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2 Evaluation Of The Mechanical Behavior Of Soils Subject To Laboratory Fusion Processes

Abstract

Introduction: This article is the product of the research “Transformation of soils subjected to fusion proces-
ses in the laboratory”, developed at the Pedagogical and Technological University of Colombia in 2018; this
describes the results obtained concerning changes in the physical and mechanical properties of fine soils,
especially clay soils, exposed to heating processes at different temperatures, when attempting to expand upon
the knowledge of this process as a stabilization alternative.

Problem: Soils of recent origin are materials with a behavior that is frequently linked to the geological history.
So, it is common to find soils with low resistance problems and excessive deformation; this makes it necessary

to “improve" their geotechnical behavior.

Objective: The objective of the research is to quantitatively establish the resistance changes of a soil with fine

granulometry when it is exposed to different temperature ranges.

Methodology: The project was based on a mixed methodology with an explanatory character. The variations of

the soil under study are evidenced according to the phases defined in this article.

Results: In this article, the changes in the physical and mechanical properties of the soil, when it is melted and
subjected to different tests, are exposed. As well, the variations of the results of the unconfined compression

test and Atterberg Limits are presented.

Conclusion: To review the efficiency of the heat stabilization method as a technique of soil improvement with

fine composition, taking into account the variations in the undrained cohesion of the soil.

Originality: This is the first that that this research has been carried out in the surrounding fine soils in the area of
the lacustrine deposit of the City of Tunja, Boyaca, Colombia; contributing to the geotechnical characterization

of the city and to the evaluation of this improvement technique.

Limitations: The samples, being fused, must be analyzed in rock test equipment. This contributed to the fact

that the tests could not be performed at higher temperatures than those shown in this article.

Keywords: Behavior, Geotechnics, Fusion, Resistance, Soils, Temperature.

Resumen

Introduccion: El presente articulo es producto de la investigacion * Transformacion de suelos sometidos a
procesos de fusidn en el laboratorio”, desarrollada en la Universidad Pedagdgica y Tecnoldgica de Colombia
en el afo 2018; en este se describen los resultados obtenidos en cuanto al cambio de propiedades fisicas y
mecanicas de los suelos finos, en especial de los suelos arcillosos expuestos a procesos de calentamiento a
diferentes temperaturas, buscando asi ampliar el conocimiento de este proceso como alternativa de estabili-
zacion.

Problema: Los suelos de origen reciente son frecuentemente materiales cuyo comportamiento esta ligado a
la historia geoldgica, por lo que es comun encontrar suelos que presentan problemas de baja resistencia y

deformacion excesiva, lo que hace necesario el "mejoramiento” de su comportamiento geotécnico.

Objetivo: El objetivo de la investigacion es establecer cuantitativamente los cambios de resistencia de un suelo

con granulometria fina al ser expuesto a diferentes rangos de temperatura.

Metodologia: El proyecto se basé en una metodologia mixta con caracter explicativo, donde se evidencian las

variaciones del suelo objeto de estudio siguiendo fases expuestas dentro del presente articulo.

Resultados: Se evidencian los cambios de las propiedades fisicas y mecanicas del suelo al ser fundido y so-
metido a diferentes ensayos, para este articulo se presentan las variaciones de los resultados del ensayo de
Compresion Inconfinada y Limites de Atterberg.
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Conclusion: Analizar la eficiencia del método de estabilizacion con calor como una técnica de mejoramiento de

suelos con composicion fina, teniendo en cuenta las variaciones de la cohesion no drenada del suelo.

Originalidad: La presente investigacion se realiza por primera vez en los suelos finos circundantes en la zona
del deposito lacustre de la Ciudad de Tunja, Departamento de Boyac4, contribuyendo asi a la caracterizacion

geotécnica de la ciudad y a la evaluacién de esta técnica de mejoramiento.
Limitaciones: Las muestras al ser fusionadas deben ser ensayadas en equipos para rocas, lo que contribuyé a

que no se pudieran realizar ensayos a temperaturas superiores a las mostradas en el presente articulo.

