 6% lime. Maximum
reduction on liquid limit and plastic index was obtained by addition of 2% additives to the soil containing
6% lime in which the percentage of chitin nanofiber was more than rice husk ash. Using examined
additives in clay soil resulted in to a significant increase in bearing resistance, specifically at higher
percentages of additives and curing times (days). As a whole, obtained results confirmed the potential

use of chitin nanofiber and rice husk ash as additives for the improvement of soft clay soils.

doi: 10.5829/ije.2019.32.03c.04

1. INTRODUCTION

Soft clay soilsare one of the problematic types of soils
which have led to significant damages in the operation of
structures constructed on these soils [1]. The problem of
soft clays include damages such as cracking,
displacement, tilting, rising, or even the destruction of
structures due to pressure generation and deformation.
Literature reviews showed that the problem and damages
associated with soft clays are more than total natural
disasters such as earthquakes and floods [2]. Swelling
phenomenon in soft clays entirely depends on the type of
clay minerals, type and amount of absorbing cations, and
molecular bond between them [3, 4] which leads to
various types of complications. Among the damages
caused by soil, the diametric cracks in the wall,
separation of wall from the structure floor, stuck doors,
cracks in the floor coating, rise of the floor slab, and
arched walls can be mentioned [2].

*Corresponding Author Email: arjomand@srttu.edu (M. A
Arjomand)

Various typical techniques such as pre-soaking, soil
replacement of project site, chemical stabilization of soil
(by lime, Portland cement, bitumen and fly ash as
traditional  stabilizers, enzymes and resin as
nontraditional stabilizers), electrochemical method, and
moisture barrier have been widely used for soft clay
modification as previously reported in literature [5-7].
Researches confirm that adding lime to clay leads to
increase in resistance and significantly reduces the dough
properties and swelling potential. However, some soils
do not react with lime due to lack of silicates and
aluminates in the soil. In these cases, the combined lime
with a pozzolanic material such as fly ash or microsilica
can be used [8-10]. Cement is another material which can
be used in stabilization of various types of soils, such as
clay. Nevertheless, in contrast to lime, cement is poorly
suggested to be used for stabilizing the fine-grained soils
[11]. Anotherproblem caused by various additives is the
issue of environmental pollution; though, using
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biodegradable additives such as agricultural waste which
are environmentally compatible may have desirable
effect on reduction of environmental pollutants [12]. As
mentioned, sometimes traditional stabilizers are not
suitable for improvement of the soft clays properties due
to long curing time and significant usage volume of
additives. Therefore, search on new additives are always
interests of researchers. Today, due to the recognition of
the beneficial effects of nanotechnology in various areas
of the environment, materials, energy, and national
security, the tendency to study on nanoadditives in this
area is increasing because of their technically,
commercially and economically potentials [13-15].

Concerning that problematic clay soil is one of the
problems of stabilizing soils for large scale projects,
especially the construction ones in Iran, the engineering
properties of this type of soil can be changed using the
nanoscale stabilizers. So, nanopolymer materials can be
used because they reduce the water adsorption in clay
soil.

Chitin is the most abundant biopolymerin nature after
cellulose and is found in the structure of organisms such
as shrimp, crabs, insects, and turtles. Chitin is a semi-
crystalline polymer like cellulose and starch; can be
hydrolyzed by using acidic hydrolysis or other methods.
The amorphous regions of this biopolymer can be
decomposed to obtain chitin nanocrystal. So far, the
successful production of chitin nanowhiskers from crab
shells and shrimp waste has been reported [15]. The
relatively high annual production of rice in Iran gathers
large quantities of rice huskwhich has led to study on rice
husk for extracting silica as an inexpensive alternative
source for the production of silicon-based materials with
the aim of technological and industrial uses [16]. In this
regard, some researcheres have investigated the effect of
using rice husk on stabilization and unconfined
compressive strength of soil [17].

