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Abstract. This study investigates the mechanical performance of
non-structural concrete reinforced with Pro-nylon textile fibers (FNP)
for pedestrian pavements in Arequipa, Peru. Four mix designs
containing 0%, 0.25%, 0.50%, and 1.00% fiber by volume were tested
after 28 days of water curing. The 0.50 % fiber mix achieved a
compressive strength of 203.6 kg/cm? comparable to the control
(207.7 kg/cm?), while the 1.00 % dosage reduced strength significantly
to 168.7 kg/cm? One-way ANOVA confirmed that fiber content had a
statistically significant effect on compressive strength (p = 0.0002). In
contrast, indirect tensile strength peaked at 24.0 kg/cm? with 0.25 %
fibers, but differences among groups were not statistically significant
(p = 0.30). These findings identify an optimal dosage range (0.25-0.50
%) that enhances compressive performance without compromising
material integrity, underscoring the need for further studies on tensile
behavior and durability under real service conditions.

Keywords— Pro-Nylon, Fiber-reinforced concrete,
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I. INTRODUCTION

The rapid expansion of cities driven by population growth
has intensified the construction and renewal of urban
infrastructure. In Arequipa, 4,788 infrastructure projects were
executed in 2023; however, heavy rains associated with the El
Nifio phenomenon deteriorated 2,489 km of roads and
sidewalks, impairing pedestrian and vehicular mobility and
requiring 186 critical repair interventions [1],[2],[3],[4]. With
average precipitation of 28 mm between January and March and
abrupt temperature fluctuations, recurrent pavement damage
highlights the need for more durable materials in low-
structural-impact urban applications [5].

Conventional concrete, though widely used, is inherently
brittle, with low tensile strength, limited energy absorption, and
a high susceptibility to cracking [1]. Synthetic fiber
reinforcement has therefore gained attention for its positive
effects on tensile and compressive strength, toughness, and
durability. Studies report that nylon fibers—virgin or
recycled—can increase tensile strength by 14-80% at fiber
contents of 0.5-1% by volume, depending on the mix design
and aggregate size distribution [6]. Regarding compression,
results are more moderate but consistent: for example, a mix
with 0.9 kg/m? of fiber reached 345.3 kg/cm?, while 1.8 kg/m?
yielded 314.3 kg/cm?, compared to a baseline of 327.7 kg/cm?

[7]. Likewise, concretes with recycled aggregates and nylon
fibers at 0.6—1.2 kg/m? have shown increases in tensile strength
up to 80.6% [8].

Additional benefits include enhanced cohesion, better
stress distribution, increased energy absorption, and reduced
shrinkage and surface cracking, which are critical for structures
exposed to impacts, wet—dry cycles, or repeated use, such as
sidewalks[9],[10]. From an environmental perspective,
recycled nylon fibers derived from textile or industrial waste
represent a viable alternative within the circular economy
framework to reduce environmental impact [7], [11], [12].

Despite these advances, most studies remain confined to
controlled laboratory conditions and loose fibers. The use of
nylon fiber fabric, such as Pro-Nylon, under real urban
conditions has not been sufficiently explored. Its geometry and
textile composition may alter concrete performance, including
strength and workability. This study, therefore, experimentally
evaluates the effect of incorporating Pro-Nylon fiber on the
compressive and tensile strengths of non-structural concrete for
urban sidewalks, with statistical analysis via ANOVA to
determine the significance of the observed effects.

II. METHODOLOGY

A. Characterization of the Population and Sample
Selection

The population group consists of possible combinations of
non-structural concrete mixes that incorporate textile nylon
fiber. The sample, of a non-probabilistic type, was selected
based on the objectives established in the research. The
independent variable corresponds to the percentage of textile
nylon fiber used (0%, 0.25%, 0.5%, and 1%), The selection of
fiber percentages (0.25%, 0.50%, and 1.00%) was based on
previous experimental evidence and preliminary laboratory
trials. Studies on nylon fibers—both loose and fabric-based—
report improvements in crack control and tensile behavior
within typical dosage ranges between 0.3% and 1.0% by
volume [6], [7], which represent technically accepted limits that
avoid excessive loss of workability or segregation.
Additionally, preliminary tests conducted for this study showed
that fiber contents above 1.00% produced agglomerations and
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a marked reduction in workability, while percentages below
0.25% did not generate noticeable changes in cohesion.
Therefore, the selected range provides a representative and
technically supported interval for evaluating the mechanical
performance of concrete reinforced with Pro-Nylon fabric.
while the dependent variable is the compressive capacity of the
concrete, expressed in kg/cm?, in accordance with TP 339.034
[13].

