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Today, the need to implement construction projects in the vicinity of rivers and sea coasts is
inevitable. On the other hand, the soils of these areas generally have problems such as low
bearing capacity or prone to liquefaction. The need to improve these soils in order to
implement huge projects such as those on the southern shores of the Persian Gulf of the Oman
Sea is a necessary and inevitable thing. Considering the extent of the beaches and the need
for construction projects in these areas, inventing an optimal method to stabilize them can
provide a solution for the optimal use of coastal lands adjacent to rivers and seas. Among soil
stabilization methods, microbial calcite precipitation (MICP) method is a new and emerging
method that uses microorganisms in soil and chemical processes and as a result of producing
calcite sediment, it provides the possibility of increasing shear strength, shear modulus, and
also reducing soil permeability. In this research, the effects of this method on Babolsar beach
sand have been investigated. For this purpose, by conducting direct shear tests and measuring
shear wave velocity in non-cemented and cemented samples, the process of improving shear
strength and increasing shear modulus was investigated by measuring shear wave velocity in
samples prepared from Babolsar sand. Evaluation the results shows that the microbial calcite
precipitation (MICP) method is effective and has caused a relative increase of two to three
times in the shear strength and four times in the shear modulus of Babolsar sand. In the
following, there is a good comparison and agreement between the obtained results and the

results of other researchers.
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Introduction
Current land improvement methods mainly include injecting chemicals into the soil, which

has a negative effect on the environment [1]. In recent years, the use of microbial calcite
precipitation (MICP) has been proposed to improve soils, which is a new and environmentally
friendly method [2]. Based on this, MICP is a bio-geo-chemical process, in which biological
activity is used to increase the pH of the environment and provide favorable conditions for the
formation of calcite deposits [3]. The created sediment increases the contact surface of sand
grains with each other, and as a result, it increases the strength and hardness of the soil [4].
Among the processes that can cause the formation of calcium carbonate deposits by increasing
the pH of the environment is the hydrolysis of urea ([5] and [6]. Hydrolysis of urea is a
chemical reaction in which urea reacts with water and produces an ionic product [7].

In this research, the potential of biological improvement (MICP method) in the improvement
of fine-grained sand soil in Babolsar is evaluated. If this method is effective in the laboratory
scale, by upgrading the scale of this method, it is possible to ensure the desired result in the
field, and finally, by localizing this method, it will help the economic cycle of the country and
also speed up the construction process in the coastal areas. This method has a high potential
in improving erodible soils. In the past researches, during the improvement, the process of
injecting nutrient solutions was accompanied by aeration. But since in the real world and in
the lower layers of the soil (especially in areas where the underground water level is high),
there is a lack of oxygen to some extent. The innovation of this research is that, in order to
make the environmental conditions realistic, the injection process was carried out under a
pressure of 200 kilopascals and without aeration.

Method

In order to localize the studies, MICP biological improvement method was implemented on
Babolsar sandy soil. The bacteria used in this study was Bacillus pastorii (PTCC 1645). To
keep the sand sample, suction method or creating a vacuum inside the sample was used. At
first, the suction pressure equal to 30 kPa was applied. After establishing the triaxial cell and
applying all-round pressure, the suction pressure decreased gradually, then the all-round stress
was increased in steps of 50 kPa until it reached 200 kPa. In all stages of the test, including
the injection of biological solutions and cementation, sending waves and recording
information of shear waves, this comprehensive pressure was maintained on the samples.
Direct shear tests were performed according to ASTM D 3080-98. In this study, in order to
control the progress of cementation with the passage of time, the shear wave speed was
measured with the help of the Bandar Element device installed in the three-axis device of Razi
University (Figure 4). As shown in the figure. The two probes installed in the upper and lower
caps of the three-axis device are used to send and receive shear waves

Results
By comparing the results, it can be said that the amount of adhesion between the treated grains
is about double and the friction angle between the grains is also twice that of the non-treated
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sample. Of course, the higher the number of injections, the more resistant samples can be
obtained. This increase in adhesion and internal friction angle can be attributed to the
formation of calcite deposits, cementation between particles, and creating friction between
calcite crystals and sand particles. The effect of calcite microbial deposition on the shear wave
velocity during a fifteen-step injection process shows that initially the shear wave velocity
increase rate is very low, but with the passage of time, its value increases gradually. Since it
reached its maximum value in the middle of the experiment, and finally its rate decreased and
reached zero, and this means that at the end of the experiment, the operation was injected, so
it is not possible to form more calcite.

Conclusions

According to the obtained results, the biological remediation method increased the shear
strength of coarse-grained sand in Babolsar. The results of the experiments conducted in this
study show the high potential of the MICP method in the improvement of sandy soils and its
great importance due to the occurrence of less adverse environmental effects of the materials
used, in order to improve the soils at greater depths with less expenditure. The results show
that remediation is possible deep below the ground water surface where the presence of
oxygen is limited or absent at all, assuming sufficient injection of bacteria containing urease
enzyme.
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