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Presentation outline

* Motivation for the presentation
* Techniques used in the STORMLAMP investigations

* Major findings and implications for the lighthouse authorities



Motivation for presentation

 Appraise IALA ENG Committee of STORMLAMP project progress to date

* Discuss how these findings might be used by international lighthouse authorities



Eddystone pilot project
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STORMLAMP project
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STORMLAMP structural condition assessment investigations

1. Field modal 2. Long-term 3. Structural 4. Hydrodynamic
testing monitoring analysis modelling







Field modal testing: overview (1/2)

System identification of seven
lighthouses, two without helidecks,
2016-19109.

First tests were planned as single day
exercise with severe time constraints
but later tests involved overnight or
(sometimes enforced) extended stays.

Technology of forced vibration testing
(FVT) and ambient vibration survey
(AVS).

FVT used electrodynamic shaker to
generate frequency response functions
and AVS used sophisticated
‘operational modal analysis’ - provided
complementary information on
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Field modal testing: overview (2/2)
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Field modal testing: key findings

 Modal properties can confirm masonry tower structural integrity, since
measurements are consistent with modelling as monolithic structures.

* Helidecks modify the modal mass, and hence the response to impulsive
breaking wave loads.

* Complexity of modal ‘signature’ suggests 20t century helideck structures
require much greater attention than the masonry towers.

 Modal identification is extremely useful for inverse analysis of monitoring
data, allowing estimation of wave loads.

Implications

* Analytical studies and sample extra measurements suggest that targeted
campaign on helidecks would be useful for supporting inspections.



Investigation 2: Long-term monitoring



Long-term monltorlng overview
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Long-term monitoring: camera system

2018-01-03 09:42:07.999998

Guidance received from Dr Alvise Benetazzo from ISMAR —
CNR, Venice who designed similar system for La Jument.

2 x 5MP synchronised cameras,
microprocessor with GPS and GSM connection for control,
linux computer for image acquisition and control

final data storage to a network attached storage (NAS)
drive.

bespoke software designed so system ‘sleeps’ until woken
for storm measurements.

wiped and heated camera housings rated to IP66 and
computing hardware housed in waterproof/crushproof
(submersible!) case.

System is controlled primarily via the GSM network that
enables sampling to be initiated via a coded SMS
message. Additional wireless bridge network connection
links the Wolf Rock camera system to the Cape Cornwall
Coastwatch station, and then to the University of
Plymouth.
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Long-term monitoring : key findings

Early days but ...

* Accelerations due to wave impacts occasionally exceeded 0.2 g.
* Notable peak velocities occurred in 2017 storms: Ophelia and Brian.

* This winter should obtain first video data which will provide
guantification of waves approaching the Wolf Rock lighthouse.

Implications

* On-going monitoring of structural response at Wolf Rock lighthouse
will yield valuable data to estimate wave loading, useful for future
design work.

* Operational decisions could be made by considering vibration
thresholds.
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Structural analysis : overview

The structural response of the Lighthouses to wave impacts is assessed with:
* Limit Analysis

* Finite Element Method (FEM)

* Discrete Element Method (DEM)

(+ combination between DEM and FEM for the assessment of the helidecks)

DEM
Limit analysis




Limit Analysis

e C(Calculates the critical overturning load
e Calculates the critical sliding load
* Code implemented in Python language

* Useful tool for preliminary assessment and
prioritisation of detailed analysis and interventions
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m Software: Abagus 6.14 (Dassault Systémes)

* The discontinuous structure has a highly non-linear behaviour.

* Different FEM modelling approaches were tested.

Homogeneous continuous material Discontinuous structure

Contact

interfaces e Hard contact

* Nosliding
* No tensile strength

Unsuitable Suitable
for strong impacts for strong impacts
I v s s T oo emeem
*Too stiff (-) *Unrealistic for dovetailed structures (-) *Opening of horizontal joints (+)
*Very small deformations (-) *Rocking behaviour (+)

«Very high stresses (-) *Extreme computational cost (-)



BIS\V/M Software: 3DEC 5.0 (ltasca Inc.)

