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ABSTRACT

In Brazil, ceramic blocks have a significant share of the masonry construction market. Thus, an experimental
testing program was devised to determine the physical and mechanical properties of ceramic blocks from
different regions of Brazil. The experimental program included blocks from five Brazilian states and ten dif-
ferent producers, and the properties studied were absorption, material density, efflorescence, abrasion, com-
pressive strength, and resistance towet-dry cycles. The purpose of determining these material properties is to
set guidelines to standardize the performance of same-geometry blocks. The material density test method and
the wet- and dry cycle test method are being proposed as new tests and are not usually specified in interna-
tional codes. The objective of the wet and dry cycle test is to determine a durability parameter for blocks that
are not subjected to freeze-thaw cycles. The analysis of the results identified important relationship between
these properties.
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1. INTRODUCTION

There are several applications of ceramic materials: from science to technology, to industry [1-3]. Industrial
application includes the manufacturing of ceramic blocks for use in masonry, which represents 80% of ma-
sonry construction in Brazil [4].

Structural masonry has been proved to be a competitive building system for housing construction
throughout Brazil [5]. Structural masonry construction has several advantages, the main one being the fact
that one element, masonry, fulfills several functions [6]. Another advantage of masonry is its durability, ob-
tained from the proper selection of materials [7]. The main masonry element is either a concrete or a ceramic
block; ceramic blocks are produced with fine-grained, non-metallic, and inorganic iron or alkali rich clays.

The properties of ceramic products depend primarily on the elements of their composition [8, 9] and
the clay composition [10-12]. In addition, the maturation time and the forming process are fundamental for
the ceramic material to acquire the structural shape and desirable characteristics of the final product [13].

Locally, ceramic blocks and bricks for structural and non-structural masonry must meet the physical
and mechanical characteristics specified in the ABNT NBT 15.270 [14]. The dry mass, water absorption in-
dex, compressive strength, initial absorption index, efflorescence properties specifications and test method in
this Brazilian standard are like those in the ASTM C-67 [15]. Recently, the Brazilian code also adopted a test
method to evaluate the density of the clay block material. The intention of the code is to allow performance
tests in masonry elements built with blocks from a specific producer to serve to certify masonry elements
built with blocks from a different producer. This is possible if both the block geometry and material density
are approximately the same.

Internationally, clay block durability is usually related to its absorption index and resistance to freeze-
thaw cycles [7]. However, these properties are not adequate to estimate clay block durability in tropical and
semi-tropical regions. In these regions, the durability may be related to the resistance to wet and dry cycles
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and to the block superficial abrasion resistance. In this paper, results from a proposed wet and dry cycle test
method and abrasion tests are reported.

Since the absorption index is an important characteristic of porous materials [14], the analyses relate
the absorption index to the compressive strength, density, efflorescence and durability.

The masonry compressive strength is a factor that largely depends on the block compressive strength
[16-18]. This is one of the most important characteristic of structural masonry [19-21]. Other properties with
significant relevance to ceramic blocks are: density, which is associated with the sound insulation [22, 23];
thermal conductivity [24, 25]; efflorescence, which even if it is an aesthetic problem, can cause problems in
the structure if not properly treated [26-28]; and abrasion resistance. The last property is more important for
facade masonry walls (uncoated), which may have their appearance damaged during cleaning procedures
[29] or from by rain and wind.

The investigation herein described analyzed the properties of Brazilian ceramic blocks, from different
regions of the country, that had their physical and mechanical tested in the same research program. In addi-
tion, the article presents the relationships between the investigated properties and describes proposed new
and modified test procedures. The main goal of the investigation was to devise a set of tests that would allow
complete characterization of Brazilian ceramic blocks such that future comparisons with ceramic blocks from
different producers would be possible and to analyze the test procedures proposed.

2. MATERIALS AND METHODS

This research evaluated the test procedures presented in ABNT NBR 15270:2017 [14], such as hot and cold-
water absorption, initial absorption, paraffin density and compressive strength, and efflorescence. The re-
search herein reported allowed the inclusion of some of these test that were not specified in the previous ver-
sion of this standard code. Other test procedures are reported, such as paraffin-free density, abrasion re-
sistance and resistance to wet and dry cycles. These new test procedures allowed to decide the best practices
and to recommend it to the code during its discussion phase.

