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One of the problems facing construction now is obtaining materials that meet
certain conditions of durability and resistance, before weathering or natural
phenomena, this work shows the study of the mechanical properties of clay
bricks that have were made by hand, between three different brickyards near
the Portoviejo canton, here a comparison is made by applying the Ecuadorian
standards. The tests allowed performing the comparisons of moisture
absorption, compression resistance, and flexural strength test. Field visits,
interviews, laboratory tests and tabulation of results have were used as a
methodology. The software has was used to make the graphs and statistical
tables for its interpretation. As a result of the research, it was found that of the
three artisan brick kilns studied. They only meet one of the three criteria
established by the INEN. The test that showed the best results was the
resistance to bending, while the absorption moisture and resistance to
compression results that are below the parameters established in the standard,
a situation that is of interest to the community, because a large percentage of
the population close to these artisan brick Kilns, build their homes with this
material.

2454-2261 ©Copyright 2018. The Author.

This is an open-access article under the CC BY-SA license
(https://creativecommons.org/licenses/by-sa/4.0/)

All rights reserved.

Author correspondence:

Wilter Enrique Ruiz Pérraga,

Civil Engineering, Faculty of Science, Mathematics, Physics and Chemistry,
Universidad Técnica de Manabi, Portoviejo, Manabi, Ecuador,

Email address: wruiz@utm.edu.ec

1. Introduction

Brick is the oldest building material manufactured by man [1]. In the first times, it was started by elaborating it in
its raw form, which is the adobe. Its diffusion was due to the fact that the man gave it a size that suited his hand and to
do so he resorted to raw materials, which are accessible.
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The brick-making activity is widely distributed in Ecuador. The vast majority of micro and small brick companies
use artisan techniques to manufacture their products, the manufacturing plants are basically represented by the artisanal
oven they make and a space of land for the work and location of the raw material, the same They consist of; water,
clay, sawdust and sometimes rice husk is used.

In the investigation, he made a series of tests that allowed to determine the values of the absorption coefficient and
other acoustic properties of some building materials in Ecuador, taking as a reference material the common brick and
the industrial brick with which | made a study comparative among them [2].

Variations were made regarding its quality since in the case of the artisan brick each one had a different color and
consistency and at the time of cutting they reacted differently. Regarding industrial bricks, there were also variations
in their quality [3]. In their research, they demonstrated that clay blocks (bricks) can be reused, replacing up to 5% of
the cement with clay powder in a concrete mixture of structural type. The studied waste can be reused in the concrete
of non-structural type in proportions of 10 and 15%. In addition, in their work they concluded that the reuse of these
materials helps to mitigate the environmental impact generated by the exploitation of the raw material in the
manufacture of cement, also improving the quality of life of people.

Brickmakers must ensure compliance with the quality standards established by the Ecuadorian Institute for
Standardization (INEN) [4], [5], [6], [7], [8]; as well as the checklists, controls, tests and tests that must be carried out
in parallel and simultaneous to the processes of elaboration of these. The quality control of the artisan brick production
identifies the design and execution characteristics that will allow verifying compliance with the level required for each
of the stages of the construction process and for its useful life.

With this research work, it was identified which of the three variants of handicraft bricks (Maleton, Maleta, Burrito)
meet the requirements established by the INEN, in terms of processing and cooking including the physical and
mechanical properties that these must meet. materials.

2. Research Methods

To carry out the research, three of the brick factories with the largest production of handmade bricks were selected
and they are also located in the periphery of the city of Portoviejo, for this work. The different types of cooked bricks
made in the brickworks were taken into account, the same ones that were labeled with the names of bricks Maleta,
Burrito, and Malet6n, names with which they are known in the sector of study, the tests to be carried out were the
established ones by the Ecuadorian standard regarding the quality of materials and designs [4].

The tests carried out are included in the Ecuadorian technical standards for the construction of bricks, which are:
Ceramic brick sampling NTE INEN 292: 2015 [4]. Ceramic bricks definitions classification and general conditions.
INEN 293 1977-05 [4], ceramic bricks determination of compressive strength. INEN 294 1977-05 [4], ceramic brick
determination of flexural strength INEN 295 1977-05. Ceramic bricks determination of moisture absorption NTE
INEN 296: 2015 [5][6][7][8]-

The tests were carried out in the Hormigén laboratory of the Civil Engineering career, of the faculty of
Mathematical and Physical Sciences of the University. The collection of samples for their tests in the laboratory were
carried out randomly in the different brickworks under study and thus be able to carry out the comparative analysis
between what exists and what is regulated by the INEN.

