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1 EXECUTIVE SUMMARY 

In this document a verification study is presented for the interfaces to transfer a support structure 

superelement between DNV GL’s wind turbine design software Bladed and Ramboll’s Offshore Structural 

Analysis Package (ROSAP) [2]. 

 

In this study, a 4-legged jacket structure is defined in ROSA and a superelement model is derived 

according to the Craig-Bampton method [4]. The superelement convergence is checked to ensure that 

the response is similar to the original jacket model in ROSA. Reduced wave loads are also derived for an 

irregular sea state including an extreme non-linear stream function for representing the maximum wave. 

The superelement is imported into Bladed, where a generic 7 MW wind turbine model is also defined. A 

10-minute coupled aero-elastic simulation of the wind turbine with the superelement support structure is 

carried out in Bladed. The interface loads are output from the Bladed simulation and applied in ROSA to 

the original jacket model along with the wave loads to check that the response in ROSA is equivalent to 

that in Bladed. 

 

A good match in natural frequencies is found for the original ROSA jacket model and the ROSA 

superelement model; the first 12 frequencies are within 0.05%. The spatial convergence at the interface 

node is also found to be satisfactory. Transferring the superelement from ROSA to Bladed introduces no 

significant errors; an almost perfect match is seen between the frequencies for the superelement jacket 

in Bladed and ROSA. 

 

The interface node kinematics from the Bladed simulation and ROSA re-creation run is compared. An 

excellent correspondence is found in the time histories and spectra for the interface displacements and 

velocities. The accelerations are also reasonably similar, although some components show greater high 

frequency response in ROSA. 
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2 INTRODUCTION 

2.1 General 

The present verification report is written in collaboration between DNV GL and Ramboll and serves as a 

documentation of the interface between Ramboll’s Offshore Structural Analysis Programme (ROSAP) and 

DNVGL’s aero-elastic wind turbine design code (Bladed). 

 

The program package ROSAP consists of various program modules, of which ROSA is the main program. 

ROSA is a general-purpose beam element program for static or dynamic analysis of spatial frames, truss 

structures and piping systems subjected to various kinds of loads including gravity, acceleration, 

transport, temperature, pressure, buoyancy, wave, current, wind, earthquakes and ice. Complex parts 

may be represented by superelements from detailed 3D shell or solid FE-models. Further capabilities 

include non-linear pile-soil interaction, local joint flexibility and enhanced wave kinematics with flow-

dependent non-constant hydrodynamic coefficients including MacCamy-Fuchs correction etc. Besides 

ROSA, the program package consists of various post-processing modules for member and joint code 

check, deterministic, spectral and transient fatigue check, model and result visualisation and plotting etc.  

 

Bladed is the industry standard software package for onshore and offshore wind turbine design. Bladed 

performs coupled analysis of the wind turbine and support structure, capturing the interactions of 

aerodynamic loading, hydrodynamic loading, and control system actions. 

 

2.2 Objective 

The objective of this report is to document a verification study of the interface for exchanging reduced 

structural models, also known as superelements, between Bladed and ROSAP.   

 

It is demonstrated that a superelement representation of a detailed jacket foundation from ROSA can be 

imported into Bladed and coupled to a representative Wind Turbine Generator (WTG) model for aero-

elastic load calculations. Furthermore, it is shown that interface forces extracted from the integrated 

simulation model in Bladed correctly recover the response at the interface, as well as selected key 

locations in the jacket structure, when applied on the full (non-reduced) foundation model in ROSA.  
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3 VERIFICATION SETUP 

3.1 Approach 

The commonly used approach for load calculations where the foundation is represented in the aero-

elastic model in terms of a superelement is applied here, see [6] for further details. The procedure is 

illustrated in Figure 1 and can be summarised in the following four steps:  

 

1. A detailed FE-model of a jacket foundation is generated in Ramboll’s in-house program ROSA, 

along with a representative loading time series including gravity and hydrodynamic forces due to 

buoyancy, waves and currents.  

2. The foundation model is converted into a Bladed compatible superelement with the associated 

reduced load time series.  

