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Abstract 
 
The Korea Offshore Wind Power (KWOP) cooperation is planning to construct offshore wind energy farms 

with an overall rated power of 2.5 GW along the southwestern coast by 2019. Hitherto, various structural types of 
support structures for offshore wind turbines have been being proposed, but these structures have lacked economic 
analysis studies. Therefore, their economical superiority to existing types has been difficult to guarantee. An off-
shore structure with economic efficiency will have a minimum amount of mobilizing equipment and short off-
shore construction period because of the application of rapid installation methods. Thus, the development of a new 
support structure with economic efficiency is generally considered to be necessary. Accordingly, this paper pro-
poses a newly developed and more economical jacket type for the offshore support structure. This study con-
firmed its structural safety and performance by conducting a structural analysis and eigenvalue analysis. The 
manufacturing and installation costs were then estimated. As a result, the new jacket type of offshore support 
structure proposed in this study significantly reduced the manufacturing and installation costs. Therefore, it is 
expected that the proposed jacket will contribute to reducing construction expenses for new wind power farms and 
invigorating wind power farm businesses. 
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1. Introduction  

The worldwide renewable energy demand has been playing an increasingly important role since the emission 

of greenhouse gases due to fossil fuel consumption has been recognized as a main source of severe environmen-

tal problems. Therefore, many countries around the world are very interested in increasing renewable energy 

generation. It has even been proposed that the renewable energy market share will rise to 27% in the EU, 20% in 

Japan, 30% in China, and 40% in some states of the US by 2030. Likewise, South Korea will institute a renewa-

ble portfolio standard and has proposed replacing 11% of its primary energy sources with new renewable energy 

by 2035. New renewable energy sources include hydro energy, fuel cells, solar energy, wind power, water pow-

er, geothermal energy, marine energy, and bio energy. In particular, wind and solar energy are experiencing the 

greatest increases for renewable energy in Korea, and the utilization of offshore wind power is expected to in-
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crease because of the geographical characteristics of South Korea, which is surrounded by the ocean on three 

sides. An offshore wind power generation system is composed of three main structures: the turbine, tower sup-

port, and support structures. The turbine converts the rotational energy into electrical energy through an electric 

generator after changing the kinetic energy into rotational energy by utilizing the aerodynamics of the blades. 

The tower support provides support for the turbine. Moreover, the support structures of offshore wind turbines 

are divided into the mono-pile type, gravity type, tripod type, jacket type, and floating type. 

In South Korea, the jacket type support structure is applied to the 2 MW and 3 MW wind power support struc-

tures at Jeju-Woljeong. It is also used as a basic design support structure at the wind power farm on the south-

western coast. However, the offshore support structures with conventional structure types and installation meth-

ods used in the shipbuilding industry are inefficient from an economic viewpoint.  

Therefore, the main objective of this study was to propose a new developed jacket type with economic benefits 

that could minimize the amount of material used and offshore work by enhancing the conventional structure to 

make it more suitable for the southwest coast. 

2. Proposal of Developed Jacket Type  

In the 2 MW and 3 MW wind power support structures constructed at the Jeju-Woljeong wind power farm, 

the jacket legs and piles are integrated by grout, as shown in Fig. 1. In contrast, this paper proposes a con-

nection that uses the crown shim plate shown in Fig. 2 to improve the offshore construction quality and eco-

nomic benefits. 

2.1 Connection of Piles and Jacket Legs 

The general jacket type unified by grouting the hollow spaces between jacket legs and piles is shown in 

Fig. 1. The connected piles and legs are considered to be a composite section. However, ensuring the con-

struction quality is not easy under offshore conditions. Therefore, it is not suitable from a conservative 

viewpoint.  

 

 

Fig. 1 Connection Concept of General Jacket-type Support Structure 
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Fig. 2 Connection Concept of Proposed Jacket-type Support Structure 

 

Accordingly, this paper proposes a crown shim plate. It is inserted into the jacket legs and piles instead of 

the grout connection after installing the piles. Subsequently, the jacket legs and piles are unified by welding. 

The section of connected jacket legs and piles is considered to be the hollow section between the top and 

bottom of the jacket legs. In addition, the pile centralizer is installed on the intersection of the horizontal 

brace and jacket legs. It guides the piles to ensure that they are in the center of the jacket legs and delivers 

only the lateral force of the jacket legs to piles. The axial force of the jacket legs is not delivered to the piles 

with an independent behavior. 

2.2 Connection of Tower Support  

The general connection method for the tower supports and substructure ensures that all the loads generated 

in the superstructures are primarily supported on the top of the deck by installing the tower support on the 

top of the deck, as shown in Fig. 3(a), and subsequently delivered to the jacket of the substructures through 

the top deck. 

 

          

 (a) General Jacket (b) Proposed Jacket 

 

Fig. 3 Comparison of Tower Foundations 
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 (a) P-y Curve (b) T-z Curve 

 

Fig. 4 P-y & T-z Curves for PSI Analysis 

 

However, this method is uneconomical because it unnecessarily increases the stiffness and size of the deck 

members by supporting all the loads with six degree of freedom on the deck. To improve the solution to this 

problem, this paper proposes the following method, as shown in Fig. 3(b). The tower support is extended to 

the upper horizontal braces through the deck and connected to the jacket legs through diagonal braces. Ac-

cordingly, all of the vertical loads of the superstructures are directly delivered to the jacket legs without de-

livering loads to the deck. In this method, the horizontal braces of the top deck resist only the lateral force, 

whereas the jacket legs resist the other forces. In addition, because rubber pads are installed on the contact 

area between the outer surface of the tower support and the horizontal braces of the deck, local deformation 

of the tower support is prevented by minimizing the effect of the lateral force.  