The number of samples by tests and brickwork was governed by the norm, leaving 5 bricks of each type for each
artisanal brick, ie 45 samples were taken for each type of test.

3. Results and Analysis

Brick is the most accepted building material and used by bricklayers and workers for a long time since it has
characteristics of thermal and acoustic insulation that make it a very dynamic material in construction both for walls,
walls, and structures. as to make exterior coatings of houses and buildings.

The mud brick is the construction material most used in the construction of the homes of the inhabitants of the
Ecuadorian north, however, the manufacture of this is a trade that is diminished by the appearance of new construction
techniques [6].

Craft or manual bricks have the rough appearance and their faces are rough, these are obtained by the molding,
drying and firing at high temperatures of a clayey paste. Its measures are diverse and manufactured in a size that allows
to handle them with one hand by the operator, its dimensions are depending on where they are going to be placed
(walls, ceilings, etc.).
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Among the raw materials used for the production of bricks are mainly clay, water, sawdust and rice husks; but the
same combinations of the Portoviejo sector do not apply to all the brickyards.

One of the characteristics to evaluate in clays is the chemical and mineralogical composition since it directly
influences the properties of the obtained ceramics. Because a clay with high content of kaolin will allow to obtain
ceramic products with refractory character, clear coloration and good mechanical resistance, while high contents of
illite and montmorillonite confer high plasticity to the ceramic pastes, which translates into an easy confirmation of
the pieces, but also in a large contraction of the same during drying and sintering, which can lead to the formation of
cracks; in such cases, decreasing material such as sand should be added to adjust the plasticity of the paste.

The properties to be analyzed in the artisanal bricks are related to the guidelines given by the Ecuadorian standards
INEN, these are the absorption of humidity of the bricks, resistance to compression forces and resistance to tensile
forces,

The evaluation of the characteristics for the absorption of artisanal bricks was carried out based on the maximum
absorption value with a percentage greater than 25% of the INEN regulations.
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Figure 1. Percentage of moisture absorption

The values shown in Figure 1 indicate that the bricks that come closest to those established by the norm are those
made in the Brickyard 3, while the other two artisanal companies, their values are close to or are higher than 25%
established in the NTE INEN 296: 2015 [7].

According to the Ecuadorian Standardization Institute INEN 297 1977-05 [8], the determinations of the
compressive strength of the bricks must have a minimum of 8 MPa, on the average of 5 bricks tested, and a minimum
of 6 MPa for each sample individual in figure 2 shows the resistance to the understanding of the bricks built in the
three different brickworks.
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Figure 2. Compression resistance test
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When analyzing Figure 2, it can be concluded that none of the brickworks under study complies, with the provisions
of the standard, regarding the value of 8 MPA, on average, an aspect that must be taken into account when selecting
the material and of the canter ronde is extracted.

In Figure 3, the results obtained in the tests carried out on the flexural strength have were shown.
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Figure 3. Bending resistance test

The determinations of the flexural strength of the bricks must have a minimum of 2 MPa in the average of 5 bricks
tested according to the INEN 297 1977-05 standard [8][19][20][21]. In figure 3, it had was visualized that the three
brickworks in the study all comply with the stipulations of the norm regarding the bending of artisan bricks.

In the social field, these results of the trials will allow the artisan brick kilns to improve the ways of making the
bricks and these will have an impact on obtaining better quality masonry that will resist the weathering as well as the
natural phenomena affecting the canton and the province.

This research generates new and interesting information for the community, because it reveals the criteria that have
currently used in artisan brick kilns with the stipulations of the Ecuadorian Institute of Normalization (INEN)

4. Conclusion

In the moisture absorption tests, two of the three brickyards under study does not meet the parameters established
by NTE INEN 296: 2015, which establishes a maximum percentage of 25%.

From the compression resistance test stipulated in the NTE INEN 294 1977-05, none of the artisanal brickwork
that was studied meets the minimum resistance requirement of 8 MPa according to the samples analyzed.

From the test of resistance to flexion established NTE INEN 295 1977-05, it is concluded that the three brickworks
meet the minimum criterion of 2 MPa, this being an important parameter in the analysis of this masonry.
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