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Soil amendment methods have made significant progress in terms of economics and
compatibility with the environment, so that currently the focus is on long-term evaluations
of these methods. The many benefits of stabilization have made this method to be
considered as the target plan in many soft soil improvement researches. Stabilized soils are
always under weather conditions, so evaluating the long-term durability of stabilized soils
can be important in choosing a method. For this purpose, kaolinite soil stabilized with lime
and reinforced with polypropylene fibers was subjected to wet-dry and freeze-thaw cycles,
and the mechanical behavior of the samples was analyzed by conducting compressive
strength and indirect tensile strength tests. The results show that the wet-dry cycle is clearly
more destructive than the freeze-thaw cycle and the use of the stabilization plan including
12% lime along with 1.25% polypropylene fibers has a good performance against the cycles
of weather conditions and maintains 76% of its strength and provides the minimum strength

required for the sub-base.
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Introduction
In many areas, due to the many limitations of implementation and development, we are

inevitably forced to carry out construction operations on weak and problematic soils, which
has forced engineers to think of ways to improve and modify these types of soils. One of the
most important criteria that should be considered for choosing the improvement method
includes: economic efficiency, simple implementation, compatibility with the environment
and availability of materials. Among the problematic soils that are widespread on the surface
of the earth and are encountered especially in linear projects are soft soils, and their
prominent features include weak resistance, settling and Low stability noted. Generally,
these features cause slope instability, deformation of the road surface and tilting of
structures.

The field of improving the mechanical properties of soft and weak soils (for example, clay)
is one of the main branches of geotechnical engineering. It is a common practice to adopt
improvement and modification techniques to ensure that structures are built on a sufficiently
strong soil base. Stabilization and reinforcement techniques for clay soils may include inert
materials (cohesive-free soils), chemicals (cement, lime, or industrial additives), or the use
of randomly distributed fibers. While all of these additives are added to soft soils by mixing,
the question remains whether an optimal combination of consolidation and reinforcement
techniques can be achieved to maximize strength and improve soil mechanical properties. In
addition, each of these additives helps to increase soil resistance in a different way, while
each technique has its limitations.

Lime stabilization is an old and common method to improve the properties of weak
materials. The conducted research shows that lime can improve the properties of weak
materials by reducing soil plasticity caused by short-term reactions (cation exchange and
flocculation) and increasing efficiency and resistance due to long-term reactions
(pozzolanic). When lime and water are added to the clay, the pH value increases strongly
(more than 12), which causes the dissolution and decomposition of the soil particles, then
the released silica and aluminum react with the calcium in the lime and lead to Calcium
silicate hydrate and calcium aluminate hydrate cement gels are formed, which ultimately
improve soil properties.

Method
In this research, kaolinite soil was used as soft soil and lime was used for stabilization.

Polypropylene fibers with a length of 6 and 12 mm are stabilized soil reinforcement. After
28 days of processing, the stabilized and reinforced samples were subjected to cycles of
environmental conditions. The cycles include 7 wet-dry cycles and 28 freeze-thaw cycles.
Then the samples were subjected to chemical tests, unconfined compressive strength,
indirect tension and X-ray analysis.
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Results

By comparing the results, it can be concluded that the wet-dry cycle is much more
destructive than the freeze-thaw, so that each wet-dry cycle has an effect of more than 5
freeze-thaw cycles. This good performance is achieved for the following reasons:

1) With the addition of lime, the production of cement gels in the stabilized mixture will
reduce water penetration, and this reduction in water penetration will create fewer cracks
around the pores in dry conditions.

2) The dissolution of soil structures and the combination with lime create cement gels that
surround the fibers and create an integrated system by sticking them together.

3) Fibers with low density after being in the system cause an increase in density and create a
denser stabilized soil system. First, this increase in density causes more interference and
conflict between the particles of the stabilized mixture and the fibers, which does not allow
the soil or stabilizer to be washed away by creating a unified structure, and also causes the
reduction of pores in the structure of the stabilized soil.

4) The insertion of fibers by connecting the two sides of the crack prevents the cracks from
increasing and expanding.

5) The performance of other fibers in conditions where clay particles tend to swell and
decrease in volume after drying by bearing the tensile force prevents their volume from
changing and prevents the spread of cracks.

Conclusions

The research conducted investigated the efficiency and potential of stabilized and reinforced
samples under wet-dry and freeze-thaw cycles. The process of stabilization with lime and
reinforcement with polypropylene fibers was done. During the study, the following results
were obtained:

1) The optimal amount of lime to stabilize soft kaolinite soil is 8 to 12%, which has an
acceptable compressive strength, but in higher amounts, the compressive strength will
decrease.

2) The use of fibers in different lengths has performed well so that the addition of fibers
greatly increases the tensile strength, but the changes in the change of compressive strength
are limited.

3) The optimal amount of fibers with a length of 12 mm is 1%, but by reducing the length of
the fibers to 6 mm, the optimal amount will be 1.2%.

4) The soils stabilized with lime are highly vulnerable to the wet-dry cycle and most of the
resistance has been lost, then the addition of polypropylene fibers to this system will create a
unified structure resistant to environmental conditions.

5) The wet-dry cycle is much more destructive compared to the freeze-thaw cycle, so it can
be considered more than 5 times more destructive.

6) The soft soil sample stabilized with 12% lime and 1% fibers has an acceptable
performance against the environmental conditions (wet-dry and freeze-thaw) and provides
the minimum acceptable limits for the sub-base.



Advanced Modeling in Civil Engineering, Volume 1, Issue 2, 2024 65

7) The results obtained from the microstructural and macrostructural tests show that the
presence of lime in the system causes a major increase in CSH and CAH cement gels and
the addition of fibers by densifying the system, surrounding microcracks and creating a
system Integrated, they provide an acceptable performance so that the process of modifying
soft soil using lime-fiber combination has increased durability and stability in addition to
improving the resistance parameters.
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