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Table 1. Characteristics of common biopolymers utilized for soil treatment and their potential environmental impacts
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Fig 1. (a) Extraction method and (b) molecular structure of guar gum
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Fig 2. Life cycle process of a soil treated with guar gum
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Abstract

In recent years, the use of environmentally friendly microorganisms and biopolymers in
geotechnical activities, especially in soil improvement, has received much attention. This is in
order to reduce the harmful environmental effects caused by the use of traditional and industrial
materials, including cement. Therefore, it seems to be necessary to study the effects of
environmentally friendly biopolymers from different points of view, including environmental
issues, soil erosion and the factors that influence the geotechnical parameters of the different
deposits. The purpose of this article is to review the studies carried out on the use of guar gum.
As a green additive from an environmental point of view and the factors that influence the
mechanical parameters of soils treated with this biopolymer. The advantages and disadvantages
of guar gum from an environmental point of view, as well as the effects of this additive on
different soils, are the subject of discussion. Geotechnical parameters such as the unconfined
compressive strength, the shear strength, the erosion resistance and the durability of the soils
treated with guar gum will be evaluated. The influence of the guar gum parameters in relation to
the concentration of the biopolymer guar gum, the moisture conditions, the temperature and the
processing time will then be discussed. Finally, the potential opportunities and challenges for the
use of guar gum in the geotechnical field will be presented.

Keywords: Treated soil, environmental effects, geotechnical properties, interaction soil and
biological biopolymer, Guar gum.

