S
Q Journal of Civil and Environmental Engineering
Volume 55 (2026), Issue 4, 67-77

University of Tabriz

EXTENDED ABSTRACT

Laboratory Study on the Effect of Adding Iron Powder with Cement on
the Compressive Strength of Kaolinite Soll

Hamed Yousefi?, Seyed Morteza Marandi®, Salaheddin Hamidi ®*

2 PhD Student, Department of Civil Engineering, Faculty of Engineering, Shahid Bahonar University of Kerman,
Kerman, Iran

b Professor, Department of Civil Engineering, Faculty of Engineering, Shahid Bahonar University of Kerman, Kerman,
Iran

¢ Assistant Professor, Department of Civil Engineering, Kaboudarahang Faculty of Technology and Engineering, Bu-

Ali Sina University, Hamedan, Iran

Received: 07 November 2025; Reviewed: 24 December 2025; Accepted: 07 January 2026

Keywords:
Clay, Kaolinite, Soil stabilization, UCS, Iron powder.

1. Introduction

With the growth and development of cities, civil engineers are forced to design and build various structures
on loose clay soils that cover a significant portion of the land surface. Therefore, to do so, these soils must be
improved. Today, various methods and additives are used to improve and stabilize problematic soils, including
clay soils. Accordingly, many researchers around the world have studied the stabilization of clay soils with
various materials.

2. Methodology

This study examines the effect of adding different percentages of iron powder and cement to stabilize
kaolinite soil as a new method. To conduct this study, kaolinite soil was mixed with iron powder and cement
with percentages (0, 5, 10 and 20) individually and in combination, and then the prepared samples were
subjected to uniaxial compressive strength tests. The parameters of kaolinite soil are presented in (Table 1)
and the parameters of iron powder are presented in (Table 2).

Table 1. Physical properties of kaolinite Soil

Properties Data
XRD Analysis Kaolinite, Quartz, Carbonate, Calcite
SSA (m2/g) 14.2
pH 8.79
Clay (%) 58
Silt (%) 38
Sand (%) 4
Liquid limit (%) 36
Plastic Limit (%) 20
Plasticity Index (%) 16
Gs 275
Classification CL
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Table 2. Chemical parameters of iron powder

Elt W (%) A (%)
C 8.02 22.80
N 122 2.98
0 7.25 15.49
Mg 450 6.32
Al 223 2.82
Si 330 4.01
S 1.09 116
Ca 0.60 051
Fe 71.80 4392

3. Results and discussion

Fig. 1and 2 are the results of the uniaxial compressive strength test of samples prepared from a combination
of kaolinite soil and cement with percentages of (0, 5, 10 and 20) and kaolinite 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 much higher than that of 7-day samples. Also, the optimal percentage of iron powder and
cement for stabilizing kaolinite soil is 10 and 5 percent of the dry weight of kaolinite soil, respectively.
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Fig. 1. Stress-strain diagram of 7 and 28 day samples of kaolinite stabilized with iron powder

12 ¢ 12

©
©

Stress (MPa)
(=]
Stress (MPa)
(2]

‘
)
N
o

w

i

o 1 2 s 4 s
Strain (%) Strain (%)
Fig. 2. Stress-strain diagram of 7 and 28 day samples of kaolinite stabilized with cement

In Fig. 3, graphs a, b, and ¢, respectively, correspond to the results of uniaxial compressive strength tests of
samples prepared from a combination of kaolinite soil, 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. It was also observed that the axial strain decreases with increasing curing time of the samples.
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Fig. 3. Stress-strain diagram of kaolinite soil stabilized with iron powder and cement: a) Stress-strain diagram of kaolinite
soil stabilized with 5% iron powder and different percentages of cement, b) Stress-strain diagram of kaolinite soil stabilized
with 10% iron powder and different percentages of cement, ¢) Stress-strain diagram of kaolinite soil stabilized with 20%
iron powder and different percentages of cement

4. Conclusions

The most important results of this study are:

1) According to the results obtained from uniaxial compressive strength tests and stress-strain diagrams
obtained from the tests, the optimal amount of iron powder and cement for stabilizing kaolinite soil was
determined to be 10 and 5% of the dry weight of kaolinite soil, respectively.

2) It was observed that in kaolinite soil samples stabilized only with iron powder at percentages (0, 5, 10
and 20), with increasing the curing time of the samples from 7 days to 28 days, the uniaxial compressive
strength increased by an average of 86.50% and the strain corresponding to the maximum compressive
strength decreased. Also, the maximum and minimum values of uniaxial compressive strength for 7-day
samples were 1.6 and 1.43 MPa, respectively, and for 28-day samples were 3.54 and 2.68 MPa, respectively.

3) It was observed that in kaolinite soil samples stabilized only with cement at percentages of (0, 5, 10 and
20), with increasing the curing time of the samples from 7 days to 28 days, the uniaxial compressive strength
increased by an average of 94% and the strain corresponding to the highest value of compressive strength
increased in samples (K5-28) and (K7-28) compared to samples (K5-7) and (K7-7) and decreased in sample
(K6-28) compared to sample (K6-7). Due to the presence of the maximum amount of cement in samples (K7-
28) and (K7-7), these samples showed linear behavior and became brittle and brittle. Also, the highest and
lowest uniaxial compressive strength values for 7-day samples are 4.05 and 2.06 MPa, respectively, and for 28-
day samples are 10.33 and 3.31 MPa, respectively.
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