For each of the three mix proportions, eight standardized
cylindrical specimens were prepared: four subjected to simple
compression tests and four to indirect tensile tests, all at 28 days
of curing. In total, 32 specimens were fabricated, as determined
by the mathematical model, providing a solid basis for
comparing results and validating the study hypothesis.

Mathematical Model

In this research, a complete one-factor design mathematical
model was applied to estimate the total number of possible
combinations to be evaluated. This statistical tool is used to
analyze the impact of different factors, both individually and
jointly on one or more responses. It allows assessment by
considering all possible combinations among factor levels,
optimizing the number of tests, and enriching the analysis[14],
[15]

Table 1: Studied Variables

MECHANICAL PROPERTIES OF CONCRETE

Compressive Strength 1
Tensile Strength 1

PRO-NYLON ADDITION PERCENTAGE

At 0.00 % fiber 0
At 0.25% fiber 1
At 0.50% fiber 1

1

At 1.00% fiber

A one-factor design was applied with four Ievels
corresponding to the percentages of Pro-Nylon fiber in
concrete: 0%, 0.25%, 0.50%, and 1.00%. Each level was
replicated in eight cylindrical specimens (four for compression
tests and four for indirect tensile tests), yielding a total of 32
specimens. This design allows the evaluation of the effect of a
single factor, the fiber proportion, on the mechanical properties
of concrete, ensuring the statistical validity and
representativeness of the data [14], [15].

B. Experimental procedure and data collection
Experimental records were obtained through laboratory

compression and tensile tests, with results recorded in Excel for
analysis. The instrument used was a UTEST automatic press

with a capacity of 2000 kN and a traceable calibration
certificate, which enabled measurement of compressive and
tensile strength of the specimens, in accordance with NTP
339.034:2015 for curing with potable water and NTP
339.216:2016 for mechanical testing. A loading rate of 0.25
MPa/s was applied, using heads with neoprene pads as load
distribution elements.

C. Procedure
1) Characterization of Pro-Nylon Fiber

Material collection:

Representative samples of Pro-nylon textile fibers were
collected directly from the supplier to ensure quality,
homogeneity, and provenance. Fibers were stored in a dry,
clean environment to prevent moisture or contamination.

Preparation and cutting:

Fibers were manually cut to 3 cm in length and 0.5 cm in
width to ensure adequate dispersion in the concrete mix. These
dimensions are similar to those reported in [7], [16], and [6],
which have demonstrated a significant impact in previous
studies. A superficial cleaning was performed to remove
impurities, and care was taken to prevent fraying, maintaining
fibers in optimal condition for inclusion in concrete.

Characterization test:

Studies were conducted to determine the chemical
composition of the fibers by identifying polymer functional
groups. This confirmed their identity, detected possible
mixtures with other materials, and evaluated factors that could
influence their behavior within concrete.

2) Mix design and preparation

Mix design:

Four mixes were prepared: one control mix without fibers
and three modified mixes with Pro-nylon fibers at 0.25%, 0.5%,
and 1% relative to the total concrete volume. Mixes were
designed according to normative criteria for urban elements,
such as sidewalks, to maintain consistency across all mixes.

Control mix:

This mix contained no fibers and complied with
conventional specifications for sidewalk concrete. It served as
a reference for comparison with fiber-reinforced mixes.

Fiber reinforced mixes:

In modified mixes, fibers were incorporated during the
mixing stage to ensure homogeneous distribution. Exact
material quantities were documented, and the same mixing,
molding, and curing process was used.
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Curing of specimens:

Cylindrical specimens were demolded after 24 hours and
placed in a tank with potable water for curing over 28 days. This
process ensured optimal development of mechanical properties,
particularly strength.

3) Testing

Two types of tests were performed in accordance with
Peruvian standards:

Simple compression: Conducted under NTP 339.034 using
a UTEST automatic press of 2000 kN capacity.

