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A Study on the Application of Composites to Pipe Support Clamps for
the Light-weight LNGC

Kyong-Min Bae*', Yoon-Ji Yim**, Sung-Won Yoon*, Jong-Rok Ha*, Je-Hyoung Cho*

ABSTRACT: In the shipbuilding and marine industry, as a technology for reducing the weight of parts to reduce
energy and improve operational efficiency of ships is required, a method of applying fibers-reinforced composites
which is high-strength lightweight materials, as part materials can be considered. In this study, the possibility of
applying fibers-reinforced composites to the pipe support clamps was evaluated to reduce the weight of LNGC. The
fibers-reinforced composites were manufactured using carbon fibers and glass fibers as reinforcing fibers. Through the
computer simulation program, the properties of the reinforcing materials and the matrix materials of the composites
were inversely calculated, and the performance prediction was performed according to the change in the properties of
each fiber lamination pattern. In addition, the structural analysis of the clamps according to the thickness of the
composites was performed through the finite element analysis program. As a result of the study, it was confirmed that
attention is needed in selecting the thickness when applying the fibers-reinforced composites of the clamp for weight
reduction. It is considered that it will be easy to change the shape of the structure and change the structure for weight
reduction in future supplementary design.
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Table 1. Properties of Carbon Fibers/Epoxy Composites
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Table 2. Properties of Glass Fibers/Epoxy Composites

Description | Units ‘Initial Value‘ cov

Description ‘ Units ‘Initial Value | COV

Manufacturing Data

Manufacturing Data

Fiber Volume Ratio 6.000 x 10!| 0.05

Fiber Volume Ratio 6.185x 10 | 0.05

Void Volume Ratio 2.000 x 102 0.05

Void Volume Ratio 2.000 x 102 | 0.05

Manufacturing Fiber Properties

Manufacturing Fiber Properties

(Ef11)Longitudinal Modulus |N/mm2‘ 1.300 x 10° ‘

(Ef11)Longitudinal Modulus ‘ N/mm? ‘ 2.300 x 10° ‘ 0.1

Manufacturing Matrix Properties

Manufacturing Matrix Properties

(Em)Young’s Modulus |N/mm2 ‘ 4.410 x 103‘ 0.1

(Em)Young’s Modulus ‘ N/mm? ‘ 3.410x 10° | 0.1

Unidirectional Test Tape Ply Properties

Unidirectional Test Tape Ply Properties

(E11)Longitudinal Modulus N/mm?|1.350 x 10° (E11)Longitudinal Modulus N/mm? | 1.320 x 10°
(E22)Transverse Modulus N/mm?|1.000 x 10* (E22)Transverse Modulus N/mm? | 8.800 x 10°
(G12)Shear Modulus N/mm?|5.000 x 10° (G12)Shear Modulus N/mm? | 4.600 x 10°
(NU12)Poisson’s Ratio 3.000 x 10! (NU12)Poisson’s Ratio 2.800 x 107!
(S11T)Longitudinal Tensile Strength | N/mm?|1.500 x 10° (S11T)Longitudinal Tensile Strength | N/mm? | 9.588 x 10°
Sjellsg)tll—,longitudinal Compressive N/mm? | 1.200 x 10° (Sirlelncgilﬁongitudinal Compressive N/mm? | 7.151 x 102
(S22T)Transverse Tensile Strength | N/mm? |5.000 x 10" (S22T)Transverse Tensile Strength| N/mm? | 3.757 x 10"
é?rzezrziiransverse Compressive N/mm?| 2.500 x 102 éffjfgﬁransverse Compressive N/mm? | 1.126 x 102
(S12S)In-Plane Shear Strength N/mm?|7.000 x 10! (S128)In-Plane Shear Strength N/mm? | 6.471 x 10!

* Coefficient of variation, COV

*Coefficient of variation, COV
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Fig. 4. Ply initial value and calculated value of (a) carbon fibers/
epoxy composites and (b) glass fibers/epoxy composites
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Table 3. Reinforcing fiber lamination direction

Layer Thickness [mm] Angle [
3 5 7
8 0.375 0.625 0.875 0
7 0.375 0.625 0.875 90
6 0.375 0.625 0.875 45
5 0.375 0.625 0.875 -45
4 0.375 0.625 0.875 -45
3 0.375 0.625 0.875 45
2 0.375 0.625 0.875 90
1 0.375 0.625 0.875 0
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(a) Thickness : 3 mm (a) Thickness : 3 mm

(b) Thickness: 5 mm (b) Thickness: 5 mm
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- L — L

(C) Thickness : 7 mm ¢) Thickness: 7 mm
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Fig. 9. Structural analysis results of carbon fibers/epoxy com- Fig. 10. Structural analysis results of glass fibers/epoxy compos-
posites according to clamp thickness; (@) 3 mm, (b) 5 mm, ites according to clamp thickness; (a) 3 mm, (b) 5 mm,
() 7mm (€) 7 mm
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Table 4. Structural analysis results of carbon fibers/epoxy com-
posites and glass fibers/epoxy composites according to

clamp thickness; (@) 3 mm, (b) 5 mm, (c) 7 mm
CFRP
Total Deformation (mm) 1.34 0.52 0.30
Normal Stress (MPa) 125.9 429 22.4
GFRP
Total Deformation (mm) 3.53 1.26 0.68
Normal Stress (MPa) 383.0 130.9 65.2

3 mm 5 mm 7 mm

3 mm 5 mm 7 mm
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