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A Study on the Establishment of a Design Procedure for
Small-to-Medium 3D-Printed Composite Pipes based on International
Classification Society Regulations

Su-Lim Lee*, Hyoung-Seock Seo*'

ABSTRACT: In accordance with the regulations announced at the 83rd session of the Marine Environment Protection
Committee (MEPC 83) of the International Maritime Organization (IMO) in 2025, and in line with the global
transition toward environmentally friendly ships, the adoption of composite materials and advanced manufacturing
technologies has been accelerating in the shipbuilding and offshore industry. The establishment of a composite
manufacturing technology hub in Ulsan, Korea, and the introduction of hybrid thermoplastic composite pipe (HTCP)
regulations by Det Norske Veritas Germanischer Lloyd (DNV) in Norway reflect these industrial trends. For marine
pipes that demand both lightweight properties and high durability, the application of composite materials has become
essential. In particular, small-to-medium pipes used in ships are widely applied across numerous onboard systems,
resulting in high usage rates and frequent replacement or maintenance, which makes the choice of material and
manufacturing method highly influential. This study focuses on small-to-medium bore marine pipes, analyzing
current International Classification Society regulations, including DNV-ST-C501, to identify key considerations in the
design of 3D-printed composite pipes and to propose a six-step design procedure reflecting these findings.
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Table 1. Markforged Plastic Materials Properties Comparison [7]

4 Onyx ULTEM
Material Onyx FR Vega | 9085
Filament
Tensile Modulus(GPa) 2.4 3.0 52 2.5
Tensile Strain at Break (%) 25 18 3.0 5.7
Flexural Strength (MPa) 71 71 140.2 | 1345
Flexural Modulus (GPa) 3.0 3.6 4.7 2.6
Flexural Strain at Break (GPa) - - 52 7.9
Heat Deflection Temp (°C) 145 145 | 150.8 175
Density (g/cm”) 1.2 12 | 127 | 127
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Table 2. Markforged Continuous Fiber Properties Comparison [7]
Material Carbon Fiber Carbon Fiber FR Aramid Fiber HSHT Fiberglass Fiberglass
(Kevlar)
Tensile Strength (MPa) 800 760 610 600 590
Tensile Modulus (GPa) 60 57 27 21 21
Tensile Strain at Break (%) 1.5 1.6 2.7 39 3.8
Flexural Strength (MPa) 540 540 240 420 200
Flexural Modulus (GPa) 51 50 26 21 22
Compressive Modulus (MPa) 420 300 130 216 180
Compressive Strain at Break (%) 0.7 0.5 1.5 0.8 -
Heat Deflection Temp (°C) 105 105 105 150 105
Density (g/cr) 1.4 1.4 1.2 1.5 1.5
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Fig. 1. Schematic diagram of the FDM printer [17]
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3.2 LFAM (Large Format Additive Manufacturing)
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Fig. 2. Schematic diagram of the LFAM printer [23]
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Table 3. Comparison of 3D Printing [13-16,18-22]

Types FFF LFAM
Material Form Filament Filament
Manufacturing Principle | Layering after filament melting through a nozzle Layering ater material melting through a large nozzle
Quality Medium or lower Medium

Advantages

Low cost, Material diversity, Ease of use

Large-scale production, High speed

Disadvantages

Weak adhesion, Porosity

Low precision, Residual stress
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Fig. 3. 3D Printing Composite Pipe design procedure

Table 4. Comparison of Original & 3D Printing Composite Pipe Design Processes

Design Processes Conventional Pipe Design [38, 39]

3D Printing Composite Pipe Design

Material Selection

Primarily standardized materials such as metals

Application-specific advanced materials such as compos-
ites or special filaments

Simple cylindrical shapes based on standard speci-

Shape Design . Customizable geometries and tailored structures
fications

Fabrication Traditional industrial processes such as extrusion | Design enabled by various additive manufacturing
or molding techniques

Fiber Orientation Unidirectional Region-specific and optimized fiber orientation possible

Design Workflow
& Certification

CAD Drawing > Manufacturing > Testing >

CAD Drawing - Build simulation > 3D Printing > Testing
> Certification
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Table 5. Pipe External Diameter Ranges by Ship System

System External Diameter Range (DN/mm) [35, 40] Application
Firefighting DN 50-DN 300 (60.3 mm-323.9 mm) For onboard fire suppression systems [41]
Ballast/Bilge DN 15-DN 400 (21.3 mm-406.4 mm) For tank transfer and rapid drainage systems [42, 43]

Seawater Cooling

DN 25-DN 300 (33.7 mm-323.9 mm)

For engine and heat exchanger cooling [44]

Fuel oil (Low pressure)

DN 15-DN 600 (21.3 mm-609.6 mm)

For low-pressure fuel transfer [45]

Fuel oil (High pressure)

DN 150 and above (=168.3 mm)

For high-pressure fuel lines [46]

Lubricating Oil DN 15 and above (=21.3 mm)

For lubrication oil supply and recovery [47]

Fresh Water (Domestic Supply)

DN 10-DN 25 (17.2 mm-33.7 mm)

For service water supply [48]

Sewage

DN 40-DN 50 (48.3 mm-60.3 mm)

For wastewater treatment and discharge [48]

Compressed Air

DN 25-DN 50 (33.7 mm-60.3 mm)

For control and operation systems [49]

Steam

DN 15-DN 200 (21.3 mm-219.1 mm)

For heaters and engine systems [50]

Hydraulic

DN 10-DN 250 (17.2 mm-273 mm)

For high-pressure hydraulic fluid systems [51]

HVAC (Air conditioning)

DN 10-DN 100 (17.2 mm-114.3 mm)

For chilled water and condensate [52]
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