Indirect tensile strength: Conducted under NTP 339.084
using the same press.

Both tests were performed at a controlled loading rate, and
heads with neoprene pads were used in accordance with NTP
339.216.

4) Data recording

The maximum load applied to each specimen was
recorded, and strength values were calculated in kg/cm? for
subsequent analysis.

5) Statistical analysis

To evaluate the mechanical performance of the concrete
mixes, descriptive statistics were first calculated, including the
mean X, standard deviation ¢, and coefficient of variation (CV).
These parameters quantified central tendency, variability, and
relative dispersion among groups [19].

n

1w 1 v S
JE:—ZxL,a: —Z(xl—f)Z'CV=:><100%
n n—1 X
i=1 i=1
Where x; are the individual strength values (kg/cm?), n is
the number of specimens per group, and x is the group mean.

A one-factor ANOVA was then applied to determine whether
significant differences existed among the mean strength values
of the concrete mixes with different nylon fiber contents (0%,
0.25%, 0.5%, 1%). The analysis considered both between-
group variability and within-group variability, summarized
through the mean squares:

SSB SSw

MSBetween = m’ within = m

Where SSB and SSW represent the sums of squares between
and within groups, & is the number of treatments, and nn the
number of replicates per group. The F statistic was calculated
as:

M Sbetween

M Swithin

The corresponding p-value was obtained using Excel’s
DISTR.F. N function, with significance evaluated at the 95%
confidence level.

F =

Null hypothesis (Ho): No significant differences exist among
group means.
Alternative hypothesis (Hi): At least one group mean differs
significantly.

III. RESULTS

Charactization of Pro-Nylon fiber

The chemical characterization of the Pro-Nylon fiber by
Fourier Transform Infrared Spectroscopy (FTIR) was carried
out in order to identify the functional groups present and
confirm its composition.
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Figure 1: FTIR spectrum graph of Pro-Nylon fiber

The characteristic bands of polyamide Pro-Nylon (6,6
(nylon 6,6)) were identified in the FTIR spectrum, associated
with the following functional groups typical of polyamides.
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Table 2: Characteristic FTIR Bands of Polyamides

Table 3: Physical and mechanical properties

In the region below 700 cm™, bands were observed that are
attributed to deformations of the molecular backbone (C—C, C—
N) and out-of-plane vibrations of the N-H group,
corresponding to the so-called fingerprint region of the FTIR
spectrum. Although these bands are not diagnostic on their own,
they complement the characteristic spectral profile of nylon 6,6.
The obtained spectrum confirms the presence of functional
groups that form intermolecular bonds, such as amide and
carbonyl groups, supporting the use of the material as a
reinforcement in concrete mixes by providing mechanical
properties associated with these chemical structures.

Cement characterization

The binder used in all mixes was Portland cement type HS
(high sulfate resistance), brand Yuramax, which complies with
NTP 334.071:2018 (equivalent to ASTM C150). This type is
characterized by a low tricalcium aluminate (Cs;A) content,
conferring notable resistance to aggressive environments, such
as soils or water with high sulfate concentrations. Its reported
density was 2.750 kg/m?, and it was stored under dry conditions
until use, ensuring its integrity.

Fine aggregate characterization

The fine aggregate consisted of natural silica sand,
classified as medium sand. It was sourced from the “La
Poderosa” quarry (Arequipa). The properties determined
through standardized tests (ASTM C136, C128, and C29) were:
fineness modulus of 2.31, absorption of 2.4%, and moisture
content of 3.6%. In addition, unit weights of 1.52 g/cm?® (loose)
and 1.68 g/cm*® (compacted) were recorded. These values
ensure an appropriate gradation for non-structural concretes and
adequate workability in mixes with fiber additions.

% Cumulative Passage

D e e e e

Figure 2: Fine aggregation gravation curve
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Table 4: Results of fine aggregate gradation curve

RESULTS

GG 0.0 %

IMPORTANT 6.0 5% GF 6.0 %
o AG 15.1 %

SAND 80.6% AMI 28.7 %

OF 36.8 %
FINE 0.9 %
Maximum size (*) 3/8”
Retained in 3” (%) 0.0
Sample weight (g) 520.1
Portion of fines (g) 376.1
Fineness modulus (MF) 2.31
Sand type according to MF Medium
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Coarse aggregate characterization

Angular—subangular gravel type 67, also of natural origin
and sourced from the same quarry, was used as coarse
aggregate. The material was evaluated in accordance with
ASTM C136, C127, and C29 standards, yielding a fineness
modulus of 6.74, absorption of 1.4%, and moisture content of
0.4%.