Palabras clave: Comportamiento, Geotecnia, Fusion, Resistencia, Suelos, Temperatura.

Resumo

Introdugdo: Este artigo é produto da pesquisa “Transformacgao de solos submetidos a processos de fusdo em
laboratério”, desenvolvida na Universidade Pedagdgica e Tecnoldgica da Colémbia em 2018; Este descreve
os resultados obtidos quanto a alteragao das propriedades fisicas e mecanicas de solos finos, especialmente
solos argilosos expostos a processos de aquecimento a diferentes temperaturas, buscando, assim, ampliar o

conhecimento deste processo como alternativa de estabilizacao.

Problema: Os solos de origem recente sao frequentemente materiais cujo comportamento esta ligado a histo-
ria geoldgica, por isso € comum encontrar solos que apresentam problemas de baixa resisténcia e deformacao

excessiva, o que torna necessario “melhorar” o seu comportamento geotécnico.

Objetivo: O objetivo da pesquisa é estabelecer quantitativamente as mudancas de resisténcia de um solo com

granulometria fina quando exposto a diferentes faixas de temperatura.

Metodologia: O projeto baseou-se em uma metodologia mista de carater explicativo, onde as variagdes do solo

em estudo sdo evidenciadas a partir das fases expostas neste artigo.

Resultados: Sao evidenciadas as alteragdes nas propriedades fisicas e mecanicas do solo quando derretido
e submetido a diferentes testes, para este artigo sdo apresentadas as variagdes dos resultados do teste de

Compressao Nao Confinada e Limites de Atterberg.

Conclusdo: Analisar a eficiéncia do método de estabilizagao por calor como técnica de beneficiamento de

solos de composigao fina, levando em consideragao as variagdes da coesado nao drenada do solo.

Originalidade: Esta pesquisa é realizada pela primeira vez nos solos finos do entorno da area de depdsito
lacustre da Cidade de Tunja, Departamento de Boyaca, contribuindo assim para a caracterizagao geotécnica

da cidade e a avaliagdo desta técnica de melhoramento.
Limitagbes: As amostras quando fundidas devem ser ensaiadas em equipamento de rocha, o que contribuiu

para que os ensaios hao pudessem ser realizados em temperaturas superiores as apresentadas neste artigo.

Palavras-chave: Comportamento, Geotécnica, Fusao, Resisténcia, Solos, Temperatura.

1. INTRODUCTION

Taking current urban development into account, it is necessary to use techniques that
optimize construction processes and contribute to the economy of a region.

The development of Geotechnics, within the field of Civil Engineering, principally
includes the study of the behavior of the soil that serves as a foundation or support
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4 Evaluation Of The Mechanical Behavior Of Soils Subject To Laboratory Fusion Processes

for the development of a civil structure. Sometimes, the soil does not provide ade-
quate support capacity for project construction, which is why it is necessary to draw
upon soil improvement techniques that mainly contribute to improving the mechanical
properties of the soil.

For this article, a soil of recent origin, obtained from manual drilling executed
at a geological zone of the fluvial-lacustrine deposit of the city of Tunja, is studied,
taking into account the innate mineralogical and chemical characteristics of these
types of soil. The research tries to establish the change of the undrained resistance
properties, considering the temperature changes in intervals between 150 °C to
650 °C; the aforementioned applies for fine-grain soils.

1.1 Research Antecedents

Inside this article, bibliographic citations concerning soil improvement will be referred
to. These citations are described below:

In the geotechnical memory of Soil Improvement, the abstract and compari-
son between the primary geotechnical improvement methods of Foundation soils are
established. In this memory the observation is made that soil improvement may con-
tribute to the increase in mechanical resistance, the reduction in compressibility, the
reduction of dynamic effects such as liquefaction, and the diminution in permeability
and expansion, amongst others [1].

The geotechnical zoning of the city of Tunja is carried out, This zoning shows
that there are two geotechnical zones defined topographically. The two zones are
subdivided into zones according to their geological formations, besides, is also evident
that these zones can present a consistency categorized as moderate or soft; this
zoning contributed to the selection of the drilling area [2].

