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The paper briefly presents large scale experiments on wave loading on deck platforms in 
exposed jetties performed at GWK, aiming to investigate scale effects due to air 
compressibility and structure compliance by comparing with similar experiments carried out at 
HR Wallingford. Regular, irregular waves as well as isolated wave groups were used for wave 
attacks. Flat deck and deck with lower beams with variable venting were tested. Beside wave 
characteristics, pressure on deck, deck displacement and tentatively air content were measured. 

 
1. INTRODUCTION 

Within the HR_Wallingford-Bologna-Rome “Exposed Jetties” project wave loads were measured in a 
small-scale hydraulic model. Unfortunately compressibility of air does not allow to apply Froude 
scaling law to slamming and impact pressures/forces. 

This project measured wave loads on beam and deck elements of an idealized pier deck at close-
to-full scale, which (taken with the prediction methods based on small scale data, Cuomo et al., 2007) 
will allow development of scale corrections to those new loading models.  

The importance of the topic can be demonstrated by pictures in Figure 1 that show damage to a 
Cruise Terminal in Mexico due to uplift forces from a wave storm in 2005 (Shepsis et al, 2007). 
Several theories have been developed to evaluate wave-in-deck forces for offshore structures, much 
motivated by the subsidence of the Ekofisk platform (Bea et al., 1999, 2001). 

 
Figure 1.  Damage to deck of pier due to uplift. 

“Wave-in-deck forces” cover all wave forces applied to a platform or jetty deck.  Wave-induced 
vertical forces on horizontal decks or platforms may be classified as impulsive forces large in 
magnitude and short in duration occurring at the instant of contact between the wave crest and the 
soffit of the deck, followed by a pulsating positive and/or negative force. 

Measurements in the small scale HR Wallingford tests (Tirindelli et al, 2002: Cuomo et al., 2007) 
used a typical jetty section with a frame of beams and decks placed in a flume and attacked by random 
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waves. No sloping bathymetry was used and the structure was positioned well seaward of an absorbing 
beach.  

Different methods were used to separate impulsive and pulsating loads, and thus to distinguish 
between loads that can certainly be applied using quasi-static assumptions, and those that will require 
consideration of the dynamic characteristics of the jetty (Cuomo et al., 2007).  

 
2. EXPERIMENT AIDS 

Aims of the present experiment are to determine wave loading (intensity and duration) on the deck and 
on the front beam of an idealized model jetty at large scale and under a range of well documented 
wave and structure conditions (water and structure stiffness), to compare those new measurements 
with data derived from the HRW small-scale tests, to derive guidance for scaling up results in 
prototype. 

Small-scale tests provided information on different structure configurations; it was therefore not 
judged necessary to conduct the large-scale tests with more than two major configurations.  Instead, 
most effort had to be concentrated on varying wave conditions and jetty clearance to obtain good 
experimental definition of the onset of wave slam loadings; the magnitude, duration and spatial extent 
of impulsive loadings; and then the onset and magnitude of inundation loads.  The effect of venting is 
also analyzed in the present experiment. 
 
3. THE EXPERIMENTAL SET UP 

The large-scale “jetty” consists essentially of a large rectangular plate attached to a frame projecting 
from above.  Removable down standing beams (longitudinal and transversal) are mounted on one side 
of the deck and divide the plate into three square bays. This allows testing two different configurations 
(with and without projecting beams). The horizontal bed is maintained.  

Considering GWK height, water depth is 4 and 5 
m. Given typical prototype water depths for exposed 
jetties in the range 15-20m, the scale of the model is 
approximately of 1:4-1:5 to prototype dimensions, and 
5:1 if compared to HRW experiments. 

Wave pressures on the front face and deck surface 
is measured by 24 pressure transducers.  Impulsive 
loads are proportional to sound celerity in water, in its 
turn dependent on air entrainment;  therefore aeration 
is measured with three combined pressure and aeration 
transducers (developed by UoP), installed on the deck 
front, on the deck central bay and on the channel bed.  
Forces on the deck are obtained by integration of 
measured pressures.  Some of the transducers are 
mounted facing upward to measure inundation 
loadings. 