3. The jacket superelement is imported into Bladed and coupled with a representative WTG model 

and used in an aero-elastic load calculation including the reduced load time series. 

4. Internal forces are extracted at the interface between the Bladed and the ROSA models and 

applied to the jacket model in ROSA, in a dynamic time integration analysis.  

 

The results at the interface node (generalized displacements, velocities and accelerations), as well as 

selected internal nodes at key locations in the structures from ROSA and Bladed respectively, are 

compared.  

 

 

 
Figure 1: Superelement analysis workflow between ROSA and Bladed. 

 

3.2 Jacket model 

For verification of the ROSA-Bladed interface, a 4-legged pre-piles jacket structure with three X-braces is 

considered. The structure is oriented as illustrated in Figure 2. The z-axis (blue) points upwards, the x-

axis (red) points North and the y-axis (green) points West. The reference level is chosen as the Lowest 

Astronomical Tide (LAT). 

 

The interface is located at +20 mLAT. The legs are assumed flooded, while the braces are modelled as 

non-flooded.   
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Figure 2: 4-legged jacket structure used for verification study. 

 

3.3 Environmental conditions 

The mudline is located at -33.72 mLAT, while the water level is +2.00 mLAT.  

 

The wave load on the structure is modelled according to Morison’s equation with time dependent wave 

kinematics represented via a JONSWAP-spectrum with governing parameters Hs = 7.50 m and Tp = 

12.80 s. In order to represent an extreme sea state, it is ensured that the spectrum include a wave with 

maximum wave height parameters Hmax = 13.60 m and Tmax = 13.50 s. The parameters are summarized 

in Table 1.  

 

Table 1: Wave parameters. 

Sign. wave height 

Hs [m] 

Peak wave period 

Tp [s] 

Max wave height 

Hmax [m] 

Max wave period 

Tmax [s] 

7.50 12.80 13.60 13.50 

 

Additionally, a depth averaged current speed of 0.8 m/s is included. 

 

Free surface elevation time series are generated by discretising the wave spectrum. The spectrum is 

discretised into a number of harmonic components with a constant frequency interval ∆𝑓, and converted 

into the time domain via the Fast Fourier Transform (FTT) technique. For each discrete frequency, the 

corresponding harmonic wave amplitude is determined. To simulate an irregular sea surface, each 

harmonic component is assigned a random phase. The length of the part of the generated time series 

used in the analysis is 800 s including 200 s of start-up time. The time step used for generation of the 

hydrodynamic loads is 0.1 s, while a time step of 0.02 s is used in the dynamic time integration 

procedure to ensure a sufficient discretisation for the Generalized-alpha method [8]. 

  

The wave kinematics for the irregular waves are calculated in accordance with linear wave theory in the 

time domain analysis. However, the maximum irregular wave in the time series is replaced by “blending 

in” a corresponding non-linear wave according to the Stream function theory. This principle is illustrated 

in Figure 3 . The wave time series are generated such that the maximum wave occurs in the middle of 

the 600 s time interval after the start-up time, i.e. at t = 500 s. 
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Figure 3: Principle for replacing maximum wave. 

 

3.4 Aero-elastic model 

An aero-elastic model of a generic 7MW turbine and tower was defined in Bladed, as shown in Figure 4. 

The tower height was 102m and the rotor diameter 155m. The superelement interface node was defined 

at the base of the tower, illustrated in red. 

 

Time domain power production simulations were carried out in Bladed, using the superelement support 

structure generated in ROSA. A turbulent wind field was defined with a 20m/s mean speed and direction 

coming from North. 

 

 
 

Figure 4: Generic 7MW wind turbine with superelement foundation in Bladed. 
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3.5 Coordinate systems 

The jacket structure has been defined in the ROSA coordinate system as presented in Figure 2. This is 

different from the global coordinate system in Bladed where the positive x-axis points towards the South, 

the Y-axis points towards the East and the z-axis is directed upward as illustrated in Figure 5(b).  

 

 
Figure 5: (a) Global coordinate system in ROSA. (b) Global coordinate system in Bladed. 

