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Advanced Stress Analysis for Optimised

SUPEIgenN  Marine Energy Structures (ASAMES) g'g?;i{ﬁfclyde
% E"”;»;m Payvand Habibil, Farhad Abad?, Saeid Lotfian! , Feargal Brennan! Engineering

T Department Of Naval Architecture, Ocean & Marine Engineering (NAOME),
Faculty of Engineering, Glasgow, UK; 2 Xodus Group, Glasgow, UK

Introduction: Offshore monopiles operate under harsh conditions where residual \NIS: |
stresses from manufacturing and installation significantly influence fatigue '
performance. Current design approaches remain overly conservative due to limited [ N == W\“\“\\“\W
empirical evidence and increasing costs. This research addresses this gap through the | |
systematic post-mortem analysis of full-scale monopiles with known service history,

Integrating neutron diffraction, contour method, and strain-gauge-based measurements

with validated computational modelling. Comparative analysis with newly

manufactured reference sections enables separation of stress origins. Timely within the

rapid expansion of offshore wind, this work aims to improve fatigue assessment,

optimise design, and support reductions in Levelised Cost of Electricity (LCOE).
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ITW Welding Singapore
The Welding of Offshore Wind Monopiles

Aim & Objectives: The project aims to advance understanding of residual stresses in
monopile foundations through integrated experimental and numerical analyses. Key
objectives include: (a) Quantifying residual stress distributions in decommissioned and
newly manufactured sections; (b) Developing high-fidelity finite element models
Incorporating manufacturing and installation effects; (c) Investigating stress evolution and
redistribution mechanisms; (d) Enabling parametric studies to support optimised design
guidelines.

The ultimate goal is to improve fatigue life prediction while reducing conservative
design margins.

doi.org/10.1016/j.tafmec.2018.06.001

Residual stress measurement (contour method)

Sample Preparation and Initial Manufacturing of

Stress Measurement from New Monopile

. . Di ter: 2
As-Serviced Component Sections lameter. < m

Length: 2.4 m
Thickness: 40 mm
Material: SS355D

Advanced Destructive
& Non-Destructive Residual
Stress Measurements

Integrated Structural
Modelling and Analysis

Parametric Analysis and

Stress State Optimisation / N :
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. — ; Schematic of the location for the

Workflow of the project Section of the decommissioned monopile cutting of the welded samples

and Design Guidelines

mplementation Strateg}

Initial Results:

» Stress release measured using 3-grid
strain gauge rosettes (0°/45°/90°),
enabling principal stress
reconstruction. Multiple gauge
locations (SG1-SG5) are used to
ensure spatial resolution.

» Temperature compensation applied
due to high-temperature cutting
effects. The measurement illustrates a
measurable drift, confirming the
need for correction models.

Stress results show non-uniform
residual stress distribution,
particularly across weld regions.
Strong directional dependence (ox vs
oy) observed, consistent with welding-
iInduced anisotropy.

Data validation confirms repeatability
and consistency across

measurements. This work was supported by the Supergen ORE Impact Hub Flexible Funding under Grant
EP/Y016297/1 from the UK Engineering and Physical Sciences Research Council (EPSRC).

Strain gauges arrangement to measure stress release in the samples during the cutting procedure
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E\% %m for Erosion Analysis of Tidal Turbine Blades >.<» Strathclyde
‘l(“‘“‘ Ejgg;’“b'e Payvand Habibi, Ali Mehmanparast, Saeid Lotfian Ehglneering

Department of Naval Architecture, Ocean & Marine Engineering (NAOME),
Faculty of Engineering, Glasgow, UK

Methodology

1. Slurry erosion testing

Accelerated slurry jet tests (100-150 ym sand, 12.5 m/s) were used to simulate marine
conditions, with erosion quantified by mass loss [3].

1. 2. Surface analysis Optical profilometry
was used to assess surface roughness evolution and erosion morphology [4].

