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ABSTRACT 

In the recent years, the effects of climate change are 
becoming increasingly evident (e.g., Naughten et al., 
2023; Pörtner et al., 2022). 
Sea level rise, change in the intensity of storm surge, and 
wave heights are typical consequences of climate change 
in the coastal environment (e.g., Toimil et al., 2020). 
Therefore, coastal structures deployed to protect 
coastlines and harbors from wave action, may become 
ineffective due to the potential increase of wave loads, 
run-up, and overtopping phenomena (e.g., Galiatsatou et 
al., 2018). 
Indeed, several adaptation measures for existing coastal 
structures have been proposed (e.g., Burcharth et al., 
2014). 
Past research studies illustrated how the deployment of a 
berm in the seaward side of conventional rubble mound 
breakwaters can significantly improve the performance of 
the structure. (e.g. Van Gent, 2013; Celli et al., 2018; Celli 
et al., 2021). 
Basically, the presence of a berm enhances the wave 
energy dissipation at the toe of the armor layer. Besides 
the stability of the structure, this could be effective in the 
reduction of wave run-up, and overtopping phenomena, 
potentially. 
To investigate the role of the submerged berm on the 
wave run-up phenomenon, a series of 2D experimental 
tests is being carried out at the Environmental and 
Maritime Hydraulic Laboratory (LIam) of the University of 
L'Aquila (see Figure 1). 

.
Figure 1 – Experimental test on wave run-up at rubble 
mound breakwater with submerged berm at the 
University of L’Aquila. 

The wave flume (45 m long, 2 m high and 1.5 m wide) is 
equipped with a piston-type wave generator (stroke 0.75 
m) that can be used to generate either regular or irregular
waves characterized by target spectra (i.e. JONSWAP,
PM, etc.). The wave generator system is equipped with

an Active Reflection Compensation System based on the 
real-time reflection analysis proposed by Frigaard & 
Brorsen (1995) 
A parametric study is being performed by varying the berm 
configuration (length Lb and height hb, see Figure 2), the 
offshore wave conditions (Hs and Tp) and the water depth 
at the toe of the breakwater (ht), keeping constant the 
values of the porosity of the berm, the armor layer and the 
core. 
The results of the ongoing experimental investigation will 
be presented at the conference. They are aimed to 
provide insight into the efficacy of submerged berms in 
reducing run-up. 
The run-up time histories are being collected by means of 
an in-house developed digital run-up step gauge (similar 
to the one developed by Van de Walle et al., 2006), made 
of several steel rods orthogonal to the slope, operating as 
electrodes connected to a microcontroller. 
At constant frequency the microcontroller checks the 
status of each electrode (wet or dry), calculating the run-
up height according to the position of the last wet 
electrode. 

Based on the experimental results, a new formulation for 
estimating wave run-up is proposed when submerged 
berms are deployed. 
The idea is upgrading the formulation provided by Van der 
Meer & Stam (1992) for permeable slopes: 

𝑅𝑅𝑥𝑥%

𝐻𝐻𝑠𝑠𝑇𝑇
= 𝑑𝑑 (1) 

where (𝑅𝑅𝑥𝑥%) is the 𝑥𝑥 per cent run-up level,  𝑑𝑑 is a variable 
parameter according to the run-up level index 𝑥𝑥, and 𝐻𝐻𝑠𝑠𝑇𝑇 
is the significant wave height at the toe of the breakwater. 
Then, the strategy is to include the physical phenomena 
occurring when incident waves propagate on the berm, 
affecting the wave heights on the upper slope armor.  
Basically, the significant wave height evaluated at the toe 
of the breakwater should be replaced by the significant 
wave height evaluated on the berm. In other words, by 
introducing a new parameter 𝛿𝛿, equation (1) reads: 
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𝛿𝛿𝐻𝐻𝑠𝑠𝑇𝑇
= 𝑑𝑑 (2) 

where 𝛿𝛿 = �𝐻𝐻𝑠𝑠
𝐵𝐵
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  � and 𝐿𝐿𝑊𝑊 is the wavelength at 

the toe of the berm. 
To find the dependence of 𝛿𝛿 upon the dimensionless 
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groups 𝐿𝐿𝑏𝑏
𝐿𝐿𝑤𝑤

 and ℎ𝑏𝑏
ℎ𝑡𝑡

 the experimental findings will be used. 

The same approach was adopted by Celli et al., 2018 to 

find the dependence of the parameter 𝛾𝛾 = �𝐻𝐻2%
𝐵𝐵

𝐻𝐻2%𝑇𝑇
� on the 

same dimensionless groups. 

The usefulness of the formula lies as much in upgrading 
existing breakwaters as in new structures. 

Figure 2 – Sketch of the problem and of the investigated 
parameters. 
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