 

The difference amounts to a plane rotation of 180o around the common global z-axes which can be 

achieved by a transformation of the form 

 

𝐱𝑅𝑂𝑆𝐴 =  [
𝑥
𝑦
𝑧

]

𝑅𝑂𝑆𝐴

= [
−1 0 0
0 −1 0
0 0 1

] ⌊
𝑥
𝑦
𝑧

⌋

𝐵𝑙𝑎𝑑𝑒𝑑

= 𝐑 𝐱𝐵𝑙𝑎𝑑𝑒𝑑 

 

which identifies the transformation matrix 𝐑, as 

  

𝐑 =  [
−1 0 0
0 −1 0
0 0 1

] 

 

The following conventions for environmental data have been adopted here: 

 

 Wind – 0o N means wind from North 

 Waves – 0o N means waves from North 

 Current – 0o N means current flow towards North 

 

Based on the environmental direction, the orientation of the ROSA coordinate system will appear as for 

waves (and wind) with the directions shown in Figure 5. The current direction is given counter-clockwise 

relative to the wave direction, i.e. direction 0 means that the current is in the same direction as the 

waves. 

 

3.6 Software versions 

The following ROSA and Bladed versions have been used: 

- ROSA 5.1 

- WAVGEN 5.1 

- JESICA 5.1 

Bladed 4.8.0.71  
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4 SUPERELEMENT FORMAT FOR BLADED 

The superelements from ROSA are stored in a binary SEB-format. This may be converted into a Bladed 

compatible ASCII-format via a specially developed converter – Sebreader.exe1 . This can be run in 

batch/prompt mode via the syntax: 

 

Sebreader.exe input1 input2 input3 input4 

where   

 input1 is  the filename of the SEB-file to be converted. 

 input2 is the filename of the generated ASCII-output file. If 0 the input filename is used.  

 input3 is the filename of a txt-file holding the transformation matrix associated with the 

transformation between the ROSA and Bladed coordinate systems. The content of the txt file should 

be: 

 

-1   0   0   0   0   0 

 0  -1   0   0   0   0  

 0   0   1   0   0   0 

 0   0   0  -1   0   0 

 0   0   0   0  -1   0  

 0   0   0   0   0   1 

in accordance with the transformation described in section 3.5. 

 input4 is an optional output flag. If equal to 1, three ASCII-files will be generated with endings 

SMAT, WLVEC and ses/ASCIIDAT as described in the following section. 

 

4.1 Superelement and wave load files for Bladed 

The mass, stiffness and damping matrices, along with the gravity vector are contained in the ASCII-file 

with file ending .SMAT, following the format specified in [5]. The damping matrix is explicitly included 

here, based on the Rayleigh damping approach. This could alternatively be obtained by a linear 

combination of the stiffness and mass matrices if another target damping is needed. An example of the 

format is illustrated in Figure 6.   

 

                                                
1 The SEB-converter can be provided by Ramboll upon request. 
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Figure 6: Superelement .SMAT file generated from binary ROSA SEB-file. For display purposes, 

only the first 10 modes are shown. 

 

The upper 6×6 block matrices are associated with the three translational and three rotational degrees of 

freedom for the interface node, retained in the superelement. 

 

Additionally, the .SMAT file contains a set of simulation specific parameters, which are used to ensure 

that the exact same model and hydrodynamic loads are combined with the interface loads in the 

recovery-run. These can be identified as the lines starting with !SHEILAPM. An example of this is shown 

below, in Figure 7. 

 
Figure 7: Simulation parameters included in the SMAT-file. 

 

It should be noted that the superelement matrices are unique for each load case to properly account for 

the hydrodynamic added/contained mass for the associated water depth. Furthermore, the inherent 

linearisation e.g. of the pile-soil interaction may depend on the load level and thus be different for the 

various load cases.   

 

The wave load files with file ending .WLVEC, contain the reduced wave load time series as well as the 
surface elevation. An example is shown in Figure 8. 
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Figure 8: Superelement .WLVEC file generated from binary ROSA SEB-file. For display 

purposes only the first 10 modes are shown. 