In this research, the influence of addition of different
percentages of rice husk ash and chitin nanofiber on
behavior properties of soft clay containing 6% lime is
evaluated. As a matter of fact, rice husk is utilized for
several reasons: first it is a natural by-product self-
renewable which grown over a wide range of northern
parts of Iran. Second, this material, rice husk, is very
cheap and easily available. Chitin nanofiber has been ako
selected as an additive due to considerable properties
such as biodegradability, reduction in water adsorption
and smaller usage volume of additives. Anotherobjective
of this study is to monitor the variation of bearing
resistance versus processing times.

2. MATERIALS AND METHODS

2. 1. Materials The clay used in this research was
prepared as kaolinite ZMK2 in 50kg packages from Iran

China Clay Industries Co. The physical and chemical
properties of clay are summarized in Table 1. Chitin
nanofiber was purchase from Nanonovin Co. Lime was
supplied in 40kg packages from PARS Chemical
Industries and stored in the nylon bags to prevent the
reaction with carbon dioxide of the air. Rice husk ash
(white powder) was obtained by burning the rice huskin
furnace at temperature of 700°C for 3 h. The chemical
properties of lime and rice husk ash are depicted in Table
2. The required identification experiments were also
performed based on ASTM standard method which is
presented in Table 3.

2. 2. Atterberg Test Fine-grained soils have
different shapes with an increase in for the amount of
absorbed water. As water increases, the thickness of the
water layer surrounding to the seeds growths and the slip
of seeds on each otherbecomes easier. Therefore, the soil
behavior actually depends on the level of water inside the

TABLE 1. Physical and chemical properties of clay

Mineralogical Particle Size

Chemical Analysis

Analysis Distribution%

Element pe\:\é:ﬁ%@ Element :)Ae{fégm Description
(%)

L.O.1 6+1 Kaolinite 41+2 <5 >150p
SiO, 74+1 Quartz 52+2 352 >40p
Al,O3 15+1 Calcite 3+0.5 53+2 >20p
Fe.0; 0.45+0.05 F;gésl'ﬂ ; 2042 >2p
TiO; 0.04+0.01 Others 4x1
CaO 1.5+0.2
MgO 0.4+0.05
Na,O 0.35+0.05
K0 0.3+0.05
SO, -

TABLE 2. Chemical properties of lime and rice husk ash
Weight percent (%)

Element
Lime Rice husk

CaO 89.26 0.67
CaCOs 4.36 -

Al O3 0.91 0.46
Fe;03 0.88 0.67
MgO 2.74 0.44
SiO, 0.93 88.32

Sodium oxide and potassium - 3.13
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TABLE 3. Experiments conducted in this research

Description ofexperiment ASTM Standard
Atterberg's limits [18]

Liquid limit ASTMD4318
Plastic limit ASTMD4318
Plastic index ASTM D4318
Bearingresistance [19] D 216613
Chemical tests

" XRD D1031-96

" XRF E1031-96

* X-Ray Diffraction;** X-Ray Fluorescence

complex. The fine-grained soil can be classified based on
the moisture content in one of the solid states as semi-
solid, plastic, and liquid. The specifications of Atterberg
test for these states are defined in Table 4.

The liquid limit was determined using Casagrande
Apparatus which is amechanical device with a brass cup,
internal diameter of 54 mm, thickness of 2 mm, and
weight of 200 g. The cup is hinged on the back by a pin
on two pillars, which is located on a platform made of
hard plastic. The cup spins on the hinge and rises by
rotating a handle. Then, it falls and hits the floor. The
height of the cup fall can be adjusted to the standard level.
Along with this device, a bar is embedded for creating a
standard gap in the soilsample inthe cup. The liquid limit
of some clay minerals is mentioned in Table 5.

TABLE 4. Specifications for Atterberg test

Soil moisture

Mechanical mode Degree of difficulty

content (Kneaded) (Kneaded)
Liquid Very loose
(plasti:lus%gltsehstart) loose
Pl=LL-PL plastic medium
LL-Liquid limit Semi-solid state start
PL-plastic limit
SL-shrinkage limit Semi solid stiff
Solid state start
Solid Very stiff
Solid Hard

TABLE 5. Liquid limit of some clay minerals

Mineral clay Liquid limit
Kaolinite 35-100
lite 55-120
Montmorillonite 100-860

2. 3. Preparing and Processing the Samples This
research aims to investigate and compare the effect of
addition of different percentages of rice husk ash and
chitin nanofiber as stabilizers on the behavior properties
and bearing resistance of soft clay containing 6% lime.