3. Structural Analysis and Results 

The 5 MW (NREL) wind turbine was considered in this structural analysis. A static stability analysis, an 

eigenvalue analysis, and a finite element analysis of the connection part were conducted using the typical 

load condition of a 5 MW wind turbine under the environmental and soil conditions for the southwestern 

coast of South Korea.  

 

 

 

Fig. 5 Structural Stress Ratio 
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 (a) Comparison of Max. Horizontal Displacements (b) Deformation Shape 

 

Fig. 6 Maximum Horizontal Displacements and Deformation 

 

 

Fig. 7 Stress Distribution Curve of Pile below Mudline 
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Fig. 8 Result of 1st Natural Frequency 

3.1 Static Stability Analysis  

The limit state design method was applied to the static stability analysis through the SACS program, and 

the soil data for the structural analysis was taken from a soil survey of a site in the northeastern region of 

Wangdeungyeo. Based on the data, the p-y and t-z curves  for the PSI (pile-soil Interaction) analysis were 

estimated and applied to the structural analysis, as shown in Fig. 4(a) and (b). 

Fig. 5 shows that the maximum stress ratio of the proposed jacket legs is higher than that of the existing 

jacket legs. In contrast, the maximum stress ratio of the proposed jacket X-braces and horizontal braces is 

lower than that of the general jacket X-braces and horizontal braces. This result indicates that the stiffness of 

the proposed jacket legs is lower than that of the grouted jacket legs of the composite section. The piles of 

the proposed jacket primarily support the loads of the superstructures. Accordingly, the later force of the 

proposed jacket is more weakly delivered than that of the grouted legs. The horizontal displacement in Fig. 

6 and the stress ratio of the piles below the mudline in Fig. 7 also show these structural characteristics. 

 

 

Fig. 9 Connection of Piles and Jacket Legs 

 

 

Fig. 10 Connection of Tower Support and Jacket Legs 
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3.2 Natural Frequency and Review of Resonance 

The natural frequency was reviewed to certify that it was off the resonance range using an eigenvalue anal-

ysis of the support structures. The natural frequency of the supporting structure should be in the frequency 

range (0.222 < X < 0.311) considering ±10% weighting of the rotor and blade passing frequency. Fig. 8 

shows the first mode natural frequency results of the proposed and general jacket structure. Frequencies of 

0.264 Hz (period = 3.792 s) and 0.287 Hz (period = 3.486 s) in the Y-direction were obtained for the pro-

posed and general jacket structure, respectively. Both the proposed and general jacket structures were within 

the allowable stiff-soft support range. Therefore, the resonance safety was confirmed. In comparing two 

structures with similar masses, the result of the eigenvalue analysis also showed that the stiffness of the gen-

eral jacket was higher than that of the proposed jacket structure according to the natural frequency.  

3.3 Detailed Evaluation of Connection Part 

Fig. 9 and Fig. 10 show the detailed evaluations of the connection parts that were conducted to estimate the 

states of the pile connection part and tower support connection part through finite element analyses using the 

MIDAS/FEA program. The detailed analysis results of these connection parts are shown in Fig. 11 and Fig. 

12. The maximum stress ratios of the pile connection part and tower support connection part were respec-

tively 0.91 and 0.92, and the stability of all the members was confirmed.  

4. Economic Evaluation 

Because offshore structure construction costs have changeable characteristics and several constraints due 

to the properties of the structure, site conditions, resource availability, and technology, it is difficult to accu-

rately estimate the construction costs. Accordingly, to minimize these changeable characteristics and con-

straints, an economic evaluation was conducted by extracting equal conditions in this study. 

The difference in the total construction costs (except indirect cost) is shown in Fig. 13. A silt protector and 

light buoy for the installation construction were excluded. For both the manufacturing expenses and installa-

tion expenses, the proposed jacket is more economical than the general jacket, and the total expenses of the 

proposed jacket are 47% lower than those of the general jacket. In particular, the manufacturing expenses of 

the general jacket are considerably higher than those of the proposed jacket because it uses twice the amount 

of materials. This result is considered to be caused by the difference between the allowable stress design 

method for the general jacket and the limit state design method for the proposed jacket. If these two support 

structures are applied with the same design, the reduction rate is expected to be decreased. However, the 

construction expenses are still different as a result of the expenses for the pin-pile and grouting, which only 

occur for the existing jacket. 

   

 
Fig. 11 Von-mises Stress Contour for Connection Part of 

Pile and Leg 
Fig. 12 Von-mises Stress Contour for Connection Part of Tower 

Support 
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Fig. 13 Comparison of Total Costs (KRW) 

 

Consequently, no matter how the differences in the methods are considered, the proposed structure is ex-

pected to maintain an advantage in relation to the total construction expenses by reducing the time and mate-

rials needed for the offshore construction work.  

5. Conclusions  

This study showed the following advantages of the proposed jacket support structure. 

(1) The application of the proposed connection method for piles and legs is expected to reduce the installa-

tion expenses by decreasing the work period while sustaining the construction quality. 

(2) The application of the proposed tower support connection method is expected to reduce the manufac-

turing expenses by decreasing the amount of deck materials as a result of not delivering the superstructure 

loads to the top deck. 

(3) Based on (1) and (2), the proposed jacket support structure can greatly reduce the total manufacturing 

and installation expenses.  

As a result, it was confirmed that the proposed jacket support structure has good economic competitiveness 

in relation to its manufacturing and installation expenses. In addition, the material expenses could be further 

reduced if a mudmat and skirt plate were permanently applied to the structure. The application of the pro-

posed jacket structure with economic benefits at the southwestern coast wind power farm is expected to 

bring savings in the planned construction expenses.  
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