Adobe with 1 % clay and 2.11 MPa resistance: a case study
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Abstract
Although showing good final resistance and durability, some experiences in earth building
construction show a clay/silt/sand proportion that is completely different from that recommended by most authors and construction associations. Understanding these experiences
is important to enhancing knowledge in this field. This article presents and discusses some
of these experiences. The main objective was to improve comprehension of earth behaviors as building material by studying two atypical cases of adobe production concerning a
grain size analysis of the earth used. The earth and adobe produced by two of the three
local producers from Bichinho village, Brazil, were analyzed by different tests such as the
grain size distribution test and the Atterberg limits for earth and resistance for the adobe.
The grain size analysis of the earth used by the first producer presented the following results: clay 1%, silt 65.1%, and sand 33.9%, with similar results for the second producer.
Adobe resistance was tested using the Proterra method, which showed an average of
strength compression of 1.99 MPa for the first producer, and 2.11 MPa for the second
producer. These results show the importance of the clay mineral structure and the complexity of the soil behavior, indicating the need for additional studies.

Introduction
The present study began as a study of the characteristics of the local adobe producers in
a small village in southeastern Brazil called "Bichinho". The research was undertaken because this type of production is very rare in this part of the country. However, some of the
results were so surprising that another research study was deemed advisable. The grain
size distribution test showed a predominance of silt and only around 1% clay for the two
soils used to make the adobe bricks. These results are completely outside of the grain size
distribution recommended by adobe building manuals. However, the compressive strength
test revealed good resistance (2 MPa average). One of the primary objectives behind this
study was to explain how this was possible.
Another point to be investigated was whether this type of soil would have been chosen
had the customary recommendations had been applied.
The importance of the origin of the clay mineral and complexity of the soil behavior is well
known. Nevertheless, what is new, and confirmed by the bibliography and an exchange of
information with colleagues, is that these types of cases are not as difficult to find as once
imagined. Furthermore, even if it was a very rare case, the importance of the research for
the local vernacular producers and the necessity of not making a wrong judgment about
the soil would justified this work. Therefore, this study aimed to present one more case
outside of the regular particle distribution size and the need for further studies to best predict soil behavior as a building material and better understand its behavior. After presenting a brief literature review and the method, the results will be shown and discussed.
Literature review
The differences due to the origin of the clays mineral and the difficulty in in knowing its behavior is very well discussed in the Clay Mineralogy works (Grim, 1962; Grim 1968; Grimshaw, 1971; Murray, 2007) and presented in Geotechnical Engineering (Adeyeri, 2014;
Vargas 1978). This is summarized in various publications on earth construction (Houben
and Guilaud, 2008; Minke, 2000), which show the clays' chemical composition and the
primary tests to try to identify soil characteristics with emphasis on the grain distribution
size and Atterberg limits. Such emphasis is in total agreement with current engineering
practices. In fact, they are much used due to the facility with which they are made (diffu2/6

sion and costs) and their relative success in predicting soil behavior as building material
when applied together. However, Corrêa (2006) and Costa (2013) demonstrate that, in
some cases they are not enough to understand or predict soil behavior. Costa et al (2013)
shows samples where the mineral composition, not the particle size distribution, are decisive to understand the soil comportment. Ciancio et al (2013) argue that the excessive focus on the grain size distribution test and the importance of other tests can show the characteristics related with the soil's mineral structure. This study presents and discusses an
example in which the clay mineral origin and complex soil behavior are the main point.
Method
The adobes strength was tested using a methodology developed by the Proterra network
for compress strength test (Neves, Faria, 2008; Faria et al, 2008). Ten adobe blocks of
each producer were selected to perform the test (10 % of the daily production from different times of the day). Each adobe was cut dimension from a larger size, assisted by a
mould made especially for this purpose. (Figure 1). The two parts were connected with a
murder of Portland cement and fine sand (1:3). The top and bottom surfaces received a
layer of mortar to make a level surface.
The adobes were treated in a kiln for 24 hours (100 °C) before undergoing the strength
test. The load used was 10 MPa/min at a constant speed (Figure 1).