The experimental program was carried out to evaluate ceramic block test procedures is summarized in table 1.
The procedures were repeated for the blocks of each producer. Although some of these procedures are now
incorporated into ABNT NBT 15270 [14], the information in table 1 refers to the standard code that were the
base reference to the experimental program.

Table 1: Summary of the experimental program

Property Test Method No. of specimens
Cold water absorption 6
Hot water absorption ASTM C67 6
Initial absorption 6
Density without paraffin Adapted from ABNT NBR 6
Paraffin with density 10838:1988 6
Efflorescence (Prism extracted from block) Franco (2012) 6
Efflorescence (Whole Block) ASTM C67 10
. . Adapted from ABNT NBR
Abrasion resistance S
13818:1997
. Adapted from ABNT NBR
Wet and dry cycle resistance 3
13554:2012
Compressive strength ABNT NBR 15270:2017 13

The ceramic blocks used, donated by the National Ceramic Industry Association (ANICER), came from ten
different producers from the states of Sdo Paulo, Minas Gerais, Rio de Janeiro, Rio Grande do Norte and Para.
A set of 150 units was received from each producer.

Structural hollow wall blocks, shown in Figure 1A; non-structural blocks with vertical hollows, shown in
Figure 1B; and non-structural blocks with horizontal hollows, shown in Figure 1C; were tested.
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Figure 1: Types of blocks tested in research.

2.1 Hot and cold water absorption test

Absorption tests in hot and cold water were conducted according to ASTM C67 [15], which specifies placing
the specimen into boiling water for two hours or placing the specimen into room-temperature water for 24
hours.

In both test methods, the procedure started with placing each block for 48 hours inside the oven, de-
termining the dry mass, followed by complete immersion of the blocks for 2 hours in hot water or 24 hours in
room temperature water. After the specimens are removed from water, the excess water is removed with a
damp cloth and the final wet mass of each specimen determined.

2.2 Initial absorption test

These tests were conducted according to ASTM C67 [15]. The first step was to determine the geometric di-
mensions of each block. The blocks were then submerged into water for 24 hours and then weighed in a satu-
rated condition on a 1-g precision scale and on a hydrostatic scale to determine their saturated and hydrostatic
weight.

To calculate the initial absorption index, the blocks were oven dried for 24 hours and then their dry
mass determined. The blocks where then placed whit their faces 3-mm deep into a tray filled with water for
60 seconds. The specimens were then dried using a damp cloth and weighed on the 1-g precision scale. The
block net area was also calculated from these testing.

2.3 Density test

The density test was conducted with and without paraffin with the procedure adapted from ABNT NBR
10.838 [30]. For the paraffin-free tests, 5 x 5 cm prisms were cut from the block face shells, oven-dried for
24 hours, and weighed. The prisms were then immersed into water for 24 hours. After, the excess water was
removed, and the specimens weighed again using a hydrostatic scale.

For the paraffin test, the prismatic specimens are oven-dried for 24 hours, and weighted. After, the
specimen was immersed in melted paraffin to seal the specimen and prevent water absorption. The weight of
the specimens is then determined using a hydrostatic scale.

From this data it was possible to calculate the volume and apparent specific mass of each specimen.

2.4 Efflorescence test

The efflorescence tests were conducted using two procedures: the Franco method [31] and that of the ASTM
C67 [15]. In the first procedure, six 2-cm wide by 20-cm high prisms were extracted from six blocks from
each producer as shown in Figure 2. These prisms were incubated for 24 hours and then placed for 5 days in
cups (200 ml capacity) with distilled water to a depth of 5 cm. The cups were covered using a rubber mem-
brane and placed in a ventilated environment.
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Figure 2: A) ready samples and B) extracted prisms

The specimens were supervised daily to refill the water, if necessary, and to identify possible cases of
efflorescence, especially on the parts of the prism exposed to ventilation. After the 5 days period, the samples
were removed from the cups and placed in an oven for 24 hours, after which, they were visually inspected for
efflorescence.

The test according to ASTM C67 [15] was conducted over a 7-day period on whole ceramic blocks.
Ten units were used; 5 units were placed on a tray filled with 2.54 cm of water and 5.08 cm apart and the
water level was maintained constant. The other 5 units were placed in the same environment but without wa-
ter contact.

