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Abstract The inherent vulnerability of earth-based
materials to water-induced degradation poses a significant
challenge. Compressed Earth Brick (CEBs), masonry units
made from raw earth traditionally used in rural areas, often
exhibit low durability and are easily eroded by the physical
impact of raindrops. This investigation aimed to evaluate
the erosion resistance of CEB stabilized with varying
cement percentages (5%, 8%, 11%, and 14%) using
standardized tests (SLS 1282, NZS 4298, and IS 1725).
Absorption tests, when compared against evaluation
criteria from international standards IS 1725, SLS 1282,
and Peruvian standard NTP 399.613, found the CEB units
to be ‘acceptable’ under parameters of dimensional
variation, warpage, and absorption. However, the waterfall
erosion test on CEB samples produced no observable
erosion, thus this specific test did not solely differentiate
durability levels among samples. Furthermore, in
subsequent pressurized spray erosion tests, the CEBs
exhibited minimal weight loss, varying between 0.01% -
0.6%. Interpretation of the erosionability indicators from
the pressurized water spray erosion test concluded that
CEB stabilized with 8%-14% cement are 'suitable’ for
severe exposure conditions. Conversely, unstabilized

CEBs (0% cement) should be limited to mild or moderate
exposure due to their high erodibility.

Keywords  Brick, Compressed Earth, Accelerated
Erosion, Durability, CEB

1. Introduction

Accelerated erosion is a damaging phenomenon for
building structures, exacerbated by extreme weather
conditions such as torrential rains and storms [1]. This issue
is particularly acute in Huancayo, Peru, where intensive
rains, hailstorms, and frosts are known to cause the
deterioration of houses, especially in rural areas [2]. For
instance, according to the Peruvian news agency Andina,
in 2014, intense rains in Huancayo caused the collapse of
five homes and damaged ten others. These events left
several areas at high risk, obliging authorities to evaluate
the relocation of those affected due to potential landslides
[3], as illustrated in Figure 1. More recently, similar
weather events were responsible for the destruction of 17
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houses and damaged 38 others; likewise, three educational
institutions were rendered inoperative during the December
2017 rainy season [4].

However, there is little information regarding the
manufacture of erosion-resistant CEB [5]. Figure 2 shows
CEB blocks. These blocks used in construction must
maintain durability and stability against this phenomenon
to ensure the integrity of the structures.

Figure 2. CEB bricks

Bruno et al. [6] examined the mechanical behavior of
unstabilized hyper-compacted earth material, compressed
at high pressure. Samples of cylinders and bricks were
manufactured, evaluating the influence of humidity and
environmental conditions on strength and stiffness. The
material exhibits properties comparable to fired bricks,
concrete blocks or stabilized soil. Also in a previous study
[7], it was investigated how different compaction rates
affect the properties of compressed earth blocks.
Experiments determined density, compressive and tensile
strength, and erosion properties at different compaction
rates. It is concluded that, although slow compaction
produced slightly better results, there was no significant
difference between slow and fast compacted blocks. The
study also found strong correlations between compressive
strength and density, and between density and erosion, but
a weak correlation between tensile strength and
compression, and tensile strength and density. The research
conducted by Audren et al. [8] mentions that vernacular
techniques, such as earth construction, are valued for their
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low environmental impact and availability. Vibration
during compaction reduces friction, improving soil
densification and allowing for more efficient compression
to increase block strength. In addition, the study conducted
by Al Haffar et al. [9] is known where the purpose of his
study was to compare the durability of stabilized and
unstabilized compacted soils against water. Three
laboratory test methods were evaluated to determine their
effectiveness in providing information on soil durability.
The results indicate that the performance of the samples is
more influenced by the characteristics of the soil than by
the presence of cement. On the other hand, the research
carried out by Kiki et al. [10], where they evaluated clayey
soils to manufacture compression blocks by adding straw,
obtained better dimensional stability and resistance to
abrasion; however, there was a slight decrease in the
strength of the blocks.

The knowledge gap highlights the need for detailed
research that not only evaluates the resistance of CEBs to
erosion, but also establishes optimal parameters for their
sustainable fabrication [11], thus contributing to the
development of more durable and stable constructions in
the region. The aim is to guarantee the durability and
stability of the most optimal design in the face of climatic
phenomena that damage the constructions [12]. Also, this
research aims to contribute to scientific knowledge in the
field of sustainable construction, providing relevant
information to improve the resistance of building materials
to adverse climatic conditions like accelerated erosion.

