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ABSTRACT Textile-reinforced concrete (TRC) offers a sustainable alternative to conventional steel-reinforced concrete by incorporating textile elements,
thereby reducing carbon emissions and enhancing design flexibility. This study examines the use of Kevlar fiber reinforcement in improving themechani-
cal performance of concrete, with particular attention to compressive and flexural properties. Three Kevlar reinforcement configurations were evaluated:
3-dimensional (3D) rebar, 3D hollow woven fabric, and solid 3D woven fabric, alongside a control sample of unreinforced concrete. Compression tests
were conducted in accordance with SNI 03-1974-1990, which is broadly equivalent to ASTM C39 in terms of loading procedure and specimen dimensions.
Results showed that the 3D rebar configuration achieved the highest compressive strength of 14.31 MPa, marginally exceeding that of the unreinforced
control at 13.28 MPa. Although the gains in compressive strength were modest, the flexural performance exhibited substantial improvement. Flexural
tests, following ASTM C78 standards, revealed that the solid 3D woven fabric configuration achieved a flexural strength of 12.17 MPa, whereas that of
unreinforced sample was 3.65 MPa. These results indicate that Kevlar-reinforced TRC can be particularly advantageous for applications where superior
flexural capacity is required, even if compressive strength remains at a moderate level. Potential uses include non-structural or secondary lightweight
elements, such as canopies, facade panels, and other architectural components where weight reduction, crack resistance, and design adaptability are
desirable. The findings also highlight the influence of reinforcement configuration, with the solid 3D woven fabric providing the most significant flexural
benefits. This research contributes to the growing body of evidence supporting the viability of synthetic fiber reinforcement, such as Kevlar, in sustainable
concrete design and construction.
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1 INTRODUCTION

Textile materials such as fibers, yarns, or fabrics have
gained increasing attention for applications beyond
traditional garments. Their versatility has enabled
their use in the medical and healthcare sectors (Che-
ung and Li, 2019), aerospace (Abidin et al., 2019), ma-
rine industries (Aravind et al., 2022; Sankaran et al.,
2016), smart and wearable textiles (Dalkılıç et al., 2024;
Najafi et al., 2017; Coskun and Oner, 2022), food pack-
aging (Carneiro da Silva et al., 2023), and construction
(Friese et al., 2022; Hahn et al., 2021; Krimi et al., 2016;
Koeckritz et al., 2010).

In the construction sector, textile materials have been
increasingly used as reinforcement in concrete, com-
monly referred to as textile-reinforced concrete (TRC).
Compared to conventional steel reinforcement, tex-
tile reinforcement offers several advantages, includ-
ing resistance to corrosion, chemical degradation, and
UV exposure (Lin et al., 2022; Seyam et al., 2015; Yan
and Chouw, 2013). Steel reinforcement, while effec-
tive, remains vulnerable to corrosion in aggressive en-

vironments such as coastal zones, which often requires
thicker concrete cover and results in higher cement us-
age. By contrast, non-corrosive textile reinforcement
enables thinner concrete sections, reducing both ma-
terial usage and environmental impact (Laiblová et al.,
2019). Although the production of textile reinforce-
ments generates CO2 emissions, the reduction in ce-
ment content, the largest contributor to concrete’s car-
bon footprint, can lead to net environmental benefits
(Li and Xu, 2011). For instance, in a German cyclist
bridge project, textile reinforcement reduced cement
usage by 60% and emissions by 26% compared to steel-
reinforced alternatives.

Numerous studies have assessed the mechanical per-
formance of TRC. For instance, Gopinath et al. (2015)
showed that basalt TRC blocks absorbed 25 – 30%more
energy under compression than plain concrete. Islam
et al. (2023) reported that carbon textiles exhibited the
highest flexural strength (11.2 MPa) in cement pan-
els, followed by glass (7.8 MPa) and GI fibers (6.1 MPa).
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These findings affirm the role of fiber type in defining
TRC mechanical behavior.