 

It should be noted that the units in the reduced wave load data file (WLVEC file) are kN and KNm, while 

the superelement matrices in the SMAT file are in SI units, i.e. N, m, etc. 
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5 VERIFYING SUPERELEMENT CONVERGENCE 

As a consequence of reducing the full jacket model into a superelement, the dynamic behaviour of the 

jacket is approximated since the superelement only includes a limited number of deformation modes. 

Thus, it must be ensured that the superelement accurately represents both the dynamic behaviour of the 

full model, as well as the external loading, i.e. both spectral and spatial convergence must be verified.   

 

For the present study, a Craig-Bampton superelement of size 36 x 36 is used, corresponding to the 6 

static constraint modes (Guyan [3]) and 30 internal fixed interface modes. 

5.1 Spectral convergence 

To accurately capture the interaction between the foundation and the superstructure, it must be verified 

that the superelement accurately represents the frequency content of the full model, well above the 

expected frequency content of the external excitation. The first 30 free interface natural frequencies for 

the stand-alone jacket structure are listed in Table 2. The maximum error is below 0.9%, for the first 20 

mode, up to a frequency just over 7 Hz. 

 

Table 2: Comparison of free interface natural frequencies for stand-alone jacket. 

Mode 
ROSA 

[Hz] 

ROSA (SE) 

[Hz] 

Error  

[%] 

Bladed (SE) 

[Hz] 

Error [%]  

vs ROSA (SE)  

1 1.3212 1.3216 0.0282 1.3216 0.000 

2 1.3212 1.3216 0.0289 1.3216 0.000 

3 1.8531 1.8531 0.0023 1.8531 0.000 

4 2.6184 2.6184 0.0000 2.6184 0.000 

5 2.8564 2.8577 0.0466 2.8577 0.000 

6 2.8564 2.8577 0.0468 2.8577 0.000 

7 2.8950 2.8950 0.0000 2.8950 0.000 

8 2.9464 2.9464 0.0000 2.9464 0.000 

9 3.7838 3.7838 0.0000 3.7838 0.000 

10 4.1102 4.1110 0.0186 4.1110 0.000 

11 4.1106 4.1114 0.0181 4.1114 0.000 

12 4.1834 4.1837 0.0069 4.1837 0.000 

13 4.3584 4.3959 0.8597 4.3959 0.000 

14 4.3604 4.3994 0.8923 4.3994 0.000 

15 4.9214 4.9300 0.1761 4.9300 0.000 

16 5.5591 5.5591 0.0002 5.5591 0.000 

17 5.8261 5.8533 0.4680 5.8533 0.000 

18 5.8269 5.8535 0.4573 5.8535 0.000 

19 6.5566 6.5618 0.0793 6.5619 0.002 

20 7.1981 7.1987 0.0074 7.1987 0.000 

21 7.2102 7.2981 1.2184 7.2981 0.000 

22 7.8051 7.8075 0.0306 7.8075 0.000 

23 7.8054 7.8076 0.0276 7.8076 0.000 

24 8.0882 8.3075 2.7114 8.3075 0.000 

25 8.0912 8.4077 3.9118 8.4077 0.000 

26 8.3076 8.4236 1.3959 8.4236 0.000 

27 8.3923 8.4912 1.1792 8.4913 0.001 

28 8.4829 8.4969 0.1643 8.4969 0.000 

29 8.7413 8.7413 0.0002 8.7413 0.000 

30 9.0180 9.0246 0.0743 9.0247 0.001 
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5.2 Spatial convergence 

Besides the ability to accurately represent the dynamic behaviour of the foundation in terms of 

frequencies, it must be ensured that the superelement captures the spatial distribution of the external 

loading. A comparison of the interface response for the stand-alone jacket subject to gravitational and 

hydrodynamic loads only are presented in Figure 9, for both the full foundation model and a reduced 

superelement model in ROSA. A good correspondence is seen in all displacement components. 

 

 

 
Figure 9: Illustration of the spatial convergence. 