Tsige M and Gonzalez de Vallejo, establish the general mineralogical properties
of the studied clays, and present smectite and illite as the predominant composition
and in similar proportions. The general microfactory of the three zones is witnessed
with some alteration, and its clayey and dense composition is evident, with consolidat-
ed and cemented materials. However, they specify that the scale of the photographs
is inadequate to determine the microfactory with accuracy, this is because the photos
were taken at 1.0 KX, generating loss of detail; they suggest taking photos at 2.0 KX,
minimum. [3]

The Geophysical Institute of the Javeriana University, in the year 2000, devel-
oped a document of preliminary seismic studies of the city of Tunja. This document
exposes the geotechnical characterization of the city, and the geological and tectonic
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conditions can be consulted. The responses of these conditions, with no doubt, de-
pend on the resistance and mineralogical and chemical composition of the studied
soils. [4]

Following this work, in 2001, a complementary paper titled Geomechanical
Characterization of Soils of Tunja was made. In this complementary research, Tunja
is studied geotechnically. This work helped to define the location of the representative
drilling for the present research, trying to maintain similar index parameters for the
heating processes. [5] and [6]

In the investigation "Experimental characterization of the Hydromechanical
behavior of a compacted clay”, developed in the City of Barcelona in 2007, it is docu-
mented that compacted fine soils present a factory that represents the arrangement
of existing particles. This research also specifies that the presence of humidity af-
fects compaction of the factory [7]. Nobuaki Otsuki, Wanchai Yodsudjai and Takahiro
Nishida (2007), in the paper "Feasibility study on soil improvement using electrochem-
ical technique" evaluate the change in the mineralogical and mechanical properties of
a soft clay by means of electrochemistry using direct current. [8]

In the research named “Theoretical Analysis of the consolidation and deforma-
tion around gravel columns", carried out by Castro in 2008, topics about the thermal
treatment of soils are indicated, the modification of the resistance properties of the
studied soil are also included in the document. [9]

According to [10], the diverse compositional and textural variations of benthonic
shale lithofacies are exposed, identifying the different textural features of the analyzed
soils by the use of stratigraphic columns. The mineralogical study was carried out
using DRX (X-ray diffraction) to establish the changes and show their mineralogical
and chemical structure.

[17] helps determine the analysis that should be performed when a fluorescence
test takes place. In this test, the main chemical characteristics of a sample are ob-
served. In the Construction Processes research [12], the improvement technique with
heating is shown as an option for construction techniques worldwide, establishing
that this research is important in the field of engineering. In [13], related to the activa-
tion of clays from low to high temperatures, the proposal for the production of artificial
pozzolans from the activation of clays as an alternative to Metakaolin is presented, in
order to provide improvement to clay and obtain construction materials.

In [14] “The evaluation of the behavior of clays subjected to different times
of exposure to high temperatures", periods from 1 to 15 days were defined to study
whether or not the clays recovered resistance properties. Its goal was to demon-
strate whether this method works as a soil stabilization method. Among the results
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obtained, a series of graphs are presented, showing the increase or decrease in the
evaluated parameters.

Taking into account the mineralogical component of the present investigation,
the documents considered as the source for this purpose are presented below. In
the document named "“Clay mineralogy and calcareous nannofossils from Jagiel and
Rock formations in the eastern sector of Pellegrini Lake, Neuguen Basin, Argentinian
Republic" [15] is established the new mineralogical, sedimentological and micropa-
leontological data of the formations studied in the consulted paper, describing the
microfactory and the mineralogy of the fangolites. It is shown that the clay minerals
have a detrital origin, with a predominance of smectites.