Beyond material selection, structural geometry signif-
icantly influences TRC performance. Verma and Ma-
jumdar (2024) examined three types of 3D-knitted tex-
tiles with spacer thread angles of 65°, 55°, and 47°,
and found that a smaller thread angle of 47° led to
higher compressive strength. This result highlights the
role of geometrical optimization in improvingmechan-
ical interlocking and load distribution within textile-
reinforced composites.

Reinforcement configurations are generally catego-
rized as 1D (linear fibers), 2D (woven, knitted, or spacer
fabrics), or 3D (braided, stitched, or embroidered tex-
tiles) (Wu et al., 2023). While 1D and 2D configurations
primarily enhance in-plane strength, they offer limited
resistance to out-of-plane stresses and are suscepti-
ble to delamination (Perera et al., 2021). In contrast,
3D textile architectures provide through-thickness re-
inforcement, enabling better load transfer and dam-
age tolerance (Hu et al., 2020). Although some stud-
ies have investigated 3D textile reinforcement in TRC,
this area remains relatively underexplored compared to
1D and 2D configurations. Wu et al. (2023) highlighted
the potential of 3D textile-reinforced concrete, specifi-
cally its superior out-of-plane load resistance, delam-
ination suppression, and improved damage tolerance
compared to 2D systems. Nevertheless, the same study
also emphasized that further investigation is needed
to develop quantitative design models, evaluate long-
term durability under environmental exposure, and as-
sess manufacturing scalability for real-world structural
applications (Wu et al., 2023).

Kevlar, a high-performance aramid fiber, possesses an
exceptional strength-to-weight ratio, energy absorp-
tion, and chemical stability, making it an attractive
candidate for TRC (Ursache et al., 2024). Unlike carbon
or glass fibers,Kevlar is flexible and crack-resistant, and
unlike steel, it does not corrode (Shafei et al.,2021). De-
spite its favorable properties, Kevlar is underutilized in
TRC research. Early studies focused on short or con-
tinuous Kevlar fibers in cement (Walton andMajumdar,
1978), with limited exploration of Kevlar-based textile
reinforcements.

Reinforcement configurations in most structural ele-
ments, such as beams, columns, and shear walls, are in-
herently three-dimensional (3D) to accommodate com-
plex loading conditions, including axial forces, shear,
bending moments, and torsion. Traditional reinforce-
ment using steel bars is intentionally arranged in 3D
space to ensure effective load transfer and structural
stability. However, most studies on TRC focused on
1D or 2D textile geometries, which may not may not
fully reflect actual structural conditions. Therefore,
this study aims to develop three novel 3D Kevlar tex-

tile reinforcement configurations: (1) 3D-rebar, (2) hol-
low 3D woven fabrics, and (3) solid 3D woven fab-
rics, and to investigate their effects on the mechan-
ical performance and damage tolerance of textile-
reinforced concrete. These reinforcements weremanu-
ally constructed and integrated into TRC specimens, as
schematically illustrated in Figure 1 (a – c) and visually
depicted inside the mold in Figure 1 (d – f). To the best
of our knowledge, the mechanical behavior and struc-
tural benefits of such 3D Kevlar reinforcement forms
in TRC have not been systematically studied. This re-
search aims to fill that gap by evaluating their effective-
ness in enhancingmechanical interlocking, anchorage,
and overall load-bearing performance.

Figure 1 (a) Schematic illustration of the 3-dimensional rebar, (b)
3-dimensional hollow woven fabric, and (c) solid 3-dimensional
woven fabric. (d) Photograph of the 3D-manufacturing of the 3-
dimensional rebar, (e) 3-dimensional hollow woven fabric, and
(f) solid 3-dimensional woven fabric.

The mechanical behavior of the resulting composites
was evaluated through compressive and flexural test-
ing and compared to control samples of plain concrete.
This study provides insight into how textile geometry
and material properties interact to improve mechani-
cal performance, thereby supporting the development
of lighter, more durable, and environmentally sustain-
able concrete systems.

2 METHODS

It is important to note that the number of samples used
for each variable in this study was limited to a single
specimen per treatment due to constraints in mate-
rial availability and access to specialized testing equip-
ment. Nevertheless, all experiments were conducted
under strictly controlled and consistent conditions to
ensure the reliability of the comparative analysis.

