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Keywords Abstract
3D Textile Modern architectural designs demand materials that are both aesthetically flexible and
Reinforced Concrete, functionally lightweight and durable. To address this need, white cement-based, 3D
Architectural textile-reinforced composites with waterproof membranes were developed. The aim was
Applications, to produce structural elements that are flexible, lightweight, water-resistant, and capable
Mechanical of retaining complex shapes. During fabrication, 3D textile pieces were placed into
Performance, wooden molds, filled with white cement, and a waterproof membrane was applied to the
White Cement surface. The specimens were tested for unit weight, flexural, and tensile properties at 7
Composite. and 28 days. The results demonstrated that the composites exhibited remarkably low unit

weights ranging from 0.77 to 0.83 kg/dm?3, high flexural strength of up to 16.32 MPa,
and tensile elongation exceeding 30%. While initial crumbling of the cement matrix was
observed during tensile testing, the textile reinforcement effectively preserved specimen
integrity, limited crack propagation, and enhanced energy absorption. Consistent
performance under both static and dynamic loading confirmed the material’s ductility,
shape adaptability, and robustness. These findings suggest that the composite is
particularly suitable for architectural components requiring freeform geometries,
flexibility, and portability. Additionally, its lightweight and water-resistant properties
provide significant advantages for temporary or movable structures, as well as for
integration with novel fabrication techniques such as 3D printing and modular
construction systems.

1. Introduction

Textile reinforced concrete (TRC) has attracted increasing interest in the construction industry as an innovative
composite material capable of producing lighter, more flexible, and durable structures compared to traditional
concrete technology [1,2]. It is widely used in infrastructure projects, bridges, tunnels, water structures, and repair
applications as an important alternative [3]. Thanks to its lightweight and high strength, it enables material and
weight savings in both load-bearing and non-load-bearing elements, while its application flexibility allows the
production of structural components with complex geometries [4]. In architectural fields, TRC is preferred in
projects where aesthetics and functionality are equally important, facilitating the creation of freeform surfaces,
curved, and organic facade elements [5]. Thus, architects gain more design freedom while optimizing both the
visual and structural performance of buildings. Some architectural application of 3D textile concrete shown in
Figure 1 and Figure 2.

Textile reinforced concretes are composite systems formed by integrating high-strength fibers—usually made of
glass, carbon, aramid, or polymer-based materials—into a cementitious matrix [8]. These fibers significantly
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reduce the brittle fracture behavior of concrete, increasing its ductility [9]. Key properties of TRC include high
tensile strength, enhanced crack control, low weight, high energy absorption, and long service life [10].
Moreover, the textile’s geometric structure and orientation directly affect the mechanical performance of the
composite; 3D textiles provide more homogeneous and multidirectional strength due to fiber distribution in
different directions [11]. Additionally, the resistance of these materials to water and environmental degradation
makes them particularly attractive for outdoor and water-related applications. Studies conducted in the last few
years have investigated aspects such as the influence of textile geometry on crack distribution and energy
absorption, the use of eco-friendly binders in TRC composites, and the integration of digital fabrication
techniques such as 3D printing [12]. Moreover, the incorporation of advanced textile materials has been reported
to enhance both tensile ductility and long-term durability under environmental effects including freeze—thaw
cycles, moisture, and UV exposure [13, 14]. These recent developments highlight that TRC research is evolving
from purely structural considerations toward multifunctional and design-oriented solutions. In this context, the
current study contributes by combining white cement, 3D textile reinforcement, and a waterproof membrane,
offering a novel approach that directly addresses both the mechanical performance and aesthetic requirements of
architectural applications.

Figure 1. Examples of street furniture produced using 3D textile concrete [6,7].

Figure 2. Example of tiny houses constructed with 3D textile concrete [15].

