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Abstract

The Korea Offshore Wind Power (KOWP) is planning to construct offshore wind energy farms with an overall 
rated power of 2.5 GW in the south-western coast of the country until 2019. Various types of support structures 
for offshore wind turbines have been proposed in the past. Nevertheless, in South Korea, jacket structures have in 
general, been applied as support structures for offshore wind turbines owing to the many accumulated experiences 
and know-how regarding this kind of support structure. The choice of offshore structure is mainly influenced by 
site conditions such as seabed soil type and sea environment during installation. In installing jacket sets on the 
seabed, the mudmat is necessary to maintain the equilibrium of the jacket without the aid of additional devices. 
Hence, this study proposes the installation of skirt plates underneath the bottom frame of jackets in order to im-
prove the installation stability of jacket structures under rougher sea conditions. To confirm the effect of skirt 
plates, installation stability analyses considering overturning, sliding and bearing capacity have been performed. 
From the results, it is shown that jacket structures with skirt plates can contribute to improving the sliding stability 
of the structures of new wind power farms, while providing economic benefits.
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1. Introduction

According to the United Nations Framework Convention on Climate Change, 1992, many countries 

worldwide have made efforts to reduce carbon emissions and increase investment in renewable energy. The 

renewable energy market share is estimated to grow up to 27% in the EU, 20% in Japan, 30% in China and 

40% in the United States (depending on the states considered), by 2030. Likewise, South Korea is planning 

on instituting renewable portfolio standards which would see the sourcing of 11% of primary energy from 

renewable sources by 2035. 

Renewable energy technologies include hydro energy, fuel cells, solar energy, wind power, water power, 

geothermal energy, marine energy, and bio energy. Wind and solar energy in particular, are the most prom-

ising renewable energy technologies in Korea. With the specific geographical characteristics of South Ko-
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rea (surrounded by the ocean on three sides), the utilization of offshore wind power as a renewable energy 

source, is expected to rise. Offshore wind power generation systems consist of three main subsystems: tur-

bines, tower supports, and support structures. The turbine converts the rotational energy into electrical en-

ergy through the electric generator after transforming the kinetic energy into rotational energy by utilizing 

the aerodynamics of the blades. The tower support supports the turbine, nacelle, and blade amongst others. 

The support structures for offshore wind turbines are categorized into the mono-pile, gravity, tripod, jacket, 

and floating types. 

In South Korea, jacket structures have generally been applied as support structures for offshore wind tur-

bines owing to the many accumulated experiences and know-how regarding this kind of support structure. 

The choice of offshore structure is mainly influenced by site conditions such as seabed soil type and sea 

environment during installation. When installing jacket sets on the seabed, the mudmat is necessary to 

maintain the equilibrium of the jacket without the aid of additional devices.

2. Skirt Plate Proposal

The mudmat is necessary to maintain the equilibrium of the jacket without the aid of any devices during 

offshore installation. It also resists sliding, overturning, and bearing pressures, which are estimated based 

on installation environmental conditions such as waves and currents. The skirt plate proposed in this study 

is an adjunctive structure of the mudmat, situated underneath the bottom frame of the jacket, with stiffener 

plates to resist the lateral soil pressure generated during installation as shown in Figs. 1 and 2.

Fig. 1 Plan View of a Mudmat

Fig. 2 Section View of a Mudmat
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3. Structural Analysis Methodology

To confirm the effect of the skirt plate, on-bottom stability analysis has been performed using SACS 

which program is a well-known software in the field, based on the environmental and soil conditions in the 

south-western coast. The sea data used for the analysis was obtained from the web site 

www.globalwavestatisticsonline.com (courtesy of BMT Fluid Mechanics Limited). The website provides 

quality wave and wind data of the oceans of the world, and is in use by many transport companies. Table 1 

shows that wave heights of 1, 2, and 3 m have occurrence distributions of 32.25%, 35.02% and 19.11% 

respectively. The sum of these frequency ratios is thus, 86.38%( Frequency of Hs is from 0 to 3m). Also, 

the sum of the wave period between 4 s and 7 s, depending on the wave heights, is 83.16%( Frequency of 

Tp is 4 to 7sec). Finally, wave heights and periods have been adopted based on frequency data over a total 

of 80% which is minimum requirement. Therefore summary of analysis of environmental data is as shown 

in Table 2.