  

0 20 40 60 80 100 120 140 160 180 200
-0.02

0

0.02

U
x

 [
m

]

0 20 40 60 80 100 120 140 160 180 200
0

0.5

1
x 10

-4

U
y

 [
m

]

0 20 40 60 80 100 120 140 160 180 200
-3.5

-3

-2.5
x 10

-3

U
z
 [

m
]

0 20 40 60 80 100 120 140 160 180 200
-2.5

-2

-1.5
x 10

-6

R
x

 [
ra

d
]

0 20 40 60 80 100 120 140 160 180 200
-5

0

5
x 10

-5

R
y

 [
ra

d
]

0 20 40 60 80 100 120 140 160 180 200
-2

0

2
x 10

-5

R
z
 [

ra
d

]

t [s]

 

 

FULL SE



 

 

 

DNV GL - Energy  –  Report No. 110052-UKBR-T-45, Rev. A  –  www.dnvgl.com/energy  Page 12 

 

Only the response to gravity and hydrodynamic loads are considered here, since the accuracy of the 

response to excitations applied at the interface node(s) is/are closely related to the spectral 

convergence. 

 

When considering the response of a superelement to a harmonic excitation with frequency Ω, the steady 

state amplitude 𝐴 will depend on how well the superelement represents the dynamic (modal) properties 

the underlying “full” model. The accuracy of forced vibration will thus be of the same order as the 

accuracy of the natural frequencies/modes. This information is readily available by considering the 

frequency response function 

𝐴 =
1

√(�̃�𝑗 − Ω )
2

+ (2 𝜁𝑗 �̃�𝑗Ω)
2

  

where �̃�𝑗 and 𝜁𝑗 denote the natural frequency and damping ratio associated with mode j, as predicted by 

the superelement. 

 

5.3 Structural damping 

The damping matrix in ROSA is modelled through the Rayleigh damping approach, with contributions 

proportional to the mass and stiffness 

 

𝐂 = 𝛼𝐌 + 𝛽𝐊  

 

Therefore, if only stiffness proportional damping is included, the coupling to the internal modes appears 

solely through the mass coupling terms (the mass matrix is non-diagonal). Since Rayleigh damping is a 

linear combination of the system mass and stiffness matrices, the same linear combination is valid for 

the reduced superelement matrices with subscript SE, i.e. 

 

𝐂𝑆𝐸 = 𝐓𝑇𝐂 𝐓 = 𝐓𝑇(𝛼𝐌 + 𝛽𝐊 )𝐓 = 𝛼𝐓𝑇𝐌 𝐓 + 𝛽𝐓𝑇𝐊 𝐓 =  𝛼𝐌𝑆𝐸 + 𝛽𝐊𝑆𝐸 

 

Therefore, the accuracy of the damping ratio 𝜁𝑗 (for mode 𝑗) achieved via Rayleigh damping, which can 

be expressed as 

 

𝜁𝑗 =
1

2
 ( 

𝜔𝑗

𝛼
+ 𝛽𝜔𝑗  ) 

 

depends on how well the condensed model (superelement) represents the frequencies of the full model.  
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6 RESULT COMPARISON 

In the following sections, the results from the verification study are presented in terms of the 

generalised displacement, velocity and acceleration time series, at the interface as well as selected key 

locations in the foundation structure. 

6.1 Interface displacement 

A comparison of the time series for the interface displacement/rotations obtained in ROSA and Bladed, 

respectively, are shown in Figure 10. Furthermore, a comparison of the associated frequency spectra is 

illustrated in Figure 11. It is seen that results match very well in both time and frequency domains. 

 
Figure 10: Time series comparison of interface response from ROSA and Bladed. 
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Figure 11: Frequency spectra comparison of interface response between ROSA and Bladed. 
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6.2 Interface velocities 

A comparison of the time series for the interface velocities obtained in ROSA and Bladed respectively, 

are shown in Figure 12. Furthermore, a comparison of the associated frequency spectra is illustrated in 

Figure 13. It is seen that the results match very well in both time and frequency domains. 

 

  
Figure 12: Time series comparison of interface velocities between ROSA and Bladed. 