In addition, E 115 and E 116 [13], which establish the
procedures for laboratory soil compaction using standard
and modified energy, respectively, will be followed. These
tests are relevant to determine the mechanical properties of
the CEBs, such as their compressive strength and load-
bearing capacity, which are crucial for their performance
under accelerated erosion conditions. The results obtained
from these tests will be compared with established
regulations and standards to validate the effectiveness of
CEBs under accelerated erosion conditions. The
importance of this research lies in its contribution to the
field of sustainable construction in regions affected by
accelerated erosion by providing information about optimal
erosion rates. Likewise, the evaluation of the resistance of
CEBs to this phenomenon and the determination of optimal
parameters in their manufacture will not only improve the
quality and durability of local constructions [14]. The
results of several tests were compared to evaluate the
durability of stabilized CEB. It was found that the bricks
meet the water absorption standards of both Peruvian and
international standards. However, waterfall erosion tests
are not indicative of durability for perimeter walls in
Huancayo. Water spray erosion tests show that cement-
stabilized bricks are suitable, while soil-stabilized bricks
should be used with caution in light to moderate exposures.
In general, water absorption and spray tests are the most
appropriate to guarantee the durability of perimeter walls
built with CEB in Huancayo.
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2. Materials and Methods

For this research project, the raw material was extracted
from the most accessible quarry in the high Andean region,
where 84 bricks manufactured with a 6 Ton Eco Brava
Hydraulic Machine were used as shown in Figure 3. Figure
4 shows freshly manufactured CEB at rest and Figure 5
shows specimens covered with plastic for effective curing
for 28 days. On the other hand, international standards 1S
1725[15], SLS 1382 [16], the Peruvian Technical Standard
NTP 399.613 [17] were used for the absorption test, and
the Geelong and SAET methods were used for the waterfall
erosion test.

Figure 4. Newly fabricated resting BECs
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Figure 5. Specimens covered with plastic for effective curing for 28
days

2.1. Soil Properties

Table 1 presents the results of the soil's granulometric
analysis and its classification based on the Materials
Testing Manual [13]. The analysis reveals that the
percentage of particles passing through the #200 mesh
(0.074 mm) is 29.3%. As this value is less than 35%, the
soil is classified as a granular material according to the
criteria in [18]. Furthermore, the soil's particle size
distribution should define its textural classification or fall
within a specified zone on the classification diagram, as per
UNE-EN ISO 17892-4:2019, and as illustrated in Figure 6.

The liquid limit and plastic limit tests were carried out,
yielding moisture contents of 26.9% for the liquid limit (LL)
and 23.6% for the plastic limit (PL), resulting in a plasticity
index (PI) of 3.3%, as detailed in Table 2.

Since the Peruvian standard NTP 399.613 does not
provide specific ranges for Atterberg limit parameters,
guidance was taken from the UNE 41410:2023 standard.
The latter specifies that for a soil to be considered
satisfactory for its characterization, its plasticity should fall
within a defined shaded area, as illustrated in Figure 7.

For purposes of soil classification in the AAHSTO
method, the results are placed in a plasticity chart, being a
granular material, which corresponds to soil type A-2-4 as
shown in Figure 8.
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Table 1. Particle Size Distribution of the Soil Sample

3803

Soil Fraction Sieve Designation Sieve Opening (mm) %Retained %Passing
GRAVELS 3” 76.200 0.00% 100.0%
2”7 50,800 0.00% 100%
11/2” 38,100 0.00% 100%
1” 25,400 5.15% 94.9%
$Z% 19,050 4.95% 89.9%
% 12,700 4.01% 85.9%
3/8” 9,525 2.54% 83.4%
Vi 6,350 2.10% 81.3%
SANDS No. 4 4,763 9.80% 71.5%
No. 10 2,000 2.16% 69.3%
No. 20 0.840 2.11% 67.2%
No. 30 0.590 4.28% 62.9%
No. 40 0.426 3.47% 59.4%
No. 60 0.250 7.44% 52.0%
No. 100 0.149 8.16% 43.8%
FINES No. 200 0.074 14.51% 29.3%
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Figure 6. Recommended particle size distribution (gradation) envelope for soils intended for earth blocks, according to UNE-EN ISO 17892-4:2019

