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Introduction and background. In recent years, 3D printing (3DP) has drawn
significant attention from academia and industry (Chatterjee & Ghosh, 2019). 3DP offers
numerous advantages (e.g., being customizable and cost-effective), which significantly
revolutionized the design and manufacturing process in the fashion industry (Goncu-
Berk et al., 2022). By employing the fused deposition modeling (FDM) 3DP method with
flexible 3DP filaments, designers can fabricate flexible mesh-textured textiles with
openwork structures to simulate conventional textiles such as sheer lace textiles
(Melnikova et al., 2014). For example, Spahiu et al. (2020) developed flexible 3D printed
textiles with web-like appearance. However, the application of 3DP in the fashion
industry remains limited and the research about this new material’s properties to
evaluate its performance remains inadequate (Xiao & Kan, 2022).

Elongation refers to the degree of deformation a material can withstand before
fracturing (Xometry, 2023). As one of the most important tensile properties of materials,
elongation significantly influences the textile product’s performance and functionality
while enhancing wearers' comfort and ease of movement (Sitotaw & Adamu, 2017;
Zupin & Dimitrovski, 2010). Previous studies have examined tensile properties of 3D
printed textiles with different geometric structures. For example, Arikan et al. (2022)
investigated the effect of basic geometric structures on elongation of 3D printed textiles.
Nevertheless, research on elongation of 3D printed mesh-textured textiles with various
geometric structures is still limited. Frequent washing processes can deteriorate textile
products, causing rips and tears from mechanical abrasion, which affect textile products’
tensile behaviors (Can & Akaydin, 2013). Although previous studies (e.g., Li & Lee,
2024) have investigated the dimensional stability of flexible 3D printed textiles across
different washing cycles, no research was identified to examine washing as a factor that
influences elongation of flexible 3D printed mesh-textured textiles. Thus, this study
aimed to examine the effect of geometric structures and washing cycles on elongation
of 3D printed mesh-textured textiles by measuring their displacement at maximum force.

Method. This study used an experimental design, consisting of 3 (3D printed
mesh-textured textile samples) x 4 (wash and dry cycle) x 4 (repetition). Kabir et al.
(2022) examined various geometric patterns for developing 3D printed textiles,
considering their implications for wearability, identifying three structures with star
honeycomb (S1), lozenge (S2), and sinusoidal (S3) as having promising potential for 3D
printed textile applications. These three structures were intentionally selected for the
sample development in this experiment. The 3D models of textile samples with different
geometric structures were created with an identical size of 7” x 3” in Rhino 3D software.
Bikas et al. (2016) identified printing parameters in 3DP as one of the key factors
influencing the mechanical performance of 3D printed objects. Thus, an FDM 3D printer
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using flexible thermoplastic polyurethane (TPU) flaments was employed to fabricate all
the textile samples under consistent printing parameters such as Z-distance,
temperature, speed, and layer height.

Given the absence of a standardized washing procedure for 3D printed textiles in
the industry, this study adapted the home laundering process based on the AATCC
TM135 testing method (AATCC, 2021) to replicate realistic washing conditions typically
used for conventional textiles. All the samples were washed by a portable washing
machine with normal washing conditions and dried by using a flat dry method. The 3D
printed mesh-textured textile samples with the identical geometric structure were
randomly assigned to different wash cycles (0, 1, 3, and 5 times). All 3D printed mesh-
textured textile samples were placed on a constant rate of extension machine
(INSTRON 5565) to elongate the sample until break, following ISO 13934-2:1999 (grab
method) with the applied load and extension speed set to 5000 N and 76 mm/min
respectively. Elongation, displacement at maximum force of all textile samples, were
measured. The experiment was repeated four times. SPSS 26 was used for statistical
analysis at p < .05. Two-way ANOVA was used to determine the effect of geometric
structures and washing cycles on elongation of the 3D printed textile samples.

Results and discussion. The mean elongation of the three textile samples
ranged from 209.29 mm to 365.63 mm. The analysis revealed a significant main effect
of geometric structures on elongation of the 3D printed samples (F(2,36) = 77.27, p
< .001). Further analysis using Tukey's HSD post hoc test for geometric structures
demonstrated that elongation differed significantly among S1, S2, and S3 (p < .05).
More specifically, S2 with lozenge grid structure (M = 356.18, SD = 37.06) exhibited
significantly higher elongation than S3 with sinusoidal structure (M = 264.70, SD =
35.27) and S1 with star honeycomb structure (M = 222.17, SD = 22.10). This finding
concludes that 3D printed textiles with different geometric structures lead to distinct
elongation properties. For example, in this experiment, S2 Lozenge grid structure, one
of the auxetic structures with counterintuitive mechanical behavior allowing textiles to be
stretched easily (Choudhary & Bansal, 2017), demonstrated the highest elongation.

The F-test in two-way ANOVA did not find a statistically significant main effect of
washing on elongation of 3D printed mesh-textured textiles (F(3,36) =.71, p = .55). Two-
way ANOVA also unveiled that the interaction effect between different geometric
structures and washing cycles was not statistically significant on elongation of 3D
printed mesh-textured textiles (F(6,36) = 1.64, p = .16). The results indicates that
washing does not affect elongation of 3D printed mesh-textured textiles. The samples in
this study exhibited no significant deterioration in elongation after washing, likely due to
the unique construction of 3D printed textiles. Conventional fabrics derive tensile
properties from fiber length, diameter, and orientation, which can be altered by washing
due to variations in fiber swelling capabilities (ljaz et al., 2019). In contrast, 3D printed
textiles are fabricated through successive deposition of bondable polymer layers.
Stronger adhesion between layers and the inherent sturdiness of 3D printed mesh-
textured textiles could provide resistance to washing, resulting in stable elongation.

Conclusion. The 3D printed mesh-textured textiles used in this study exhibited
strong resistance to washing effects without any significant deterioration in elongation.
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The star honeycomb, lozenge grid, and sinusoidal structures display great potential to
be used in developing 3D printed textiles. Specifically, the lozenge grid structure, as an
auxetic design, exhibits high stretchability, making it a promising option for designers in
3D printed textile development to enhance user wearability and comfort. This study
provides wearables’ designers with valuable insights for selecting appropriate geometric
structures when creating 3D printed mesh-textured textiles with optimal stretchability
and resistance to washing effects. This experimental study only implemented a limited
number of washing cycles, which is the study limitation. In future studies, researchers
should incorporate more washing cycles which better simulate real-life usage conditions
in washing to investigate the deterioration of mechanical properties in 3D printed mesh-
textured textiles after washing. This study solely focused on 3D printed mesh-textured
textiles with an openwork structure. The washing effect on tensile behaviors of 3D
printed textiles with different geometric structures needs to be further explored to
facilitate the true implementation of this novel material into the wearable product design
and development.
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