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Summary -- In this study, Cuishe or Cuish maguey
bagasse was determined to be a suitable natural fiber to be
added in the manufacture of cement-sand mortar partitions
in percentages of 0.5, 1.0, and 1.5% of the weight of the
constituent materials (sand, water, and cement). as it is one
of the most widely used types of maguey in the artisanal
production of mezcal in the state of Oaxaca, which offers a
large amount of available and usable maguey bagasse.
Twenty-five prismatic specimens with dimensions of 100
mm x 140 mm x 280 mm were produced using a manual
three-cell compaction blocker or molds in which the
compaction was carried out by the same operator to reduce
the variation in the force applied during the manufacturing
process of the partitions, which were tested for axial
compression in a Matest brand hydraulic press with four
pre-stressed frames with calibration certificate No.:
CIMED-FZA-362/2022, which complies with the
requirements of ASTM C39 [BS 1610 | NF P184l1]|
AASHTO T22 at 7, 14, 28, and 56 days, selecting 5
specimens for each specified age. The absorption tests were
carried out at 56 days on 5 specimens following the
procedure described in standard NMX-C-037-ONNCCE-
2013. It was observed that at 56 days of age, compressive
strength increases as the percentage of fiber replacement
increases. It was also observed that at 28 days of age, the
mixture with a fiber content of 1.5% had the highest load-
bearing capacity, followed by the control mixture (without
added fiber), then the mixture with 1.0% fiber, and finally
the mixture with 0.5% fiber.

mixture;
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Abstract -- The use of Cuishe or Cuish maguey bagasse
was determined in this work as an added natural fiber in the
manufacture of cement-sand mortar partitions in
percentages of 0.5, 1.0, and 1.5% with respect to the weight
of the materials (sand, water, and cement) constituting the
same, as it is one of the types of maguey most used in the
artisanal manufacture of mezcal in the state of Oaxaca,
which offers a large amount of available and usable
maguey bagasse.

Twenty-five prismatic specimens with dimensions of 100
mm x 140 mm x 280 mm were made using a manual
compaction block with three cells or molds in which the
compaction was carried out by the same operator to reduce
the variation in the force applied during the manufacturing
process.

The partitions were tested for axial compression in a Matest
brand hydraulic press for four-column prestressed frames
with calibration certificate number: CIMED-FZA-
362/2022, which complies with the requirements of ASTM
C39|,BS 1610|, NFP18-411|, and AASHTO T22 at

7, 14, 28, and 56 days, selecting 5 specimens for each
specified age. The absorption tests were carried out at 56
days in 5 specimens following the procedure described in
the NMX-C-037-ONNCCE-2013 standard.

It was observed that at 56 days of age, compressive
strength increases as the percentage of fiber substitution
increases. It was also observed that at 28 days of age, the
mixture with a fiber content of 1.5% has greater load-
bearing capacity, followed by the manufactured control mix
(no fiber added), then the 1.0% fiber mix, and finally the
0.5% fiber mix.

Key words — Maguey bagasse; mix; partitions; compressive
strength.
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INTRODUCTION

Natural fibers have been used in the manufacture of
building materials since ancient times. For example, the
Greeks used wood and straw fibers to increase the volume
stability of mortars [1]. Jute and straw were also used in
Indo-Muslim culture to improve the bonding of mortar
pieces and reduce cracking [2], [3], and [4].

In general, natural fibers are added to mortar or concrete
mixtures to improve their flexural strength [5], [6].
However, some authors also report increases in
compressive and tensile strength [7], [8]. The percentages
of fiber added to concrete mixtures are usually less than
5%, and their lengths vary between 10 and 50 mm [9], [10].
The use of natural fibers, particularly maguey bagasse, in
the manufacture of masonry units improves their post-
cracking performance, exhibiting more ductile behavior
than units that do not contain fiber [11], [12], and [13]. In
addition, the aspect ratio of the fiber plays an important role
in the compressive strength of masonry units; low aspect
ratios lead to an increase in compressive strength [14] and
[15]. The objective of this research is to evaluate the effect
of adding maguey bagasse fiber (Cuishe or Cuish) to mortar
blocks on their compressive strength and water absorption.