2.1 Materials

The Kevlar fiber used in this study was in the form of
yarns with a tenacity of 18 g/denier (≈1.58 MPa) and
a linear density of approximately 3200 denier. The
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elongation at break was about 3.2%. The yarns were
procured from PT. Kusumah Mandiri Jakarta and used
without further treatment.

Ordinary Portland Cement (OPC), conforming to ASTM
C150 Type I, was used as the matrix material due to
its widespread availability and suitability for general
structural applications. The cement was obtained from
a local supplier and stored in a dry environment to
prevent moisture absorption. The specific gravity of
the cement, determined using the Le Chatelier flask
method according to ASTM C188, was found to be 3.15.
A water-to-cement ratio of 0.45 was selected to ensure
optimal workability and matrix density, aligning with
established practices in TRC fabrication (Brameshuber,
2006). Natural river sand passing through a 4.75 mm
sieve was used as fine aggregate. This particle size con-
forms to standard classifications for fine aggregates and
ensures good workability, uniform dispersion, and ef-
fective bonding with the Kevlar textile reinforcements
(Wang et al., 2024). The finer sand size also minimizes
voids and reduces the likelihood of damage to the tex-
tile during casting.

2.2 Fabrication of the 3-Dimensional Kevlar Fiber Config-
uration

The sample preparation process for the three 3D con-
figurations, namely rebar, hollow woven fabric, and
solid woven fabric, was schematically illustrated in Fig-
ure 2.

Figure 2 Schematic representation of the fabrication steps for (a)
mold samples, (b) 3D rebar configuration, (c) 3D hollow woven
fabric, and (d) 3D solid woven fabric.

The fabrication process began with mold preparation.
A rectangular woodenmold was constructed using four
wooden boards. Two of the boards (15 cm × 15 cm)were
drilled with holes at a density of 4 holes/cm2, confined
to a central 10 cm × 10 cm region, while the outer areas
were left intact. The other two boards (50 cm × 15 cm)
were not drilled. These boards were assembled into a
mold with internal dimensions of 15 cm (width) × 50
cm (length), used as the casting form for the concrete

specimens. A schematic of the mold setup is presented
in Figure 2 (a).

The rebar-like configuration was produced by thread-
ing Kevlar yarn through the drilled holes on the shorter
moldwalls to create a unidirectional network across the
mold’s width. The yarns were laid in a back-and-forth
pattern in a parallel arrangement, forming a surface-
layer reinforcement onboth endswhile leaving the cen-
tral core region unreinforced.

During the fabrication of the 3D Kevlar textile con-
figurations, a controlled tension was applied to the
yarns to maintain alignment, prevent sagging, and en-
sure dimensional stability of the reinforcement. This
approach helped achieve uniform geometry and pro-
moted effective interaction between the textile and ce-
mentitiousmatrix during casting. A schematic illustra-
tion of this configuration is shown in Figure 2 (b).

The 3D hollow woven fabric configuration was formed
by manually weaving two sets of Kevlar yarns, warp
and weft, in perpendicular directions to form a hol-
low, fabric-like mesh. The interlacing was applied only
around the perimeter of the mold cavity, creating a re-
inforced outer shell while the inner core remained free
of reinforcement. The yarns were woven inside the
mold with careful alignment and tension control. Ten-
sion was maintained by carefully laying the yarns by
hand to keep them straight.

This hollow 3D woven structure provides bidirectional
reinforcement on the outer layer while reducing overall
material weight. A schematic illustration of the fabri-
cation process is shown in Figure 2 (c).

The solid woven configuration extends the hollow
woven concept by continuing the yarn interlacing
throughout the entire volume of themold. Kevlar yarns
were manually woven layer by layer, from the bottom
to the top, in both warp and weft directions. This
produced a densely packed, fully integrated 3D textile
reinforcement. Unlike the hollow version, the solid
configuration provides uniform reinforcement across
all cross-sectional planes, enhancing both longitudinal
and transversemechanical performance. The final con-
figuration offers uniform strength distribution,making
it suitable for demanding structural applications (Hu
et al., 2020). A schematic illustration of this configu-
ration is shown in Figure 2 (d).

