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Abstract

The increasingly widespread use of micro-bacteria in research to improve soil characteris-tics in the world of
construction and also provide a significant increase in soil carrying ca-pacity so that this kind of research makes a
very good contribution where the material and mixing object are natural materials, namely in the form of bacteria.
This study used the finite element method with the help of LISA V.8 FEA (Li-cense), a finite element method
software package, to obtain the stress arising from existing soil ma-terial with soil material that has been mixed
with mycobac-teria or the biogrouting method. According from the results of the analysis using numerical analysis
using the finite el-ement method LISA V.8 FEA program, it can be seen that there is a reduc-tion in the oc-currence
of settlement after adding the two bacteria which have been aged for 30 days with a reduction in soil settlement of
2.9-2.27 mm de-spite an increase in stress. ranging from 58.3 to 69.4 KN/m?.
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Introduction

The increasingly widespread use of micro-bacteria in research to improve soil characteristics in the world of
construction and also provide a significant increase in soil carrying capacity so that this kind of research makes a very good
contribution where the material and mixing object are natural materials, namely in the form of bacteria.

Bacteria Bacillus subtilis and Pseudomonas sp can increase the value of shear strength, besides that these two bacteria
can reduce the value of soil permeability (IFFAH FADLIAH, 2013; Jack W et al., 2022; Mahawish et al., 2016; Muhammad
Saleh Nasution et al., 2017; NANDA AFIANDA, 2022; Wu et al., 2019; Wu & Chu, 2020). The grouting method of stabilizing
sandy loam soil can boost the soil's carrying capacity by incorporating microbes. This is demonstrated by the soil's
increased strength and decreased seepage (IFFAH FADLIAH, 2013).

This study used the finite element method with the help of LISA V.8 FEA (License), a finite element method software
package, to obtain the stress arising from existing soil material with soil material that has been mixed with mycobacteria
or the biogrouting method.(Hoehler et al., 2017).

Methods

The addition of a solution of Bacillus subtilis bacteria, which was injected into the soil sample, was tested for its
mechanical properties (free compressive strength, permeability, and direct shear), four times, with a 28-day curing period.
In comparison to the compressive strength value without bacteria, the results of the free compressive strength test showed
a 60% increase in compressive strength. The value of the permeability coefficient decreases in soil that has been stabilized
by bacteria. The cohesiveness value is increased by adding more bacteria to the soil sample via direct shear testing (c)

(IFFAH FADLIAH, 2013).

A peat soil sample used in the study had a specific gravity
of 1.53, a moisture content of 351.092%, an optimal moisture
content (OMC) of 132%, and a maximum dry density value (d
max) of 0.40 gr/cm3. Native peat soil had the greatest CBR
value, at 0.76% after 4 days of ripening. After stabilization
with the combination, the addition of 5% bacterial reagent
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improve it; nevertheless, it can be applied along with other mixed components (NANDA AFIANDA, 2022).

Generally speaking, there are two methods for stabilizing soil: mechanically and chemically. By using mechanical soil
stabilization, the requisite standards can be met with well-graded soil. The goal of mechanical soil stabilization is to
improve the gradation of the soil grains in question in order to increase density, add, and mix the existing soil (natural soil)
with other types of soil to create a new, better gradation. This will increase the strength and carrying capacity of the soil.
examples of soil stabilization through mechanical means. The gradation of soil grains with a chemical potential for binding
(binder soil) and water content need to be taken into account while mechanical soil stabilization is being done.

If the original soil used as the basis of a road pavement has a poor quality of carrying capacity to be employed as a
subgrade or as embankment material, soil stabilization must be done right away.

The subgrade will greatly influence the thickness of the overlying pavement layer, the physical characteristics of the
pavement in the future, and the behavior of the pavement, such as surface deformation and other factors, so it is important
to choose the best type of soil that can be used as subgrade through soil investigation. Road construction frequently runs
into the issue of inadequate strength (resistance to deformation), which can result in accidents or financial losses.

A solution to this issue is subgrade soil improvement combined with stability. In order to make the current soil's
qualities fulfill technical requirements, stabilizing the subgrade is a necessary step in road construction. These
characteristics are anticipated to be met by the pavement layers in road pavement structural systems.

Biogrouting

Construction material called grout typically contains of a cement and sand mixture This substance might be utilized
for because these minerals are deposited, the soil's structure will be improved. alter the soil's geomorphological
characteristics. Typically, silica compounds are mixed chemically to create grout for engineering or other reasons
(waterglass). When combined with metal solutions or bicarboxylic acids, silica quickly precipitates. Due to the low
permeability and high injection pressure required by this method, the soil may become unstable. Through the mechanism
of calcium carbonate deposition, a biological grouting technology known as bio-grouting technology has been developed
recently.

