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Variation of the dynamic properties of expansive soils in the city of Tunja,
through the injection of calcium silicate based on rice husks

Variacion de las propiedades dinamicas de suelos expansivos en la ciudad de Tunja, mediante la
inyeccion de silicato de calcio a base de cascarilla de arroz.
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ABSTRACT: For several years, different researches have been carried out searching for new materials to modify the natural
conditions of the terrain, reducing deformations to avoid damage to structures, foundations and roads, improving their behavior under
different solicitations.

Through the following investigation, a soil stabilization technique will be studied, applied to soils with expansive behaviors,
extracted in the city of Tunja (Green Hills area), where there is a high concentration of water due to wetlands and by reason of the
Tilata formation, whose is composed by expansive clayey soils, according to several researchers.

It is intended to modify the physical properties of the mentioned soils, analyzing the dynamic behavior of the soil through resonant
column tests, studying low deformations and changes in the shear modulus and damping of the soil, the technique applied in this case
is the add of calcium silicates made with mixtures of lime and rice husks (CCA) in different percentages and with different days of
curing, obtaining better soil behavior under different solicitations, as earthquake or any other dynamic movements that may affect it.
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1 INTRODUCTION.

The wurban growth of cities and the interconnection of
municipalities through roads have brought the need for
construction and road development in different areas with
different types of soils with variable characteristics, including
soils of soft consistency that when subjected to saturation
processes, may present characteristics of expansion or
contraction.

Currently, damage is evident in structures and roads
due to vibrations produced by the passage of vehicles and other
waves that accelerate the microstructural damage of the subgrade
fill, and increase the accumulated plastic deformation of the
subgrade, therefore, worldwide and local research has been
centered on the development of new soil stabilization techniques,
analyzing its static and dynamic properties, mainly focusing on
the study of the change in shear and damping modulus, since the
above indicates the response of the soil to a seismic event and its
response when is subjected to a vibration.

Taking into account the development of new
researches and new forms of stabilization for road infrastructures
and knowing that materials such as lime, cement, among others,
which are harmful and toxic to the environment, are currently
used in the construction of roads, this research aims to verify the
technical feasibility and cost-benefit of incorporating waste
materials such as rice husk.

Among the uses that have been given to the husk are
the production of silicates (Ahumada and Rodriguez-Paez, 2006;
Arcos, Maciaz and Rodriguez-Paez, 2007) and biofuels (Alvarez,
Lépez, Amutio, Bilbao and Olazar, 2014 ), and its use as a
material for the production of pozzolanic cement (Kurtis and
Rodrigues, 2003; Romano and Rodrigues, 2008); Another
alternative is its use as an adsorbent material in pollutant removal
processes in order to solve pollution problems (Rodriguez,
Salinas, Rios and Vargas, 2012). According to DANE, the

production of mechanized rice in Colombia is approximately
1,558,044 tons, of which 389,511 correspond to husk (DANE,
2015); these are appreciable quantities of waste that are produced
nationally and that could be used efficiently in order to reduce the
pollution generated from this waste.

Through this study, a second use for to the toxic waste
produced by rice husks as a stabilizer and cementing agent for the
soil was sought , the variations in the dynamic properties in the
soils of the Tilatd formation in the city of Tunja with the
application of rice husk CCA in three different percentages (5%,
10% and 15%) were analyzed, with this mixture it was sought to
modify the properties of the studied soil, changing its chemical
and physical structures, and analyzing other dynamic
geotechnical properties such as shear resistance and damping.

The study included the application of this soil improvement
technique by analyzing a specific type of soil, geotechnically
characterized before each test to guarantee that it is the same soil.
For this purpose, drilling was carried out in the city of Tunja,
where expansive soils abound.

1.1 Methodology and experimental design

This study evaluated the variation in the Atterberg limits, with the
application of different percentages of risk husk, 5%, 10%, 15%
CCA.

Six random drillings were carried out in the northern
area of the city of Tunja and three trenches, this drilling reached
the 1.50 meters of deep, in this deep is economically viable the
application of improvement treatments. All the drillings and
trenches were characterized with granulometry, limits of
Atterberg, specific gravity and expansivity with Kerosene, free
expansivity in consolidation equipment and percentage of
humidity. The Resonant Column test were applicated in two test
tubes and in one tube with 5% CCA. All the above according to
the Colombian Normative and ASTM codes.
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Table 1 and Table 2 show the physical and mechanical
characteristics of the soil subjected to chemical stabilization. In
this study, the chemical characteristics of the stabilizer are not
shown.

The evaluated zone is divided in two sub-zones, in
accordance with the results of the expansivity and
characterization, guaranteeing the similarity soils.

Table 1. Soils properties Zone 1. Soils with high expansivity

Parameter Value
Specific gravity (Gs) 2.63
Liquid Limit (L) 44.75
Plastic Limit (P1) 28.38
Plasticity index (PI) 16.37
Contraction Limit (CL) -2.75
Humidity 12.17
Void ratio 0.64

Soil Type (USCS) ML-MH
Density 1.83
Expansivity 27.30

Table 2. Soils properties Zone 2. Soils with medium expansivity

Parameter Value
Specific gravity (Gs) 242
Liquid Limit (LI) 35.24
Plastic Limit (P1) 20.02
Plasticity index (PI) 15.22
Contraction Limit (CL) -13.6
Humidity 7.44

Void ratio 0.36

Soil Type (USCS) CL
Density 2.05
Expansivity 19.70

Table 3 Dynamic characteristics of the soil. Zone 1

Parameter Value

Acceleration 0.48

Shear Module (MPa) 37.34
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S-wave velocity (m/s) 137.53

Table 4 Dynamic characteristics of the soil. Zone 2.