2.3 Fabrication and Characterization of the Textile Rein-
forced Concrete

The standard mix ratio for the control concrete (with-
out fibers) was selected based on established practices
for general-purpose structural concrete. A cement con-
tent of 400 kg/m3 and a water-to-cement ratio of 0.45
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were used to ensure a balance between workability and
strength development, typically targeting compressive
strengths of 30 – 40 MPa. A fine-to-coarse aggregate
ratio of 1:2 was used to achieve good aggregate grada-
tion and minimize segregation. This mix serves as a
baseline for evaluating the effect of Kevlar yarn rein-
forcement in the modified samples. The mixed matrix
was then poured into molds containing Kevlar fibers in
different configurations, ensuring that the molds were
fully filled with the matrix, and cured for 10 days, as
shown in Figure 3.

Figure 3 Manufacturing process of Kevlar-reinforced concrete:
(a) Kevlar configuration placed within the mold, (b) pouring of
the cement matrix into the mold, (c) mold fully filled with the
cement matrix, and (d) cured Kevlar-reinforced concrete.

The fiber-to-concrete ratios for the 3D rebar, 3D hollow
woven fabric, and 3D solid woven fabric configurations
were 0.03%, 0.05%, and 0.17%, respectively. These dif-
ferences reflect the inherent structural geometry and
fiber requirements of each configuration. The ratios
were calculated based on the total weight of Kevlar yarn
used relative to the weight of the final concrete. Al-
though this approach introduces variation in fiber con-
tent, the fiber amounts were intentionally not normal-
ized to preserve the structural integrity and practical
implementation of each reinforcement type. This deci-
sion was made to better simulate the realistic applica-
tion of lightweight construction, such as a canopy, and
was considered when interpreting mechanical perfor-
mance results.

The concrete samples were characterized through com-
pressive strength testing and 3-point bending tests.
The 3-point bending test was employed to assess the
flexural performance and crack resistance of the fiber-
reinforced concrete. This method is particularly suit-
able for capturing the influence of fiber configura-
tion on tensile stress distribution, ductility, and post-
cracking behavior under bending loads. For the com-
pressive test, the samples were cut into cubes measur-
ing 15 cm × 15 cm × 15 cm. The compressive strength
test was conducted using a universal testingmachine at
the Materials Laboratory, Institut Teknologi Bandung,
following the Indonesian standard SNI 03-1974-1990,
which specifies procedures for testing concrete com-

pressive strength. This standard is broadly equivalent
to international standards such as ASTM C39 in terms
of loading procedure and specimen dimensions. The
samples were subjected to loading at a constant rate
of 4 kg/cm² per second until failure. The maximum
load applied before failure was recorded as the fracture
load. The bending test was performed using a Tensolab
testing machine with a 3-point bending test. Samples
measuring approximately 150 mm × 150 mm in cross-
section and 500 mm in length were placed on the test-
ing machine with a span length of 400 mm. The com-
pressive strength was calculated using Equation 1:

σ =
F

A
(1)

where σ is the compressive stress, F is the load (force)
applied to the sample (kN), andA is the cross-sectional
area of the sample (mm2), measured before the experi-
ment.

The compressivemodulus of the tested sample was cal-
culated using Equation 2:

Ec =
σ

ε
(2)

whereEc is the compressivemodulus,σ is the compres-
sive strength (MPa), and ε is the compressive strain (%).

The flexural strength of the sample was calculated us-
ing Equation 3:

fs =
3PL

2bd2
(3)

where fs is the flexural strength (MPa), P is the maxi-
mum applied load at fracture (kN),L is the span length
between supports (cm), b is width of the concrete sam-
ple (mm), and d is depth (height) of the concrete sample
(mm). The flexural modulus of the sample was calcu-
lated using Equation 4:

Ef =
PL3

4δbd2
(4)

where Ef is the flexural modulus (MPa), P is the ap-
plied load at the center of the beam (kN), L is the span
length between the two supports (cm), δ is the deflec-
tion at the center of the beam measured using Linear
Variable Differential Transformer (LVDT) (mm), b is the
width of the concrete sample (mm), and d is the depth
(height) of the concrete sample (mm).

