Ferdowsi Civil Engineering, 37, 2, 2024. (1-24)

D

Ferdowsi Civil Engineering

7 i

) . A
- , - - - -
AAiAGh https://civil-ferdowsi.um.ac.ir .
Ferdowsi Iranian Pavement
i i Concrete Engineering
University Institute  Association of Iran
of Mashhad

Effect of Nano-Cement Particles on the Geotechnical Properties of Dune Sand-Bentonite

Mixtures *
Research Article

Reza Parvaresh', Rouzbeh Dabiri?
DOI: 10.22067/jfcei.2024.82076.1225

, Saeideh Ebrahimi Asl?

1- Introduction

Enhancing the engineering performance of problematic
soils in construction projects is a key focus in geotechnical
engineering. A critical consideration in designing
geotechnical structures and buildings on soft or loose soils
is the extent of deformation or settlement, as well as their
resistance in some cases. Although soil stabilization
methods are typically categorized as mechanical or
chemical, nano-materials are now being used more
frequently to improve the geotechnical properties of soils.
In addition, the way soil particles are skeleton and
arranged, along with their size, plays a role in determining
the void ratio and the contact points between particles,
which in turn affects the selection of stabilization methods.
This is particularly relevant when the soil is a mix of coarse
and fine particles, a scenario often encountered in
engineering projects. In this study, an attempt was made to
examine the effectiveness of nanoparticles (specifically
nano-cement) in stabilizing a sand-clay mixed soil
(bentonite) and modifying its skeleton and framework.
Improving the geotechnical properties of the stabilized soil
makes it feasible to stabilize soil beneath foundations,
construct embankments behind retaining walls, and build
road pavement layers.

2- Materials and Experimental Program

For this purpose, nano-cement particles were added into
sand-bentonite mixtures at weight percentages of 0.2%,
0.4%, and 0.6%, with the bentonite content set at 15%,
30%, and 60%. The samples were then cured and tested at
intervals of 7, 14, and 28 days. To assess the geotechnical
properties of the improved stabilized specimens, a series
of tests were performed according to the ASTM standards,
including compaction (ASTM D698), uniaxial strength
(ASTM D2166), direct shear under dry and saturated
conditions (ASTM D3080-11), and the California Bearing
Ratio (CBR) test (ASTM D1883). The sand used in this
study was dune sand prepared from the Shore of Urmia
Lake, specifically the fraction that passed through sieve

sizes 40 and 50. Sodium bentonite was chosen as the clay
component. According to the Unified Soil Classification
System, the used sand is classified as type SP, indicating a
uniform grain size, while the bentonite is classified as type
CH, indicating high plasticity. The grain size distribution
of dune sand and bentonite can be seen in Figure 1. The
physical and geotechnical properties of materials are

presented in Table 1.
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Figure 1. Grain size distribution of materials used in this
study

Table 1. Physical and geotechnical properties of materials

Geotechmcal Bentonite Dune sand
properties
Pl 57 0
Gs 2.75 2.65
(o) 20 35
C (kG/cm2) 0.72 0.04
Ydmax (gr/cm3) 1.38 1.64
€min 0.72 0.6
3- Results

The findings of the present research suggest that the best
approach is to add 0.6% nano-cement to dune sand
containing 15% bentonite, with a 28-day curing time. The
reasons for this recommendation are as follows:
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1- During the 28-day curing period, the maximum dry
density of the dune sand+15% bentonite mixture with
0.6% nano-cement rose by 21%, while the optimum
water content dropped by 51% (Figures 2 and 3).
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Figure 2. The effect of Nano cement particles on the
maximum dry density of dune sand-bentonite mixture
during the 28-day curing period.
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Figure 3. Effect of nano-cement particles on the optimum water
content of dune sand-bentonite mixture during the 28-day
curing period

2- After a 28-day curing period, the uniaxial compressive
strength increased by 1.8 times, and the secant modulus
(Eso) showed a 1.94-fold improvement under the same
conditions. However, the addition of 0.6% nano-
cement to dune sand with 15% bentonite caused the
material to become harder and more brittle, reducing
the shear strain at failure by 33% during the same
curing period.

