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ABSTRACT: The presence of numerous boulders on rocky coast is linked to phenomena of detachment and deposit due to the occur-
rence of sea storms. Currently, several hydrodynamic equations are known in the bibliography to estimate the wave height able to dis-
place them, applying geometric parameters and hydrodynamic coefficients. A new methodological approach intends to consider the 
minimum energy required for the linear movement of a boulder along a weakly sloping rocky surface as a function of the friction 
coefficient. 
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1. INTRODUCTION 
 

Along the rocky coast of the Puglia region it’s evi-
dent the presence of geomorphological evidences rep-
resented by boulders deposits of various size whose 
origin has been connected to the occurrence of excep-
tional waves impact, due to tsunami and/or sea storms 
(cf. Mastronuzzi and Pignatelli 2012; Pignatelli et al., 
2009) (Fig. 1). A new study has been carried out on the 
position and movement of these boulders using a new 
methodological approach, which consider the displace-
ment of boulders by “many waves” impacting on rocky 
coast. This new approach requires the knowledge of the 
dynamic parameters of the rocky surface on which the 
detachment and displacement process occurs. This 

study, with respect to the equations known in the bibliog-
raphy, focuses the attention on the energetic aspects of 
the storm rather than on the geometric parameter of a 
single wave. 
 
2. MATERIAL AND METHODS 
 

The preliminary part of a more geographically ex-
tended study, has been conducted along a stretch of 
gently sloping rocky coast in San Giovanni of Polignano 
a Mare, about 30 km SE of the city of Bari. In this loca-
tion there are deposits of calcarenite blocks, from about 
1 to 2,5 m3 in size and 2 to 6 ton in weight, and located 
at different distances from the coast line, whose genesis 
has already been linked to the occurrence of exceptional 

Fig. 1 - Boulders deposits in the studied area. 
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waves, tsunami and/or storms, following previous stud-
ies (cf. Mastronuzzi and Sansò, 2004; 2000). The 
adopted methodological approach uses a “many waves” 
storm energy in place of the wave height, as a hydrody-
namic parameter necessary to evaluate the way of mov-
ing these blocks. Preliminarily, an LST survey was car-
ried out to acquire the geometric characteristics of the 
rock surface and the shapes of some blocks so as to 
obtain indications on the general roughness of the con-
tact surfaces and a three-dimensional reconstruction of 
the same blocks from which their volume can be ob-
tained. The starting point for evaluating the storm waves 
energy is the following relation (cf. Nandasena et al., 
2011; Noormets et al., 2004; Nott, 2003; 1997) (Fig. 2): 

This relationship implies the knowledge of these 
parameters: θ, slope of the rocky coastal surface; V and 
ρ, respectively, volume and density of the displaced 
rocky boulder; μ, the friction coefficient. θ and V were 

obtained directly from the LST survey and subsequent 
processing with specific solid modelling software. The 
parameter ρ is widely tabulated in the specific bibliogra-
phy (cf. Andriani and Walsh, 2002). The estimate of the 
friction coefficient, on the other hand, was carried out 
using the following method: two boulders, A and B, with 
two different dimensions but a similar roughness of the 
contact surface, have been identified directly on rocky 
platform and chosen for the experimental proofs; then 
they have been subjected to some linear dragging along 
a rock surface by means of a mechanical apparatus; all 
the movement were recorded with a high resolution 
video camera positioned perpendicular to the direction 
of movement. The video analysis has allowed to obtain 
the displacement curve as a function of time (Fig. 3), 
which allowed to obtain the value of the average accel-
eration necessary to calculate the friction coefficient 
(Fig. 4). 
 
3. RESULTS 
 

The graphs elaborations obtained through the 
analysis of the different videos were used to derive the 
accelerations “a” impressed to the different boulders by 
a physical apparatus to start and keep a linear displace-
ment; then, these values were put in the inverse relation 
of the dynamics in order to calculate the friction coeffi-
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Fig. 2 - Sketch of the Force acting on a boulder. 

Fig.  3 - Two different examples of video analysis software. 
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cient, both static and dynamic, relative to the linear dis-
placement of the considered boulders: 

The results of the values obtained for the static and 
dynamic friction coefficient are shown in Tab.1. 
 
4. DISCUSSION AND CONCLUSIONS 
 

The analysis of the results obtained from the 
graphic elaborations highlights the difference between 
the values of the static friction coefficient relative to the 
two sample boulders, A and B, where the “A” coefficient 
is lower than the “B” one. Instead, the values of the dy-
namic friction coefficient relative to both boulders seem 
to be quite more similar. 

These results are certainly a first approach towards 
the determination of an experimental physical parameter 
whose value, for this type of lithology, wasn’t found in 
the reference bibliography. 

The determination of this coefficient is the first step 
to better estimate the energy to move a particular boul-
der on coastal surface and, then, to understand which 
sea storm can be responsible of this displacement. 
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