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Abstract—Production of soil-cement bricks when compared to
production of ceramic bricks can be an ecologically viable
alternative. Since the first process does not use burning in its
manufacturing, it can avoid air pollution and deforestation. This
article aims to analyze the effectiveness and feasibility of
manufacturing holed soil-cement bricks that are produced in a
hydraulic press, with total and partial replacement of cement by
hydrated lime as from binary and ternary compositions. In this
research, the study of the characteristics of the brick was made by
using an experimental methodology involving five different
mixtures of soil, cement (14%, 12%, 8%, 4%, 0%) and lime (0%,
2%, 6%, 10%, 14%) respectively in these proportions. The tests
were performed over seven and fourteen days (cure period) with
fifteen specimens for each mixture in order to find a composition
with the best cost-effectiveness for its application in large-scale
manufacturing. Tests of mass loss by immersion, water absorption
and compressive strength were performed to characterize the
bricks. The results are expressed in the article and are classified as
favorable according to Brazilian Association of Technical
Standards - ABNT.

Keywords—Soil-Cement Brick; Lime; Ecological Brick.

I INTRODUCTION

Searching for a decent house is a natural inclination that exists in
each human being. In the Brazilian constitution, having a decent house
is considered a fundamental right of life. According to the Brazilian
Institute of Geography and Statistics (IBGE), the housing deficit in
Brazil grew by 30% in the last 10 years, which accentuates the
necessity to build new low-cost housing. Therefore, it is essential for
new systems and technologies to emerge that can help neglected
families enjoy their constitutional rights. In the building of affordable
housing, the utilization of so-called ecological bricks (made from soil-
cement) is widespread by the virtues of its quick production, lack of
need for specialized labor, and the possibility to be manufactured in a
collective community effort, providing a satisfactory social and
economic return.

Soil-cement bricks represent an alternative in harmony with the
guidelines of sustainable development because they require low power
consumption in the extraction of raw material, do not require the
process of burning, and reduce the necessity of transport since the
bricks can be made of soil that comes from the own place of building
[10]. Through the use of holed brick, there is a remarkable reduction in
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waste and volume of generated rubbish. Furthermore, the holed brick
can speed up the construction process, provide economy of materials
and labor, and eliminate the destruction of walls for passage of pipes.
Since the bricks have holes that are overlaid in the cement, they form
ducts through which the wires and hydraulic lines are passed. [12]

Lime has been used in construction for over 4000 years because it
is an air binder. Specifically, it obtains its hardening properties by the
reaction with carbon dioxide (CO2) in the atmosphere. Therefore, it
was chosen for use in manufacturing the bricks in binary and tertiary
compositions. Beyond lime's binding property evidenced in mortar, it is
also regarded for its water retention capacity that avoids detachments in
masonry and minimizes shrinkage in curing.

The objective of this research is to study the partial or total
replacement of Portland cement by hydrated lime. It is intended to
evaluate the technical feasibility of the bricks' use and the influence on
the brick's quality.

Il.  MATERIALS AND METHODS

The research procedure was primarily based on studying material
characterization as well as on conducting tests of mass loss by
immersion, water absorption, and compression resistance.

A. Raw Material

o Soil — it is a vital constituent in the manufacturing of soil-cement
bricks. As the most abundant element in the mixture, it directly
influences the final quality of the brick that is produced. Sandy soil
is best suited because it usually has a composition of about 70%
sand and 30% clay. The Brazilian Technical Standard 10833 [7]
stipulates that the soil must have a liquid limit of no more than 45%
and a plasticity index of less than 18%. The soil that was used in
this research was collected around the Federal Institute of Alagoas -
Campus Palmeira dos indios from the land removed for
construction of new institution facilities.

