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Table 1. Soil properties
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Table 2. Clay chemical properties (Ghafarpour Jahromi and Yazdi Ravandi, 1398)

Na,O MgO CaO K0 Fe.0s Al,03 SiO, Lo 5
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Table 3. lonic compounds of baggas ash (Ghorbani and Salimzade, 1397)
Na20 MgO Ca0 K20 Fe20s Al03 SiO, [FYOR )
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Table 4. lonic compounds of rice husk ash (Karimi et al., 1396)

NaZO MgO CaO Kzo FEZOg A|203 SIOZ LM_,_SJ;
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Table 5. lonic compounds of almond husk ash (Soriano et al., 2021)
NaZO MgO CaO Kzo Fe203 A|203 SIOZ uél;
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Table 6. Mixing plan of samples

Samples Samples Description
ID Soil (g) Ash (g) %Ash
Original Soil 4000 0 0
R1 4000 160 4%
R2 4000 320 8%
R3 4000 520 12%
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Table 7. Laboratory standards
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Fig. 1. Compaction test results — optimum water content of clay mixed with BGA, optimum water content of
clay mixed with RHA, optimum water content of clay mixed with AHA
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Fig. 2. Stress-strain diagram for different components of BGA
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Fig. 3. Stress-strain diagram for different components of RHA
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Table 8. Comparison between uni-axial shear strength results (kPa)

% BGA RHA AHA
0 99 99 99
4 165 132 110
8 186 165 142
12 220 190 181
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Fig. 6. Soil samples’ failure mode without and with BGA
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Abstract
This research is a laboratory study to improve the geotechnical properties of fine-grained soils.
For this purpose, agricultural waste ash such as sugarcane bagasse, rice husk and almond husk
have been used. In this regard, the effect of using ash of the mentioned fibers with at 4, 8 and 12
weight percentages on fine grain clay soils has been investigated. The compaction test results
indicate that these additives generally increase the optimum soil moisture and the maximum
optimum moisture was observed for the samples made with 12% ash. Also, based on the results
of the unconfined compressive strength test, the studied additives have increased the uniaxial
strength of the soil. The samples made with 12% ash were the most effective, so that the addition
of 12% bagasse ash increased the soil resistance by 117%, and the addition of 12% rice husk ash
and almond husk ash increased the soil resistance by 89, 80% respectively.
Keywords: Bagasse Ash, Rice Husk Ash, Almond Husk Ash, compaction test, unconfined
compression test.

Introduction
Waste is a source of damage to the environmental; especially to the soils. So it is very important to
find economic and also engineering solution to overcome this critical aspect of environmental
problem. Geotechnical engineering is a useful and effective way to be a solution for this
environmental problem. Many researchers have studied waste material to increase the shear strength
of sands (Amelsakhi, 2001, Seco et al., 2011). Shrivastava et al. used rice husk ash in order to
investigate the effect of this cultural waste material on the shear reinforced clay parameters. They
also studied the settlement of the reinforced clay with rice husk ash. Their laboratory tests showed
that the uniaxial strength of the reinforced clay and also the CBR values increased and the settlement
decreased. These results show that use of this material and also similar materials, has a positive effect
on the reinforced clay with similar materials (Shrivastava et al, 2014). These studies and similar
laboratory studies encourage the authors of this article conduct a comprehensive laboratory tests to
investigate different cultural waste materials that are produced in Iran to reinforce the clay. This
research is based on two important factors; technical and also economic aspects that should be
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considered in civil engineering projects. A very important issue that affects the civil engineering
projects is the environmental factor. Using these cultural waste materials not only strengthens the
clay, but also reduces these economic waste materials in our environment. This aspect of Geo-
Environmental Engineering has been widely considered in all the countries like Iran.

Materials and Methods

Bagasse ash, rice husk ash and almond husk ash are used in this research in order to reinforce the
clay. Different samples with different percentages by weight of these waste cultural materials are used
in laboratory tests. The unconfined shear strength of the reinforced clay with different additions is
compared with the base clay; unreinforced clay. The shear strength was determined by the
Unconfined Shear Strength laboratory test. The unconfined Shear Strength Test is a reliable
laboratory test to investigate the shear strength parameters of clay, so this test is selected in this
research. All the tests are carried out at the optimum water content.

Results and Discussion

This research is a laboratory study to improve the geotechnical properties of fine-grained soils. For
this purpose, agricultural waste ashes such as sugarcane bagasse, rice husk and almond husk have
been used. In this regard, the effect of using ash of the mentioned fibers at of 4, 8 and 12 weight
percentages on fine grain clay soils have been investigated. The compaction test results indicate that
these additives generally increase the optimum soil moisture and the maximum optimum moisture
was observed for the samples made with 12% ash. Also, based on the results of the unconfined
compressive strength test, the studied additives have increased the uniaxial strength of the soil; The
samples made with 12% ash were the most effective, so that the addition of 12% bagasse ash increased
the soil resistance by 117%, and the addition of 12% rice husk ash and almond husk ash increased
the soil resistance by 89, 80%. The samples are investigated in order to evaluate the failure cracks at
the end of the unconfined shear strength tests. The results obtained show that there is a flexible
behavior in the reinforced clay samples in comparison with the base unreinforced clay.

Conclusions

The use of cultural waste material to reinforce the clay has a positive environmental impact. In
addition, the use of waste material can increase the shear strength of the mixed clay-waste cultural
materials. The main reason for increase in soil parameters is the interlocking effect that occurs
between the soil and the added reinforced material. The most important aspect of these extensive
laboratory tests demonstrates that waste cultural materials; bagasse ash, rice husk ash and almond
husk ash can be used to reinforce the clay and they can be used in many geotechnical engineering
projects. These cultural materials are very cheap and available in many parts of Iran.
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