Introduction
Improvement of ground conditions can be defined as the deliberate enhancement of the geotechnical
properties of the ground to achieve optimum performance when faced with a challenge, a soil and
foundation professional will always seek to find the most effective and economical approach to soil
improvement, taking into account the types of substrate layers, depth of processing, locations required
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for processing, optimum level of processing, availability of materials and skilled personnel,
development environment. Biological amendment is defined as the addition of additives to the soil to
alter its properties to meet design criteria. Many materials are now used to improve soil. In terms of
additives, lime and cement are among the most popular options. Bitumen, chemical compounds and
geotextiles are other materials used by various methods such as mixing materials and injecting
chemicals into the soil. This paper attempts to update and review studies conducted with biopolymers
from a geotechnical perspective, including evaluation of unconfined compressive strength, shear
strength, erosion resistance, Atterberg limits, compaction characteristics and pavement stabilization.
Various parameters influencing the improvement of the geotechnical performance of the soil under
optimal conditions for the guar gum biopolymer were evaluated. Evaluation of the environmental
effects of guar gum in geotechnical engineering.In recent years, fundamental policies have been put
in place to reduce harmful environmental impacts. For example, the European Commission has set a
target of reducing greenhouse gas emissions by 85% from 1990 levels by 2050. Therefore, with
increasing concern about the environmental impact of our planet, industries are turning to the use of
soil improvement methods using environmentally friendly materials. Some techniques, such as Life
Cycle Assessment (LCA), have been developed to systematically analyze the environmental
performance of processes or materials. LCA examines the costs and environmental impacts of the
entire process from raw material extraction to final disposal. As an example of a geotechnical activity,
the life cycle of a road construction project can be summarized in the following five parts:
1- The manufacturing processes of all materials used in the project, including extraction, transfer of
raw materials from the source to the factory, processing into the final product and transport of
materials to the construction site.
2- The construction phase is a phase that includes all the executive processes required to build a road.
This includes all components that produce greenhouse gases, even the fuel consumed by vehicles that
experience delays in the project.
3- Use phase, where most of the factors are related to energy and air pollution caused by road vehicles.
Washing and run-off resulting in water pollution is an important parameter to be considered in the
use phase.
4- Repair and Maintenance and Reconstruction (M&R) is a very important part of maintaining the
performance of a road during its service life. Roadworks are carried out to repair any damage to the
road and the traffic caused by the delay in the repair time. Technically, this delay includes the
production and transport of new materials to the site and the destruction and disposal of waste
materials.
5- The end-of-life stage includes the method by which discarded materials should be used, that is,
recycling or disposal of materials into the environment. Activities are carried out during demolition
and transport, as well as washing in the case of material disposal at the end of the project.
Biopolymer-soil interaction
How a biopolymer interacts with different types of soil has always been considered an important
factor, as molecular studies lead to a better understanding of the behavior of soils treated with
biopolymers. Depending on the type of soil, the adhesion mechanism of the biopolymers differs from
one soil to another. Figure 3 shows a schematic diagram of the biopolymer-soil interaction.
Geotechnical characteristics of soils treated with guar gum biopolymers
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The unconfined compressive strength (UCS)
Unconfined compressive strength (UCS) is the most commonly used test to evaluate the role of
biopolymers in soil remediation . As the way biopolymers interact with different types of soil can be
quite different, Figure 4 shows the effect of guar gum concentration on UCS. As shown in the figure,
soils with high concentrations have high compressive strength.
Shear strength
Acaria et al. (2017) stabilized two types of swelling soil (one from the slopes of the Jopol Lake Dam
and the other from the slopes of the Grapevine Lake Dam located in the state of Texas) using guar
gum biopolymer. Figures 5 and 6 show the changes in the effective adhesion and the angle of internal
friction of each soil with different weight percentages of guar gum biopolymer. As can be seen, the
effective adhesion of Grapevine Lake soil increases with a large slope up to the concentration of 0.5%
biopolymer.
Resistance to erosion phenomenon
Through the interaction of fluids (both water and wind) and soil, soil erosion occurs when the the
tensile force of the fluids overcomes the shear resistance and gravity of the soil, soil erosion occurs.
Biological mixing using biopolymers plays an important role in reducing soil erosion by blocking
water paths in pore spaces.
Atterberg Limits
The effect of guar gum plant polysaccharide on the plastic properties of a poorly graded sandy clay
mixture is shown in Figure 10. The liquid limit (LL), plastic limit (PL) and plasticity index (PI) tend
to increase with GG in the soil composition. In Figure 10a, as the concentration of guar gum increased
from 0.5 to 2%. The liquid limit showed an increase of 1.4 and 2.5 times respectively when mixed
with the above percentages. The paste index showed a gradual increase from 20 to 27 percent, i.e. 1.4
times. As the paste index increases, it becomes more pronounced due to the hydrophilic property of
the guar gum biopolymer.
Hydrollic conductivity
One of the essential parameters for clay beds is hydraulic conductivity. Figure 11 shows the hydraulic
conductivity of clay with different concentrations of guar gum biopolymer for the shelf life of 3, 56
and 120 days.
Potential geotechnical applications of soil treated with biopolymers
As shown, biopolymers can improve various soil properties to be useful in various geotechnical
applications, some of which are discussed in this section of the paper.
-Stability of the foundation and soil under the foundation-
-Increasing the bearing capacity of soil for shallow foundations-
-Landfills
Economic advantage of guar biopolymer
The economic benefits of using GG as an additive to virgin soil as a waterproof liner are considered
according to the recommendations of the Center for Public Health and Environment of Earth
Engineering Organization (CPHEEQ) - India and USEPA in Table 5. The cost of constructing a
bentonite liner of 1 square meter area and 0.9 meter thickness has been compared with a clay liner
mixed with guar gum.
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Conclusion
The addition of guar gum biopolymer as a soil stabilizer is one of the most effective applications to
improve soil behavior. In this study, a technical investigation of the role of guar gum in soil
modification and how to modify the geotechnical properties of the soil has been carried out. The sand
particles are neutral, so the adhesion mechanism of the biopolymer is achieved by covering the soil
particles and forming bridges between the particles. On the other hand, clay flakes tend to interact
directly with the biopolymer particles through various electrostatic interactions such as hydrogen
bonds, ionic bonds and van der Waals bonds. This behavior is due to the presence of negative charges
and cations in clay minerals.
Among the important points of the geotechnical characteristics of soils treated with guar gum, the
following can be mentioned
1- The unconfined compaction test is usually considered as the most common test method to evaluate
the behavior of soils treated with biopolymers. The general conclusion is that guar gum increases
UCS values, but the UCS improvement can vary depending on the biopolymer and soil test
conditions.
2- The reported results of direct cutting tests also show an improvement in shear resistance,
particularly in increasing adhesion. The internal friction between the improved soil particles showed
a relatively lower resistance during the shelf life.
3- Further research is needed to evaluate the long-term cyclic durability of guar biopolymer under
traffic or seismic loads.
4- The results of the studies showed that soil stabilization with guar gum resulted in a 2.72x105
decrease in permeability and a 75% increase in strength, which clearly demonstrates the use of this
biopolymer as an impermeable liner in landfills.
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