In recent years, sustainability and environmental awareness have become key focus areas in the field of
construction materials [16]. White cement-based, lightweight, and durable textile reinforced composites are
considered eco-friendly solutions due to their lower carbon footprint during production and contribution to energy
savings by reducing the weight of structural elements [17]. Additionally, the integration of 3D textile
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reinforcement and waterproof membranes not only enhances the mechanical performance of these materials but
also offers great potential for architectural applications compatible with modern manufacturing techniques such
as digital fabrication and 3D printing. This enables achieving a balance between aesthetic flexibility and
functional durability in architectural design, allowing the creation of unique and complex structural elements that
are not feasible with conventional concrete. Although many studies exist on the mechanical performance and
durability of textile reinforced concrete, comprehensive research on white cement-based, 3D textile-reinforced
composites integrated with waterproof membranes for architectural applications is limited. Most studies focus on
gray cement-based systems and lack investigation within the architectural context, where both aesthetic and
functional requirements must be met. Furthermore, the effects of 3D textile reinforcement on material behavior
and the role of waterproof membrane integration in mechanical performance have not been fully addressed. In
contrast, the present study introduces a white cement-based composite system integrated with 3D textile
reinforcement and a waterproof membrane, addressing both functional and aesthetic needs. This study evaluates
the manufacturing process of architectural composites using white cement supported by mechanical tests,
highlighting innovative contributions in designing flexible, lightweight, and water-resistant composites. Thus, it
fills a significant gap in the literature by expanding material technology boundaries in architectural design and
offering sustainable, performance-oriented solutions. Furthermore, the integration of a waterproof membrane
distinguishes this study by contributing to durability and extending the applicability of the material to outdoor
and moisture-sensitive architectural components.

2. Materials and Method
2.1.Materials

The White Portland cement CEM 1 52.5N, characterized by the specific physical and chemical properties detailed
in Table 1, was selected as the primary binder material for this study. This particular type of cement is renowned
for its high early strength development and superior whiteness, which makes it especially suitable for architectural
applications where aesthetics play a critical role. Moreover, its chemical composition and fineness contribute to
enhanced durability and improved bonding with textile reinforcements, ensuring optimal performance of the
composite material under various environmental and mechanical conditions. The use of white cement also
distinguishes this research from conventional studies that typically employ gray cement, thus emphasizing the
importance of color and visual impact in the development of innovative cementitious composites for architectural
purposes.

Table 1. Properties of cements

S05,% 3.38 | Specific Surface, cm?/g 4700
LOIL % 2.61 Compressive strength, MPa
Insoluble Residue, % | 0.12 2 days 38
Initial Setting, min 100 28 days 60

The Eskisehir tap water, with the chemical and physical characteristics detailed in Table 2, was utilized as the
mixing water in the preparation of the cementitious composites. The use of local tap water not only reflects
practical and sustainable material sourcing but also ensures that the experimental conditions closely mimic real-
world construction environments. The water quality parameters, including pH, hardness, and mineral content,
were carefully considered to prevent any adverse effects on the hydration process and ultimate mechanical
performance of the composite. By documenting the exact properties of the mixing water, the study enhances the
reproducibility and reliability of the results, providing valuable reference data for future research and industrial
applications in similar geographic regions.
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Table 2. Properties of water

NOs, mg/l 11,2 Conductivity, pS/cm 628
Ni, mg/I 5,07 | Hardness, Fd° 30,11
K, mg/l 6,8 Turbidity, NTU 5
pH 7,35 Color, Co-Pt 20

The composite material employed in this study is reinforced with a 3D air-permeable fabric possessing a thickness
of 6 mm, which plays a crucial role in enhancing both the mechanical performance and durability of the final
product. This three-dimensional textile reinforcement facilitates improved bonding with the cementitious matrix,
allowing for better stress distribution and crack control under various loading conditions. Additionally, its air-
permeable structure contributes to optimal moisture regulation during curing, minimizing internal defects and
enhancing long-term stability. The detailed physical and mechanical properties of this 3D fabric, including fiber
composition, tensile strength, and porosity, are comprehensively listed in Table 3, providing essential data for
understanding its contribution to the composite’s behavior.