PIGRANULOMETRIC CURVE

% Cumula

Particle Diameter (mm)

Figure 3: Coarse aggregate gradation curve

The maximum nominal size was 3/4", with unit weights of
1.45 g/cm® (loose) and 1.53 g/cm® (compacted). These
parameters ensure a good relationship with the cementitious
matrix, a necessary condition to guarantee the internal bonding
of the concrete.

Table 5: Results of coarse curve gradation curve

RESULTS

GRAVEL GG 3.4%

98.0% GF 94.6 %
SAND AG 1.1 %

L% M [ 0.0%

OF 0.0 %

FINE 0.9 %
Maximum size(*) 1”
Nominal maximum size ¥
Gravel spindle 67
Sample weight (g) 21.316
Fineness modulus (MF) 6.74

Water characterization

The water used came from the public potable supply of
Arequipa. Its quality was verified in accordance with NTP
339.127:2009 (equivalent to ASTM C1602), ensuring the
absence of organic contaminants, oils, chlorides, or dissolved
salts that could interfere with cement hydration or alter concrete
performance.

Mechanical evaluation of concrete

Four concrete mixes were designed: one control mix (0%
fiber) and three with additions of Pro-Nylon fabric at 0.25%,
0.5%, and 1% by volume. All mixes were proportioned to a
target strength of 175 kg/cm?, with a water—cement ratio of 0.60
and a slump of 3"-4".

A total of 32 cylinders (10 cm x 20 cm) were prepared, with 16
cylinders used for compression and 16 for indirect tensile tests.
The specimens were cured for 28 days in potable water
according to NTP 339.034:2015. The tests were performed
using a UTEST hydraulic press (2000 kN).

Table 6: Results of Compression and Tensile Tests

SUMMARY OF COMPRESSIVE STRESS AVERAGE
TESTING COMPRESSIVE COMPRESS
ELEMENT AGE STRESS STRESS F[¥$E§E
(MPa) (Kg/cm?)
ADDITION 0.00 % 28 2036 207.65 3
ADDITION 0.25 % 28 19.83 202.23 3
ADDITION 0.50 % 28 19.97 203.60 3
ADDITION 1.00 % 28 16.54 168.65 3
SUMMARY OF TENSILE STRESS AVERAGE
TENSILE TENSILE
ELEMENT TEiggG STRESS STRESS FALLDRE
(MPa) (Kg/em?)
ADDITION 0.00 % 28 2.05 20.94 Vertical
plane
ADDITION 0.25 % 28 2.30 23.41 Vertical
plane
ADDITION 0.50 % 28 2.09 21.34 Vertical
plane
ADDITION 1.00 % 28 1.95 19.93 Vertical
plane
¥

Failure type 3 corresponds to a typical shear-cone failure as
defined in NTP 339.216.

Statistical treatment of results

To examine how the analyzed characteristics of concrete vary
with different percentages of nylon fibers (0%, 0.25%, 0.50%,
and 1%), key descriptive statistics were calculated, including
the mean, standard deviation, and coefficient of variation (CV).
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These were applied to the compressive and tensile strength

values obtained after 28 days of water curing. Table 9: ANOVA of Compressive Strength
Table 7: Standard Deviation of Compression Percentages St h
Percentage rengt Means| S5W | S5B
Mean Standard B (Mpa)
Percentage . .. CV (%)
(Mpa) deviation 0% 211
0.00% 20.375 0.797 3.91 0% 195
0.25% 19.85 0918 [ 4.63 D*;’ 19'9 20375 1.9075| 3.76
0.50% 19.95 0.968 4.85 Df ?'
1.00% 16.525 1.17 7.08 0% 21
0.25% 18.9
25%
0.25% 5.6 1985 | 253 | 1.8225
Strength distribution by group 0.25% 211
& 22 0.25% 19.8
& 21 EI - 0.50% 18.8
f 20 \:x;l = p—— .
¥ 19 - 0. 0% 22 {1995 | 281 | 24025
w18 0.50% 20.7
g 7 3¢ 0.50% 20.8
g 16 1.00% 17.2
% 15 R ] s
] 1.00% 153
oo , : - 16.525 [ 4.1075 | 28.00
0% 0.25% 0.50% 1% 1.00% 17.8
Fiber percentage (%) 1.00% 158

