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MOTIVATION 
Offshore wind turbines (OWTs) are a key asset in the 

European Union’s transition towards climate neutrality. 

Accurate residual fatigue life assessment of OWT 

substructures is becoming ever more important. Especially 

the welded joints are of great importance, as fatigue 

cracks in steel structures commonly initiate at weld toes 

due to initial imperfections or geometric discontinuities. 

Traditionally, stress analysis and fatigue strength 

assessment are conducted based on idealized joints 

(Figure 1), which ignore the effect of the real geometry. 

Additionally, Miner’s linear damage accumulation rule is 

generally used to assess fatigue life when dealing with 

variable amplitude load scenarios, even though it is well-

known that fatigue damage accumulation is a nonlinear 

phenomenon. To accurately assess fatigue strength and 

life, efforts should be made to overcome the 

aforementioned factors. 

 
Figure 1 Idealized joint used in stress analysis. 

During a three-year project, researchers at Soete 
Laboratory, Ghent University will work on fatigue 
assessment based on as-built data of welded joints 
obtained from 3D scanning (Figure 2). Algorithms will be 
developed to (semi-) automatically generate finite 
element models to analyse the stress state at critical 
regions. The implicit stress gradient method will be 
adopted as other local stress methods highly depend on 
idealized notch geometries. Given the fact that Miner’s rule 
fails to take account load interaction effects, non-linear 
damage accumulation models will be developed or 
optimized to more accurately assess load sequence and 
interaction effects. 

 
Figure 2 Manual 3D scanning . 

OBJECTIVES 
The FIRMEST project is organized in 4 main research work 
packages (Figure 3). These WPs are designed to develop 
fast and reliable prognostic tools for fatigue 
(re)assessment of the welded joints in substructures of 
offshore wind turbines (OWTs) and other offshore 
structures. The targeted tools will serve fatigue lifetime 
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assessment of both existing infrastructure and aid future 
designs. To accomplish the goals set out by the FIRMEST 
project, a series of activities and interactions will take 
place between UGent and VUB, with the active 
involvement of members from the Industrial Advisory 
Board (IAB). 

 

Figure 3 Main work packages in FIRMEST project 

As illustrated in Figure 3, UGent is responsible for WP1 and 
WP2. In order to fulfil the project ambitions and advance 
beyond the state of the art, the objectives of these 2 work 
packages are outlined as follows: 

1. Developing algorithms to generate high-fidelity FE 
models of welded joints based on (semi-) automated 
conversion of 3D scanning data for long and tubular 
welded joints.  

2. Developing algorithms that allow a novel approach 
for local, multi-axial stress calculation based on the 
implicit gradient model and its application to welds 
of as-built joints. 

3. Developing numerical tools to quantify non-linear 
fatigue damage accumulation and lifetime of welded 
joints subjected to variable amplitude loading and 
multi-axial stress conditions. 

APPROACH 

The activities of this research align with the order of the 
objectives detailed above. Once implementing the 
objectives, fatigue data of welded joints available in the 
literature will be re-analyzed with the developed tools to 

determine the corresponding FAT classes. The obtained S-
N curves (mean, standard deviation) will be compared to 
those of the industry-standard methods. Concerning the 
first objective, as-built data for welded joints will be 
acquired through 3D scanning of new joints and existing 
joints in collaboration with members of the Industrial 
Advisory Board. The real geometry and imperfections of 
the joints will be captured in point cloud data. 
Subsequently, algorithms will be developed and applied to 
convert scanned data into solid models and to reconstruct 
non-scanned areas while retaining all important 
geometrical features. 

To reach the second objective, algorithms that automate 
the structural stress method and the implicit gradient 
stress model will be developed and implemented in 
Python code. The focus of these algorithms will extend 
towards multi-axial stress conditions, addressing a 
broader range of stress scenarios. Additionally, special 
attention will be given to weld root evaluation, as this 
aspect tends to be neglected in the existing literature. The 
results obtained from the implicit stress gradient model 
will be benchmarked against those obtained from the 
structural stress method. In this phase, strain/stress 
measurements during static tests for (imperfect) welded 
joints with various weld profiles will be conducted to 
validate the developed algorithms. In the third objective, 
fatigue assessment under multi-axial load will be 
conducted based on the algorithms in Objective 2, 
validated through constant amplitude fatigue tests. 
Various non-linear damage models will be evaluated, from 
which the most appropriate models will be selected. The 
chosen models will be upgraded for implicit stress 
gradient definition and multi-axial load, and subsequently 
incorporated into the developed algorithms outlined in 
Objective 2. To validate the reliability of the algorithms, 
welded specimens featured by various weld profiles will 
undergo rotating bending fatigue experiments and block 
loading tests. 
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