Table 3. Properties of fabric [18,19]

Components Materials Elongation, % |Tensile strength, MPa
Warp/Weft Polyethylene
yarn MF terephthalate 92 443
Warp/weft yarn SF multifilaments 6.1 731
Polyethylene
Spacer yarn terephthalate 9.8 705
monofilaments
Volume content of | Volume fraction of .
Volume fraction of
Warp, Weft spacer yarn wrap-weft yarns, % .
9%2.9] 035 matrix, 0.23

A waterproofing membrane with a thickness of 0.2 mm, reinforced with PVC on one side and fiber on the other,
was employed to enhance the moisture resistance of the composite system. This dual reinforcement structure
provides both mechanical strength and flexibility, ensuring a robust barrier against water ingress while
maintaining compatibility with the cementitious matrix and textile layers. The membrane's physical, chemical,
and mechanical properties, which are critical for its performance in preventing water penetration and contributing
to the overall durability of the composite, are summarized in Table 4. Its integration within the composite plays
a key role in extending the service life of architectural elements, especially in environments exposed to moisture
or weathering.

Table 4. Properties of waterproof material

Components Unit Area \yelght’ Tear Resistance, N
gr/m
Oxidized bituminous 500 100
waterproofing membrane

2.2.Method

In the design of fabric-reinforced concrete systems for architectural applications, the 3D textile material was
prepared in different sizes suitable for mechanical testing. The textile was cut into dimensions of 30x30 cm for
flexural tests and 30x10 cm for tensile tests. Considering the dual-surface structure of the 3D textile—one surface
being porous and the other non-porous—the samples were placed in the molds with the porous face oriented
upward. This placement strategy aimed to facilitate the penetration of cement into the textile and ensure an
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effective bond with its three-dimensional structure. Subsequently, White Portland cement was distributed into
the mold as shown in Figure 3, and a table vibrator was used to ensure that the cement fully filled the internal
voids of the textile. This method contributed to a strong bond between the textile and the cement matrix, enabling
the formation of a homogeneous composite structure. After casting, all specimens were removed from the mold
after 24 hours and then cured under controlled conditions to ensure proper hydration and strength development.
Specifically, the specimens were stored at room temperature until testing on days 7 and 28.

-
7

Figure 3. Cement casting into the 3D textile

The bituminous waterproofing membrane was cut into dimensions of 30x30 cm for the bending test and 30x10
cm for the tensile test. As shown in Figure 4, adhesive was applied to its surface.

[

Figure 4. Application of adhesive onto the waterproof membrane

After the adhesive was applied, the waterproofing membrane was carefully bonded onto the surface of the 3D
textile, as illustrated in Figure 5. Ensuring a strong mechanical performance requires that the 3D textile be
thoroughly saturated with white cement, allowing it to fill all internal voids effectively. However, it is important
to control the amount of cement applied. Excessively spreading the dry binder over the surface may form a loose
powder layer, which significantly reduces the bonding efficiency between the waterproofing membrane and the
textile. Therefore, careful attention must be given to both cement placement and surface preparation to ensure
optimal composite performance.

After the adhesion process was completed, the samples were carefully flipped over so that the water-permeable
but cement-retaining surface of the 3D textile remained on top. Following this, as shown in Figure 6, water was
applied to the surface to saturate the samples. This step ensured the controlled introduction of the necessary water
for the hydration of the cement binder, while also preventing the cement particles on the surface from being
washed away, thus preserving the integrity of the composite. This method contributed to the material hardening
while maintaining its intended shape and enhancing its mechanical performance.
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Figure 5. Adhesion of the waterproof membrane onto the surface of the 3D textile

Figure 6. Water immersion of cementitious 3D textile composites

The specimens, which were kept under standard curing conditions, were subjected to mechanical tests after 7 and
28 days of production. Bending tests were performed on samples with dimensions of 30 x 30 % 0.6 cm, as shown
in Figure 7. These tests were conducted to evaluate the flexural behavior of the cement-based 3D textile
composites and to observe the development of mechanical performance over time. The standardized curing
process ensured proper hydration of the binder, contributing to consistent strength gain, while the 3D textile
reinforcement played a crucial role in maintaining the structural integrity during bending. The results provided
insights into the composite’s suitability for architectural applications where flexibility and durability are essential.