DEVELOPMENT

Materials and method

For the preparation of specimens, sulfate-resistant CPC
Portland cement with a density of 3.10 g/cm3 was used.
The fine aggregate used was characterized to determine its
loose dry bulk density, compact dry bulk density, density,
absorption, particle size distribution, and fineness modulus
following the procedure described in ASTM C-128-1 and
ASTM C-136-1. Figure 1 shows the particle size
distribution curve of this aggregate, and Table 1 shows its
main physical characteristics.

Table 1. Physical properties of the fine aggregate
Source: Own elaboration.

Properties (kg/m? )
Loose d Dry bulk Fineness
Type of oose ary density Specific Absorption | module
bulk weight ; .
aggregate compact gravity (%)
Sand 1483 1588 2532 1.53 335

The dosage of materials for a batch (3 specimens) remained
constant and only the amount of fiber was added in
percentages of 0.5%,

1.0%, and 1.50% of the weight of the mixture materials
according to Table 2 (cement, sand, and water).
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Figure 1. Fine aggregate particle size distribution curve.
Source: Own elaboration.

The natural fiber from maguey bagasse (Cuishe or Cuish)
began its processing with a washing stage, which involved
placing the fiber in water for 24 hours to soften the maguey
bagasse and remove impurities. The fiber was then dried in
the sun for 12 hours.

Finally, in the second washing stage, a pressure washer was
used to clean the fiber more thoroughly. It was then dried in
the sun for the same amount of time as in the first washing
stage. Once the washing process was complete, the natural
fiber was stored in a plastic container and in completely
clean jute sacks, in both cases, to begin cutting, with the
aim of obtaining lengths with a maximum size of up to 10
mm. The cut fiber was then placed in jute sacks so that it
could be mixed with the other materials (sand, gravel,
water, and cement) after being moistened a few minutes
beforehand to prevent the fiber from absorbing the water
calculated for the manufacture of the partitions.

Table 2. Mix proportions Source: Own

elaboration.
Weight of materials in kg
Mixture Cement Sand Water
Final 48 16 1933

The materials were mixed in three stages: first, the sand and
cement were dry mixed until they were evenly blended,
then half of the water was added and mixed for 5 minutes;
finally (after manually drying the fiber and removing
excess water), all of the water and the percentage of fiber
were added.
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Consider mixing everything for approximately 7 minutes.
The mixture was placed in a three-cell manual compaction
blocker or molds for the production of the pieces. The
compaction was carried out by the same operator to reduce
the variation in force applied during the manufacturing
process of the partitions. For each mixture, 25 prismatic
specimens with dimensions of 100 mm x 140 mm x 280
mm were produced. The partitions were tested for axial
compression at 7, 14, 28, and 56 days using five specimens
for each specified age. Absorption tests were performed at
56 days using five specimens following the procedure
described in standard NMX-C-037-ONNCCE-2013.

DISCUSSION AND ANALYSIS OF RESULTS

The results of the axial compression strength are shown in
Figure 2. These results correspond to four test ages. No
clear effect of increased compression strength or trend with
respect to test age could be identified. However, at 56 days
of age, it can be observed that the compression strength
increases as the percentage of fiber replacement increases.
Variations in results with respect to age may be due to a
lack of control in the compaction of the specimens or to
variations in humidity during the curing process. Because
partition walls have a high fine aggregate content, we can
assume that the main variable in their strength is the degree
of compaction of the specimens, since the influence of
hydration is minimal due to the low volume of cement
paste in the mixture. Furthermore, as not all fibers are of
the same length, they can affect compressive strength
values, as shown by Arunraj et al. [9] in their work, which
found that as fiber length increases, the compressive
strength of the specimens (bricks) decreases.
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Before performing the axial compression tests,
measurements were taken of the three dimensions of all
specimens of each mixture, and their weight was also
determined. With this data, the volumetric weight of each
mixture was estimated (Figure 3). The heterogeneity of the
specimens can be seen in the variations in volumetric
weights with respect to the test age. It should be noted that
the specimens to be tested for compression were chosen at
random. The specimens with fiber content remained almost
unchanged in their volumetric weights over time, with the
fiber-free mixture showing the greatest variations.
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Figure 3. Variations in the volumetric weight of each
mixture over time.
Source: Own elaboration.
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Figure 4. Variations in axial load with respect to test time at
28 days of age.
Source: Prepared by the authors.

From the data obtained from the compression testing
equipment (Matest hydraulic press for prestressed frames
with four columns, calibration certificate no.: CIMED-
FZA-362/2022, which complies with the requirements of
standards ASTM C39| BS 1610| NF P18-411 | AASHTO
T22), the load applied over the test time was recorded,
obtaining curves such as those shown in Figure 4.