 

  

290 292 294 296 298 300 302 304 306 308 310
-0.1

0

0.1

U
x 

[m
/s

]

290 292 294 296 298 300 302 304 306 308 310
-0.01

0

0.01

U
y 

[m
/s

]

290 292 294 296 298 300 302 304 306 308 310
-2

0

2
x 10

-3

U
z 

[m
/s

]

290 292 294 296 298 300 302 304 306 308 310
-5

0

5
x 10

-4

R
x 

[r
ad

/s
]

290 292 294 296 298 300 302 304 306 308 310
-1

0

1
x 10

-3

R
y 

[r
ad

/s
]

290 292 294 296 298 300 302 304 306 308 310
-2

0

2
x 10

-3

R
z 

[r
ad

/s
]

t [s]

 

 

ROSA Bladed



 

 

 

DNV GL - Energy  –  Report No. 110052-UKBR-T-45, Rev. A  –  www.dnvgl.com/energy  Page 16 

 

 
Figure 13: Frequency spectra comparison of interface velocities between ROSA and Bladed. 
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6.3 Interface accelerations 

A comparison of the time series for the interface accelerations obtained in ROSA and Bladed, respectively, 

are shown in Figure 14. Furthermore, a comparison of the associated frequency spectra is illustrated in 

Figure 15. It is seen that results are acceptably similar in both time and frequency domains. However, 

due to the high frequency content present in the accelerations, and the fact that these are the second 

derivatives of the primary variables (displacements/rotations); they are very sensitive to the accuracy of 

the interface loads. Hence it is of utmost importance that loads are exchanged with a sufficient level of 

precision, if accelerations are to be recovered correctly. 

 

 
Figure 14: Comparison of interface accelerations between ROSA and Bladed. 
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Figure 15: Frequency spectra comparison of interface accelerations from ROSA and Bladed. 

  

1 2 3 4 5
0

0.01

0.02

0.03

0.04

f [Hz]

U
x 

[m
/s

2
]

 

 
ROSA

Bladed

1 2 3 4 5
0

1

2

3

4
x 10

-4

f [Hz]

R
x 

[r
ad

/s
2
]

 

 
ROSA

Bladed

1 2 3 4 5
0

1

2

3

4
x 10

-3

f [Hz]

U
y 

[m
/s

2
]

 

 
ROSA

Bladed

1 2 3 4 5
0

2

4

6
x 10

-4

f [Hz]

R
y 

[r
ad

/s
2
]

 

 
ROSA

Bladed

1 2 3 4 5
0

0.5

1

1.5

2
x 10

-3

f [Hz]

U
z 

[m
/s

2
]

 

 
ROSA

Bladed

1 2 3 4 5
0

2

4

6

8
x 10

-4

f [Hz]

R
z 

[r
ad

/s
2
]

 

 
ROSA

Bladed



 

 

 

DNV GL - Energy  –  Report No. 110052-UKBR-T-45, Rev. A  –  www.dnvgl.com/energy  Page 19 

 

6.4 Internal response 

Besides a good match on the response at the interface nodes, it has been verified that the response at 

the selected internal nodes within the jacket structure agrees, for the two different models. The x-

displacement (out-of-plane) at the locations illustrated in Figure 16 are considered. 

 
Figure 16: Selected key location in the jacket. 

 

In ROSA, the results are readily available from a dynamic time domain analysis for the full model, while 

the Bladed results can be found via direct expansion of the interface DOFs (and the generalised 

displacements associated with the Craig-Bampton modes). As illustrated in Figure 17, a good agreement 

is found for all locations, which confirms the spatial convergence of the superelement model for the 

integrated analysis.  
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Figure 17: Comparison of x-displacement at the selected internal nodes, between ROSA and 

Bladed. 
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7 CONCLUSIONS AND RECOMMENDATIONS 

The superelement interface method has been verified between Bladed and ROSA, for an offshore jacket 

model and a generic 7MW wind turbine. 

 

It is confirmed that the ROSA superelement and reduced wave load files can be correctly read by Bladed. 

The coordinate transformation required between ROSA and Bladed is handled correctly, facilitating the 

superelement import into Bladed, and the interface load export from Bladed. 

 

The reported superelement jacket frequencies in ROSA and Bladed are almost identical. Time histories 

and spectra of interface kinematics in the coupled Bladed simulation and ROSA recovery-run correspond 

extremely well. Interface accelerations show a reasonable match, with some higher frequency excitation 

only present in ROSA.  
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