* Allows detachment and separation of blocks

— Essential for this non-continuous
structure

Detailed geometry is needed
— Python script was developed

Vertical keying

3DEC _DP5.00
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Wave impact effect to the helideck? "

Granite Concrete slab
« Construction: 1870 blocks at
« Helideck: 1973 gallery |
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Combining DEM & FEM models

DEM analysis for the masonry tower and FEM analysis for the steel helideck

250 year return period wave (2017 - 2067)
WITH sea level rise and future wave climate
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Most problematic areas: tops of the vertical gallery posts

Plastic strain
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Structural analysis : key findings

* Fastnet lighthouse can withstand worst of Atlantic storms.

 The 250 year return period wave impact for Wolf Rock causes intense rocking and
opening of the horizontal joints but it is not expected to cause collapse. It would not
be able to survive the impact of that wave without the presence of vertical keying.

* Wolf Rock helideck exhibits measurable displacements from wave loading, with
associated high tension forces and plastic strain. Large axial forces on vertical gallery
posts too, enough to damage bolts at the base of the helideck and the encastrated
bars.

Implications

e Structural verification can be prioritised as potential failure mechanisms have been
identified and damage prone areas (e.g. helidecks, pointing between courses)

highlighted.
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Hydrodynamic modelling: overview

Wave climate predictions 50 years into the future.

Creation of physical and numerical models of the wave interacting with the reef
then tower.

Investigations provide:

* insight into the wave transformation process to understand the wave runup
and wave load distributions;

 method for assessing wave loading on specific and generic structures; and

* input data for structural models.



Hydrodynamic modelling: field and numerical details
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Hydrodynamic modelling: tank testing details

A Six-axis Load Cell

Flume (35m) tests with generic cylinder at
1:81 scale.

Coastal basin (15.5m x 10m) with generic
cylinder tests at 1:81 scale.

Ocean basin tests with Wolf Rock lighthouse
replica (35m x 15.5m x 3m) at 1:40 scale.
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e Total force from 6
DOF load cell
12 pressure
transducers
Optical tracking

system

Surface elevation
gauges

High speed
camera







Hydrodynamic modelling: key findings

Wave climate:

Fastnet’s extreme wave climate shows no statistically significant effects due to the climate change.

Wolf Rock location has a small increasing trend in wave height but uncertainties due to
atmospheric cycles. However, even modest changes in wave loading has implications for structural
response.

Individual wave impacts:

Lighthouses are affected by broken wave impacts - intensity is reduced but duration is increased,
compared to directly breaking wave. May cause resonance.

Wave runup can be 3 x wave height, but difficult to detect automatically due to white water.

Wave runup and total force increase as the surf similarity parameter decreases, hence there is a
dependence on the spectral content of a storm.

The inverse Bayesian approach allows the reconstruction of incident wave force from measured
dynamic force during both laboratory experiments and measured acceleration in the field.

Combined physical and CFD modelling enables us to describe wave loading for a variety of
lighthouse geometries.
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STORMLAMP - STructural behaviour Of Rock Mounted Lighthouses At the Mercy of imPulsive waves

STORMLAMP is a research project that is characterising wave loading and structural performance of rock
lighthouses. It uses combined field measurements, laboratory studies and analytical and numerical
investigations and will support management of lighthouse structural conditions. Specific objectives of the
project are to:

Engineering

Lighthouses are essential for the safety of mariners in navigating at sea but are they fit for purpose? This film looks at the undergoing research of STORMLAMP project into the
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What you can do to help the project and the
University of Plymouth
Key questions for YOU:
1. What aspects are of most interest for international lighthouse authorities?

2. In what ways can the findings change ways of working/thinking e.g. change
of maintenance regime, reduction in necessary costs, enabling staff to be
kept safe, safeguarding of heritage structures, etc.?

These answers will inform guidance for the UK GLAs and beyond, and assist in
the demonstration of our research impact.

alison.raby@plymouth.ac.uk