3 RESULTS AND DISCUSSION

The study focuses on evaluating themechanical perfor-
mance of newly developedKevlar reinforcement config-
urations, which to the best of the author’s knowledge,
have not been previously reported in the literature.

344



Vol. 11 No. 3 (September 2025) Journal of the Civil Engineering Forum

Therefore, the data obtained provide original and valu-
able insights into the effects of varying Kevlar architec-
tures on themechanical behavior of cementitious com-
posites. While additional testing with larger sample
sizes is encouraged to further substantiate these find-
ings, the current results make a meaningful contribu-
tion to the development of civil engineering materials
and provide a solid foundation for future research in
this field.

3.1 The Effect of Kevlar Configuration on the Compressive
Properties of the Kevlar Reinforcement Concrete

According to the load – displacement curves obtained
from the compressive test, as depicted in Figure 4, the
3D rebar configuration (Figure 4(a)) exhibited the high-
est load-bearing capacity, achieving a maximum load
of approximately 315 kN at a relatively low actuator
displacement of 2.8 mm, indicating both high strength
and stiffness. In comparison, the 3D hollow configu-
ration (Figure 4(b)) reached a peak load of about 287
kN with an actuator displacement of approximately 3.3
mm, suggesting lower strength and slightly greater de-
formation compared to the rebar configuration. The 3D
solid configuration (Figure 4(c)) sustained a peak load
of about 290 kNwith a displacement of 3.2mm, indicat-
ing a balance between load capacity and deformation.
Lastly, the blank concrete sample (Figure 4(d)), without
any reinforcement, achieved a maximum load of about
300 kNwith an actuator displacement of 3.75mm, indi-
cating lower stiffness and higher ductility compared to

the reinforced specimens. These results suggest that
reinforcement, particularly with the 3D rebar config-
uration, significantly enhances both the strength and
stiffness of the composite material. Table 1 and Figure
4 depicted the result of the compressive strength test.

The compressive strength of textile-reinforced con-
crete samples incorporating Kevlar yarn in 3D rebar, 3D
hollow woven fabric, and solid 3D woven fabric config-
urations is presented in Table 1. In addition, a bar chart
comparing the compressive strength of these samples,
along with concrete without Kevlar fibers (blank con-
crete), is shown in Figure 5.

As shown in Table 1 and Figure 5, the blank concrete
exhibited a compressive strength of 13.28 MPa, while
the concrete samples reinforced with 3D rebar, 3D hol-
low woven fabric, and 3D solid woven fabric configu-
rations achieved compressive strengths of 14.31 MPa,
12.3 MPa, and 13.07 MPa, respectively. These results
indicate that there is no clear linear correlation be-
tween compressive strength and the Kevlar configura-
tion or fiber content.

Table 1. Compressive strength of the Kevlar Reinforced
Concrete

No Configurations CS (MPa)

1 Blank concrete 13.28

2 3D rebar 14.31

3 3D hollow woven fabric 12.30

4 Solid 3D woven fabric 13.07

Figure 4 Load-displacement curve obtained from the compressive test, illustrating the relationship between the applied load (kN) and
actuator displacement (mm). The curve is divided into four sections: (a) rebar configuration, (b) 3D hollow configuration, (c) 3D solid
configuration, and (d) blank concrete.
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Figure 5 Compressive strength of the Kevlar-reinforced concrete.

The blank concrete showed a higher compressive
strength than the samples reinforced with 3D hollow
woven fabric and solid 3D woven fabric, which show re-
ductions in compressive strength of approximately 8%
and 1.6%, respectively. However, the 3D rebar configu-
ration demonstrated the highest compressive strength
among other reinforced samples.