2.5 Abrasion resistance test

The test was conducted based on the specifications of ABNT NBR 13818 [32] but adapted for ceramic
blocks. Five 11 x 2.8 cm prisms were cut from the block face shell. These prisms were placed into an abra-
sion testing machine, which consists of a rotating disc and a specific abrasive material. Each specimen is
tested for 150 disc-rotations. The specimen experiences abrasion in the form of a cavity. The cavity is then
measured with the aid of a caliper and analyzed according to the removed volume of material using the table
provided in the standard.

2.6 Wet and dry cycle test

The test procedure described in ABNT NBR 13554 [33], was adapted for ceramic blocks. This test was con-
ducted using three specimens, named CP1, CP2 and CP3. Specimen CP1 was used to calculate moisture and
volume variations, and specimen CP2 and CP3 were used to calculate mass loss.

The specimens were placed inside an oven for 24 hours, then weighed and measured. After they were
submerged into water for 5 hours. Specimen CP1 was dried with a cloth, weighed, and measured. Each face
of specimen CP2 and CP3 was brushed with 20 vertical strokes and then brushed with another 4 strokes using
a wire brush and a force of 15 N. For the application force to be constant and reach the value of 15 N re-
quired by the standard, the specimens were placed on a scale during brushing maintaining the 1.5 kg reading
in the scale. The operation was repeated for 6 cycles. At the end of the last cycle, the specimens were placed
inside an oven until constant mass was reached.

2.7 Compressive strength test

The test was conducted using the methodology presented in ABNT NBR 15270 [14]. A set of 13 specimens
from each producer was tested. The first step of the test was to cap the samples, to level the top and bottom
faces of the blocks, using a water-moistened cementitious paste prepared over a plastic film, as shown in
Figure 3A (a transparent plastic film is present over the granite top). The samples were placed on top of the
paste, as shown in Figures 3B and 3C. The process was repeated for the other face of the block.
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Figure 3: A) Mortar preparation, B) block levelling and C) capped blocks.

After the cap dried, the samples were immersed in water for 6 hours. The saturated specimens were then
tested to compression loading.

3. RESULTS AND DISCUSSIONS

The following section presents the results from the tests and a discussion highlighting the results that can be
used consistently to characterize Brazilian ceramic blocks.

3.1 Hot and cold water absorption test and initial absorption test

The hot and cold water absorption test results are presented in table 2. The results have a low dispersion. Alt-
hough the sample from producer 09 have a higher dispersion value when compared to the other samples, this
value is still very low, which indicates similarity among the blocks produced by all producers. In addition,
the blocks from all producers met the established range of 8% to 22%, specified by the Brazilian standard,
except blocks from producers 03 and 08.

Table 2: Absorption Index Results

Absorption Index Initial absorption
Producer | Block type Cold water Hot water Saturjaftion (ai/r:::xe)
Average Coe_ffif:ient of Average Coe_ffif:ient of | coefficient (g/194cnglmin)
Variation (%) Variation (%)
01 Structural 17.8 1.29 17.5 1.49 1.02 20.0
02 Structural 13.9 3.17 14.8 1.76 0.94 28.7
03 Structural 22.7 0.70 22.8 0.92 1.00 331
04 Structural 14.3 1.33 15.0 1.87 0.95 295
05 Structural 15.2 1.05 15.9 2.45 0.96 16.1
06 Structural 14.0 3.43 15.3 3.01 0.92 21.3
07 Structural 175 2.23 17.9 1.79 0.98 274
08 Non-structural 7.8 3.85 9.6 5.52 0.81 9.5
09 Non-structural 16.7 6.89 17.4 6.78 0.96 16.3
10 Non-structural 13.6 2.43 13.6 3.90 1.00 15.1

There is little difference between the results from the tests performed in cold water and hot water. Un-
like the other blocks, the blocks from producer 01 had, on average, higher absorption in cold water than that
in hot water and the blocks from producer 10, which had exactly the same absorption values in hot and cold
water.

The results from this work for the saturation coefficient, which vary between 0.81 and 1.02, are higher
than the maximum value allowed for the saturation coefficient for cold regions specified in the American
standard (ASTM) [15] which is 0.80 or in the Canadian standard (CSA) [34] which is 0.78.

The two-sample statistical analysis of variance z conducted to compare the cold and hot water average
results indicates that the averages are not statistically different for 55.5% of the cases for a significance level
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of 0.05, i.e., the trials are similar for more than half of the blocks analyzed.