Table 2. Plasticity limits of the tested soil

PLASTICITY LIMITS

LL

LP

Pl

MOISTURE CONTENT

26.9%

23.6%

3.3%
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Figure 7. Absorption test results of the specimens
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Figure 8. Classification for silt-clay fractions according to AAHSTO

As shown in Table 3, based on the percentages obtained CONDITION 2: The plasticity index is greater than 7.
from the granulometric analysis, to classify the soil by the  The plasticity index resulting from the tests is 23.6%.
S.U.C.S. method within the S (sands) group, sandy soils CONDITION 3: The percentage of gravel is greater or
and within the SC (clayey sand) subgroup [19], the lessthan 15%. The percentage of gravel is 18.7%, therefore
following was taken into consideration: it is a gravelly soil. Finally, the soil type is concluded

CONDITION 1: More than 12% passes mesh #200. In  according to the AASTHO and SUCS classification with
our case, the percentage passing mesh #200 is 29.3%, the following nomenclature according to the classification
therefore, it falls within this classification. system shown in Table 4.
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Table 3. Gravel, clay and fines percentages

Material %
Gravels (Ret. mesh No. 4) 18.7%
Sands (Passing mesh No. 4 but Ret. Mesh No. 200) 52.0%
Fines (Mesh passers #200) 29.3%
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2.2. Standard and Modified Proctor

Figure 9 shows the determination of the maximum dry
density from the optimum moisture content using the
standard Proctor test according to the laboratory test
manual [13].

Figure 10 shows the determination of the maximum dry

Table 4. Soil Classification Results

SOIL CLASSIFICATION

AASHTO A-2-4 (clayey or silty sand with gravel)

SUSCS

SC (Clayey sand with gravel)

1.980

density from the optimum moisture content using the
modified Proctor test.

The Standard Proctor and Modified Proctor tests were
performed to determine an Optimum Moisture Content
(OMC) for a Maximum Dry Density (MDD). Table 5
shows the numerical values for this material test.

1.932

1.898

OCH (%)

Figure 9. Standard Proctor test plot
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Figure 10. Modified Proctor Graph
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Table 5. Proctor Test Results

TEST OCH MDS
STANDARD PROCTOR 13.60% 1.98
MODIFIED PROCTOR 14.63% 2.00

2.3. Masonry Tests

2.3.1. Dimensional Variation

The Dimensional Variation test is necessary to
determine the thickness of the masonry joints [20]. It
should be noted that, for every 3 mm increase in joint
thickness, the compressive strength of the masonry
decreases by 15%; likewise, the shear strength decreases
[21]. The way the Dimensional Variation in percentage was
calculated is done by taking the dimension of each edge of
the specimen (Width, Length and Height) as the average of
4 measurements (in mm) in the middle part of each face,
then, for each edge, the average value (Dp) of the whole
specimen was calculated; this value is subtracted from the
dimension specified by the manufacturer (De) and then
divided by “De”. Equation 1 was used to calculate the
dimensional variation.

De—Dp
0 )
Where: “V(%)” is the dimensional variation, “Dp” is the

average dimension of the height, width or height of the

brick (mm); “De” is the standard dimension of the brick

provided by the manufacturer (mm).

V(%) = 100 .

2.3.2. Absorption Test

First, the specimens were allowed to dry in an oven and
then weighed (G3). Then, the dried specimens are placed
in a container filled with distilled water, keeping them
completely submerged for 24 h. After the indicated period,

Pressure gauge

M {'I% 1,5 bar

Nozzle
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the specimens are removed and weighed (G4). Equation 2
was used to calculate the absorption.

A%) = (£22).100 @)

Where: “A(%)” is the absorption of the specimen, “G3”
is the dry weight of the specimen (kg); “G4” is the saturated
weight of the specimen (kg).

