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Reliability Analysis of Monopile for a Offshore Wind Turbine Using
Response Surface Method

ABSTRACT

Reliability analysis with response surface method (RSM) was peformed for a offshore wind turbine (OWT) monopile, which is one of
mostly used foundations under 25m seawater depth in the world. The behaviors of a real OWT monopile installed into sandy soils
subjected to offshore environmental loads such as wind and wave were analysed using reliability design program (HSRBD) developed
in KIOST. Sensitivity analysis of design variables for a OWT monopile with 6m diameter showed that the larger in pile diameter the
smaller in probability of failure (P¢) of a horizontal deflection and a rotational angle at a pile top, but at a greater than 7m of pile diameter,
the reduction rate of Pr was almost constant. It is a necessary that appropriate local design criteria should be designated as soon as
possible because there were significant differences on horizontal deflections; Pr was 60% at a minimum criteria 15mm deflection,
however, 1.5% Prwhen 60mm deflection using 1% of pile diameter from local design criterion standard. Finally, friction angle of sand
among many design variables was found most influential design factor in OWT monopile design, and a sensitivity analysis is found an
important process to understand which design variables can mostly reduce P with a optimum design for maintaining OWT stability.
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Table 1. Condition of Reliability Analysis

. Capacity 5SMW (3-Blades)
Turbine -
Hub height 88m
Type Steel monopile
Diameter D=6.0m, t=60mm
Foundation
Length L=50m
Projection Hs=15m
Soil Dense sand
_ 3
Ground Properties =20 kN{m
¢=235
Water depth 15m
Rotor : 1,100 kN
Vertical Nacelle : 2,400 kN
Tower : 3,475 kN
Total : 7,000 kN
Loads Wind : 1,000 &NV
Horizontal Wave : 1,000 kN
Total : 2,000 kN
Moment 88,000kNV « m
(by Wind load)
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Table 2. Characteristics of Random Variables

Random variable P.rob.abll.lty Characteristic cov
distribution value
Horizontal force Normal 2,000 kV 0.10
Moment Normal 8,800kN « m | 0.10
Elastic modulus of pile Normal 210 GPa 0.05
Angle of mterr.lal friction Normal 6=35° 015
of soil
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Table 3. Comparison of Reliability Index for Reliability Analysis

Methods and p-y Models
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