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Stability of Reshaping Breakwaters
with Special Reference to Stone Durability

P. Frigaard !, T. Hald !, H.F. Burcharth !, Sigurdur Sigurdarson 2,

1 Introduction

Traditionally, conventional rubble mound breakwaters are designed with stable armour
units, and consequently, very large stones or even artificial armour units are required.
Reshaping breakwater designs allow reshaping of the seward slope thus involving stone
movements. Ultimately, dependent on the degree of safety in the design, this reshaping
process might end up in a stable profile where no changes in the cross sections occur
even though stone movements are allowed.

Unfortunately, large movements of the protecting stones during the structural lifetime
in combination with high stone velocities inherently cause some breakage and abrasion
of the individual stones and thereby also reduced stability. In order to avoid excessive
abrasion a high stone quality is demanded or larger stones must be applied when
constructed. To allow the designer to account for abrasion and armour stone breakage
due to the stone motion a description of the overall wave climate during the structural
lifetime must be derived involving knowledge of transport rates, movement patterns,
stone velocities and stone quality.

The main objective of the paper is to describe a tool enabling calculation of the an-
ticipated armour stone movements. Also tensile stresses occur, as a result of stone
against stone impact are discussed in order to make a more close connection between
wave climate, stone movements and abrasion/breakage. Finally, a comparison to selec-
ted prototype structures is made to compare the armour stone movement model with
visual profile observations of existing breakwaters.
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2 Longshore Transport Rate

Motion of stones along the active profile occurs when even slightly oblique waves attack
the breakwater. This longshore motion has been evaluated in model tests performed by
Burcharth and Frigaard (1988) and by van der Meer and Veldman (1992). Longshore
transport was measured by observing the movements of stones layed out in coloured
bands over the profile. To calculate the steady state transport the number of stones
per wave passing a specific cross section at each sea state was divided by the number
of waves. This ratio is termed the longshore transport rate S;.

In Figure 1 the measured longshore transport rate is plotted against the mobility index
HoTp = _A"D% Tpﬂfﬁfﬁ' The longshore transport rate seems to be described quite
well by a power function as originally proposed by Vrijling (1991). The best fit of the

power function to the data is:
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Figure 1: Longshore transport rate for reshaping breakwaters.

One might argue if the model in eq. (1) is too simple because of the absence of obliquity.
The model can however, easily be adjusted to include the angle of incidence 0 as
discussed by Alikhani et al. (1996). Though the effect of obliquity is small.

Another aspect of the transport model is the obvious sensitivity to the onset of motion.
From the model it is seen that sea states slightly above those corresponding to the onset
of motion result in significant transport due the rapid increase of the power function.
The latter comparison with prototype breakwaters outlines this sensitivity.

3 Longshore Distribution of Transported Material

To characterize the motion of the individual stones on the breakwater several video
recordings from the model tests performed by Burcharth and Frigaard (1988) have
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