G4—-G3
G3

2.4. Accelerated Erosion Testing

2.4.1. Pressurized Water Spray Tests

The pressurized water spray erosion tests were
referenced to the procedures of SLS1282 (Sri Lanka) [22],
NZS4297 [23] and IS 1725 [24], each specimen is placed
in position, the electric pump of the testing machine is
turned on and the time is monitored with the aid of a
stopwatch. According to the evaluation criteria of the test
procedure, the perforations should not exceed 10 mm in
diameter, 10 mm in depth, nor exceed a loss in weight of
more than 5%. Figure 11 shows details of the pressurized
water spray test. The parameters of the procedures are
shown below:

SLS 1282 Procedure

This procedure involved a pressure of 50 kPa (0.5 bar)
and a nozzle-to-specimen distance (d) of 0.50 m, as shown
in Figure 11.

NZS 4298 Procedure

This procedure utilized a pressure of 50 kPa (0.5 bar) and
a distance (d) of 0.47 m, as depicted in Figure 12.
IS 1725 Procedure

This procedure was performed using a pressure of 150
kPa (1.5 bar) and a distance (d) of 0.18 m, as shown in
Figure 13.

Pressure gauge

N {3 1,5 bar

Nozzle

CEB
| 05m Test tube
I
Figure 11. Schematic of the SLS 1282 procedure
CEB
| 0.47m Test tube
I

Figure 12. Schematic of NZS 4298 procedure
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Pressure gauge

Dq 63 1,5 bar

CEB

| 0.18m Test tube

Figure 14. Pressurized water spray test: a) Horizontal view of the test, b) Water jet in front of CEB, c) Pressurized water outlet, d) CEB in erosion
process

water spray test to CEB. Cement | Sample | LENGTH | WIDTH | HEIGHT
The per_1etrat|0n d_epth was measured with a §mooth rod 506 A 250.30 12510 7950
of 3mm diameter millimetrically marked and with the help
of a square and digital vernier to indicate the horizontality B 250,00 125,00 78,40
of the measurement, if the erosion diameters are greater C 250,00 125,20 78,25
than 120mm. The results are noted on the test data sheet. 8% A 250,40 125.30 80,00
B 250,10 125,20 81,10
3. Results and Discussions c 250,00 125,20 8220
11% A 250,50 125,20 82,50
3.1. Dimensional Variation Test B 250,50 125,30 79,50
Table 6 shows the dimensional variation of the specimen C 250,30 125,00 81,50
dimensions (length, width and height). For length, an 14% A 250,20 125,10 82,50
average value of 25_0.19 mm was obta_ungd, representl_ng a 5 250.10 125,00 8350
variation of £0.08 in dimensional variation, for the width,
an average value of 12512 mm was obtained, thus c 250,10 125,00 82,00
representing a variation of £0.09 in dimensional variation; L mm 250,00 125,00 75,00
for the height, an average value of 80.33 mm was obtained, Lp mm 250,19 125,12 8033
thus representing a variation of + 2.16 in dimensional 019 o1
variation, which are “acceptable” values for Type | bricks ° - 1 1 174
according to Standard EQ70 [25]. V.D. % 0,08% 0,09% 2,16%




3808

3.2. Warping Test Results

On the other hand, Table 7 shows the warping test, where
the samples for dosages of 5%, 8%, 11% and 14% of
cement showed a minimum concavity of 0 mm as well as a
value of 1 mm in the convexity of the bricks, which these
specimens show an adequate adhesion with the mortar [26],
all this avoiding the formation of voids and a good behavior
for structural bricks[25].

Table 7. Warpage test results

WARPAGE TEST
Cement Sample Concave Convex Unit
5% A 0 1 mm
B 0 1 mm
C 0 1 mm
AVERAGE 1 mm
8% A 0 1 mm
0 1 mm
Cc 0 1 mm
AVERAGE 1 mm
11% A 0 1 mm
0 1 mm
C 0 1 mm
AVERAGE 1 mm
14% A 0 1 mm
0 1 mm
0 1 mm
AVERAGE 1 mm
14.00% 13.23%
12.13%
12.00%
10.00%
=\?
; 8.00%
£
2 6.00%
<«
4.00%
2.00%
0.00%
5% 8%
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3.3. Absorption Test Results

With respect to the absorption test as shown in Figure 15,
the results for the CEB with 5% cement were 13.23%
(#1.2%), for the CEB with 8% cement were 12.13%
(20.6%), for the CEB with 11% cement were 10.53%
(#1.2%) and for the CEB with 14% cement were 10.26%
(#1.2). Compared on the one hand with the research [27]
where results of absorption of 18.50% were obtained for
soils with coarse sand of 60% and cement dosage in 5%;
absorption of 21.20% for soils with coarse sand of 20% and
cement dosage in 5% with fine clay of 30.00%; absorption
of 16. 80% for soils with coarse sand of 33.33% and cement
dosage of 6% with fine clay of 16.67% respectively; it is
observed that the results are lower than the background,
which is due to various factors of the type of soil used,
degree of compaction and soil plasticity limits.

