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Reliability Analysis of Suction Bucket Foundation
for Offshore Wind Turbine in Silty Sand
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ABSTRACT : This paper deals with the reliability analysis of foundation for an offshore wind turbine system. Reliability analyses

were carried out for suction bucket foundation considering the uncertainties in soil and structural parameters. In reliability analysis,

the vertical and lateral resistances are defined as base limit states. The case studies were carried out using the preliminarily designed

foundations at western-south mainland sea of Korea. From reliability analyses, vertical resistance for free-slip condition has overall

lower reliability index, and submerged unit weight and internal friction angle of seabed soil are governing factors in vertical and

lateral resistance in this case.
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Fig. 1. Forces and stresses acting on bucket during suction
installation in a permeable soil (Sturm et al., 2015)
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Table 1, Details of suction bucket foundation model

Items Values
Substructure height 39.0 m
Bucket length 16.5 m
Bottom diameter (outer) 18.0 m
Wall thickness 0.5 m
Cover thickness 09 m
Total weight 33,150 kN
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Table 2. Ground conditions and soil properties

Items Values Items Values
Water depth 20.5 m Soil wet unit weight 18.6 kN/m’
Sea water unit weight 10.1 kN/m’ Soil dry unit weight 8.5 kKN/m’
Soil type Silty sand Cohesion 0
N-values 14~37 Internal friction angle 35~50°
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Fig. 2. Dimensions of suction bucket foundation model
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Table 3. Probability distribution and statistical characteristics of the random variables

Random variables Mean COov Probability distribution
Unit weight of bucket foundation (+,, kN/mz) 25 0.1 Normal distribution
Submerged unit weight of seabed soil (v,", kN/m) 8.5 0.2 Normal distribution
Internal friction angle (¢, °) 35~50 0.05~0.1 Normal distribution
Vertical load (V, kN) 66,245 0.1 Normal distribution
Lateral load (#, kN) 16,800 0.1 Normal distribution

Table 4, Statistical properties of internal friction angle

Internal friction angle (°)

N-value Correlation equation
Mean (6(0)%
Wolff (1989) ¢ = 27.1+ 0.3Ng— 0.00054 N3, 3541 0.0939

Ny
- | 60 0.34

14~37 Kulhawy & Mayne (1990) ¢’ = tan [12-2+20~3(0'/Pa)] 50.23 0.0505
Hatanaka & Uchida (1996) o' = /20 Cy Ny +20 43.86 0.1066

* ¢' : Internal friction angle, ~, : Blow counts to the 60% efficiency levels, o’ : Effective overburden pressure, p, : Atmospheric pressure,

Cy : Factor to correct Ng to a standard overburden pressure (100 kPa)
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Table 5. Reliability analysis results of vertical resistance failure
mode for non-slip condition

. . Reliability analysis results
Correlation equation
8 Py
Wolff (1989) 4811 7.53 x 107
Kulhawy & Mayne (1990) 4.986 3.08 x 107
Hatanaka & Uchida (1996) 4.954 3.63 x 107

Table 6. Reliability analysis results of vertical resistance failure
mode for free—slip condition

. . Reliability analysis results
Correlation equation
B Py
Wolff (1989) 1.956 252 x 107
Kulhawy & Mayne (1990) 4.665 1.54 x 10°°
Hatanaka & Uchida (1996) 3.022 130 x 107

Table 7. Reliability analysis results of lateral resistance failure

mode
Reliability analysis results
Correlation equation
B Py
Wolff (1989) 3.880 522 x 107
Kulhawy & Mayne (1990) 4.453 423 x 10°
Hatanaka & Uchida (1996) 4.190 1.40 x 107
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Fig. 3. Monte Carlo simulation results
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Fig. 4. Sensitivity of random variables on reliability analysis
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