3- In dry loading conditions, the internal friction angle in
a dune sand containing 15% bentonite and 0.6% nano-
cement sample augmented by 9%. However, in a
saturated state, extending the curing time did not
significantly influence the effect of nano-cement in the
dune sand-bentonite mixture. Moreover, the internal
friction angle decreased as the amount of nano-cement
and bentonite in the dune sandy soil increased (Figures
4 and 5).

4- In both dry and saturated loading conditions with a 28-
day curing period, cohesion in the tested samples
increased with the addition of nano-cement. However,
the highest cohesion was observed in the sample
containing a dune sand-bentonite mixture with 0.6%
nano-cement. The growth rates for cohesion in dry and
saturated conditions were 1.1 and 12.1, respectively.

5- In dry loading conditions, the shear strength in dune
sand samples with 15% bentonite and 0.6% nano-

cement increased by an average of 52.5% over a 28-
day curing period regardless of vertical stress levels. In
saturated loading conditions, shear strength rose in
dune sand samples with 30% bentonite after a 28-day
curing period. In these cases, the bearing capacity grew
by 40.7% across all levels of vertical stress.

6- After 28 days of curing, the mixture of dune sand with
15% bentonite and 0.6% nano-cement achieved the
highest California Bearing Ratio (CBR). According to
Code No. 234, this mixture is suitable for constructing
all layers of pavement, with a particular focus on the
base layer. This suggests that in regions where roads
pass fine-grained soil with high plasticity, nano-cement
can be utilized to stabilize the soil and build pavement
layers (Figure 4).
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Figure 4. Effect of nano-cement particles on the results of
the California Bearing Ratio (CBR) test for the studied
samples in their dry state subjected to 56 blows of
compressive energy per layer during a 28-day curing period
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4- Conclusion

The findings of the current research suggest that when
dune sand soil contains more than 15% bentonite, its
skeleton structure weakens due to the large void ratio
between particles. However, when nano-cement is added
and the curing period is extended to 28 days, cementation
reactions among the soil particles lead to the formation of
new granular structures, strengthening the skeleton
framework. This phenomenon is especially evident in the
mixtures of dune sand with 15% bentonite and 0.6% nano-
cement. This process suggests that friction and contact
surfaces between particles have increased, resulting in
higher bearing capacity and a reduced risk of settlement or
deformation among the soil particles. As a result, a mixture
of dune sand with 15% bentonite and 0.6% nano-cement is
suitable for constructing geotechnical structures and road
pavement layers. It should be noted that this study did not
examine the effect of nano-cement on the swelling
properties and volume increase of bentonite in fully
saturated conditions, which will be addressed in future
research.
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Effect of Nano Cement Particles on Geotechnical Properties of Dune Sand-Bentonite Mixtures
Reza Parvaresh Rouzbeh Dabiri Saeideh Ebrahimi Asl

Abstract Improving the engineering behavior of problematic soils in civil engineering projects is considered as one of
the most important issues in geotechnical engineering. The important and decisive factor in the design of geotechnical
structures and buildings on soft and loose soils is their deformation or settlement and resistance. One of the types of soft
soil is a mixture of dune sand with clay (Bentonite). Although soil stabilization are generally divided to mechanical and
chemical methods, nowadays Nano materials are used to improve the geotechnical properties of soils. The main idea of
present research is the possibility of using Nano cement particles to improve the geotechnical properties of dune sand-
bentonite (at the 15, 30 and 60 percentage) mixture. In order to perform the research, uniaxial compression, direct shear
(in both dry and saturated states) and California load bearing ratio (CBR) laboratory tests have been used based on the
ASTM standard. The obtained results have shown that the optimal condition is the combination of 0.6 % Nano cement in
dune sand with 15% bentonite with 28-day curing period. Because, these conditions have improved compressibility
characteristics, increased bearing capacity and shear resistance in stabilized materials.

Key words Dune sand, Clay, Bentonite, Nano cement, Soil Improvement.
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