First, the experiments were conducted on initial soil
sample to determine the plastic and liquid limits. After
preparing the clay sample, dry powdered lime (6% w/w)
was added to it. For performing experiments, different
percentages of additives (1, 2, 4, 6 and 8%) which were
the mixture of rice husk ash and chitin nanofiber were
added to the clay samples containing 6% lime. The ratio
of each additive in any sampleswere shown as (N100P0),
(N75P25), (N50P50), (N25P75), and (NOP100). In all
experiments, two samples were selected as the control
samples. These samples contained pure clay (C) and clay
containing 6% lime (C-L). In addition, N and P refers to
chitin nanofiber and rice husk ash, respectively. For
instance, N75P25 means that 75% of any percentages of
addition is chitin nanofiber and 25 % of it is made of rice
husk ash.

2. 4. Unconfined Compressive Strength Test
Unconfined compressive strength test, a small amount of
clay soil was taken and sieved by sieve no. 4. The sieved
clay soil was poured into a container and a small amount
of water was added to it using pipette to become wet for
properly mixing. After mixing, the wet clay was poured
in sampling framework (Figure 1) as three layers. Each
layer was compacted properly by the bouncing rod. Then,
after compacting the last layer and filling the framework,
the surface of the framework is properly smoothed and
polished by the spatula. The cylindrical samples were
slowly removed from the framework without any
variation or damaging. The obtained samples were
preserved in the special place of treatment samples to
maintain  their moisture for performing desired
measurement at the required time intervals of 7, 28, 42,
and 90 days. Then, the samples consisting of6 wt% lime
and initial clay soil as well as the samples containing
chitin nanofiber and rice husk ash additives were

Figure 1. Cyiindrical container for single axial compressive
test
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prepared at known percentages similar to the samples
prepared in the plastic limit test. Based on the curing
days, the samples were placed under unconfined
compressive strength device. After placing the samples
under the jack, theindicator clocks were manually seton
zero and, then, the sample was loaded. After the first
force was applied to the sample by the device, reading
begun and, for each unit of the applied force, the number
shown by the indicator clock hand was read and recorded.
These readings were continued until the force became
negative. The obtained results from the device were
shown in the related figures, the diagram of the test
process was plotted and the results were analyzed
andcompared.

3. RESULTS AND DISCUSSIONS

The main goal of the present work is to improve the
properties of clay inflation associated with simultaneous
reinforce and increase of the bearing resistance of the
clay soils. In previous studies, various materials wer
developed to reduce the properties of the inflation in the
clay soils. However, simultaneous combination of
reinforce with stabilization method has not been used.
Considering the significant role of lime and rice huskash
in improving the inflation properties of clay soils, we
have done experiment to determine which material has
potential to increase the bearing resistance and
simultaneous reinforces and stabilization of clay soils
containing lime and rice husk ash.

3. 1. Chemical Tests For confirming the proper
interaction between the chitin nanofiber and clay soil,
Fourier-transform infrared spectroscopy (FTIR), XRD
(X-Ray diffraction) and Scanning electron microscope
(SEM) analysis were performed on chitin nanofiber/clay
composite. The FTIR spectrum of chitin nanofiber
(Figure 2(a)) shows the vibration bands at 3623 cm™! for
O-H stretching, 3129 cm™! due to interlayer and intra-
layer H-bonded O-H stretching, 2917 cm® for aliphatic
C-H stretching, 1654 cmt for C=0 group of R-CO-NH2,
1548 cm! for N-H bending and 1437 and 1035 cm! for
C-O stretching. The spectrum of chitin nanofiber/clay
(Figure 2(b)) showed that all chitin nanofiber messages
appeared on the soil; due to interactions with groups and
elements of soil, the intensity of the messages was
reduced to lower frequencies. These results indicated that
chitin nanofiber was present in soil components.