When analyzing the initial absorption results, that for the blocks from producer 03 has a value greater
than 30 g/194 cm2/min, which may impair the adhesion of substrates to these blocks [35, 36]. In addition, the
non-structural block from all producers had initial absorption values below 20 g/194 cmz?, and only the struc-
tural block from producer 05 had an absorption below this value.

3.2 Density test

The results of the density tests with and without paraffin are presented in Table 3.

Table 3: Density of prisms extracted from ceramic blocks.

Without paraffin (g/cm®) With paraffin (g/cm®) )
Difference
Producer Block type Coefficient of Coefficient of o
Average o Average o (%)
Variation (%) Variation (%)

01 Structural 1.78 1.12 1.95 5.64 9.49
02 Structural 1.91 0.52 1.88 3.19 -1.43
03 Structural 1.65 0.60 1.71 6.43 411
04 Structural 1.88 0.53 1.98 3.53 5.31
05 Structural 1.81 0.55 2.03 2.46 12.21
06 Structural 1.86 0.00 1.99 1.50 6.88
07 Structural 1.80 0.00 2.04 5.39 13.01
08 Non-structural 2.00 1.00 2.10 1.90 4.60
09 Non-structural 1.79 1.67 1.91 5.75 6.87
10 Non-structural 191 0.52 2.06 2.43 7.89

Paraffin-free prisms have lower densities than paraffin covered prisms except for the prisms from the
blocks of producer 02 (with similar results). The prisms from the blocks from producer 07 have the highest
density increase from paraffin-free to paraffin-covered tests.

The results from the test performed with paraffin present larger deviations than those from paraffin-free
tests. This higher dispersion may be due to the application of paraffin, which in some cases required two or
more layers to fully cover the specimen.

Figure 4 shows the results of the paraffin-free density tests performed on prisms taken from the block
face shells and density of the entire block. The results show that there is very little difference between the
values obtained using the entire block and that using the prisms.
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Figure 4: Density of whole blocks and density from prisms.

An ANOVA analysis was conducted between the averages of the paraffin-free and paraffin-covered
tests, and there is statistical evidence to suggest that the mean density of the paraffin-free samples is different
from the mean density of the paraffin-covered samples, for a significance level of 0.05.

3.3 Efflorescence test

The blocks tested for efflorescence using the Franco method [31] showed no manifestation of efflorescence.
When the tests were conducted according with ASTM C67 [15], the blocks from three producers demonstrat-
ed efflorescence potential and all blocks from producers 02 and 06, and two specimens from producer 10.

Although the Franco test method [31] is faster than that of the ASTM C67 [15], it has more steps during
preparation of the samples and thus is more labor intensive.

3.4 Abrasion resistance test

The results for the abrasion resistance test, i.e., the cavity length values and the volume of material lost
during the test, are presented in Table 4; the standard deviations are also presented.

Table 4: Abrasion Resistance Results.

Cavity (mm) Volume (mm®)
Manufacture Block type Average Coe-ffif:ient of Average Coe-ffif:ient of
Variation (%) Variation (%)
01 Structural 52.85 5.01 1415.18 17.90
02 Structural 43.01 4.78 718.84 15.06
03 Structural 64.72 5.88 2856.53 18.61
04 Structural 46.66 2.07 930.98 6.86
05 Structural 50.01 3,97 1173.15 13.42
06 Structural 89.12 3.37 2073.25 18.85
07 Structural 45.84 3.12 880.30 10.20
08 Non-structural 57.93 2.88 1919.15 9.59
09 Non-structural 55.07 6.84 1636.73 21.41
10 Non-structural 53.37 6.16 1468.51 21.04

The blocks from producer 04 present the smallest dispersion; the blocks from producer 03 experienced the
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highest material loss; and the blocks from producers 02, 04 and 07 experienced the smallest material loss
with smaller volume losses of 1000 mm3,

3.5 Wet and dry cycle test

The wet and dry cycle test results after the six cycles are presented in Table 5.

Table 5: Wet and dry cycle test results.

