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ARTICLE INFO ABSTRACT

Article Type: The presence of soft clay soils in different parts of the land and their
Original Research poor geotechnical properties, such as low strength and high
compressibility, pose significant challenges in construction over these
soils. Volumetric instability of clay soils due to changes in the
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groundwater regime can cause serious damage to structures built
upon them. To improve the performance of these soils, suitable
methods should be employed. In this study, waste iron powder and
cement additives were used to stabilise bentonite clay soil. The
prepared samples were cured for 7 and 28 days, and tests including
grain-size distribution, Atterberg limits, and uniaxial compressive
strength were conducted. The results show that the uniaxial
compressive strength of the 28-day samples was 6 and 12 times
greater than that of the 7-day samples when stabilised with cement
alone or iron powder alone, respectively. Additionally, the optimal
percentages of iron powder and cement were 10% and 20% of the dry
weight of the bentonite clay soil. These findings are particularly
important from an environmental perspective, given the utilisation of
waste iron powder, which otherwise causes environmental pollution,
for soft clay soil stabilisation, and will be beneficial for projects
constructed over such soils.
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EXTENDED ABSTRACT

Introduction

Loose fine-grained soils have various disadvantages such as low adhesion, significant
swelling, settlement, and low compressive and shear strength. Loose clay soils are one of
the loose fine-grained soils that cover a significant portion of the earth's surface, and
engineers have always thought about improving this type of soil for various projects.
Cement and lime are two traditional additives that have long been used to stabilize
problematic soils. With the passage of time and technological advancement, many studies
have been conducted by researchers in different parts of the world to find new methods
to improve and increase the quality of loose clay soils. Considering the above-mentioned
issues, this study focuses on stabilizing bentonite clay with different percentages of iron
powder and cement.

Methodology

The clay soil used in this study is bentonite. The iron powder used was obtained from
the Gol Gohar Steel and Iron Factory in Sirjan. The cement used is also type 2. Table 1
relates to the parameters of bentonite soil and Table 2 relates to the pattern of sample
preparation for UCS testing.

Table 1. Geotechnical and geotechnical environmental properties of bentonite clay
samples
Properties Data

Montmorillonite, Carbonate,
Quartz, Kaolinite

XRD Analysis

SSA (m2/g) 151.8

pH 9.64

Clay (%) 78

Silt (%) 22

Sand (%) 0
Liquid limit (%) 160

Plastic Limit (%) 40
Plasticity Index (%) 120
Gs 2.86
Classification CH

Results and discussion

Figures 1 and 2 are the results of the uniaxial compressive strength test of samples
prepared from a combination of bentonite soil and cement with percentages of (0, 5, 10
and 20) and bentonite soil and iron powder with percentages of (0, 5, 10 and 20).
According to the figures, it can be seen that the uniaxial compressive strength of 28-day
samples is several times that of 7-day samples. Also, the optimal percentage of cement
and iron powder for stabilizing bentonite soil is 20 and 10 percent of the dry weight of
bentonite soil, respectively.

Table 2. Laboratory sample preparation pattern and codes used

7-day 28-day —
sample sample 28 day sample combinations

B1-7 B1-28 Ben

B2-7 B2-28 Ben + 5% PFe
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B3-7 B3-28 Ben + 10% PFe

B4-7 B4-28 Ben + 20% PFe

B5-7 B5-28 Ben + 5% Cem

B6-7 B6-28 Ben + 10% Cem

B7-7 B7-28 Ben + 20% Cem

B8-7 B8-28 Ben + 5% PFe + 5% Cem
B9-7 B9-28 Ben + 5% PFe + 10% Cem
B10-7 B10-28 Ben + 5% PFe + 20% Cem
B11-7 B11-28 Ben + 10% PFe + 5% Cem
B12-7 B12-28 Ben + 10% PFe + 10% Cem
B13-7 B13-28 Ben + 10% PFe + 20% Cem
B14-7 B14-28 Ben + 20% PFe + 5% Cem
B15-7 B15-28 Ben + 20% PFe + 10% Cem
B16-7 B16-28 Ben + 20% PFe + 20% Cem

In Figure 3, graphs A, B, and C, respectively, correspond to the results of uniaxial
compressive strength tests of samples prepared from a combination of bentonite, iron
powder; and cement simultaneously. According to the graphs, it can be seen that as the
curing time of the samples increases, the uniaxial compressive strength also increases. We
also conclude that as the curing time of the samples increases, it is the chemical reaction
that occurs between the constituent elements of the sample that determines the value of
the uniaxial compressive strength, not the maximum percentage of iron powder and
cement used to stabilize bentonite soil.

Stress (MPa)
Stress (MPa)

4 _4
Strain (%) Strain (%)

Figure 1. Stress-strain diagram of 7 and 28 day samples of cement-stabilized bentonite
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Figure 2. Stress-strain diagram of 7 and 28 day samples of bentonite stabilized with iron

powder
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A) Stress-strain diagram of bentonite soil stabilized with 5% iron powder and different percentages of cement
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B) Stress-strain diagram of bentonite soil stabilized with 10% iron powder and different percentages of

cement
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C) Stress-strain diagram of bentonite soil stabilized with 20% iron powder and different percentages of
cement

Figure 3. Stress-strain diagram of bentonite soil stabilized with iron powder and cement

Conclusion

This paper is a laboratory study of the stress-strain behavior of bentonite clay
stabilized with different percentages of iron powder and cement. The main findings and
conclusions of this study are as follows:

1- According to the results obtained, the average uniaxial compressive strength of 28-
day samples stabilized with cement only is 58 percent higher than that of 7-day samples
stabilized with cement only, and the average uniaxial compressive strength of 28-day
samples stabilized with iron powder only is 120 percent higher than that of 7-day samples
stabilized with iron powder only.

2- By examining the results obtained from samples in which bentonite soil
stabilization was performed simultaneously with iron powder and cement, it was
observed that the highest uniaxial compressive strength for 7-day samples was related to
sample (B16-7) with a value of 3.174 MPa, which is the highest percentage of iron powder
and cement used in this sample. However, this same sample (B16-7) with a curing period
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of 28 days had a uniaxial compressive strength of 4.428 MPa, which is lower than the

highest uniaxial compressive strength of 28-day samples related to sample (B10-28) with
avalue of 6.817 MPa and is far from it.
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