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BACKGROUND

Experimental investigation, using physical models, plays
a key role in coastal and ocean engineering. However,
slamming wave loads can cause vibration in the
apparatus and, if the loading signal contains frequencies
around the natural frequency of the structure, the
structure may resonate.

LABORATORY MEASUREMENTS

There are no existing proven techniques to directly
measure the impact force (Total Force). Instead, a load
cell is typically attached to a test rig in order to measure
the response of the structure. As a result, force-response
measurements, of a vibrating test rig, will show
characteristic “dynamic amplification” in the measured
signal. Several filter tools are available to remove this
effect to obtain cleaner force signal measurements.
These include: frequency domain filtering, wavelet
analysis, empirical mode decomposition (EMD),
ensemble empirical mode decomposition (EEMD), and
deconvolution techniques (Huang, 2014, Antonini, 2021).
However, comparative studies reporting the strengths
and weakness of different filtering techniques or how
effective they are at remove the “dynamic amplification”
are difficult to find in the literature.

Therefore, this paper provides guidance on how to: plan
an experimental model study, including impulsive wave
loading; design an appropriate data processing
methodology, to separate slamming forces from total
force responses, and; interpret the experimental results
(Figure 1, Figure 2 and Figure 3).
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Figure 1 - Experimental setup in the Wave Flume
Dassanayake et al. (2019).

First, this paper describes the “dynamic amplification”
problem and methods to recover pressure/force signals
by filtering out structure responses based on data from
four experimental campaigns as summarised in Table 1.

Table 1: Experimental data sets used during the current
study.

Date Test Facility
Set & Reference

Project Reference
& Structure

01 Plymouth STORMLAMP: STructural

35m Wave behaviour Of Rock Mounted

Flume (UK) Lighthouses At the Mercy of
imPulsive waves

Dassanayake Vertical cylinder upon a

etal. (2019) shoal

02 Plymouth STORMLAMP: STructural
Ocean Basin behaviour Of Rock Mounted
(UK) Lighthouses At the Mercy of
imPulsive waves

Raby (2019) Wolf Rock lighthouse
03 Delta flume WALOWA: WAve LOads on
(The Walls
Netherlands)
Kortenhaus Vertical sea wall

etal. (2017)

04 Plymouth FROTH: Fundamentals and

35m Wave Reliability of Offshore

Flume (UK) Structure Hydrodynamics

Hu et al. Wave impact with a rigid and

(2017) elastic wall
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Figure 2 - Experimental setup in 35m flume of the COAST
Laboratory at the University of Plymouth



Then filtered small-scale force and pressure
measurements are compared with numerical modelling
results, from computational fluid dynamics (CFD)
simulations, to validate the filtering methodologies.

Finally, scaled-up force time series are analysed and
compared with the measurements (Figure 4). Moreover,
when constructed, the real structure will also undergo
“‘dynamic  amplification”. More often  dynamic
characteristics of the prototype structure will not be
available during the experimental studies.

This paper further discusses whether the selection of a
poor model setup or a wrong data processing
technique/sequence will underestimate the actual
responses of the structure when exposed to adverse
environmental loadings.
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Figure 4 - Comparison of measured and filtered forces.

CONCLUDING REMARKS

Most of the published literature on wave loads on coastal
and offshore structures explicitly address dynamic force
components (or peak force). Many writers filtered out the
quasi-static component using a basic filtering technique
to extract slamming force components. This approach is
not suitable for applications such as impulsive wave
loads on offshore lighthouse structures (Dassanayake,
2019a). From the structural point of view, total force and
duration are more relevant than the peak force or
slamming force for the structures considered in this
study when assessing the structure responses due to
slamming loads. Therefore, Total Force separation from
Total Force Responses using either the EEMD or
deconvolution technique appeared to be the two best
methods.

ACKNOWLEDGEMENTS
The hydrodynamics aspect of the STORMLAMP project
is funded by the UK EPSRC (EP/N022947/1).

REFERENCES

Antonini, Brownjohn, Dassanayake, Raby, Bassit,
Pappas, D'Ayala (2021): A Bayesian inverse dynamic
approach for impulsive wave loading reconstruction:
Theory, laboratory and field application, Coastal Eng.,
Vol. 168, ISSN 0378-3839.

Dassanayake, Antonini, Raby, (2019a): Efficacy of
Analysis Techniques in Assessing Broken Wave
Loading on a Cylinder Upon a Shoal, in: Volume 7A:
Ocean Engineering. American Society of Mechanical
Engineers. https://doi.org/10.1115/OMAE2019-96262

Dassanayake, , Raby, Antonini, (2019b): Physical
Modelling of the Effect of Shoal Geometry on Wave
Loading and Runup on a Cylinder, in: Goseberg,
Schlurmann, (Eds.), Coastal Structures 2019.
Bundesanstalt fiir Wasserbau, Hannover, Germany, pp.
851-861. https://doi.org/10.18451/978-3-939230-64-9

Hu, Mai, Greaves, Raby, (2017): Investigations of
offshore breaking wave impacts on a large offshore
structure. J. Fluids Struct. 75, 99-116.
https://doi.org/10.1016/j.jfluidstructs.2017.08.005

Huang and Shen, Editors (2014): Hilbert-Huang
Transform and Its Applications, Second Edition,
Interdisciplinary Mathematical Sciences: Volume 5,
ISBN 978-981-4508-23-0,

World Scientific Publishing Co. Pte. Ltd.

Kortenhaus, Streicher, Altomare, Gruwez, Hofland,
Chen, Marinov, Scheres, Schittrumpf, Hirt, Cappietti,
Esposito, Saponieri, Valentini, Tripepi, Pasquali, Risio,
Aristodemo, Damiani, Willems, Vanneste, Suzuki,
Breteler, Kaste, (2017): Walowa (Wave Loads On
Walls) - Large Scale Experiments In The Delta Flume 1-
11. https://doi.org/10.5281/ZENODO.834874

Raby, Antonini, Pappas, Dassanayake, Brownjohn &
D’Ayala (2019): Wolf Rock lighthouse: past
developments and future survivability under wave
loading, Philos. Trans. R. Soc. A. Math. Phys. Eng. Sci.
377 doi.org/10.1098/rsta.2019.0027.