Mass
Producer Block type Volume (%) Average Standard .
(%) Deviation Variance
01 Structural 0.16 -0.0006 0.00126 1.57797E-06
02 Structural 0.07 -0.1072 0.02158 0.00046553
03 Structural -0.23 -0.0432 0.02158 0.00046553
04 Structural 0.17 -0.0250 0.00105 1.11083E-06
05 Structural 0.68 -0.0209 0.04259 0.001814103
06 Structural -0.30 0.0528 0.00624 3.88877E-05
07 Structural 0.35 -0.0602 0.00128 1.63739E-06
08 Non-structural 0.28 0.0943 0.01463 0.000214125
09 Non-structural -0.81 0.0218 0.00664 4.41056E-05
10 Non-structural -0.49 -0.0092 0.00424 1.80085E-05

The standard deviation and variance show some regularity. The results of tests that simulate the condi-
tions of the environment (for example wet and dry cycle test) are satisfactory because mass reduction is ob-
served in 70% of the tested blocks.

Specimens CP2 and CP3 from producers 06 and 08 experienced higher mass variation than the blocks
from the other producers when comparing the masses before the beginning of the cycles and after the cycles,
and this fact may have been influenced by the average dimension variation for the blocks of these producers.

The blocks from producers 03, 06, 09 and 10 experienced an average expansion while the blocks from
the other producers experienced an average shrinkage. It seems that there is no relationship between mass
reduction and volume shrinkage because the blocks from producers 03 and 10 experienced mass reduction
but block expansion while the blocks from producer 08 experience mass expansion but block shrinkage.

Some blocks experienced a small increase in weight after the wet and dry cycles, which may be ex-
plained by the water absorbed by the block. This water is released at temperatures around 160° C but the test
was carried out in the range of 105° £ 5°.

All blocks experienced only a very small variation both in the mass and volume, which may indicate
that the blocks will most likely not have a durability problem. The results obtained herein are smaller than
those obtained when cement soil blocks [37, 38] and others type of ceramic blocks [39]. For soil-cement
specimens, NBR 13554 allow variations up to 10%, which is considerably greater than the results obtained
for the clay blocks.

3.6 Compressive strength test

The results of the compressive tests using the gross and net area, the standard deviations, as well as the rela-
tionship between the gross area and the net area for each producer are presented in Table 6.
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Table 6: Compressive strength.

Gross Area (MPa) Net Area (MPa) Gross Area/Net
Producer Block type Standard Standard Area
Average Deviation Average Deviation (%)
01 Structural 131 14.88 32.0 12.81 40.93
02 Structural 14.2 10.42 30.0 10.1 47.33
03 Structural 7.3 9.72 17.9 9.05 39.10
04 Structural 122 8.19 26.4 7.34 46.21
05 Structural 12.8 9.41 32.3 9.59 39.62
06 Structural 9.9 7.17 24.1 6.97 41.07
07 Structural 13.6 10.1 34.2 10.08 39.76
08 Non-structural 5.3 13.96 233 11.75 22.74
09 Non-structural 2.6 26.15 15.0 21.66 17.33
10 Non-structural 5.9 33.89 17.8 23.03 33.14

There is a large dispersion in the results but the blocks from producers 03, 06, 08 and 09 have lower disper-
sion values. All tested structural blocks, of all producers, have compressive strengths calculated using gross
area above 6 MPa and all non-structural blocks have compressive strengths above 2 MPa; these are higher
than the recommended by ABNT NBR 15270 which are 3 MPa for structural blocks and 1.5 MPa for non-
structural blocks. These results can also be seen in Figure 5.
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Figure 5: Compression strength: gross area vs area net

The structural blocks from producers 01 to 07 have gross to net area ratio between 39.10 and 47.33, while
non-structural blocks from producers 08, 09 and 10 have gross to net area ratio between 17.33 and 33.14.

3.7 Relationship between test results

The results did not yield any direct relationship between efflorescence, initial water absorption, and total wa-
ter absorption, as the blocks from producers 02, 06 and 10 did not experience any efflorescence and neither
higher rates of total water absorption nor initial water absorption were observed.

ISO 13006 [40] standard for extruded ceramic parts without paraffin coating establishes absorption ranges
and relates them to abrasion resistance and compressive strength. The standard presents limit values for each
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of these parameters, where greater compressive strength translates into greater abrasion resistance. For cases
where absorption is greater than 10%, the maximum loss should not exceed 2,365 mma.

From the results presented in tables 2, 4 and 6, the blocks from 9 producers have water absorption higher
than 10%, and of these, only blocks from producer 03 had 22% absorption and a loss greater than 2.365 mmg.
Only the blocks from producer 08 had an absorption of less than 10% and greater than 6%, the blocks from
this producer had a volume loss of 1.919,5 mms3, which is lower than that established by 1SO 13006. The
blocks from the other producers presented a level of material loss below the limit established by the 1SO
standard and could therefore be considered more durable blocks.

