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Abstract @ The construction of new renewable energy facilities is steadily increasing every year. In particular, the offshore wind farm market, which
has abundant development scalability and a high production coefficient, is growing rapidly. The southwest sea has the highest possible offshore wind
power potential, and related projects are to be promoted. This study presents a basic design procedure by the EUROCODE and considers structural
safety in the development of an effective offshore wind foundation in the clay layer. In a previous study, the wind power generator of SMW class
was the main target, but the SMW of wind turbine generator, which meets the technical trend of the wind turbine market in the Southwest sea, was
selected as the standard model. Furthermore, a foundation that fulfills the geological conditions of the Southwest sea was developed. The structural
safety of this foundation was verified using finite element method. Moreover, structural safety was secured by proper reinforcement from the initial
design. Based on the results of this study, structural safety check for various types of foundations is possible in the future. Additionally, specialized

structural design and evaluation guidance were also established.
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(a) monopile

(b) tripod
Fig. 1. Wind turbine foundation structures (de Vries et al., 2011).
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Fig. 2. General arrangement of the 8 MW offshore wind turbine
on jacket foundation structure.
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Table 1. Member dimension and type

= 5 .g; A 91 7];_ WA e AR e Group Grade Type O.D (mm) | thickness (mm)
= = T e = = S oerEAl PL9 $355 | Leg can 2,170 36
A&, gAME Aifgo] 7S wSaheA] vlalskes 7 PLS 355 Leg 2,140 »
4% NEehE sl PB19 | S355 | Brace can | 1,070 36
PB22 S355 Brace 1,050 22
where, OD is out diameter
Table 2. Summary of the forces by Garrad Hassan 2012
No. LC Force (kN)
Fx Fy Fz
1 BO1 12 -315 -11,255
AF Yes 2 B02 -340 223 -9,079
No 3 B03 -1,981 -1,958 -12,800
design 4 B04 1,620 1,493 -12,466
Yes 5 BO5 2,208 -10 -12,466
6 B06 -2,630 180 -12,458
Spec. 7 B07 -1,137 193 -6,950
8 B08 -1,870 17 -16.600
9 B09 2,370 -20 -12,400
10 B10 2,354 16 -12,707
Fig. 3. Design flow-chart. 11 B11 1,710 1,405 -12,560
12 BI12 -1,720 -1,850 -12,480
Aol AL= 27 2 Ileg)et B @lo] 2(brace) X9} 4 where, Fx, Fy and Fz determined in each directional force
Al FBE Fig 49} Table 16 YR I} BE A T7
T agHAdela &5 SHo] 355MPac| . FaEN-AC] A Table 3. Summary of the moments by Garrad Hassan 2012
AZJQE(Can)ell &= 3 ®AT 0] 918, Fig 4ol M
- - N Moment (kNm)
Bl it} a5 ArE 127FK 2AEE 3(Force)d} HHl No. LC e My e
= =
i(ol\f;mem) AR o7 BF39ow, 717} Table 29} 39| &4 " ol 220 ST o0
S 2 B02 -3,898 -50 28,536
3 B03 187,870 -189,000 -9,067
4 B04 -110,255 137,310 830
5 BO5 10,800 160,128 725
6 B06 -3,325 -243,700 -8,510
7 B07 -16,400 -51,040 -1,755
8 B08 -12.580 -82,200 5,920
9 B09 12,150 152,660 820
10 B10 -9,750 -110,607 4,260
11 B11 -120,740 126,680 1,350
12 BI12 162,175 -145,150 -10,450
where, Mx, My and Mz determined directional rotating moment

Fig. 4. Main section and can joint.
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Fig. 5. Soil stiffness application of the pile.
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Table 4. A components of the environmental loads and return

period
LS LC Wind Wave Current Ice
1 50-yr S5-yr S-yr
2 5-yr 50-yr S-yr
ULS 3 S-yr S-yr 50-yr
4 5-yr S5-yr 50-yr
5 50-yr S5-yr 50-yr

Where, ULS is ultimate limit states

Table 5. Basic load factor in the ULS

. Load categories
SET Limit states G 0 E D
(a) ULS 1.25 1.25 1.00 1.00
(b) ULS 1.00 1.00 1.35 1.00
ULS for
(c) abnormal wind 1.00 1.00 1.10 1.00
load cases
Where, G is permanent loads such as tower weight, jacket pile
weight

Q is variable functional loads according to boat impact

E is environmental loads such as extreme wind and wave loads,
tidal and marine growth effect

D is deformation loads such as temperature, built-in deformation,
creep load

Load Condition : WADS
Wave : STREAM
Direction : 180 deg
Height - 6.840 m
Period - 12.450 sec
Water dep}n 38.800 m

o __./ \ I\

Load Condition : WEOS
Wind

Direction ; 180 deg
Velocity : 46.170 sec

(a) wave load (b) wind load

Fig. 7. Load contour from heading angle of 180 degrees.
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Fig. 8. FE-modeling of the jacket typed foundation structure.

Table 6. Material properties of structural member

Properties Specification
Elastic Modulus 205,800 MPa
Poisson’s ratio 0.3
Density 78.5 kKN/m®
Yield strength 355 MPa
Tensile ultimate strength 420 MPa
Tensile Strain at break 15 %
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Table 7. A comparison of combined unity ratio for foundation

structure according to end fixity

Max.UC Soil Fixed Ratio (Soil/Fixed)
location condition condition %100
Leg 0.82 0.83 98 %
Brace 0.26 0.27 96 %

23 o2 7] 5 36 mmE 48mmE 2m THS Fig. 11. Combined unity ratio contour according to end fixity.
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