Figure 7. Three-point bending test applied to the specimens

Tensile tests were conducted on samples with dimensions of 30 x 10 x 0.6 cm, as shown in Figure 8. In these
tests, the top and bottom 8 cm sections of each sample were clamped, leaving a 14 cm free length in the middle
for deformation observation. This configuration allowed for the analysis of elongation behavior and fracture
characteristics within the effective gauge length. The aim was to evaluate the ductility and tensile integrity of the
3D textile-reinforced cementitious composite, as well as the contribution of the textile structure to strain
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distribution and crack control during tensile loading. In this study, the term static tensile strength refers to tests
carried out under a slow loading rate of 1 mm/min, ensuring gradual stress transfer and controlled deformation.
The term dynamic tensile strength refers to tests performed at a higher loading rate of 30 mm/min, simulating
rapid stress application. These loading rates were selected based on common practice in textile-reinforced
concrete studies, enabling a consistent comparison of the material’s performance under both sustained and sudden
loading conditions.

Figure 8. Tensile test applied to the specimens

3. Results and Discussion

Figure 9 presents the unit weight and bending strength results of the samples. When examining the unit weight
results, it is observed that the unit weight of the samples decreased from 0.83 kg/dm? at 7 days to 0.77 kg/dm? at
28 days. This corresponds to an approximate reduction of 7.2%. This decrease is likely due to the evaporation of
moisture from the porous 3D textile structure and the waterproof membrane over time, leading to drying of the
system. Although the use of a table vibrator during production ensured thorough dispersion of the cement paste
into the textile structure, the overall porosity of the composite remained high. During the curing process, water
loss occurred primarily through the open-pore upper surface, and this evaporation caused a reduction in mass.
Additionally, some physically bound water may have been released from the system during the formation of
hydration products and the microstructural development within the cementitious matrix, contributing to the
observed weight loss.

In terms of bending strength, the value increased significantly from 1.96 MPa at 7 days to 16.32 MPa at 28 days,
representing an approximate increase of 733%. This remarkable improvement can be attributed to the high early
strength performance of white cement, as well as the improved mechanical interlocking between the 3D textile
and the cementitious matrix over time. At early ages (7 days), the hydration products may not have sufficiently
bonded to the textile fibers. However, by 28 days, the formation of a denser and more continuous C-S-H gel
around the fibers significantly enhanced the interface, allowing the composite to carry higher loads under flexural
stress. Furthermore, the adhesion of the waterproof membrane to the bottom surface of the samples likely
contributed to the resistance against tensile forces generated during bending loading, limiting crack propagation
and enhancing the overall bending strength.

This composite system, which exhibits low density but high bending strength, demonstrates the potential to meet
both aesthetic and structural demands in architectural applications. Unlike conventional concrete materials, the
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developed composite clearly benefits from the integration of textile reinforcement and waterproof membrane,
providing a unique balance of lightness and mechanical performance.