The fundamental benefit of biogrouting is the ability to transmit the applied substrate in an inert state to locations
remote from the injection source. Technology known as "biogrouting” imitates the diagenesis process, which sees sand
grains turn into sandstone (calcarenite or sandstone). Sandstone will be created when calcium carbonate crystals
connected by biogrouting technology act as a cementing agent between sand grains. It is only natural that this process
could take millions of years. Therefore, by leveraging the carbonate precipitation process brought on by bacterial metabolic
activity and shown in Figure 1, bacteria are used to speed up the synthesis of calcite.

©

Figure 1. A variety of calcite crystal forms produced by bacterial urease enzyme biogrouting (20x). (Lisdiyanti, 2011).

The ability of bacteria to endure and be tolerant of high concentrations of urea and calcium is directly tied to their
participation in the biogrouting process. Additionally, these bacteria must be able to create very active urease enzymes.
Due to the high urea concentration in the biogrouting procedure, it is hydrolyzed during cementation. Therefore, the only
bacteria that can be used are those whose urease enzyme activity is not inhibited by ammonium. Because they have strong
urease activity and are not harmful, bacteria from the genus Sporosarcina (Bacillus) have started to be used in the
biogrouting process at this time (IFFAH FADLIAH, 2013).

Mycobacteria

Bacillus subtillis is a catalase-positive bacteria that is frequently found in soil. A thermophilic bacterial species known
as Bacillus subtlis can thrive at temperatures between 60 and 80 degrees Celsius.
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Pseudomonas sp. has straight rod-shaped cells, albeit they can occasionally take on a rounded shape. Colony diameter:
between 0.5 and 0.8 mm. Hydrocarbons can be broken down by Pseudomonas sp and produced as biosurfactants
(Muhammad Saleh Nasution, n.d.).

Finite element method (FEM)

The finite element method (FEM) can be used to resolve technical analytical problems using a numerical technique.
The finite element approach uses different mathematical concepts to formulate equations for a linear or nonlinear system.
It frequently generates over 20,000 equations, which is a very large quantity. Therefore, this strategy has little application
unless a suitable computer is used (Chen et al., 2021; Efendi, 2022c; Elsanadedy et al., 2021; Gullett et al., 2020; Leslie et
al., 2019; Singh & Harsha, 2018; Wang et al., 2022).

When a structure is exposed to forces like stress, pressure, temperature, flow rate, and heat, strain (deformation),
stress, temperature, and flow rate are produced. How the resulting action (deformation) is distributed throughout the body
is based on the properties of the force and stress system itself. The finite element method can be used to determine the
distribution of this effect, which is expressed as displacement.

The finite element method uses an element discretization strategy to tackle the problem of determining the
displacements of vertices, connections, lattices, and structural forces. The results of the matrix approach for structural
analysis are identical to those of conventional structural analysis and are related to discrete element equations. There are
approaches for discretizing one, two, or three dimensions (line elements, plane elements, and volume/continuum
elements). (Gondhalekar & Panigrahi, 2021; Zhang et al., 2018)

LISA

LISA, a well-known finite element analysis tool, was used to estimate the temperature rise using three different
models of heat exchangers. In decreasing order of complexity and simplicity of fabrication, the three different types of
models are the line element model, the shell model, and the solid model.

Users only need to enter the element's dimensions in one dialog box and its thermal conductivity in another because
LISA provides a variety of commonly used structural shapes for line elements.

The convection coefficient of the baseplate surface must be set at half the value used elsewhere for line element
models only because convection cannot be totally ruled out when building the baseplate surface with the face selection
tool. Actually, just apply common sense(Efendi, 2023).

For the other two models, it is easy to omit the mounting surface from convection; we just don't select that surface. In
each case, an internal heat generator is used together with the assumption that the entire floor slab will serve as the heat
source. Caution is required when applying boundary conditions to a line-el-ement model. When "Area" is chosen, LISA
selects all of the line elements' surfaces. (Akcay et al., 2021; Efendi, 2022b, 2022d, 2022a; Efendi et al., 2022; Fumagalli et
al., 2022; Milner et al., 2018; Qian, 2022).

Results and Discussion

Initial data for this study was derived from test findings in earlier work by Nasution, El (2017) The shear strength of
the soil without bacteria, which served as a reference for the control value while measuring the shear strength of silt soil,
was determined to be 163.49 kN/m?, according to the results. In comparison to the findings of the silt soil test without
bacteria, the shear strength of silt soil with a mixture of bacteria during a curing time of 15 days rose by 38.37% and 34.88%.
Bacterial concentration in silt soil with a 30-day curing period can result in strength shear increases of 48.88% and 59.30%.
The findings of earlier investigations and the link between the shear strength value and the soil's elastic modulus from the
study are shown in table 1.