FIGURE 1: method for cutting the adobe and press machine with adobe prepared for the test.

For the Plasticity Index the Brazilian standard for Atterberg Limits - Liquid Limit (NBR
6459/ 1984) and Plastic Limit (NBR 7180/1984) were used. These standards are very similar to ASTM Standards for the same tests.
To find the grain size distribution of the used soils, a combined sieving and sedimentation
test was conducted according to Brazilian standards (NBR 7181/1984), which is similar to
ASTM D2487 for this propose.
Results and discussion
For this study, one of the producers was designated Producer One and the other one,
Producer Two. Producer One's adobe and soil were designated adobe brick and soil 1.
Producer Two's adobe and soil were designated adobe and soil 2. Graphic 1 shows the
particle size distribution of the soil used by Producer One. It has 1% clay 65.1 % silt, 23.6
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sand, and 0.3 % gravel. Graphic 2 shows the particle size distribution of the soil used by
Producer Two. It has 1% clay,65.5 % silt, 33 % sand, and 0.5 % gravel.

GRAPHIC 1: Particle size distribution curve producer 1

GRAPHIC 2: Particle size distribution curve producer 2

The Atterberg limits of the soil 1 are: Liquid Limit: 52.9, Plastic Limit: 37.0, and Plasticity
Index: 16.0. For soil 2, the results are: Liquid Limit: 60.7, Plastic Limit: 31.4, and Plasticity
index: 29.3.
The compression strength test showed a median crushing load of 3605 kgf and a median
compressive strength of 1.99 MPa for the first producer, and a median crushing load of
3728 kgf and a median compressive strength of 2.11 MPa for the second producer (Table1).
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TABLE 1: Compress strength test results for adobes from the two producers.

The particle size distribution of each soil type shows very little clay and a large amount of
silt for adobe production. This particle size distribution is not generally recommended without some type of correction. The Plasticity Index is a good result for soil 2 (29.3), but not
for soil 1 (16.0). However, the results are more acceptable for the purpose. Furthermore,
this last test shows good reactivity of clay in the two soils. The compression strength test
shows a median of 1.99 MPa for Producer 1 one and a median of 2.11 MPa for Producer
2two. These results are good and unexpected from the particle size distribution of each
soil type. Even taking in account the Plasticity Index (PI) 16.0 for the first soil and 29.3 for
the second soil, these results are a good example of the complexity of soil behavior.
Part of the good results of the strength test could be predicted by the results of Atterberg
limits test, especially for soil 2. This is an important argument for never applying only the
particle size distribution test to make a decision on soil quality for use in construction. Although the Atterberg test is mentioned in most manuals and courses for beginners, maybe
the need to apply it is not given proper emphasis.
Conversely, part of the good results had not been previously diagnosed. The bibliography
(Adeveri, 2014; Vargas 1978) contains studies that indicate these results are connected
with clay mineral origin, its chemical behavior and even with the behavior of the silt . Nevertheless, the need to more accurately how all this particles work reveals the need for
more studies.
Final discussion, conclusion, and prospects
The main purpose of this study was to present another case in which soil with completely
atypical grain size distribution could be used without correction. Similar results can be find
in other studies (Ciancio et al, 2013; Costa et al., 2013, Corrêa, 2006) conducted in other
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countries. As a result, it is not an isolated case. These cases support the need for additional studies concerning soil behavior and its characteristics related with its mineral structure.
Moreover, two conclusions became evident. First, students must be made aware of the
complexity of soil behavior and the need to not consider the particle size distribution test
as the only source for soil characteristics. Furthermore, even tests like the Atterberg limits
should not be used as the final diagnosis in terms of soil possibilities and behavior. Second, new studies need to be undertaken to better predict soil behavior, such as methylene blue to test the clay reactivity.
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