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ARTICLE INFO ABSTRACT

Article history: As international environmental regulations become increasingly stringent,

Rec?ived 2 June 2025 research into eco-friendly alternatives to fiber-reinforced plastic (FRP) has

iizlespii d ;T ;Eg ;g;g intensified in the shipbuilding industry. High-density polyethylene (HDPE) has
emerged as a promising alternative, offering excellent mechanical properties,
recyclability, and cost benefits compared to FRP. This study evaluates the
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influence of welding shoe design—Butt shoe, Round shoe, and Round shoe with
an additional press tool—on weld quality and mechanical strength in HDPE
extrusion welding. The Butt shoe produced optimal bead geometry with minimal
defects, whereas the Round shoe resulted in excessive bead height and various
weld defects. Incorporating a press tool slightly improved weld compactness but
was less effective than the Butt shoe. The findings highlight the importance of

selecting appropriate welding shoes to ensure structural integrity and compliance
with industry standards in HDPE shipbuilding.
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Table 1 Extrusion welding condition

Material throughput (kg/h) 1.80
Melting temp. (°C) 240
Pre-heat temp. (°C) 250
Welding speeed (cpm) 25
Welding pressure (kgf) 5~20
(a) Press on zone (b)
/ Nose

Unde'r cut .

Fig. 2 Photographs of welding shoe: (a) butt shoe, (b) round

shoe
(a) Butt shoe
Weld Direction
z z Bead
v J Base material (HDPE)
X y y X
(b) Round shoe
Weld Direction
.
z z
Base material (HDPE)
X Y y X
(c) Round shoe + Press tool
Weld Direction
z z Bead
Base material (HDPE)
X y y X

Fig. 3 Diagram of welding using (a) butt shoe, (b) round shoe,
and (c) round shoe with press tool
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Fig. 4 Preparation of tensile specimens
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Table 2 Material properties of the HDPE base material and
welding wire used in the experiment
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Table 3 Comparison of weld bead height and width depending
on the welding

No. Welding shoe Height (mm) | Width (mm)
Case 1 Butt shoe 2.43 24.73
Case 2 Round shoe 6.03 13.79
Case 3 | Round shoe + Press tool 3 26.4
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Fig. 5 Bead surface and weld cross-section results: (a) butt
shoe, (b) round shoe, and (c) round shoe with press tool
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