The relationships among abrasion resistance, compressive strength calculated using the net area, and initial
absorption index are shown in Figure 6. These results appear to indicate that there is no proportionality rela-
tionship between these properties.
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Figure 6: Relationship between abrasion resistance vs compression vs absorption.

An statistical analysis was conducted to verify the linear correlation among the results of these tests and a
relationship among them was observed, especially between abrasion resistance and compressive strength,
with a correlation coefficient calculated at -0,6371, which indicates that the closer to -1 or 1 the greater the
trend of linear correlation between the results analyzed, as shown in Figure 7.
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Figure 7 - Relationship between abrasion resistance vs compression.
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The value tending to - 1 means that the graph of resistance to abrasion vs resistance to compression will be
closer to a straight line, showing the inversely proportional relationship between these two variables.

For blocks with absorption greater than 10%, a direct relationship between abrasion resistance and absorption
index and an inverse relationship between abrasion resistance and compressive strength were observed.

A strong relationship was also observed between the initial absorption index and mass loss, obtained from the
wet and dry cycle test, with a linear correlation coefficient of 0,7345. This relationship is presented in Figure
8. The results show that the higher the initial absorption index, the smaller the percentage ratio of mass loss.
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Figure 8 - Relationship between initial absorption x mass loss.

The density results with and without paraffin had a stronger relationship with the total absorption index than
with the initial absorption. It was observed that blocks with higher absorption levels have lower densities and
blocks with lower absorption levels have higher densities, as shown in Figure 9.
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Figure 9: Relationship between total absorption index vs whit out paraffin and whit paraffin.

The same behavior was observed in relationship with initial absorption; i.e., blocks with higher densities have
lower initial absorption levels and blocks with lower densities have lower initial absorption levels, as shown
in Figure 10.
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Initial absorption index
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Figure 10: Relationship between initial absorption index vs whit out paraffin and whit paraffin.

4. CONCLUSIONS

The results indicate that the total absorption tests in both cold and hot water did not present significant statis-
tical differences for 55.5% of the cases, with 95% confidence. This result maybe an indication that the micro-
structure of the blocks influenced the result, and this is a characteristic of Brazilian ceramic blocks.

Saturation coefficients close to 1.0 were obtained for most blocks, with the lowest value equal to 0.81.
This indicates that those blocks are not suitable for cold regions (subject to freezing, not frequent in Brazil)
as they may experience low durability under such environment. On the other hand, it validates the idea of
similar results from the cold and from the hot water test methods (for the block types here presented). Blocks
with higher absorption are probably blocks with more pores, with a larger apparent volume.

Based on the results presented, a maximum absorption value of uncoated ceramic blocks should be 18%.
Because, all the blocks, up to this limit, presented abrasion resistance lower than that specified in 1ISO 13006.

Density tests with and without paraffin are statistically different. Although the paraffin-free density test
is easier to conduct, the paraffin test yielded different results, and the density of the blocks ranged from 1.78
to 2.00 g/cm3. The results of the paraffin density test are related to the water absorption values of the blocks,
where the blocks with higher water absorption have lower density values. The paraffin results are higher than
the paraffin-free results and should be considered more realist as the material is sealed while immerged into
water. The paraffin-test is now specified in the ABNT NBR 15270.

The ASTM C67 efflorescence test is simpler to conduct and more efficient than the simplified method
suggested by Franco, although it may yield reliable results if adjusted to its methodology. The results confirm
that efflorescence is not related to any of the water absorption indexes.

The wet and dry cycle test yielded satisfactory results. Thus, the test may simulate the conditions of the
environment in which the ceramic blocks experience. Further testing shall be done considering this hypothe-
sis.

There is an inverse relationship between the initial absorption index and mass loss, where the higher the
initial absorption index the lower the mass loss. Similar relationship exists between absorption in cold or hot
water and mass loss, howbeit, slightly stronger for absorption in cold water.

The all structural blocks presented compressive strengths using the gross area above 6 MPa, no matter
the producer and producer-region. This shall induce producers to recommend the minimum 6-MPa strength
for structural block specification although the current ABNT NBR 15270 allows lower values.
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