Figure 3 illustrate the XRD patterns of chitin
nanofiber/clay nanocomposite. The XRD pattern of clay
shows a reflection peak at about 26 = 26°, corresponding
to a basal spacing of 3.32A° The XRD pattern of chitin
nanofiber/clay shows the characteristic crystalline peaks
at around 20 = 24°, 39°, 42°, 49° and 54°, characteristic to
chitin nanofiber. The shift of the basal reflection of clay

@

Figure 2. FTIR spectrum of (a) chitin nanofiber, (b) chitin
nanofiber/clay
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Figure 3. XRD patterns of chitin nanofiber/clay

to lower angle indicates the presence of chitin nanofiber
in clay. In addition, the intensity of the other messages
mentioned above is reduced, which indicates the
structure is immersed or the layer is chitin nanofiber/clay
layer.

SEM result is presented in Figure 4, which were
placed in a layered layer, and chitin nanoparticles in the
sizes of 20 to 30 nm on clay particles are distributed
uniformly with a little irregularity. As the image shows,
the dark points are related to clay particles and chitin
nanoparticles as white points. Chitin has amino and
hydroxyl groups, which can lead to strong interaction
between the matrix and silicate layers by forming
hydrogen bond with the hydroxide silicate edges. The
result of analysis shows the presence of chitin nanofiber
in clay.
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SEM MAG: 100 kx
WD: 4.43 mm B1:7.00
View fieid: 2.08 ym _ Date(midly): 11730117

Figure 4. SEM of chitin nanofiber/clay nanocomposite

3. 2. Unconfined Compressive Strength Test The
results of Unconfined compressive strength test on initial
soil (c) and soil containing 6% lime (C-L) at various
processing time are shown in Table 6.

3.3. Behavior Properties Influence of the addition
of various percentages of chitin nanofiber and rice husk
ashto clay containing 6% lime on the liquid limit, plastic
limit and plastic index are shown in Figures 5a to 5c,
respectively. Figure 5(@) shows that changes in liquid
limit resulted in by addition of various percentages of
additives is approximately identical and linear, and the
maximum change obtained by addition of 2% additives
to the soil containing 6% lime (100% chitin nanofiber
without any rice huskash). By combining the initial soil
sample with soil containing 6% lime, the liquid limit
increased two-fold and after that by adding additives, a
reduction trend was observed.

By addition of 6% lime to the initial clay soil, the
plastic limit decreased from 33.87 to 23.38 which showed
31% reduction. Thereafter, with the beginning of adding
different percentages of chitin nanofiber and rice husk
ash, the reduction rate became very slow and variations
were identical, in such a way that the maximum change
occurred by addition of 2 and 6% additives. However, the
decreasing trend had a slight slope. The lowest plastic

limit was 20.51 (in condition of 2% additives contained
50% chitin nanofiber and 50% rice huskash). It was 39%
and 12% lower than plastic limit of initial soil sample and
soil sample containing 6% lime, respectively. However,
the decreasing rate of plastic limit was observed in all soil
samples.

A decrease in plastic index is favorable because it has
resulted in to a reduction in consolidation properties of
the problematic and consolidated soil sample. The
reduction of 84% was achieved in plastic index by
addition of 2% additives (100% chitin nanofiber without
ash rice husk ash) to the initial soil in which the plastic
index decreased from 30.64 to 4.79. An average
reduction of about 50 -85% was obtained in plastic index
for all samples by addition of additives showing an
effectiveness and appropriate performance of examined
additives. Results also showed that the influence of
addition of chitin nanofiber to the soil samples on
reduction of plastic index was more than addition of rice
husk ash. Although, adding 6% lime to the initial soil
samples efficiently reduced the plastic index; but,
addition of different percentages of chitin nanofiber and
rice husk ash caused significantly higher reduction in
plastic index and improvement of plastic properties of
problematic soils.