0.85 20
m Unit Weight kg/dm* HBending Strength, MPa
0.83 RE 16.32 16
0.81 12
0.79 8
0.77
0.77 4
0.75 0
7 days 28 days

Figure 9. Unit weight and bending strength of 3D Textile composite specimens

The remarkable increase in flexural strength between 7 and 28 days can primarily be attributed to the continuous
hydration process of white cement, which is known for its high early strength but also continues to develop a
denser microstructure over time. At 7 days, although initial hydration products had formed, the bonding between
the cementitious matrix and the 3D textile fibers was still relatively weak, limiting load transfer capacity. By 28
days, the formation of a more cohesive and compact C—S—H gel significantly enhanced the fiber—matrix interface,
enabling more efficient stress distribution under bending. Additionally, the waterproof membrane contributed to
crack control in the tension zone during flexural loading, preventing premature failure and further improving the
strength. This combination of improved interfacial adhesion, densification of the matrix, and reinforcement
synergy explains the substantial strength gain observed at 28 days compared to 7 days.

Figure 10. Specimen appearances before the bending test

Figure 10 shows the general appearance of the specimens before the bending test, while Figure 11 presents the
deformed state of the specimens after the test.

As seen in Figure 11, the specimens were able to bend up to approximately 6 cm without breaking. This clearly
demonstrates the exceptional ductility and deformation capacity of the developed white cement-based textile-
reinforced composite under bending loading. While conventional cementitious systems typically exhibit brittle
fracture behavior, the specimens produced in this study withstood significant deformation without failure. The
3D textile structure likely played a critical role in this performance by absorbing tensile stresses during bending
and delaying crack propagation, thus allowing for greater shape adaptation. Additionally, the waterproof
membrane applied to the bottom surface of the specimen contributed to tensile resistance in the tension zone
during bending, further enhancing the deformation capacity. A deflection of nearly 6 cm is a highly successful
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result for such thin, lightweight composite systems and strongly indicates that the material is suitable for use in
flexible and high-performance architectural applications.

Figure 11. Specimen appearances after the bending test

Figure 12 presents the dynamic and static tensile strength results of the specimens. Tensile tests were conducted
under both rapid (dynamic) and slow (static) loading conditions, and results at 7 and 28 days were compared. At
7 days, the dynamic tensile strength was measured as 17.22 MPa, while the static tensile strength was 16.94 MPa.
By 28 days, the dynamic strength increased to 17.82 MPa and the static strength to 17.52 MPa. These values
show an approximate increase of 3.5% over time, which can be attributed to the continued hydration reactions in
the cement matrix leading to a stronger fiber—matrix interface. Given the high early strength characteristics of
white cement, the elevated tensile strengths observed even at early ages clearly reflect its positive contribution to
mechanical performance.

17.9 17.3
28 days
17.82 17.22
17.8 17.2
17.7 17.1
17.6 17
17.5 16.9

Dynamic Tensile Strength, Static Tensile Stength, MPa
MPa

Figure 12. Tensile strength of 3D Textile composite specimens

When comparing dynamic and static loading conditions, it is evident that the dynamic tensile strength is slightly
higher than the static tensile strength at both ages. The difference is approximately 1.6% at 7 days and 1.7% at
28 days. This small variation indicates that the composite responds similarly under both fast and slow loading,
demonstrating effective resistance to both sudden and sustained stresses. Thanks to the embedded 3D textile
reinforcement, the system maintained a high capacity to absorb and distribute energy even under rapid loading,
while in static conditions, the textile structure sustained loads over a longer period without failure. This
consistency confirms that the textile-reinforced matrix provides both strength and stable energy dissipation.
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Overall, the concentration of both dynamic and static tensile strengths around 17 MPa represents a remarkably
high performance for a thin and lightweight composite system. These results indicate that the material is not only
suitable for shaping and architectural formwork but also possesses the structural integrity and load-bearing
capacity required for broader applications. Additionally, its ability to perform consistently under both dynamic
and static loads makes it a promising candidate for use in applications where sudden forces, such as seismic
activity, might occur.

From an architectural perspective, the material’s strong and stable performance under both dynamic and static
tensile conditions offers significant advantages—especially for non-load-bearing elements that still require
deformation capacity and stress transfer. For instance, in curved surfaces, free-form fagade elements, or flexible
temporary structures, this type of composite provides both aesthetic freedom and mechanical reliability. Its
resistance to sudden loads ensures shape retention under wind suction, impact, or user-induced forces, making it
a durable and appealing component for contemporary architectural designs.

