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� ABSTRACT

The growing demand for sustainable materials in marine engineering 
has stimulated research into polymer-based alternatives to traditional 
composites. To ensure their e�ective and safe application, a thorough 
understanding of their mechanical properties is essential. Within this 
framework, parametric modelling was employed to design tensile spec-
imens with optimized geometry and improved reproducibility, enabling 
a reliable assessment of high-density polyethylene (HDPE), both virgin 
and recycled, for boatbuilding applications. Experimental tests show 
that virgin HDPE exhibits superior tensile strength and ductility, while 
recycled HDPE provides adequate performance for selected design appli-
cations. The combination of modelling and testing highlights the struc-
tural potential of HDPE and supports the development of more sustain-
able practices in small craft construction, in line with the innovation and 
environmental goals of the maritime sector.
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� INTRODUCTION
Marine structures require materials that combine durability, strength, and resistance to environ-
mental exposure. Traditional solutions such as steel, wood, or �bre-reinforced composites face 
challenges in recyclability and long-term sustainability (Pickering, 2006; Pickering et al., 2000; Vo 
Dong et al., 2018). Recent research e�orts address these issues by investigating HDPE as a candi-
date material for marine applications (Bertagna et al., 2024; Kafal�, 2023; Saputra et al., 2021; Shak-
tivel et al., 2023). Building on this background, the present work carries out a detailed mechanical 
characterization of both virgin and recycled HDPE, with the aim of assessing their suitability and 
reliability for boatbuilding applications. Studies focus on structural responses, tensile properties, 
and parametric optimization of specimen design (Bertagna et al., 2025; Brando et al., 2025; Taucer 
Marchesi et al., 2025). This paper synthesizes these e�orts to provide a comprehensive account of 
the state of the art and its implications for future boatbuilding technologies.

� MATERIALS AND METHODS
The experimental campaign included tensile testing of virgin and recycled HDPE specimens. Sam-
ples were manufactured according to ISO standards (ISO, 2012) with dimensions adjusted using 
parametric design software (Ajouz, 2021; Chen et al., 2023; Eltaweel & Su, 2017). This approach 
allowed the systematic variation of length and cross-section to study their impact on mechani-
cal performance. Mechanical tests were performed using a universal testing machine, recording 
force-displacement data and deriving elastic modulus, tensile strength, and elongation at break. 
The methodology work�ow is graphically presented in Figure 1.

Figure 1
Experimental work�ow and 
specimen preparation
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� RESULTS
The use of parametric modelling tools proved e�ective for de�ning and adapting specimen geom-
etries in accordance with international standards, improving e�ciency and reproducibility in the 
testing process. Specimens� main geometric parameters and drawing are reported in Table 1, while 
Figure 2 shows the real pictures of the manufactured samples in both virgin and recycled HDPE. 
The results indicate that both materials exhibit comparable tensile properties, with only limited 
di�erences observed in strength and sti�ness, a ductile response with signi�cant permanent defor-
mation and no brittle fracture (Figure 3). The experimental outcomes were consistent with supplier 
data and classi�cation society requirements, con�rming the overall reliability of the materials for 
boatbuilding applications. 

Figure 2
Dog-bone tensile 
test specimens: (a) 
virgin HDPE; (b) 
recycled HDPE

(a)

(b)

Parameter Value Notes

Overall lengthw 170 mm Adapted to machine 
constraints

Gauge length 50 mmw Reference length for 
strain mewasurement

Width 
(narrow section)

10�15 mm Dog-bone shaped 
specimens

Width
(ends)

30 mm To ensure proper 
gripping

Thickness 10�15 mm Dependent on virgin 
vs recycled panels

Fillet radius 24�60 mm According to ISO 
specimen type
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Figure 3
Stress-strain curves:
(a) virgin HDPE;
(b) recycled HDPE

(a)

(b)
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� DISCUSSION AND CONCLUSIONS
The studies carried out under PNRR iNEST highlight the potential of HDPE, both virgin and 
recycled, in supporting sustainable innovation in boatbuilding. Recycled HDPE, although 
slightly less performant, represents a viable choice for promoting circular economy principles 
in marine engineering. The integration of parametric modelling enhances the design of exper-
imental specimens and facilitates reproducibility of results. Future developments should ex-
tend this approach to large-scale prototypes, long-term durability studies, and the integration 
of recycled HDPE into more complex structural elements. These contributions align with the 
PNRR iNEST goals of advancing technological solutions while fostering sustainability in the 
maritime sector.
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