3. 4. Unconfined Compressive Strength Results
showed that by passing time from the preparation and
production of the samples, the normal stress and bearing
resistance increased with steep and ascending slope, and
the improvement in stress and initial resistance was well
expressed and desirable. It should be noted that, on the
early days, unconfined compressive strength test results
of the clay with low percentages of chitin nanofiber and
rice husk ash additives had about 20-30% decline in
compared with the preliminary soil clay and clay
composed of 6% lime. With an increase in processing
time and additive percentages in samples, the decline was
highly reduced. In addition, the larger amount of chitin
nanofiber in the samples resulted to the higher increase
in stress and strength of the samples.

TABLE 6. Results of Unconfined compressive strength test on initial soil () and soil containing 6% lime (C-L) at various processing

time
Days of test  Ho(cm) do (cm) w (%) Gs Oa (gr/cm?) eo Sr qu(kg/cm?)
C - 8.00 3.80 15 2.56 1.65 0.81 0.47 1.23
7 8.00 3.80 11 2.56 1.65 0.55 0.19 2.11
C-L 28 8.00 3.80 7 2.56 1.63 0.57 0.09 3.08
42 8.00 3.80 5 2.56 1.58 0.62 0.08 3.55
90 8.00 3.80 4 2.56 1.50 0.71 0.07 4.12

ho: height; do : diameter; W: humidity; Gs: specific gravity of soil; [/ ¢dry soil specific gravity; eo: porosity ratio; Sr: degree of saturation; q,: pressue

resistance
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Figure 5: Effect of the addition of various percentages of chitin nanofiber and rice husk to clay containing 6% lime on (a) liquid

limit (b) plastic limit, and (c) plastic index of soil samples

Variation of bearing resistance versus processing times
for addition of various chitin nanofiber and rice husk ash
percentage to clay containing 6 % lime is shown in Figure
6 (a-e).

With 100% contribution of rice husk ash in the
compounds based on the processing time, the trend of
changes in the normal stress and bearing resistance was
increased. This enhancement was within the range of 10
to 235% during the processing period of 7 to 90 days,
compared to the initial compressive strength of the soil
samples which was 1.23 kg/cm?. With 6% addition of
additives while all of them was rice husk ash,the normal
stress was reached to its maximum value of 4.116 kg/cm2.
However, comparing the strength results of 100% ash
contribution with the strength results of clay soil
containing 6% lime and initial soil sample showed a
slight decrease in the range of 2 to 35%. The highest
reductions occurred in 1-2% addition of compounds.
With an increase in additives percentages, the decline
decreased and in 42- and 90-day periods, this trend
continued.

An increase in chitin nanofiber percentages in the
formulation of soil samples caused an enhancement in
increasing trend of normal stress and bearing resistance.

This increasing trend was associated with more severe
slope during the processing time at 42 and 90-day
periods. In comparison with the strength value of initial
soil sample from 7 and 90 days, an increase was within
the range of 20 and 268%. The highest enhancement in
strength number (4.51 kg/cm?) were obtained by addition
of 6% additive (268% increase compared to the initial
value). The desirable increasing trend of resistance and
stress was maintained in all additional percentages to the
initial soil sample in which chitin nanofiberand rice husk
ash had 75 and 25% contribution, respectively. The
longer the processing time, the more improvement in the
resistance and stress would be. Results showed the
desirable effects of two additives, especially chitin
nanofiber on the normal stress and bearing resistance.
The increasing trend in stress and bearing resistance is
quite obvious by using 100% chitin nanofiber in soil
samples. While the processing time increased, the
bearing resistance was increased to about 3.5 folds more
than its initial value (5.44 kg/cm?). Results also showed
that addition of chitin nanofiber and rice husk ash to the
soil containing 6% lime caused considerable increase in
bearing resistance, especially at higher processing time
and additives percentages.
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Figure 6. Variation of bearing resistance versus processing times for addition of various chitin nanofiber and rice husk ash percentage
to clay containing 6 % lime: (a) 1%; (b) 2%; (c) 4%; (d) 6%; and (e) 8% additives

4. CONCLISIONS

Due to many problems in the constructional structures on
soft clay beds, particularly the consolidated soils, or the
possibility of using these types of soils in soil structures,
there was a need for the improvement and stabilization of
these soils.