Figure 13 shows the appearance of the specimens during the tensile test. A striking observation in Figure 13 is
that during the tensile loading, the cementitious matrix begins to crumble and fragment under increasing stress;
however, the overall integrity of the specimen remains intact due to the embedded 3D textile reinforcement. This
behavior highlights the critical role of the textile in bridging cracks and maintaining structural continuity even
after the brittle failure of the cement paste. While traditional cement-based materials typically fail catastrophically
under tension, the presence of the textile grid allows the composite to redistribute stresses and delay complete
separation. This crack-bridging mechanism not only enhances the material’s ductility but also provides a form of
post-cracking load transfer, which is essential for both structural resilience and safety. Such behavior is
particularly valuable in architectural applications where deformation without disintegration is necessary for
maintaining aesthetic and functional performance under stress.

Figure 13. Appearance of the specimen during the tensile test

Figure 14 presents the dynamic and static tensile elongation values of the specimens. According to the test results,
the specimens exhibited remarkably high tensile elongation under both dynamic and static loading conditions. At
7 days, dynamic tensile elongation was measured as 33.08%, while static elongation was slightly higher at
34.24%. By 28 days, these values decreased to 27.43% and 29.24%, respectively. This reduction, approximately
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17%, can be attributed to the progressive hardening of the cementitious matrix over time. As hydration reactions
advance, the matrix becomes denser and more crystalline, reducing the composite's overall ductility and limiting
its elongation capacity. Considering the high early strength development of white cement, the greater elongation
observed at 7 days suggests that during early curing, the matrix had not yet fully stiffened, allowing the textile to
carry more of the load and enabling the system to behave more flexibly.

When comparing dynamic and static tensile elongation, it is evident that static elongation is slightly higher at
both ages. This difference is approximately 3.5% at 7 days and 6.6% at 28 days. The slower rate of loading in
static conditions likely allows the textile fibers to deform more gradually and uniformly, maximizing their
elongation potential. In contrast, under dynamic loading, the rapid application of force results in a shorter
deformation time, limiting the overall elongation despite the material's inherent energy absorption capacity.
Nevertheless, in both conditions, elongation values exceeding 25% clearly indicate that the textile-reinforced
composite is highly ductile and capable of sustaining significant deformation without failure.

In conclusion, these high elongation values demonstrate that the material performs exceptionally well not only
in terms of tensile strength but also in flexibility and deformation capacity. This makes it highly suitable for
architectural applications where curvature, bendability, or form retention under stress is essential—such as in
freeform surfaces, foldable structural components, or stress-adaptive fagade systems.

29.5 Y] 34.4
28 days 34.2

2 u7 days 34
28.5 338
33.6
28 334
33.2

27.5 33
27 32.8
32.6
26.5 324

Dynamic Elongation, % Static Elongation, %

Figure 14. Elongation of 3D Textile composite specimens

Figure 15 shows the elongation and fracture zones of the specimen after the tensile test. As observed in Figure
15, the specimen undergoes noticeable elongation under tensile loading, yet maintains its structural integrity
throughout the deformation process. This indicates that the embedded 3D textile acts as a reinforcing skeleton—
bridging cracks, carrying tensile stresses, and effectively distributing energy across the composite. Although
microcracking occurs in the cement matrix during elongation, the textile prevents the specimen from
disintegrating, ensuring overall cohesion until failure. At the point of fracture, it is clearly seen that the break
occurs primarily between the gripping jaws, precisely where the tensile stress is most concentrated. This localized
failure suggests a mechanically consistent behavior, reinforcing the reliability of the test.