This behavior can be attributed to the fact that woven
fabric reinforcement is often more related to improv-
ing ductility, toughness, and crack resistance, rather
than directly increasing compressive strength (Bar-
tulović et al., 2022). The fibers facilitate more uniform
stress distribution within the material, thereby reduc-
ing crack initiation and propagation under load (Neves
and Felicíssimo, 2020). However, they do not neces-
sarily contribute to the ultimate compressive strength.
Instead, the woven fabric enhances energy absorption
capacity and improves post-cracking behavior (El-Feky
et al., 2024). This finding is supported by the visual ev-
idence in Figure 6, which shows that concrete samples
with higher Kevlar fiber content exhibited less severe
cracking and more distributed failure patterns com-
pared to those with lower fiber content. These observa-
tions confirm that woven reinforcement plays a crucial
role in crack mitigation and energy dissipation, even
though it may not enhance the compressive strength.

Figure 6 Cracking patterns of the samples after the compressive
test: (a) blank concrete, (b) concrete with 3D rebar, (c) concrete
with 3D hollow woven fabric, and (d) concrete with 3D solid wo-
ven fabric.

3.2 The Effect of Kevlar Configuration on the Compressive
Modulus of Kevlar Reinforcement Concrete

Table 2 and Figure 7 present the compressive modulus
for the Kevlar-reinforced concrete samples, while Fig-
ure 6 illustrates the cracking patterns observed in the
samples during the compressive test.

The fiber content in the 3D rebar, 3D hollow woven
fabric, and solid 3D woven fabric configurations was
0.03%, 0.05%, and 0.17%, respectively. It is evident
that the compressive modulus decreases with increas-
ing fiber content. This trend can be explained theoreti-
cally and is supported by previous studies (Mahadik and
Hallett, 2022; Zhang et al., 2010), which reported that
increasing fiber content in dense 3D woven configura-
tions may lead to higher porosity due to packing con-
straints, thereby reducing overall density and stiffness.
Since porous materials are generally less stiff andmore
susceptible to deformation under load, this results in a
lower compressive modulus (Ghasemi et al., 2024).

Moreover, Kevlar fibers are hydrophobic, which limits
their ability to form strong interfacial bonds with the
cementmatrix (Bentur andMindess, 1990). As the fiber
content increases, this poor bondingmay result in inef-
fective load transfer, thereby reducing the overall resis-
tance to compressive deformation (Sarwar et al., 2022).

Additionally, higher fiber content can lead to uneven
distribution and misalignment, especially in complex
configurations such as solid 3D woven fabric. Improper
fiber alignment may compromise the reinforcing effec-
tiveness, leading to irregular stress distribution and re-
duced stiffness.

Table 2. Compressive modulus of the Kevlar reinforced concrete

No Configurations CM (GPa)

1 Blank concrete 33.7

2 3D rebar 36.4

3 3D hollow woven fabric 19.8

4 Solid 3D woven fabric 29.6

Figure 7 Compressive modulus of the Kevlar-reinforced con-
crete.
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3.3 The Effect of Kevlar Configuration on the Flexural
Strength of the Kevlar Reinforcement Concrete.

The results of the three-point bending test, shown as
load-displacement curves in Figure 8, highlight the dis-
tinct flexural behaviors of the different reinforcement
configurations. The rebar-reinforced concrete showed
moderate performance, reaching a maximum load of
22.5 kN at an actuator displacement of 4.5 mm. Al-
though effective in compression, the 3D rebar rein-
forcement provided limited flexural resistance in this
setup, indicating suboptimal performance in bending.
The 3D hollow woven Kevlar configuration showed im-
proved performance, achieving a maximum load of 32
kN at approximately 4.5 mm displacement. This result
suggests a more favorable balance between strength
and stiffness, with greater energy absorption com-
pared to the 3D rebar configuration sample. Among all
tested samples, the 3D solid woven Kevlar configura-
tion demonstrated the highest flexural strength, reach-
ing a maximum load of 62 kN at 7 mm displacement.
The extended load-displacement response reflects su-
perior load-bearing capacity and ductility under bend-
ing. In contrast, the blank concrete showed the weak-
est performance, failing at a maximum load of 17 kN
with a displacement of only 1.5 mm. This brittle re-
sponse highlights the critical role of reinforcement in
enhancing flexural behavior. Overall, the results in-
dicate that the 3D solid woven Kevlar configuration is
the most effective configuration for improving flexural
strength and ductility, while the rebar and blank con-
crete provide limited resistance under bending.