In this research, two additives namely chitin
nanofiber and rice huskash were added to the clay soil at
different percentages, and the plastic properties and
bearing resistance were studied.

e Results showed favorable chemical bond between
chitin nanofiber and soil clay which confirmed chitin
nanofiber potential to be used as an additive in soil
stabilization study.

¢ In all samples, addition of chitin nanofiber and rice
husk ash led to a significant reduction in the plastic
properties of clay soil sample.

e The maximum effect of additives on reducing the
temporal plastic index can be observed, where the
addition percentage of chitin nanofiberwas larger than
rice husk ash.

e The maximum effect of additives on reducing the
plastic limit was when the percentage of rice huskash
was higher in the additives.

e Addition of chitin nanofiber and rice husk ash to the
soil containing 6% lime resulted to asignificant
increase in bearing resistance, specifically at higher
additives percentages and curing time.

5. ACKNOWLEDGEMENTS
Special thank is to Dr. Samad Khaksar, faculty member

of Ayatollah Amoli branch, Islamic Azad University,
Amol, Iran for his contribution in this research.



M. Gharib et al. / IJE TRANSACTIONS C: Aspects Vol. 32, No. 3, (March 2019) 373-380

6. REFERENCES

Symposium, University of Kentucky, Lexington, US, (2003), 1
18.

- . . N 10. Sharma, N. K., Swain, S. K., and Sahoo, U. C., “Stabilization of
Rahimi, H., Abbasi, N., and Shantia, H., “Application of ! A ! T .
geomembraneto control piping of sandy soil under concrete canal a Cla)_/ey_So’!I with FIY Ash and Llr_ne. A _Mlcrp Level
lining (case study: Moghan irrigation project, Iran)”, Irrigation Investigation”, Geotechnical and Geological Engineering, \ol.
and Drainage, Vol. 60, No. 3, (2011), 330-337. u ij’l:\‘ok Z’ (Zodlél)*élgz]fl:os- S

L . o . . Mallick, R. and El-Korchi, T ., Pavement engineering: princip
Rahimi, H., and Abbasi, N., “Failure of concrete canal lining on -
fine sandy soils: a case study for the Saveh Project”, Irrigation and practice, CRS Press, Newyork, US, (2009).
and Drainage, Vol. 57, No. 1, (2008), 83-92. 12. Ouhadi, V. and Amiri, M., “Geo-environmental behaviour of

. . . . . lays in interaction with heavy metals contaminant”,
Abbasi, N., “The Role of Anions in the Dispersion Potential of nanociays s . vy ¢
Clayey Soil”, Journal of Agricultural Engineering Research, ,Zb\gllglgablr\]ournal of Civil Engineering, Vol. 42, No. 3, (2011),
Vol. 12, No. 3, (2011), 15-30. ' . ) ]
Abbasi, N., andNazifi, M. H., “ Assessment and Modification of 13. gprges, F:j.i;bl:l’ollet,lE.. ?m}i Averlous, L"t Nago-bé(:ﬁgO?lggS!tPﬁ
Sherard Chemical Method for Evaluation of Dispersion Potential Pg)l fng;? SCieeano\/}(l)fis 362 n§%0028%28%2§q525—1559
of Soils”, Geotechnical and Geological Engineering, Vol. 31, y o R ' )

No. 1, (2013), 337-3486. 14. Chang, P.R,, Jian, R, Yu, J., and Ma, X., “Starch-based