Parameter Value
Acceleration 2.079
Shear Module (MPa) 76.45
S-wave velocity (m/s) 189.5

1.1.1  Experimental design

All the samples were prepared maintaining the initial conditions
of the soil, the unit weight of the sample and its moisture content
were kept constant, evaluating the stabilization in conditions in
situ of the soil to compare the variation presented in the soil
avoiding changing their initial conditions.

The moisture soils were characterized twice in order to
finally verify their characteristics and compare the improvement
technique applied.

During the course of this analysis three repetitions
were realized to verify the reliability of the test.

A percentage of stabilizer was applied in each sample,
based in the unit weight of each soil test.

1.2 Results

Figures 1,2,3 and 4 illustrate the outcomes of the improvements
implemented in the zone 1

Figure 1. Figure 1 illustrates the variation of the plasticity with
the percentage of risk husk applied in the zone 1. The decrements
are approximately 12%, with a percentage of 10%, indicating the
adjusted value that yielded enhanced results
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Figure 2. Figure 2 indicates the variation of the expansivity with
the percentage of risk husk applicated, the decrees are about of
100%, for a percentage of 10%, for percentages higher the
expansivity decrees in a percentage of 87,6%.
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Figure 3. Figure 3 indicates the variation of the contraction limit,
this is usually associated with the expansivity of the soil, initially
the contraction limit is negative in conditions for virgin’s soils,
with the percentage of risk husk applied the increase is about of
17.8%, for a percentage of 10%.
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Figure 4. Figure 4 indicates the variation of the Atterberg limits,
with the increase of risk husk in different test is evident that the
liquid limit increase and the plastic limit too, for finally increase
the plasticity, with a 5% of risk husk the soil doesn’t show
obvious changes.
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In the figures 5,6,7 and 8 are indicate the results for the
improvements applicated in the zone 2, low expansivity.
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Figure 5. The next graph shows the variation of the index
plasticity with different percentages of CCA, the index plasticity
decrees from about of a 18.39% with a percentage of 5%CCA, in
this case its percentage is the optimum.
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Figure 6. The next graph, which shows the variation of the
contraction limit as function of the percentage of CCA, initially
the contraction limit is negative, with the application of different
percentages the increase is approximately of 41.1%, this is
maintained constant with different percentages.
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Figure 7. Figure 7 indicates the variation of the Atterberg limits,
with the increase of risk husk in different test is evident that the
liquid limit increase and the plastic limit too in a similar scale for
soils of zone 1 and zone 2
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Figure 8. Figure 8 shows the variation of the dynamic modulus
shear (Gmax) with different plasticity indexes, including a test
with 5% CCA, in this case showing an increase in the modulus
when decreasing the plasticity index, this test was realized in
conditions consolidate and non-drainage
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2 CONCLUSIONS

It was observed in two different types of soils, in were
encountered similar results, that the physical properties change
with the addition of risk husk, increase in different percentages
and increase the strength and rigid of the soil. In this study
predominant fines soils were evaluated. Based on the results, the
following conclusions were made:

The soil stabilized is silt high plasticity and clays
medium plasticity with expansivity low-medium, and with low
levels of sands and fines, the test granulometry indicate a 93% of
soil pass the sieve 200°.

When applicate the CCA in low percentages the
plasticity is constant, the percentage optimal for low the plasticity
1s 10%, the plasticity improvement a 12% compared with
percentages high where the decrease is just 4,5%.

A reduction in saturation levels results in a
corresponding decrease in soil expansiveness. In conditions of
low moisture content, the soil exhibits a high degree of rigidity. It
is of great importance that the soil is fully saturated during the
course of the tests, as this ensures the reliability of the results
obtained.

Finally, this study demonstrated the effectivity of the
risk in the contraction limit, in initial conditions the contraction
limit was negative, with the application of the rice husk the limit
increase in a 17.8%.

This study encountered that the optimum percentage of
risk husk is 10% because with this percentage the plasticity
decreases, the free expansivity is 0 and the contraction limit is
?ptimum, with percentages high about of 15%, the results are
ow.

The risk husk is a product of waste that is obtained at
low prices, since in Colombia large quantities are produced in
rice factories and these are thrown away, producing pollution, is
very important a second use for this waste.
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4 LIMITATIONS

The limitations more important in this investigation are
mentioned next.

For future investigations is important to enlarge
samples in test of resonant column for identification changes in
conditions of dynamic test.

The other limitation is the comparison and variation of
humidity for verify the variation in the shear dynamic module and
other properties such deformation, S-wave velocity and
acceleration with different percentages of risk husk.

In order to facilitate future investigations, it is essential
to have access to suitable containers that can be used to prevent
sample fracture and to ensure the long-term conservation of the
samples. This is particularly important for resonant column test
and Dynamic test, as it guarantees the constant properties over
time.
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