The host facility has logging equipment able to 
sample up to 80 channels at 300 kHz.  This high 
sampling capacity is used to measure impact pressures 
with sampling frequency of 4 kHz for each channel. 
Some tests are also simultaneously acquired at 10 kHz 
using a different logging system. 

Other measurement systems are also installed: 
• a battery of wave probes seaward and shoreward of the deck structure to control the free surface 

elevation and incident/reflected/transmitted wave parameters; 
• a “wave tape” (a floating adaptation of the “shape tape”, for wave measuring) is used in part of the 

experiment to validate the new application by comparison with traditional wave gauges and to 
provide a detailed description of the surface profile; 

• two Acoustic Doppler Current Profilers are installed seawards the structure to get information on the 
velocity and backscatter intensity profiles. The ADCPs also provide a measurement of the free 
surface position through echo delay, so the mean sound celerity over the water column is evaluated. 

 
Figure 2.  The deck support structure (to 
be raised) and the deck (left), measuring 

instruments on channel walls and bottom.
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The profile of backscatter intensity is used to provide information on the vertical distribution of air 
content.  The two ADCPs use different carrier frequency (600 and 1200 kHz) and, due to the 
influence of the wave-length to bubble-size ratio, different effective scattering sections are obtained 
from the two instruments that are interpreted as the effect of particle/bubble size; 

• on the same section two electromagnetic current meters are installed so that, by comparison with 
acoustic Doppler measurements, sound celerity in water can be also determined at mid depth; 

• to evaluate the horizontal oscillations of the deck and the compliance of the tested structure, two 
accelerometers are mounted in the middle of the front bay (bay 1); 

• two videocameras are used to monitor impact events; 
since some wave attacks used in small scale tests can not be reproduced in the large scale model, the 
focused wave group technique is used, either in the pure NewWave form and in the extreme wave 
group embedded in normal agitation form; results are compared providing information on the new 
testing technique. 
 
4. PRELIMINARY RESULTS 

The impact of waves on deck shows 
a quite complicated pressure pattern 
due to the combination of pulsating 
pressures, asynchronous impact on 
the different portions of the 
structure and structure vibration.  
Figure 3 shows a freak wave 
impacting on the structure, whereas 
figure 4 shows water passing over 
the deck 

Figures 5 shows pressures 
observed by 1st bay gauges at the 
highest impact in test 09091614 
(beams up, water depth 5 m, 
clearance 0.05 m, irregular waves 
with Hs=0.5 m, T=3.4 s); this is a 
relatively simple pattern due to the 
absence of lower beams and 
reflected jets.  

 
Figure 4. The deck seen from inshore and a wave overtopping it. 

Figure 6 includes two pressure patterns in bay 3 and the resulting vertical acceleration at bay 1 
center.  We can recognize: the effect of the impact on the front face starting oscillations; the 
asynchronous impact at the different gauges; the mean pressure or force on the bay showing a double 
peak impact followed by a quasi static pressure load; pressure oscillations (around 0.1 s period) due to 
structure vibration in contact with water, with pressure perturbation almost in phase all together and 
with acceleration, demonstrating in phase vertical oscillation of the whole deck for the principal mode 
and an almost pure inertial behavior with moderate dissipation due to wave radiation. 

 

  
Figure 3.  A freak wave impacting on the structure.
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Figure 5b.  Resultant vertical force in bay 1. 
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Figure 5a.  Pressure pattern in bay 1. 
 
 
A huge amount of unique information and 
data has been collected.  Once analyzed it 
will enhance our knowledge of physical 
processes related to uplift on deck and 
impact of extreme events, providing valuable 
information for the industry.  
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Figure 6. The complicated pattern of pressure and 

acceleration around impact. 
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