In the 2012 document entitled "Soil Stablization Methods and Materials" by
Makusa [16], the method of improving soils with temperature action is recognized as
one of the techniques that can improve the resistance properties of a soil with exces-
sive deformations. In the article named “The Uncertainties of Using Replacement Soil
in Controlling Settlement”, the research is generated taking into account the quality of
the soils of Egypt, where there is a layer of soft soil that must be necessarily improved
to construct high-rise buildings. [17]

“Evaluation of the efficiency of different ground improvement techniques” in-
vestigates the performance of different procedures for the improvement of soft soils,
using a three-dimensional model and evaluating the change in the physical proper-
ties of the soil under study. [18]. "Assessment of Heat Treatment on Clays Mixed with
Silica Sand", Malaysia, 2014, examines the effects of heat treatment on two types
of clays mixed with silica sand under laboratory conditions. The soils were exposed
to three temperatures: 100, 250 and 500 °C. The properties of the tested soils were:
The Atterberg limits, optimal humidity and resistance to unconfined compression.
Experimental outcomes revealed that a temperature greater than 100 °C reduces
Atterberg limits, optimum water content and unconfined compressive strength. [19]

In the document entitled “Evaluation of the Geomechanical Behavior of Clays in
the Campo Alegre Sector — City of Barranquilla”, 2014, the treatment and improvement
to the Barranquilla clays are specified. Initially, the framework is established for par-
tially saturated soils; the experimental program to make physical and microstructural
characterization of the clay. Finally, the primary characteristics of the clays and their
improvements are determined. [20]

Inthe2014, researchofthe NationalUniversity of Colombiaentitled"Improvement
of fine soils from electroosmosis", the electroosmosis system is settled and analyzed,
performing tests on fine soils using electrical currents in the laboratory, associating
the results with the geomechanical parameters obtained with other tests. Finally,
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itis concluded that "The resistance in the analyzed samples increased due to the elec-
troosmosis process, in a ratio of 1:1.3 to 1:11, measured in unconfined compression
and vane tests, respectively”. [21]

In the master's degree thesis entitled "Evaluation of the concentration of lead
and cadmium in surface soils of parks and public squares in three municipalities of
the Monterrey Nuevo Leon metropolitan area", it is established that x-ray fluorescence
is necessary to determine the concentration of metals in the analyzed soils; some
relations between this test and the atomic absorption test are mentioned. [22]

In the city of Tunja, studies have helped understand the characterization of
the soils of the city. These studies are a major base for the present investigation. In
2015 the Geodynamic Characterization for the seismic micro-zoning of the city of
Tunja, Sector 2 and 3, was implemented (Pedagogical and Technological University
of Colombia). There are laboratory results of the classification and resistance tests
of the Lacustrine deposit in the city; results that are used as input and verification
parameters for the present investigation. [23]

In the 2015 study named "The micro-factory of clays analyzed using the SEM
test”, changes in the combination of the clays with distilled water are analyzed. It is
evident that it has a honeycomb or reticulated micro-factory, forming face-face and
face-edge joints, the mentioned study is a really important example for the present
investigation [24]. Taking into account that foundation soils may experience unfavor-
able deformations to civil works, in the article "Soil Improvement Techniques" [25], the
different improvement methods are presented in order to increase the bearing capac-
ity and reduce deformations of the soils. Heating methods (thermal) are enunciated
to increase their resistance properties.

In the experimental article "Evaluation of the behavior of Sandy Soil — Cement
Mixture", techniques for soil improvement are defined in order to contribute with the
enhancement of its mechanical properties and, consequently, to the modification of
its primary properties, by means of laboratory tests. [26]. In "Ground Improvement
Techniques to Enhance the Bearing Capacity of weak Soil", 2009, it mentioned that
during the construction process of a civil work, it is often found that the foundation soil
is not appropriate for the work, finding the soil in a weak state. As a result, the author
quotes different soil improvement procedures to improve the bearing capacity of the
foundation soil. [27], [28].

According to the bibliographic review cited above, it is well-defined that this
research is aligned with current trends in soil enhancement, contributing with this
investigation to explore an improvement technique through soil fusion, analyzing the
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change in resistance properties of a soil for the city of Tunja, Boyaca, Colombia; a
methodology that has not been studied so far.

2. MATERIALS AND METHODOLOGY.

2.1 Soil Type

In order to present the results shown in the subsequent items, the material object of
the present investigation is presented below. Initially, a soil with fine granulometry is
considered, characterized according to the table shown below.

Table 1. Characteristic of the studied soil.