From Table 3, it can be observed that the weight frac-
tion of Kevlar yarn and its configuration strongly cor-
relate with flexural strength. The flexural strength in-
creased progressively from 3.65 MPa for the blank con-
crete (0% fiber content), followed by 4.53 MPa for the
3D rebar configuration (0.03% fiber content), 6.72 MPa
for the 3D hollow woven fabric (0.05% fiber content),
and up to 12.17 MPa for the solid 3D woven fabric
(0.17% fiber content). This correlation is clearly illus-
trated in Figure 9. These results suggest that fiber con-
tent plays a direct role in enhancing crack resistance.
Concrete is particularly prone to micro-cracking un-
der tensile stress during bending, and the data indi-
cate that increasing fiber content leads to higher flexu-
ral strength.

Table 3. Flexural strength of the Kevlar Reinforced Concrete

No Configurations FS (MPa)

1 Blank concrete 3.65

2 3D rebar 4.57

3 3D hollow woven fabric 6.72

4 Solid 3D woven fabric 12.17

The alignment and uniform distribution of fibers in
the solid 3D woven fabric enhance its performance
by improving tensile stress resistance and flexural
strength. This configuration facilitates more efficient
stress transfer through increased fiber –matrix contact
area, which in general can contribute to stronger inter-
facial bonding as reported in prior studies (Lyu et al.,
2022; Nguyen et al., 2013). However, it should be noted
that these studies address the effect of contact area

Figure 8 Load – displacement curve obtained from the flexural test, showing the relationship between applied load (kN) and actuator
displacement (mm). a) rebar configuration, b). 3-d hollow configuration, c). solid 3-d configuration, and d). blank composite.
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Figure 9 Graphical image of the flexural strength of the Kevlar
reinforced concrete.

on interfacial bonding without specific consideration
of the hydrophobic nature of Kevlar fibers. The pres-
ence of Kevlar fibers in concrete promotes a more uni-
form strength distribution by bridging microcracks and
redistributing stress, thereby delaying failure and min-
imizing localized weakness (Nelson et al., 2002). As
shown in Figure 10, cracks in Kevlar-reinforced con-
crete tend to initiate predominantly near the center
of the specimen, while cracking in blank concrete ap-
pears more randomly distributed. Although this obser-
vation does not directly quantify stress distribution on
the beamsamples, the cracking pattern suggests amore
controlled failure mode in the presence of Kevlar rein-
forcement.

Figure 10 The cracking point area of the samples after the three-
point bending test: (a) blank concrete, (b) 3D rebar, (c) 3D hollow
woven fabric, and (d) 3D solid woven fabric.

3.4 The Effect of Kevlar Configuration on the Flexural
Modulus of the Kevlar Reinforcement Concrete

The flexural modulus showed a nonlinear trend across
different Kevlar configurations and fiber contents, as il-
lustrated in Figure 11 and summarized in Table 4. The
blank concrete exhibited the highest flexural modu-
lus, indicating greater stiffness than Kevlar-reinforced
samples.

The variation in flexural modulus across different con-
figurations can be attributed to the complex interplay
between fiber alignment, volume fraction, and fiber

Table 4. Flexural Modulus of the Kevlar Reinforced Concrete

No Configurations FM (MPa)

1 Blank concrete 1526

2 3D rebar 1200

3 3D hollow woven fabric 700

4 Solid 3D woven fabric 1391

Figure 11 Graphical image of the flexural modulus of the Kevlar
reinforcement concrete