. ites reinforced with novel chitin nanoparticles’,
Majeed, Z. H., Taha, M. R., and Jawad, I. T ., “Research Journal compost >
of Applied Sciences, Engineering and T echnology”, Research Caﬂ?Ohydrate Polymers, Vol. 80"N0' 2, (291.0)’ 420_4"25'
Journal of Applied Sciences, Engineering and Technology, 15. Ravi Kumar, M. N. V., “A review of chitin and chitosan
\ol. 8, No. 4, (2010), 503-509. applications”, Reactive and Functional Polymers, Vol. 46, No.
Kutanaei, S. S., and Choobbasti, A. J., “Prediction of combined 1,(2000), 1-27. o o o
effects of fibers and cement on the mechanical properties of sand 16. Kordatos, K., Gavela, S., Ntziouni, A., Pistiolas, K.N., Kyrits,
using particle swarm optimization algorithm”, Journal of A., and Kasselouri-Rigopoulou, V., *“Synthesis of highly
Adhesion Science and Technology, Vol. 29, No. 6, (2015), 487— SII!CeouS ZSM-5 zeolite using 5111ca_ from rice husk ash”,
501. Microporous and Mesoporous Materials, Vol. 115, No. 1-2,
Rahmannejad, M., and Toufigh, V., “Influence of Curing Time (2008), 189-196. ) o .
and Water Content on Unconfined Compressive Strength of Sind 17. Prakash, J., Kumari, K., and Kumar V., “Stabilization of Soil
Stabilized Using Epoxy Resin”, International Journal of Using Rice Husk Ash”, International Journal of Innovative
Engineering, TransactionB: Applications, Vol. 31, No. 8, Research in Science, Engineeringand Technology, Vol. 6, No.
(2018), 1187-1195. 7,(2017), 12997-13003.

Mehta, P.K., “Siliceous ashes and hydraulic cements prepared 18. “ASTM D4318-87”, Standard T est Methods for Liquid Limit,
therefrom,”U.S. Patent No. 4,105 459, Washington, U.S. Patent Plastic Limit, and Plasticity Index of Soils, ASTM standard
and Trademark Office, (1978). D4318, (1989).

19. “ASTM D2166-13”, Standard Test Method for Unconfined

Beeghly, J. H., “Recent Experiences with Lime-Fly As
Stabilization of Pavement Subgrade Soils, Base, and Recycled

Compressive Strength of Cohesive Soils, ASTM standard D2166,

Asphalt”, In Proceedings of the International Ash Utilization (2006).

Influence of Chitin Nanofiber and Rice Husk Ash on Properties and Bearing
Resistance of Soft Clay Soils

M. Gharib?3, M. A. Arjomandb, M. R. Abdi¢, A. Arefnia2

@ Department of Civil Engineering, Roudehen branch, Islamic Azad University, Roudehen, Iran
b Faculty of Civil Engineering, Shahid Rajaee Teacher Training University, Tehran, Iran
¢ Faculty of Civil Engineering, KNT University, Tehran, Iran

PAPER INFO oS>

Paper history:

Received 14 December 2018

Received in revised form 30 January 2019
Accepted 07 March 2019

Ql»,l.,;;\;T;:aﬁduu;),,-!V,sf_.c..w\A.u;u,\y@\}\;amp@wudqu,;r;deusujl szl
W sy S 5 S b S0 0 Gl nl 03 Sl S 3550 e S 5 el 5 daeslr s LS ) Sl esliad (4
0l ey 55580 SEY YAY 33l Oles a5 L p 5 s S gl S slie 5 555 ol i 555 (S258) ol se Ol e
33l 5l e glads p3 e 0 dd LI SEM s XRD FTIR (sla Ul Lo s 535550 G Ol sis a0 S b 550 03 50 conslin
s L SaT doys | g3l S 4y iy S 5 S s U i 53 S L (Aops A 5T E X D) s

uéf:s};h .,\.JJAASZ-\ Sal Sl SB@&:J}N)‘ 7x Q:x_élb_u&::.ﬂyg: u,.d}'-ujéj.:.«}'bjé Ji'.AlS_)S\b el

Keywords:

Soft Clay Soils
Chitin Nanofiber
Rice Husk Ash
Bearing Resistance
Atterberg Limit

Caaglie 55 g 55 BB Rl Eel ey S 5 w3550 S39580 550 5l eslind el R Gy gy xS 5l iy
3ol ealid ol sty 8 (S 5k 4 el el 51y slalle) 5 S5l 3lse 3l VL (sladsss 3 sy 4 sl

cid 038 B g 0 S 3 g 1 o33l e Ul 4 1) g gy S S bt
doi: 10.5829/ije.2019.32.03c.04