1. 3. CFD and erosion modelling

CFD-based particle tracking provided impact conditions to calibrate the Oka erosion
model for composite materials [5].
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Schematic Diagram of Slurry Erosion Impingement Rig.
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Conclusions Early-stage
Structural Moderate
1. A robust integrated framework combining experiments, surface Intact Failure Structural

analysis, and CFD was developed for tidal turbine blade erosion. Blade

Failure

Roughness Severe

Structural
Failure

2. The approach is transferable to different materials, geometries, and
operating conditions.

3. It enables reliable prediction of erosion behaviour, supporting improved
blade design, durability, and maintenance planning.
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Failed Blade

(Deformation/Breakdown)
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Unsteady hydrodynamic forces on a forced oscillating rotor

Yadong Han?!, Nijmeh Marouf?!, Ross Calvert?, Federico Zilic de Arcos!, Amanda Smyth?, Christopher Vogel?, Richard Willden' UNIVERSITY OF

OXFORD

! Department of Engineering Science, University of Oxford, 2 School of Engineering, University of Edinburgh
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Introduction Experimental Methodology

> Motivation » Turbine Model and Instrumentation

* Floating tidal turbines experience platform motions, e Rotor diameter: 0.06m
leading to highly unsteady hydrodynamic loads. ‘ . Design tip-speed ratio: A = 5 Slip Ring Gear Box

* The impact of platform motion on turbine performance e Renolds number: 1.2 x105 B
and unsteady loading is still unclear. . I

* Reliable prediction of added mass and damping effects
is essential for accurate numerical modelling.

Objectives

Understand how surge motion affects
turbine performance and blade loads.

Quantify added mass and damping effects.

Support the development and validation of
numerical models.
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» Flume and Surge Motion Rigs
* Flumesize: 10mx1.1mx1m

* Inflow velocity: 0.575 m/s

e Turbulence intensity: 2%

* Blockage ratio: 25.7%

* Maximum stroke length: 76mm
e Surge frequency: 0—3 Hz
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* The imposed surge motion is accurately reproduced, with measured displacement closely (« Mean power increases slightly with increasing surge amplitude, with a tendency for
matching the prescribed sinusoidal signal. stronger enhancement at lower frequencies.
e Both thrust and torque exhibit clear sinusoidal variations, indicating a consistent dynamic e« Mean thrust shows a consistent but modest increase across all tested conditions.
response to the imposed motion. * The variation remains within 10%, indicating limited impact on time-averaged performance
* The dominant frequency in all signals corresponds to the surge frequency f..
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e Current number: U= - * Frequencyratioo f =—- where w, is the rotational frequency.
0,
C r
where w, is the surge frequency, A, is the surge amplitude, and U, is the inflow velocity.  C/andC, denote the damping and added mass coefficients, respectively.
* The current number provides a unified scaling parameter for load fluctuations, combining * The added mass and damping coefficients collapse onto a single trend across different
the effects of surge amplitude and frequency. current numbers, indicating that frequency ratio is the dominant parameter.
* Fluctuation amplitudes exhibit a strong linear dependence on current number L.  The damping coefficient shows a non-monotonic trend with frequency ratio, with a local
« Edgewise load fluctuations exhibit approximately twice the magnitude of flapwise reduction around frequency ratio 0.6.
fluctuations at the same current number.  The added mass coefficient increases approximately linearly at low frequency ratio, and
« At current number u = 0.2, the edgewise load increases by approximately 60%, while the then approaches a constant value.
flapwise load increases by about 30%. * The added mass remains significantly smaller than damping, indicating that damping
dominates the unsteady load response.
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Assessing the contribution of VIV to
fatigue damage in dynamic power cables

This study, as part of the CableDyn project, is investigating whether vortex-induced vibration (VIV) poses a
significant fatigue damage risk to dynamic power cables on floating offshore wind turbines. Using scaled physical
experiments at the FloWave facility, three-dimensional cable motion was tracked under isolated and combined
wave and current loading. Fatigue damage was estimated from curvature time histories using Miner's rule, and
the relative contributions to fatigue damage of VIV and wave-induced motion have been assessed across

different loading conditions and directions.