o Cement - Portland cement is the product obtained by pulverization
of clinker, which essentially consists of hydraulic calcium silicates,
with a certain proportion of natural calcium sulfate that contains
additions of substances to modify its properties or facilitate its use
[9]. In the production of samples, the 'Portland cement CP 1I-Z 32
RS' was used because it is pozzolanic, common, and easily acquired
due to its popularity.
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e Hydrated Lime — In construction, hydrated lime is used as a key
element in the preparation of settlement mortar and long lasting
coating. Its use in soil-cement bricks is validated since it can further
increase the plasticity and useful life of the brick. Being an alkaline
product, hydrated lime prevents oxidation of fittings, and also due
to this characteristic, it acts as a bactericide and fungicide.
Furthermore, it helps prevents the formation of stains and early
decay of masonry. During this research, we used the hydrated lime
CH-I, which is sold in 20 kg bags

B. Dosages

According to the Brazilian Association of Portland Cement [8], the
determination of the best dosage to manufacture brick consists of a test
sequence and a subsequent interpretation of established criteria in the
experiment, in order to find the ideal compositions of soil, cement, and
lime.

The following table depicts the five compositions that were utilized
in the process of testing and characterization of samples:

TABLE I. DOSAGES OF EACH SAMPLE COMPOSITION

COMPOSITION = CEMENT (%) | LIME (%) SOIL (%)
01 140 0.0 86.0
02 120 20 86.0
03 8.0 6.0 86.0
04 40 100 86.0
05 0.0 140 86.0

C. Sample Modeling

The dried constituents, which include soil, cement, and hydrated
lime, were weighed and mixed until achieving a mass with uniform
color, to which water was then added to attain a new homogenization.
When the mixture reached a perfect state, it was brought to the
hydraulic press (Fig. 1) to model the brick. Then, the sample was
removed to start its healing process.

Fig. 1. Hydraulic Press
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Figure 2 shows a sample of the holed soil-cement brick after its
healing process:

Fig. 2. Holed Soil-Cement Brick

I1l.  RESULTS AND DISCUSSION

A. Grain Size Analysis

The soil grain size tests were performed according to the Brazilian
Technical Standard 7181 [3]. The results are shown below (Figure 3):
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Fig. 3. Graph of Soil Grain Size Analysis

As shown at Figure 3, the soil presents several grain sizes, which
means it has sufficient characteristics to be used in soil-cement brick
manufacturing.

B. Liquid Limit

The liquid limit test followed the Brazilian Standard [1], as well as
its specificities.

The Brazilian Standard for soil-cement brick manufacturing
requires a liquid limit lower than or equal to 45%. The average of the
six tested samples had a result of 30% that effectively meets the
standard. From the results, it is possible to plot the following graph:
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Fig. 4. Graph of liquid limit and 25 hits standard point

C. Plastic Index

The five tested samples presented an average plasticity limit of
22%. Since the plasticity index is given by the difference between the
liquid limit and the plasticity limit, we obtained an index of 8%,
meeting the standard that requires a value less than 18%.

D. Water Absortion

The test results are below the 20% threshold that is stipulated by the
Brazilian Standard. The composition 01 samples (14% cement) had the
highest absorption. Brick samples produced by the addition of 2%, 6%
and 10% lime did not show significant difference. On the other hand,
the composition 05 samples that contained only lime and soil did not
present any result because the bricks disintegrated when they came into
contact with water. The following graph shows the average results of
water absorption under the conditions mentioned above:
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The composition 01 and 02 samples showed the best results and did
not present significant difference. However, it was observed that the
percentages of wasted dry matter did not exceed the maximum value of
5% that is required by the Brazilian Test Method [11] for any of the
compositions.

F. Compression Resistance
The following graph shows that the first three compositions

responded positively according to the Brazilian Standard that requires a
minimum resistance of 2 MPa at the age of 28 days.
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Fig. 7. Results of Compression Resistance (MPa)

IV. CONCLUSION

Since the results were analyzed as satisfactory to the minimum
?% requirements of the technical standards, the holed soil-cement bricks
AT with the incorporation of hydrated lime seem to be a viable ecological
815 } alternative.
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‘ o1 o 03 04 05 ‘ of having a better life.
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