Figure 4: Compression Boxes

Table 8: Standard Deviation of Tensile Strength Percentages Table 10: Summary of Compression

Ovwerall mean 19.18
Percentage M; a; gz:'?adt:: CV (%) Sum of squares between groups (SSB) 38.08
0.00°, ('l’\OpSS) 0.403 19.63 Sum of squares within groups (SSW) 11.36)
. 0 e -4 .
0.25% | 2208 [ 0.053 231 Degrees "Egeej‘}m bitﬂ::m (DF_i ‘_1‘; D i
0.50% .00 0.210 10.40 Degrees of freedom w (DF: =N-k) 12
1.00% 1.955 0.173 3.85 Mean square between (MSB) 12.69
Mean square within (MSW) 0.95
F-statistic = MSB / MSW 13.41
Strength distribution by group
3
= The F-distribution curve of the p-value
& 25 L
= === 0.8
g 2 E 0.7
B E \
= - 0.6
B 05 |
a 2 0\ IF=13.41
1 £ 0.4
0% 0.25% 0.50% 1% _g 0.3 \
Fiber percentage (%) b 0.2 \
Figure 5: Boxplot of tensile strength 0.1 \\‘“_
. . e 0 T L
To determine whether the variations recorded among the 0 5 10 15

different fiber percentages are statistically significant, a
one-factor ANOVA was applied to the compression and tensile
strength results.

F-statistic

Figure 6: F-Curve of the p-Value for Compressive Strength
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Table 11: Summary of F-Curve for Compressive Strength

Calculated F 13.41
p-value 0.00039
dfl 3.00
df? 12.00]

Since the p-value is below 0.05, the null hypothesis is rejected.
The findings suggest that there are relevant differences among
nylon fiber percentages[17].

Table 12: ANOVA of Tensile Strength

Percentage Strength Means| SSW | SSB
(Mpa)
0% 2.59
0% 1.89 o
0% L6 20525104869 0.0086
0% 2.09
0.25% 227
0.23% 2.24
22975|0.0085] 0.158
0.23% 232
0.23% 2.36
0.50% 1.83
0.50% 23
0350% 21 209 |0.1442|0.0003
0.50% 199
1.00% 1.86
1.00% 212
1.955 10.0899)0.0827
1.00% 208
1.00% 1.76

Table 13: Summary of traction

Overall mean 21
Sum of squares between groups (SSB) 0.25
Sum of squares within groups (SSW) 0.73
Degrees of freedom between (DF1 =k — 1) 3
Degrees of freedom within (DF: = N -k) 12
Mean square between (MSB) 0.08
Mean square within (MSW) 0.06
F-statistic = MSB / MSW 1.37

The F-distribution curve of the p-value

0.8
0.7
os 1\

05 N\

04 N\, [FeL37
03 AN
0.2 ™

0.1 S~

F-distribution

F-statistic

Figure 7: Curve of the p-Value for Tensile Strength

Table 14: Summary of F-Curve for Tensile

Calculated F 1.37
p-value 0.30000
dfl 3.00]
df? 12.00|

Since the p-value is above 0.05, the null hypothesis is not
rejected. The results indicate no significant differences among
groups with different nylon fiber percentages[17]. Therefore,
the fiber percentage did not have a statistically significant effect
on the tensile strength of the concrete in this study.