g ,

VIV occurs when a fluid flowing
past a slender submerged object
sheds vortices alternately ige]y)
each side, producing an oscillating
force that Causes high frequency
vibrations,

EXPERIMENTS

» A 1:50 scale model of a dynamic
power cable for an offshore wind
turbine power cable was
developed (figs. 1 and 2)

» The cable model was 31mm in
diameter, 5m long, and was
comprised of an inner 3-core
power cable (9.8 mm diameter),
3D-printed spacers at 2 mm
intervals, and an outer silicone
tube. Strain gauges were
embedded throughout.

» Cable motion was captured
using an underwater Qualisys
motion tracking system, with 37
markers affixed at 100mm
intervals along the cable exterior.

» Tests covered wave-only,
current-only, and combined
wave-current loading conditions.

connection =%

~ Qualisys B
« markers

Figure 1: Cable model in
FloWave lab

¢
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FATIGUE DAMAGE ESTIMATION KEY PRELIMINARY RESULTS

1.

Buoyancy
modules

Figure 2: Cable model underwater in FloWave ocean basin

XYZ Qualisys data of each marker used to estimate
curvature along the cable, using method of finite
differences to obtain derivatives between markers

Curvature (k) related to stress (o) by Young’s

modulus (E) and cable radius (r):

o(t)=E-e(t) =FE-r-k(t)

Stress cycles (n.) counted using Rainflow analysis

Damage (D) per test estimated using Miner’s rule:

k

~ Where N, is the number
D = —L  of cycles to failure

N;
=1

And from Basquin’s approximation damage is

k
TliO'lTn X niK{n
2
DISCUSSION

estimated as:

k
D «

University
of Exeter

For some
constants C and
m

 The combined case indicates that VIV is a significant
contributor to fatigue damage, but the current speeds
tested were much higher than realistic floating
offshore wind sites and therefore further work should
be done to determine whether VIV is an issue for
dynamic power cables for floating offshore wind.

* For dynamic power cables that might experience high
current speeds, such as floating tidal devices, VIV
suppression techniques such as strakes can be
applied, which disrupt the flow around the cable.

esearch Facility, University |
ave basin (25 m
generating |

e realistic

Energy R

ocea

» 30 degrees offset worst direction for current only (fig.3)

» Generally, higher current speeds cause more VIV and
therefore higher fatigue damage (fig. 3)

» However, fatigue damage not monotonically related to
current speed (fig. 3)

» Fatigue damage due to combined loading is similar to
current only results, indicating a more significant
contribution of fatigue damage from VIV than waves (fig. 4)

Normalised damage at sag bend Normalised damage at hog bend

0° 0
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Figure 3: Radial plots showing the relative magnitude of fatigue damage caused by
VIV for different current speeds and directions (cable laid 0-180°)
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Figure 4: Relative comparison of fatigue
damage caused by wave-only loading, current-
only and combined wave and current loading
(all loading at 90° to cable) [full scale]
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Reduced-Order Modelling of Tidal Turbine Rotor Blade Structures

. Name: Sam Hughes
Marine  Supervisor(s): Prof. Dilum Fernando, Dr. Eddie McCarthy,

Energy ; Systems Dr. Gabrielis Cerniauskas

& Stru Ctures CDT Wind & Marine Energy Systems CDT, Rm 3.36, Royal College Building
University of Strathclyde, 204 George Street, Glasgow, G1 1XW
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. . Blade External Geometry and internal Forces
1. Objectives v

* Develop an inverse design screen and performance analysis methodology for tidal blade structures P et
e Utilise the principle of equivalent stiffness to build equivalent structures =

* Include serviceability, ultimate, buckling and fatigue limit state constraints into the framework

* Introduce dependencies on database information which improves with experience and further study
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Fig. 6. Discretization of a typical blade cross-section with one shear web. Fig. 7. Equivalent representations of area segment.
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