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Mechanical Properties of Graphene Reinforced Protective Layer of Steel
Pipe Pile in Offshore Wind Farm

XU Liang', LIU Junsheng

(Zhejiang Huadong Engineering Consulting Co., Ltd., Hangzhou 310000, China)

Abstract: In order to improve the mechanical properties of the protective layer of steel pipe pile at the splash zone
in offshore wind farm, a graphene photosensitive composite reinforced fiber high performance resin composite tape
was designed as the intermediate layer of the protective layer. Based on the damage theory and considering the effects
of impact load and temperature load, a numerical model was established to study the mechanical properties of the
protective layer. The mechanical properties of the middle layer using graphene photosensitive composite reinforced
fiber high performance resin composite tape were compared with those of the middle layer using epoxy fiber reinforced
plastics . The results show that under the same impact load, the critical load of damage of graphene photosensitive
composite reinforced fiber high performance resin composite tape is 1.5 times higher than that of epoxy fiber reinforced
plastics. While at the same temperature, the shear stress on the lower surface of the middle layer using graphene
photosensitive composite reinforced fiber high performance resin composite tape is 1/10 lower than that on the lower
surface of the middle layer using epoxy fiber reinforced plastics.
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Fig. 1 Components of protective layer(size:mm)
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Fig. 3 Radial distribution of impact load
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Fig.4 Schematic diagram of meshing (size:mm)
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Table 1

Material parameters

Parameter Bonding layer

Surface layer

Middle layer

Reinforced fiber high performance  Epoxy fiber Steel matrix

resin composite tape reinforced plastics

Density/(kg-m ™) 1450 1250 3 000 2 500 7 850
Elastic modulus/GPa 3 12 45 72 206
Poisson's ratio 0. 30 0.30 0.25 0.22 0. 30
Coefficient of thermal expansion/K ' 6.0x10 ° 3.3%X10 ° 2.0X10 4.8x10* 1.2X10°
Tensile strength/MPa 350. 0 200.0
Fracture energy/(J+m %) 120 24
Thermal conductivity/(W+m 'K ™) 0.3 0.2 0.8 1.0 44.5
Specific heat capacity/(J-kg '*K ) 1000 1465 850 800 475
0.36 0.36
03 | Pm/MPa: 03| P/ MPa:
oo o
0.24 1 4 700.0 0.24 4 700.0
0.20 - a 800.0 0.20 - a 800.0
Q 016+ v 900.0 Q 016+ v 900.0
gme e 1
0.08 | % 2000.0 0.08 1 % 2.000.0
0.04 0.04
OT— 3 o e e — 0 Xt —
—-0.04 ‘ : : : : : : : -0.04 ‘ : :
0 50 100 150 200 250 300 350 400 450 0 50 100 150 200 250 300 350 400 450

r/mm
(a) Reinforced fiber high performance resin composite tape
& 5
Fig. 5
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(b) Epoxy fiber reinforced plastics
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Damage factors at the middle line of the middle layer under various impact loads
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Fig. 6 Damage area distributions in the middle layer
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reinforced fiber high performance resin composite
tapes
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Fig. 8 Shear stress distributions on the lower surface of the middle layer at various temperatures
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Fig.9 Damage area distributions in epoxy fiber reinforced plastics at various temperatures
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