Finally, compared with the maximum acceptable
absorption percentage for fired clay units according to
Peruvian standard E.070 [25] (22%), and with the
evaluation criteria of international standards IS 1725 [24]
and SLS 1282 [22] (<15%), the units are considered as
“acceptable”, because they do not exceed the maximum
allowable percentage [28]. Figure 15 shows that the higher
the amount of cement, the lower the absorption; it improves
its impermeable capacity, which agrees with these
investigations [29] [30], that the higher the amount of
cement, the lower the porosity of the bricks and
consequently the less water absorption.

3.4. Results in Accordance with SLS 1282, NZS 4298
and IS 1725

A summary of the pressurized water spray erosion
results is shown in Table 8.

10.53% 10.26%

11% 14%

Cement dosage (%)
BABSORPTION TEST (NTP 399.613:2005)

Figure 15. Absorption test results of the specimens
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Table 8. Pressurized Water Spray Erosion Test Results according to SLS 1282, NZS 4298, and IS 1725 Standards

Standard Cement Erosion Diameter (mm) | Eroded depth (mm) | Loss of mass (%0) Assessment (Criteria:
percentage Erosion <10mm, Mass
(%) (Avg) (Avg) (Avg) Loss <5%)

SLS 1282 5 6.44 2.56 0.25% Suitable

8 4.69 1.64 0.17% Suitable

11 2.87 1.22 0.11% Suitable

14 0.31 0.05 0.01% Suitable

NZS 4298 5 6.60 321 0.29% Suitable

8 477 2.38 0.22% Suitable

11 3.60 1.13 0.11% Suitable

14 0.26 0.26 0.01% Suitable

1S 1725 5 10.92 5.09 0.60% Not Suitable

8 8.22 3.48 0.44% Suitable

11 4.58 2.57 0.29% Suitable

14 0.35 0.22 0.06% Suitable

Table 8, Figures 16 and 17 show the average results of
the SLS 1282 methodology in the pressurized water spray
tests. First, for the standard CEB sample stabilized with 5%
cement): SLS 1282 procedure results were 6.44mm
average erosion diameter, 2.56mm average erosion depth
and 0.25% weight loss. Next, applied to the CEB stabilized
with 8% cement: The results of the SLS 1282 procedure
were 4.69 mm average erosion diameter, 1.64 mm average
erosion depth and 0.17% weight loss. Next, applied to CEB
stabilized with 11% cement: The results of the SLS 1282
procedure were 2.87 mm average erosion diameter, 1.22
mm average erosion depth and 0.11% weight loss. Finally,
applied to CEB stabilized with 14% cement: The results of
the SLS 1282 procedure were 0.31 mm average erosion
diameter, 0.05 mm average erosion depth and 0.01%
weight loss. Table 8, Figures 16 and 17 show the average
results of the NZS 4298 methodology in the pressurized
water spray tests. First, applied to CEB stabilized with 5%
cement: The results of the NZS 4298 procedure were 6.60
mm average erosion diameter, 3.21 mm average erosion
depth and 0.29% weight loss. These were then applied to
the CEBs stabilized with 8% cement: The results of the
NZS 4298 procedure were 4.77 mm average erosion
diameter, 2.38 mm maximum erosion depth and 0.22%
weight loss. Then, applied to the CEBs stabilized with 11%
cement: The results of the NZS 4298 procedure were 3.6
mm average erosion diameter, 1.13 mm average erosion
depth and 0.11% weight loss. Finally, applied to the CEB
stabilized with 14% cement: The results of the NZS 4298
procedure were: 0.26 mm average erosion diameter, 0.20
mm maximum erosion depth and 0.0.1% weight loss. Table
8, Figures 16 and 17 show the average results of the IS 1725
methodology in the pressurized water spray tests. First,