Table.1 Sea data for the West Coast in South Korea [www.globalwavestatisticsonline.com]

Direction : All Direction , Period :   ALL, Sea Area : 28

Significant 

Wave Height

Zero Crossing Period

<4 4~5 5~6 6~7 7~8 8~9 9~10 10~11 11~12 12~13 >13 OBS Frequency

14m 15m 1 3 7 7 4 2 1 26 0.00

13m 14m 1 6 13 12 7 3 1 44 0.00

12m 13m 2 12 23 21 12 5 1 76 0.01

11m 12m 4 23 42 37 20 7 2 1 135 0.01

10m 11m 8 45 80 67 34 12 3 1 251 0.03

9m 10m 1 19 97 160 127 61 21 6 1 493 0.05

8m 9m 2 47 220 340 254 116 38 10 2 1,030 0.10

7m 8m 5 126 536 767 535 231 72 18 4 1 2,295 0.23

6m 7m 17 359 1,388 1,820 1,176 474 139 33 7 1 5,413 0.54

5m 6m 59 1,095 3,767 4,461 2,633 979 267 59 11 2 13,334 1.33

4m 5m 222 3,507 10,489 10,981 5,811 1,960 490 100 18 3 33,581 3.36

3m 4m 894 11,484 28,799 25,823 11,914 3,558 798 148 24 4 1 83,448 8.34

2m 3m 3,760 36,430 72,026 52,447 20,150 5,122 995 162 24 3 191,120 19.11

1m 2m 15,854 99,159 136,254 72,554 21,271 4,277 677 92 11 1 350,151 35.02

0m 1m 59,678 133,603 93,161 29,496 5,657 793 92 9 1 322,491 32.25

SUM 80,491 285,846 346,825 199,013 69,673 17,649 3,618 646 106 16 2 10⁶

Frequency 8.05 28.58 34.68 19.90 6.97 1.76 0.36 0.06 0.01 0.00 0.00

Table.2 Summary of Analysis Models

Case Wave height (m) Period (s) Skirt Plate Case Wave height (m) Period (s) Skirt Plate

1

2

5

With

10

2

5

Without

2 6 11 6

3 7 12 7

4

3

5 13

3

5

5 6 14 6

6 7 15 7

7

4

5 16

4

5

8 6 17 6

9 7 18 7
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Stage 1 Stage 2 Stage 3

Stage 4 Stage 5 Stage 6

Fig. 3 Analysis Sequence

The on-bottom analysis was performed with the environmental load specified in Table 2, in accordance 

with the following sequences: 

The first step, at A2 Leg, pile segment Pile1 is stabbed in jacket leg A2 and hung.

The second step, ar B1 Leg, segment Pile 1 is stabbed in jacket leg B1 and hung (diagonally opposite).

The third step, at A2 Leg, segment Pile 2 is connected to the top of pile segment Pile1 at jacket leg A2. 

The fourth step, at B1 Leg, segment Pile 2 is connected to the top of pile segment Pile1 at jacket leg B1.

The integrated pile of lead and second segments (Pile1+ Pile2) is self-penetrated first at jacket leg A2.
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The second self-penetration is implemented at jacket leg B1. 

The pile sequence with the lead and second pile segments (Pile1 + Pile 2), hung on jacket leg B1 after the 

piles in jacket leg A2 was driven. This is represented by a model of zero pile hung on weights on jacket leg 

A2, as the driven pile is by now, self-supporting in the soil. After implementing self-penetration at jacket 

B1, pile positioning was implemented at jacket legs A1 and B2 by the same method. Each model is as 

shown in Fig. 3.

4. On-Bottom Analysis Results 

This section describes on-bottom analysis results given in Figs. 4, 5, and 6, respectively. As shown in Figs. 

4 and 5, under identical load conditions, the safety factor results for overturning and bearing are similar, 

regardless of whether skirt plates are included. For sliding however, as shown in Fig. 6, the safety factor 

results (including and excluding skirt plates), are different. In the specific case of wave height of 3 m, the 

jacket with skirt plates satisfies the allowable safety factor of 1.5 as adopted in this study. On the contrary, 

the jacket without skirt plates does not satisfy this safety factor limit. Therefore, this result suggests that 

skirt plates can work well, relatively, under high wave heights and minimize offshore wait time since the 

jacket structure with the skirt plate can be installed in higher wave conditions.

    

Fig. 4 Comparison of Overturning

     

Fig. 5 Comparison of Bearing

     

Fig. 6 Comparison of Sliding
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5. Conclusions 

To confirm the effect of skirt plates, on-bottom stability analysis was performed using SACS, based on 

the environmental and soil conditions in the south-western coast of South Korea. The sea environmental 

data used for the on-bottom analysis, it was obtained from the website 

www.globalwavestatisticsonline.com, courtesy of BMT Fluid Mechanics Limited. The website provides 

quality wave and wind data on the oceans of the world. From the results, the benefits of using skirt plates 

during offshore installation can summarized as follows:

The resulting system can cope more flexibly with variations in wave height.

Offshore wait time can be minimized since the jacket structure with the skirt plate can be installed under 

higher wave conditions.

As a result of the foregoing, offshore construction work and installation costs can be reduced.

The resulting system is more effective than conventional systems, in sites with weak soils as is the case in 

the south-western coast of South Korea.

Finally, the skirt plate proposed in this study improves the sliding stability of the system, while increasing 

the limit environmental condition of Jacket installation for wave height. These advantages minimize work-

ing time delays due to environmental conditions, and corresponding installation costs. The application of 

the skirt plate is expected to improve the sliding stability of the structures of new wind power farms, while 

providing economic benefits.
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