Additionally, despite the significant elongation observed during testing, there is no excessive or uncontrolled
deformation at the point of failure. This reveals that the composite exhibits a controlled fracture mechanism—
breaking progressively rather than catastrophically. Such behavior is particularly valuable in architectural
applications where both safety and aesthetics are important. The ability to undergo substantial strain while
maintaining form and cohesion makes this material a strong candidate for use in adaptive or deformable
architectural components.
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Figure 15. Elongation and fracture of the specimen after the tensile test

Figure 16 presents the stress—strain curves obtained from static and dynamic tensile tests at 7 and 28 days. The
stress—strain curves reveal that all specimens exhibited remarkably high deformation capacities, though their
behavior varied depending on age and loading type. In the 7-day static test, the tensile stress peaked at 16.94 MPa
with a corresponding strain of 34.24%. In comparison, the 7-day dynamic test reached a slightly higher stress of
17.22 MPa at a strain of 33.08%. These results indicate that the textile reinforcement effectively limited crack
propagation in both loading types at early ages, allowing for significant deformation before failure. Notably, in
the 7-day dynamic test, the material experienced rapid deformation even at relatively low stress levels—reaching
10% strain much earlier—indicating that the fibers underwent faster elongation under rapid loading conditions.

At 28 days, the static test showed a maximum stress of 17.52 MPa with a strain of 29.24%, while the dynamic
test reached 17.82 MPa with a slightly lower strain of 27.43%. These results show that over time, the cement
matrix becomes stiffer and more resistant, leading to a decrease in overall strain capacity but a slight increase in
tensile strength. In the 28-day dynamic loading scenario, the system achieved higher stress levels at lower strain
values, which suggests improved fiber—matrix interaction and more efficient stress transfer due to ongoing
hydration and matrix densification.

When comparing all test conditions, it becomes evident that static loading results in slower, more controlled
deformation, enabling higher overall strain values. In contrast, dynamic loading accelerates the deformation
process but results in slightly lower total strain. Despite this, the curves in all cases indicate that the material can
absorb substantial stress and strain before failure, demonstrating a highly ductile behavior. Strain values
exceeding 25%—particularly in such thin composite sections—are uncommon and highlight the material's ability
to maintain form under tensile forces, absorb energy efficiently, and resist brittle failure, which is essential for
architectural applications requiring both flexibility and durability.
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Figure 16. Stress-strain curve of 3D Textile composite specimens
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4. Conclusion

The following results were obtained from this study:

* The developed textile-reinforced thin-section cementitious composites exhibited remarkably low unit weights
(0.77-0.83 kg/dm?®) while achieving high flexural strength (16.32 MPa). This demonstrates a significant
advantage for producing lightweight structural elements that offer both load-bearing capacity and design
flexibility.

* The specimens maintained structural integrity up to failure under both static and dynamic tensile loading
conditions, showing high deformation capacity. This indicates that the textile reinforcement limited crack
propagation, enhanced load-bearing performance, and contributed to energy absorption capacity.

» Stress—strain curves revealed that the specimens could undergo more than 30% elongation. These
exceptionally high values for such thin-section, cement-based materials prove that the composite is ductile, shape-
adaptive, and highly resistant to deformation.

* The results suggest that this composite system is suitable for architectural applications such as freeform,
flexible, foldable, or rollable structural elements. Its low weight and water resistance also make it ideal for
portable, temporary, or special-purpose architectural structures.

* Observations during the tensile test showed that although the cement matrix started to crumble initially, the
textile reinforcement preserved the integrity of the specimen. This proves that the textile acts not only as a
strength-enhancing component but also as a unifying and crack-bridging element.

The promising results obtained in this study demonstrate that 3D textile-reinforced white cement-based
composites hold significant potential for architectural applications. Future research is expected to enhance
mechanical performance by exploring different textile layer configurations, including multilayered and
directionally oriented placements. Furthermore, the long-term durability of the material under environmental
factors such as UV exposure, humidity, and temperature variations should be assessed. Additionally,
investigating the printability and interlayer bonding of this composite will facilitate its integration with digital
fabrication technologies.
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