IV. DISCUSSION

FTIR analysis confirmed the composition of polyamide 6.6
in the Pro-Nylon fibers, evidencing the presence of polar
functional groups (N-H, C=O, amide I-III) that promote
interaction with the cementitious matrix. This characteristic
supports their potential as reinforcement, as it may contribute
to microcrack control and the distribution of internal stresses
[18], [19]. Regarding compressive strength, the control mix
reached 207.65 kg/cm? (=20.3 MPa), while the mixes with
0.25% and 0.50% fiber achieved 202.23 kg/cm? and 203.60
kg/cm?, respectively. However, when the fiber addition
increased to 1.00%, the strength decreased markedly to 168.65
kg/cm? (=16.5 MPa). The control mix exceeded the target
strength due to conservative proportioning and favorable
aggregate quality, which is standard practice in non-structural
urban concrete. This behavior can be explained by the fact that
moderate fiber doses act as bridges, limiting crack propagation
and improving interfacial cohesion [7],[20]. In contrast,
excessive amounts reduce workability, generate segregation
and fiber agglomerations, increase internal porosity, and lower
the final strength [13]. Normality and homogeneity of variance
were verified through an exploratory analysis of residuals prior
to ANOVA. ANOVA confirmed the statistical significance of
these variations (F = 13.41; p = 0.0002 < 0.05), validating that
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fiber percentage significantly influences compressive strength
[7]. Although moderate increases in indirect tensile strength
were observed, the lack of statistical significance (p = 0.30)
suggests that the flat geometry and manual cutting of the textile
fibers limit the efficiency of the crack-bridging mechanism.
Previous studies indicate that tensile performance strongly
depends on fiber surface roughness and the quality of the fiber—
matrix interface; chemical surface treatments or interface
modifications have been shown to enhance adhesion and
improve tensile response [12], [18], [19]. These aspects
represent an important direction for future research to optimize
the mechanical contribution of Pro-Nylon fibers.

Regarding indirect tensile strength, the concrete without
fibers yielded 20.94 kg/cm? (=2.05 MPa), increasing to 23.41
kg/cm? and 21.34 kg/em? with 0.25% and 0.50% fiber,
respectively. Nevertheless, at an addition of 1.00%, the strength
decreased to 19.93 kg/cm?. Although moderate increases were
observed, ANOVA did not show significant differences (F =
1.37; p = 0.30 > 0.05). This result suggests that the flat
geometry and manual cutting of textile fibers may limit the
efficiency of crack bridging. Previous studies have indicated
that improvements in tensile strength depend not only on fiber
quantity but also on their orientation and surface condition;
chemical treatments or interface modifications have been
shown to enhance adhesion and tensile performance [12],[20].

From a practical perspective, the findings identify an optimal
functional range between 0.25% and 0.50% fiber content for
applications in non-structural concrete intended for urban
sidewalks. This range improves compressive strength without
compromising workability or generating internal defects. As
this is a preliminary study, aspects such as the effects of
temperature and radiation, durability, experimental designs that
include additional factors, and mechanical responses in which
fiber orientation produces different multiaxial behaviors remain
pending for further investigation. In addition, the use of
recycled fibers derived from textile waste could strengthen
circular economy strategies in urban construction, reducing
environmental impact and maintenance costs [11],[14]. Since
polymeric fibers may undergo degradation due to UV radiation,
thermal cycles, and moisture—conditions characteristic of the
climate in Arequipa—future studies should incorporate
durability tests such as freeze—thaw cycles, prolonged UV
exposure, and accelerated aging. These evaluations will help
validate the long-term performance of the material under real
service conditions and strengthen its applicability in urban
infrastructure.

V. CONCLUSIONS

The experimental evaluation demonstrated that
incorporating Pro-Nylon textile fibers into non-structural
concrete for urban sidewalks can improve mechanical
performance within a controlled dosage range. Mixes
containing 0.25-0.50% fiber by volume achieved compressive
strengths comparable to or slightly higher than those of the

control, confirming their potential to enhance cohesion and
crack resistance without compromising workability. In contrast,
excessive fiber content at 1.00% led to segregation and
porosity, significantly reducing compressive strength. Indirect
tensile strength increased moderately at 0.25% fiber, but
statistical analysis showed no significant differences among
fiber percentages, suggesting that the geometry and orientation
of the textile fibers limit their efficiency in tensile
reinforcement. FTIR characterization confirmed the polyamide
6.6 composition of Pro-Nylon fibers, supporting their role in
microcrack control and stress distribution. Overall, the findings
identify an optimal fiber range for practical application in
sidewalks, highlight the risks of overdosing, and point to future
research needs in durability, fiber orientation, and the use of
recycled fibers to strengthen circular-economy strategies in
urban infrastructure.
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