Parameter Result
Natural humidity (Wn) 61.1%
Plastic limit (LP) 47.48%
Liquid limit (LL) 23.68%
Plasticity index (IP) 23.8%
Specific Gravity (Gs) 2.68
Undrained Cohesion (Cu)* 0.9 kg/cm?
Angle of Internal Friction (¢)** 28°
Undrained Cohesion (Cu)** 2.4 kg/cm?

* Unconfined Compression Test.
=* CU Direct Cut Test.

Source: own work

2.2. Methodology

Following, the research phases to achieve the results presented in the next sec-
tion are described, developing a mixed methodology with an explanatory approach
to the variation of the resistance properties of the analyzed soil with temperature
variations. [14]

+ Initial phase:

In this process, the exploration of the subsoil was made using manual drill-
ing, obtaining unaltered samples to perform the mechanical tests, and altered
samples for the classification test. After the exploration phase, the extraction
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of unaltered samples, obtained using thin-walled tubes (Shelby type), was
completed.

*  Experimental phase:

Once the samples were obtained, laboratory tests were executed, with classifi-
cation tests initially; later, the soil was characterized by mechanical tests. Heat
application stage: Considering the extraction of unaltered samples, the heat ap-
plication stage was implemented, in a range of 150 °C to 650 °C. Temperatures
up to 550 °C were obtained with furnaces located at the Geotechnical labo-
ratory. When it was necessary to apply higher temperatures, metallurgical
equipment muffles, above 550 °C capacity, were used.

Execution of tests on samples subjected to fusion processes: Once the sam-
ples were "melted”, classification and mechanical tests were finished to
demonstrate the changes obtained.

+ Analysis phase

The analysis of the results was prepared with the information acquired in the
experimental phase. In this analysis, graphs are used to show the change in the
different properties associated with the variation in temperature.

3. RESULTS

The results obtained after the application of melting and unconfined compression
tests on the considered soil are presented, implementing the aforementioned meth-
odology. All results were obtained using unaltered samples.

3.1. Soil in the Natural State

The sample, has a medium consistency in its natural state, presents an LL of 47.5%
and an LP of 23.7%, its unconfined compressive strength presents a value of 1.8 kg/
cm?, with a value of Undrained Cohesion of 0.9 kg/cm?. These data are presented in
Table 1. Figure 1 shows a sample with fine predominance and plastic behavior.
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10 Evaluation Of The Mechanical Behavior Of Soils Subject To Laboratory Fusion Processes

Figure 1. Unconfined compression test. Sample in natural state.
Source: own work

3.2. Soil exposed to 150 °C

The exposed sample has a middling consistency, presents an LL of 54.5% and an LP
of 28.1%, the unconfined compressive strength presents a value of 32.8 kg/cm?, with
an undrained cohesion value of 16.4 kg/cm?. Figure 2 displays a sample of soil with a
fragile behavior.
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-

Figure 2. Unconfined compression test. Sample Fused 150 ° C.
Source: own work

3.3. Soil exposed to 350 °C

The sample subjected to this temperature has an average consistency, has an LL of
45.01% and an LP of 25.3%, the unconfined compressive strength has a value of 9.9
kg/cm?, with an undrained cohesion value of 5.0 kg/cm?. A sample with fragile behav-
ior and vertical cracking is obtained when the soil is subjected to 350 °C; see Figure 3.
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Figure 3. Unconfined compression test. Sample fused 350 °C.
Source: own work

3.4. Soil subjected to 550 °C

The sample for this test has a medium consistency, with an LL of 43.9% and an LP of
24.8%, unconfined compressive strength of 6.6 kg/cm? and undrained cohesion of 3.3
kg/cm?. Bearing in mind the behavior evidenced in Figure 4 (sample subjected to 550
°C), the fragile behavior continues, with crumbling of its fine particles.
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Figure 4. Unconfined compression test. Sample Fused 550 °C.
Source: own work