Table 1. Soil characteristic parameters

Ripening c=cu=k.N Poison Density

No. Type Microbes Bacteria Period (Day) (KN/m?) Es = (500-1500) *Cu Rasio (kN/m?)

1 Existing soil samples 15 163.49 81,745.00 0.35 2.654
2 Bacilus Subtilis 15 226.22 113,110.00 0.35 2.654
3 Bacilus Subtilis 30 260.44 130,220.00 0.35 2.654
4 Pseudomonas sp 15 220.52 110,260.00 0.35 2.654
5 Pseudomonas sp 30 243.33 121,665.00 0.35 2.654

Source: Nasution (2017).

Modeling was done using 7 layers of different soil types and soil properties under the current conditions, with the first
layer being 2 m thick and the soil parameters from earlier studies being adjusted in accordance with Table 1 before a load
of 150 kN/m? was applied.
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Figure 2. Initial soil modeling

The soil parameters used in the modeling in Figure 2 are the conditions of the existing soil or initial soil without being
given a mixture of bacteria. Where changes only occur in the modulus of elasticity which comes from the test results to
obtain the value of the shear strength of the soil material and is correlated to the soil elastic modulus.

o

isplacement in ¥
9.982E-06
-0.001964
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o

Figure 2. Settlement of existing soil that occurs due to load

In the initial soil material conditions when given a load of 150 kN/m? there was a decrease of 0.03947 m as shown in
Figure 2, and the largest stress that occurred in the review area was 269.6 kN/m?, shown in Figure 3.

von Mises Stress
269.6
256.2
242.7

I

Figure 3. Stresses in the existing soil that occur due to loads
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Figure 4. Soil modeling with the addition of Bacillus Subtilis bacteria that has been cured for 30 days.

The soil parameters used in the modeling in Figure 4 are the condition of the soil by adding Bacillus Subtilis bacteria
which has been preserved for 30 days. Where changes only occur in the modulus of elasticity which comes from the test
results to obtain the value of the shear strength of the soil material and is correlated with the modulus of elasticity of the

soil.
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Figure 5. Soil subsidence that occurs by load with the addition of Bacillus Subtilis bacteria

In the condition of the soil material with the addition of Bacillus Subtilis bacteria which had been cured for 30 days
and when given a load of 150 kN/m? there was a decrease of 0.0361 m as shown in Figure 5, this decreased decrease after
being given Bacillus Subtilis bacteria which had been aged for 30 days by 0.00337 m or 3.37 mm, and the greatest stress

that occurs in the viewing area is 339 kN/m? where it is up to 69.4 kN/m?2, shown in Figure 6.

von Mises Stress

322.1
305.1

Figure 6. Soil stress that occurs by the load with the addition of Bacillus Subtilis bacteria

The soil parameters used in the modeling in Figure 7 are the condition of the soil by adding Pseudomonas sp bacteria
which has been preserved for 30 days. Where changes only occur in the modulus of elasticity which comes from the test
results to obtain the value of the shear strength of the soil material and is correlated with the modulus of elasticity of the

soil.
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Figure 7. Soil modeling with the addition of Pseudomonas sp bacteria that has been cured for 30 days.
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Figure 8. Soil subsidence that occurs by load with the addition of Pseudomonas sp bacteria
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Figure 9. Soil stress that occurs by the load with the addition of Pseudomonas sp bacteria

In the condition of the soil material with the addition of Pseudomonas sp bacteria which had been cured for 30 days
and when given a load of 150 kN/m? there was a decrease of 0.0365 m as shown in Figure 8, this decreased decrease after
being given Pseudomonas sp bacteria which had been aged for 30 days by 0.0029 m or 2.9 mm, and the greatest stress that
occurs in the viewing area is 327,9 kN/m? where it is up to 58,3 kN/m?, shown in Figure 9.
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Figure 10. Graph of soil deformation that occurs

Graph of stress on the ground that occurs
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Figure 11. Graph of stress on the ground that occurs

From the graphs in Figures 10 and 11 it can be seen that there was a reduction in the occurrence of settlement after
adding the two bacteria which had been aged for 30 days with a reduction in soil subsidence that occurred with the same
pattern of behavior in the settlement area, but an increase in soil stress after the addition of the two bacteria this and the
same voltage pattern as in figure 10-11.

CONCLUSION

From the results of the analysis using numerical analysis using the finite element method LISA V.8 FEA program, it can
be seen that there is a reduc-tion in the occurrence of settlement after adding the two bacteria which have been aged for
30 days with a reduction in soil settlement of 2.9-2.27 mm de-spite an increase in stress. ranging from 58.3 to 69.4 KN/m?.
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