applied to CEB stabilized with 5% cement: The results of
the IS 1725 procedure were 10.46 mm average erosion
diameter, 5.09 mm average erosion depth and 0.60%
weight loss. These were then applied to the CEBs stabilized
with 8% cement: The results of the IS 1725 procedure were
8.22 mm average erosion diameter, 3.48 mm maximum
erosion depth and 0.44% weight loss. Next, applied to the
CEB stabilized with 11% cement: The results of the IS
1725 procedure were 4.58 mm average erosion diameter,
2.57 mm average erosion depth and 0.29% weight loss.
Finally, applied to CEB stabilized with 14% cement: The
results of the IS 1725 procedure were: 0.35 mm average
erosion diameter, 0.22 mm average erosion depth and
0.06% weight loss. According to the evaluation parameters
of the SLS 1282, NZS 4298 and IS 1725 procedures, being
the erodibility indicators less than 10 mm in erosion
diameter, 10 mm in average erosion depth and less than 5%
loss in weight, the CEB stabilized with 5% cement are
considered “suitable” [31]. In addition, the CEB stabilized
with 8% cement yielded erosion indicators of less than 10
mm in erosion diameter and less than 5% loss in weight,
which are considered “suitable” [32]. Next, the CEB
stabilized with 11% cement yielded erosion indicators of
less than 10 mm in erosion diameter and less than 5% loss
in weight, which are considered “suitable” [33]. Similarly,
for the CEB stabilized with 14% cement, erosion indicators
were less than 10 mm in erosion diameter and less than 5%
loss in weight, which are considered “suitable” [34].
However, having reached 10.92 mm of maximum erosion
diameter in the 1S5% stabilized with 5% cement, this is the
only one that is “not suitable”; therefore, special
considerations should be taken into account when building
walls with this type of brick [35].
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Erosion (mm)

Erosion (mm)

12.00

10.00

8.00

6.00

0.70%

0.60%

0.50%

0.40%

0.30%

0.20%

0.10%

0.00%

6.44
4.69
4.00
2.87
2.56
2.00 1.64
1.22

031 oo

0.00 | haS

SLS 8% SLS11% SLS14% NZS5% NZS8% NZS11% NZS14% IS5% IS 8% IS 11% IS 14%
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Erosion

10.92

8.22
5.09
3.48

0.26 0.20 035 g2

Standards
u Average diameter Eroded (mm)  Average depth eroded (mm)

Figure 16. Average erosion of materials by water spraying at different standards

‘Weight Loss (%)

0.60%

0.44%

0.29%

0.29%

0.22%
0.17%

0.11%

0.11%

I

0.06%

SLS 8% SLS11% SLS14% NZS5% NZS8% NZS11% NZS14% 1S5% 1S8% IS11% IS14%

Standards

Figure 17. Average weight losses under different standards
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3.5. Correlation

Figure 18a presents the results of the correlation between
Eroded Depth and Erosion Diameter, with a correlation
coefficient of 0.973. This value indicates a strong positive
relationship, meaning that as the erosion diameter increases,
the eroded depth also increases proportionally. Meanwhile,
Figure 18b shows the correlation results between Loss of
Mass and Erosion Diameter, with a correlation coefficient
of 0.953. This also reflects a strong positive correlation,
which is likely influenced by greater variability in
additional factors affecting the interaction between these
variables. Finally, Figure 18c illustrates the correlation
between Loss of Mass and Eroded Depth, with a correlation
coefficient of 0.969. This value demonstrates a strong
positive correlation, implying that greater erosion depth
results in higher material loss, which is directly related to
the exposure lengths to erosion.

3.6. Box Plot

Figure 19 presents the box plot illustrating the
relationships between erosion effects [Loss of Mass (%),
Eroded Depth (mm), Erosion Diameter (mm)] and the
cement percentage (%), under three standards: SLS 1282-
SLS, NZS 4298, and IS 1725. As the cement percentage
increases (5% to 14%), the Erosion Diameter, Eroded
Depth, and Loss of Mass decrease, which could be
attributed to the increased cement content improving the
bricks’ properties by making them more impermeable. At
the 14% cement dosage, erosion values are near zero,
suggesting it might be the dosage limit.