3.5. Soil subjected to 650 °C

The sample subjected to this temperature has an average consistency, shows an LL
of 42.6% and an LP of 24.3%, the unconfined compression resistance during a 2-hour
fusion process using muffles has a value of 11.5 kg/cm?, with an undrained cohesion
value of 5.7 kg/cm?2. After 4 hours, the sample has a value of 14.9 kg/cm?, with a
value of undrained cohesion of 7.5 kg/cm?. Finally, after 8 hours of exposure to 650
°C, this sample presents a value of 5.6 kg/cm?, with an undrained cohesion value
of 2.8 kg/cm?.
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Figure 5. Unconfined compression test. Sample Fused 650 °C.
Source: own work

The samples maintain a fragile behavior when subjected to a temperature of
650 °C; A sample with 8 hours of fusion exposure has a hard consistency and presents
a vertical cracking process. For this sample, a change in color is observed concerning
the initial condition.

4. DISCUSSION

Taking into consideration the results of the laboratory tests, it is stated that the resis-
tance properties of the soils experience changes. In addition, the "fusion” produces
variations in their Atterberg limit values; these results are indicated in tables 2 and 3.

4.1. Atterberg limits.

«  Variation of the Liquid Limit (LL).

Table 2 and Figure 6 show the results obtained after the experimental phase,
wherein the Atterberg limit tests were completed. According to the result of these
tests, Liquid Limit varies between 39.4% and 54.5 %. It is observed that for the initial
conditions, an LL of 47.48% for the temperature of 150 °C with a melting time of 12
hours, attains an LL of 54.45%; the highest value in the series of tests analyzed. The
maximum temperature produces the lowest LL, with a value of 39.4%, and a reduction
of the LL by 17%, approximately.
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Table 2. Atterberg limits

TEMPERATURE (°C) (Time) LL (%)

0 (Natural) 47.48
150 (12 hours) 54.45
350 (12 hours) 45,01
550 (12 hours) 43.92
650 (2 hours) 42.55
650 (4 hours) 41.34
650 (8 hours) 39.4

Source: own work

Figure 6 illustrates that at a temperature of 1560 °C, the undrained cohesion
acquired with unconfined compression test registers the highest value, and from
the temperature increase, with a range between 350 to 650 °C, the resistance of the
undrained cohesion experiences a decrease.

VARIATION OF LIQUID LIMIT
60

50
40
30

20

Liquid Limit (%)

10

0 150 350 550 650 650 650
(12hours)  (12hours) (12 hours) (2 hours) (4 hours) (8 hours)

Temperature (°C)

Figure 6. Variation of the Liquid Limit (LL).
Source: own work

In the previous graphic, an important variation in the Liquid Limit is exhibited,
with a 17% reduction (from an LL value of 47.48% to 39.4%). This variation produces
changes in the mineralogical, chemical and geotechnical properties of the sample.
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«  Variation of the Plasticity Limit (LP).

As for the plasticity limit (LP), a parameter that specifies the property of soil to
modify its consistency, Table 3 shows that at a temperature of 150 °C, the soil presents
an LP of 28%, registering an increase in this property according to the initial condition
of the examined soil. However, from this temperature, a decrease in this parameter is
noted, indicating that the higher the temperature, the lower the possibility that a soll
suffers volumetric changes; this suggests that the soil may suffer “enhancement” in
terms of its expansion condition.

Table 3. Variation of the Plasticity Limit (LP).

TEMPERATURE (°C) (Time) LP (%)

0 (Natural) 23.68
150 (12 hours) 28.13
350 (12 hours) 25.29
550 (12 hours) 24.8
650 (2 hours) 23.4
650 (4 hours) 22.6
650 (8 hours) 19.3

Source: own work

This change of the plasticity limit can be perceived graphically in Figure 7.
Besides, it can be observed that when the exposure time is modified to 2 hours, at
650 °C, a greater value of LP is reached for the same temperature, but with an expo-
sure time of 8 hours, this points out the incidence of the heat time exposure on the
reduction of the plasticity of the soil. Considering the variation of the Plasticity Limit,
it can be demonstrated that this limit has a linear tendency of decreasing, starting at
350 °C. Although its changes are slight, these can influence radically in the bearing
capacity of the analyzed soil.
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VARIATION OF THE PLASTICITY LIMIT
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Figure 7. Variation of the Plasticity Limit (LP).
Source: own work

« Plasticity Index (IP)
A relevant indicator of a soil is the Plasticity Index. This index is the result of the

difference between the Liquid Limit and the Plasticity Limit. According to the above,
the results for the IP are presented in Table 4.