It was observed that at 28 days, the mixture with a fiber
content of 1.5% had the highest load-bearing capacity,
followed by the control mixture (without
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added fiber), followed by a mixture of 1.0% fiber, and
finally a mixture of 0.5% fiber. Although this trend is not
consistent across all ages, nor is there a general trend over
time, the graphsload  load versustime attempted
attempted to indirectly correlate with the
ductility of the mixtures (Figure 5), Donkor et al. [5] found
that fiber-reinforced flexural test specimens suggest an
improvement in ductility as a result of reinforcement, as did
Zac et al. [16], who found that flax fibers do not produce a
significant change in flexural strength. to
compressioncompression,  but reduce
the brittle fracture behavior of the material. The
analysis process consisted of calculating the differentials of
the load curves versus test time for each test age (7, 14, 28,
and 56 days). The test time it took to reach its
maximum slope value was used as an indicator of the effect
of the fiber on the ductility of the partitions; longer times
may suggest greater ductility of the mixture. Table 3
presents the maximum slope values of the curves, as well as
the test time at which they were reached. a)
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Figure 5. Differentials in the load vs. test time graph a) 7
days, b) 14 days, c) 28 days, and d) 56 days.
Source: Own elaboration.

The analysis process consisted of calculating the
differentials of the load curves versus test time for each test
age (7, 14, 28, and 56 days). The test time it took to reach
its maximum slope value was used as an indicator of the
effect that the fiber had on the ductility of the partitions;
longer times may suggest greater ductility of the mixture.
Table 3 shows the maximum slope values of the curves, as
well as the test time at which they were reached.

Table 3. Test times at which the maximum value of the load
vs. time curve differential is obtained. Source: Own

elaboration.
Mixture (% fiber)
Age of 0.00 0.5
(days) Time (s) Differential | Time (s) | Differential
(tn/s) (tn/s)
7 225 0.878 7.6 221741513
14 7.55 245072707 10.15 1.73012493
28 11.45 2.01809386 10.45 2.05262838
56 11.8 2.39607007 10.9 2.79158547

Blend (% fiber)
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Age at 1.00 1.50
(days)

Time (s) Differential | Time (s) | Differential
(tn/s) (tn/s)

2.19688477 10.05 2.35460146

7 7.5

14 9.45 2.30687857 11.9 1.94956868

28 12.05 2.3066 14.7 2.34984277

56 134 2.46867414 13.6 2.58120457

As can be seen in Figure 6, specimens with a fiber content
of 1.0 and 1.5% show longer times in which they reach
their highest slope on the load versus time graph; these
times increase as the test age progresses. The proposed
analysis procedure and the results obtained are consistent
with those found by Juarez et al. [11], where fiber content
is related to the post-cracking performance of the piece.

The mixture with a fiber content of 0.5% shows very little
variation with respect to the test age and only reaches
values greater than the maximum value of the differential at
7 and 14 days of age with respect to the control mixture.
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Figure 6. Variations i Waxti¥i differential times with
respect to test age for all mixtures.
Source: Own elaboration.

The absorption test was performed at 56 days of age,
following the procedure described in NMX-C-037-
ONNCCE 2013, as can be seen in Figure 7. the absorption
of the specimens is higher in the mixture without fiber and
much lower for the mixture with a fiber content of 0.5%,
while the specimens with 1.0 and 1.5% fiber have similar
absorption values.
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Figure 6. Absorption percentages by type of mixture.
Source: Prepared by the authors.

CONCLUSIONS

* The difference in the load-time curve of the axial
compression test allows us to indirectly estimate the
ductility of the partition in relation to its fiber content. The
peaks of these curves occur at longer times in specimens
containing 1% and 1.5% fiber than in specimens containing
0% and 0.5% fiber.

* This may be an indirect measure of the ductility of the
material, with longer times implying greater deformation of
the partitions before failure.

* The absorption of the specimens is reduced with the
addition of fiber; the 0.5% content is the mixture with the
lowest absorption; however, at 28 days, it has lower
compressive strength.

* Based on the data obtained in this study, we can conclude
that further investigation of this type of relationship
between cement partitions and natural fibers such as those
used in this study, such as maguey cuishe or cuish bagasse,
offers great potential and a wide field for further research
and the determination of more data and information on the
subject, in order to further support its use in the future.
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