The SLS 1282-SLS standard exhibits the lowest values
for Erosion Diameter, Eroded Depth, and Loss of Mass,
possibly because the CEB was subjected to erosion from a
distance of 0.50 m, the largest among the standards.
Meanwhile, NZS 4298 shows moderate results at 0.47 m.
Despite a slight difference in the exposure distance (0.03 m)
between the NZS 4298 and SLS 1282-SLS standards, both
show very close values for Erosion Diameter, as clearly
observed in Figure 19a.

The IS 1725 standard shows greater erosion effects and
a higher dispersion across the three methods, as evidenced
more prominently in Figure 19b. This standard involves the
shortest exposure distance (0.18 m), resulting in greater
erosion damage to the CEB, which translates into higher
Loss of Mass, as seen in Figure 19c.

The improved performance of cement-stabilized CEB,
particularly in water absorption and erosion resistance
observed in this study, can be primarily attributed to the
material's densification and the pozzolanic reactions
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induced by the cement. The use of Portland cement is
generally recommended [17] due to its pozzolanic
properties as it produces calcium hydroxide. This reacts
with silica in the soil to form calcium silicate hydrate
(CSH), which binds isolated particles, thereby reducing the
brick's porosity as a function of cement dosage. The
observed lower weight loss with increasing cement content
(Figure 17) indicates fewer pores [36]. This reduction in
porosity is directly linked to improved impermeability and
resistance to water-induced damage.

While this research suggests an effective range of 8-14%
cement for stabilization, further considerations are
warranted for optimal dosage. There is limited information
regarding ensuring the durability of these blocks. However,
the UNE 41410:2023 standard proposes that stabilizers,
whether lime, gypsum, or cement, should not exceed 10%
of the CEB's dry weight. In this context, our results on
dimensional variation showed less significant changes
from 8% cement upwards; using more than this percentage
did not significantly alter dimensional stability but would
incur higher costs, potential chemical incompatibility, and
greater environmental impact. Therefore, a cement content
around 8-10% might represent an optimal balance between
achieving adequate durability, cost-effectiveness, and
minimizing environmental impact, reserving higher
percentages (up to 14%) for applications requiring
maximum performance.

The long-term durability of CEB, even when stabilized,
is a multifaceted issue extending beyond the initial
mechanical properties and water resistance. Cement-
stabilized CEB showed improved mechanical properties
and behavior against water; however, long-term durability
will depend on various factors related to the stabilizer,
compatible soil type, and construction details, as shrinkage
cracking can initially occur and, over time, facilitate
moisture ingress. Local studies are therefore recommended,
as well as classifying protection recommendations based
on the exposure type of each zone [36].

Specific local conditions, such as freeze-thaw cycles,
also warrant attention. Recommendations regarding freeze-
thaw cycles will depend on the degree of exposure of the
CEB construction, with temperature and humidity as
principal parameters; employing adequate coatings can
change its exposure from severe to low [37]. Although no
issues from expansive clays or freeze-thaw action were
documented in this specific study, a comprehensive
durability assessment, especially for varying climates,
should ideally include tests like ASTM D559 (Wetting and
Drying) and ASTM D560 (Freezing and Thawing). These
standards, though designed for soil-cement in roads, can
provide valuable insights for CEB quality control.
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4. Conclusions

The total water immersion absorption test indicated that
the tested CEBs are "acceptable,” meeting the criteria of
Peruvian standard E.070 (<22%) and international
standards 1S 1725 and SLS 1282 (<15%). This suggests
their potential for durable perimeter walls in Huancayo.

*  Waterfall erosion tests (Geelong and SAET methods)
did not produce any erosion indicators on the CEBs.

*  Pressurized water spray erosion tests (SLS 1282, NZS
4298, and IS 1725) showed that CEBs stabilized with
5-14% cement were generally "suitable." However,
CEBs with 5% cement under the IS 1725 standard
were "not suitable," and unstabilized CEBs (0%
cement) are highly erodible and only fit for
light/moderate exposure.

*  The absorption and water spray tests are deemed the
most indicative for evaluating CEB durability in the
context of this study.

*  The use of CEBs stabilized with 8§—-14% cement is
recommended for applications requiring high
resistance to rainfall impact, as their erodibility
indexes were practically null, and higher cement
content correlated with lower water absorption.
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