Table 4. Variation of the Plasticity Index.

TEMPERATURE (°C) (Time) IP (%)

NATURAL 23.8
150 (12 hours) 26.32
350 (12 hours) 19.72
550 (12 hours) 19.12
650 (2 hours) 19.15
650 (4 hours) 18.74
650 (8 hours) 20.1

Source: own work

For this property, the tendency is to increase at 150 °C and to decrease with
further increments of temperature. However, it is manifested that for a temperature of
650 °C and a heating time of 8 hours, this index has a small increase.
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VARIATION OF THE PLASTICITY INDEX
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Figure 8. Variation of the Plasticity Index (IP).
Source: own work

4.2. Undrained Cohesion (Cu)

One of the most important reference properties associated with soil geotechnical im-
provement is the cohesion of the soil particles in terms of their internal forces. This
parameter is commonly associated with fine consistency soils, the results achieved
in this research are presented in Table 5.

Table 5. Resistance Properties, Undrained Cohesion (Cu)

TEMPERATURE (°C) (Time) Qu (kg/cm?) Cu (kg/cm?)

0 (Natural) 1.8 0.9

150 (12 hours) 32.79 16.4

350 (12 hours) 9.91 5

550 (12 hours) 6.56 33

650 (2 hours) 11.48 57

650 (4 hours) 14.93 7.5

650 (8 hours) 5.55 2.8

Source: own work

In the development of the research, variations in the undrained cohesion were
observed, for this parameter, the sample starts with a magnitude of 0.9 kg/cm?, reach-
ing the highest resistance value at a temperature of 150 °C, whilst for 650 °C and
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2 hours of exposure time, the cohesion value declines, For the same temperature
(650 °C) the maximum value of cohesion is attained after 4 hours of exposure.

Variation of the Undrained Cohesion (Cu)
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Figure 9. Variation of the Undrained Cohesion (Cu).
Source: own work

In this investigation, the undrained cohesion property presented the greatest
variation in the fusion tests performed, reaching variations close to 90% of the max-
imum resistance attained at 150 °C. These variations evidence the internal confine-
ment of the particles at certain temperatures.

5. CONCLUSIONS.

Afterward the completed tests and the methodology used, the following conclusions
are obtained:

The soil of the city of Tunja, in the lacustrine deposit zone, has a predominantly
fine composition, its origin and composition create a soil prone to deformations due
to load application. This behavior can be modified by subjecting the soil to high tem-
peratures, with ranges higher than 150 °C.

Tomodify the resistance parameters of soil, specifically the undrained cohesion,
it is manifest that this property is altered by exposing the soil to high temperatures.
The results of the implemented tests indicate that the undrained cohesion is reduced
by temperatures over 200 °C, but reaches its highest value at 150 °C.

The plasticity condition is closely associated with the test temperature. This
property is lost when time and the temperature are increased; that is, the higher the
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temperature the lower plasticity of the soil. This condition contributes to a fragile be-
havior of the soil when loads are applied.

Fine soils have a tendency to experience significant volumetric changes; a con-
dition related to their mineralogical, chemical and physical composition. Therefore,
it is crucial to consider these variables in the study of clayey soil, bearing in mind its
transformation during the different stages of heat application.

Soil in natural conditions presents an average resistance. This circumstance
causes cost overruns in the construction of different civil structures. Keeping this in
mind, it is noticeable that heat treatment improves the soil properties and therefore
its bearing capacity.

The thermal shock inherent in the removal of the samples from the muffle had
special attention during the realization of the laboratory tests, because on many cases
the samples could present cracks; this condition will undoubtedly modify the resis-
tance to unconfined compression.

In general, it is witnessed that the consistency limits vary with increasing tem-
perature, presenting a behavior that is practically constant. This behavior indicates
that the higher the temperature, the lower the value of the Atterberg limits.
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