– matrix interaction. In blank concrete, the material
may behave as a relatively homogeneous composite,
where stiffness is primarily governed by the bulk ma-
trix (Revilla-Cuesta et al., 2022). When fibers are in-
troduced, they may either enhance or reduce the flex-
ural modulus depending on their ability to carry load
within the elastic range (Bentur and Mindess, 1990; Li,
2003). In the case of the 3D rebar and 3D hollow wo-
ven fabric configurations, a reduction in flexural mod-
ulus, from approximately 1200 MPa to 700 MPa, was
observed. This may be attributed to suboptimal stress
transfer or fiber misalignment relative to the bending
direction,which limits their contribution to initial stiff-
ness (Naaman, 2003). Conversely, the solid 3D wo-
ven fabric configuration exhibited a notable increase in
flexural modulus, despite its higher fiber content. This
result suggests that, in this case, the fibers are more fa-
vorably aligned and better bonded to the matrix, en-
abling them to contributemore effectively to the elastic
response. The tightly interlocked structure of the solid
configuration likely facilitates improved load sharing
between fibers and matrix, thereby enhancing stiffness
in addition to tensile strength (Hearle and Chen, 2009).
Therefore, we highlight that fiber reinforcement does
not universally reduce stiffness; rather, its effect de-
pends strongly on architectural factors such as orien-
tation, distribution, and interface quality (Behera and
Dash, 2015).

A comparative analysis of the Kevlar-reinforced con-
crete configurations shows that mechanical perfor-
mance varies depending on the type of reinforcement.
The compressive strength results indicate that blank
concrete performed better than the woven fabric– rein-
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forced samples, which may be influenced by the quality
of interfacial bonding or microstructural heterogene-
ity introduced during fiber integration. This observa-
tion aligns with the understanding that Kevlar fibers
primarily contribute to tensile and post-cracking be-
havior, rather than enhancing compressive strength.
In contrast, the 3D rebar configuration demonstrated
higher compressive performance than the woven vari-
ants, likely due to improved load transfer at the fiber –
matrix interface. While these initial findings are valu-
able, they are limited to laboratory-scale results ob-
tained under controlled conditions. Therefore, further
studies are required to investigate the microstructure,
durability under environmental exposure, and scale-
dependent performance before recommending specific
configurations for structural applications.

However, in flexural testing, Kevlar-reinforced configu-
rations, particularly the 3D solid woven fabric, demon-
strated enhanced load-bearing capacity and ductility.
These results support earlier observations in the lit-
erature regarding Kevlar’s effectiveness in improving
flexural performance (Williams Portal et al., 2016).
Nonetheless, broader claims about cost-effectiveness,
long-term material degradation (e.g., in alkaline envi-
ronments), or practical implementation require further
comprehensive studies and are not made at this stage.

4 CONCLUSION

This study investigated the mechanical performance
of concrete reinforced with Kevlar fibers configured in
various 3-dimensional arrangements, including rebar,
hollow woven fabric, and solid woven fabric. The re-
sults demonstrate that Kevlar reinforcement signifi-
cantly influences both the flexural and compressive be-
havior of the composite material. In compression, the
3D rebar configuration showed the highest strength
and stiffness among the reinforced specimens, while
woven fabric configurations exhibited relatively lower
compressive performance. These outcomes suggest
that Kevlar’s contribution to compressive properties is
limited and potentially influenced by interfacial bond-
ing, porosity, and fiber misalignment. In contrast, flex-
ural tests revealed a marked improvement in bending
resistance and ductility, especially for the solid 3D wo-
ven fabric configuration, which recorded the highest
flexural strength and modulus. The trend of increas-
ing flexural strength with higher fiber content reflects
the crack-bridging and energy-dissipating capabilities
of Kevlar, particularly under tensile stress.

It is important to note that these findings are based on
a limited number of specimens under controlled labo-
ratory conditions. While the observed trends are con-
sistentwith previous literature, they should not be gen-
eralized to real-world applicationswithout further vali-
dation. Future research should include a broader statis-

tical sample, long-term durability testing, microstruc-
tural analysis, and evaluation under variable environ-
mental conditions to fully assess the practical viabil-
ity of Kevlar-reinforced concrete in structural applica-
tions. Overall, the results provide valuable insight into
the mechanical effects of 3D Kevlar reinforcement in
cementitious composites and offer a foundation for fu-
ture development of high-performancefiber-reinforced
concrete systems.
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