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Design optimization of jacket 

structures for mass production 

 Kasper Sandal, PhD student, kasp@dtu.dk 

Alexander Verbart, Mathias Stolpe.  

Summary 

This work includes a model and method for very fast 

preliminary design of jackets. Results indicate that the method 

works well, and current research aims to improve the model. 

Figure 1: A jacket in its natural environment. 

Jacket model 
A jacket model is developed in Matlab 
for the purpose of design optimization, 
as part of the research project ABYSS 
• Analytic design sensitivities are the 

main motivation for an in-house FE-
software. With this information, the 
design can be optimized using 
gradient-based methods. 

• Timoshenko beam elements are 
chosen, as they are great for frame 
analysis, keeps the problem size 
small, and the meshing simple. 

• Structural response includes stress 
and natural frequencies. 

 

Problem formulation 
The aim is to minimize the mass of a 
jacket, subject to some constraints: 
 
 
 
 
 
 
 
 
Let the diameter and thickness of the 
members in the jacket be the design 
variables x, and let the displacement 
vector u be the state variables. We 
constrain the state variables to satisfy 
the state equation, and impose 
bounds on variables and constraints. 
 
 

𝑚𝑖𝑛𝑖𝑚𝑖𝑧𝑒 𝑓(𝒙)    Objective 

𝒙 ∈ 𝑹𝑛𝑒 , 𝒖 ∈ 𝑹𝑛𝑑     
𝑠𝑢𝑏𝑗𝑒𝑐𝑡 𝑡𝑜 𝐊 𝒙 𝒖 − 𝑷 = 𝟎  State equation  

  𝝈 ≤ 𝝈 𝒙 ≤ 𝝈  Stress 

  𝝀 ≤ 𝝀 𝒙 ≤ 𝝀  Frequency 

  𝒙 ≤ 𝒙 ≤ 𝒙   Design variables 

  𝒖 ≤ 𝒖 ≤ 𝒖   State variables 

Lower 

bound 

Upper 

bound 

Diameter [m] 0.6 2.0 

Thickness [mm] 20 100 

Stress [MPa] -90 90 

Frequency [Hz] 0.16 0.30 

Displacement [m] -1.25 1.25 

Figure 2: Initial and optimized design. 

Table 1: Upper and lower bounds on 

the constraints. 

Figure 3: Optimization history. Time: 95 seconds (9.5 in IPOPT [2]) 

on 2.1 GHz, 8.0 GB RAM. 

Sec 1 Sec 2 Sec 3 Sec 4 

D Leg [m] 1.04 0.79 0.81 0.85 

T Leg [mm] 34 50 51 53 

D Brace [m] 0.6 0.6 0.6 0.6 

T Brace [mm] 0.2 0.2 0.2 0.2 

Table 2: Optimal diameter and 

thickness for the legs and braces. 

Figure 4: Parameter study on the influence of leg distance. 
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Very fast preliminary design 
We use the jacket model to optimize the members of the Innwind jacket [1], 
when subjected only to a static load. The force is a sum of a large thrust force, 
and the rotor nacelle assembly mass: PT = 2 970 kN  & PM = 6 760 kN.  

Parameter study 
Let the bottom leg distance 
of the innwind jacket change 
from 26 m to 40 m (34 is the 
original). We then optimize 
the jacket for each bottom 
leg distance. In Figure 4, the 
different lines are different 
top leg distances. 
 

Conclusion 
Model, method, and a numerical example of preliminary design optimization of jackets is presented. The method works 
well, and current research aims to improve the model such that the numerical examples become more realistic. 
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