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Different layer design of a rock slope and under layers has a large effect on the strengths on the rock slope itself. In the
formula developed of VAN DER MEER [1988] this effect is represented by the term Notional Permeability with symbol P. A
more open, or permeable, structure underneath the armour layer has the ability to dissipate more wave energy and therefore
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a factor P which describes the “notional permeability” of the breakwater. This
more permeable structure dissipates more energy and hence requires less heavy armouring. Its value depends on
the different layer designs of the breakwater.

The notional permeability (P) was empirically determined by
situations, to be exact the P=0.1, P=0.5 and P=0.6. The fourth one with a filter layer and a core is determined by
interpolation of the tested configurations (P=0.4). The figure below shows these four standar

Figure 1 Notional permeability as described by

In practice however these standard situations from the figure above do not always apply. Often intermediate
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impermeable core with geo-textile) which do not completely correspond with one of the four standard
configurations for which the P value is known. Despite the fact that the influence of the permeability of the
structure is very large, there is still no easy way to calculate the notional permeability of a given cross-section of
a rubble mound breakwater.

During this study the method of empirical testing is used to determine the value of P for a new structure.

Van der Meer stability formula
The base of this study is the stability formulae of Van der Meer. In modern literature (ROCK MANUAL [2007] and

BREAKWATERS AND CLOSURE DAMS [2009]) the stability formulae are often written with the coefficients 6.2 and

1.0 as the stochastic variables cpl and cs.
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In which:
Hs=Significant wave height
cpl = Parameter for plunging waves μ = 6.2 σ = 0.4 
cs= Parameter for surging waves μ = 1.0 σ = 0.08 
P=Notional permeability
S=Damage number
N=Number of waves

ξm=
୲ୟ୬(ఈ)

ඥ௦
Breaker parameter

sm=Wave steepness calculated with the mean wave period

Van der Meer was the first one who made a distinct difference between two types of breaking waves with
respect to the stability of the breakwater. Namely plunging and surging waves. The classification between the
different types of breaking waves is made on the basis of the breaker parameter, which on its turn depends on
the wave steepness and the slope of the structure.

The transition relation is then described as:
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Test setup
In this study three different structures were tested. Two reference structures, used to check the method of testing
and analysis and a new structure which was not physically tested before. The first reference structure is the
structure with an armour layer on top of a permeable core. Van der Meer found a permeability of P=0.5 for this
structure. The second structure was the structure with armour layer on top of a thin filter layer and an
impermeable core, Van der Meer found a permeability of P=0.1 for this structure.

The new structure consisted out of an impermeable core, covered by a thick filter layer with a relatively small
stone size, followed by a coarse filter layer and finally an armour layer, see figure 4. This structure represents
the real life situation in which a core of sand is placed and covered by a geo-textile. Then quarry run is used to
create the desired slope of the structure and the coarser filter layer is used to make the filter geometrically
closed. Finally, like all the other structures, the double armour layer is used to withstand the wave impact. The
new structure has the same stone size ratios between the different layers as the P=0.4 structure defined by Van
der Meer (figure 1), but now with the presence of an impermeable layer. The layer thickness is Armour layer=
2*d50armour, first filter layer=1*d50armour, second filter layer= 2*d50armour.

Figure 2 Structure 1, P=0.5 Figure 3 Structure 2, P=0.1

Figure 4 Structure 3, P=0.37

To achieve comparable results with the original research of Van der Meer most of the parameters used in this
experimental study were equal to the original research of Van der Meer. Therefore a Pierson- Moskowitz
spectrum was used. Every test consisted out of 3000 waves. The armour layer had in all the experiments a stone
size of Dn50 =0.04m. The water depth in the flume was 0.65m, the significant wave heights varied from about
0.1m to 0.15m the mean period varied from roughly 1 second to 4 seconds. During a test series of a structure a
variation was made in breaker parameter, by varying the wave period whilst keeping the wave height constant.
The armour layer of the 1:2 sloped structure was rebuild after every test to ensure equal starting conditions for
every test and to prevent the effect of armouring of the top layer.
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The value of P is determined by measuring and fixating all the variables (wave conditions, damage, number of
waves etc.) in the stability formulae 1 and 2 for the entire test series of a certain structure. The damage is
calculated for a certain value of P and compared to the measured damage. The value of p with the lowest RMSE
was considered to be the best value of P for that structure.

Profile measurements of the initial structure and the structure after conduction the test is taken every 5
centimetres. These measurements are averaged and deducted from each other to determine the total eroded area.
By determining the total eroded area and dividing this value by the square of the armour size the damage
number S is acquired.

Figure 5 Measured profiles every 5 cm Figure 6 Measured profiles averaged
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Data analysis
The test results are analysed by comparing the calculated and the measured damage with means of the Van der
Meer stability formulae.
was considered to be the best fit for the notional permeability.

The results of the first structure with a permeable core
the results in combination with the data points of the original resea
function of the breaker parameter

Figure 7 Data analysis structure 1

The second structure, which has an impermeable core, shows the following results. The measured results agree
very well with the calculated results. Also when the data point are compared to the data points of Thompson and
Shuttles[1975] and Van der Meer[198
The value with the lowest RMSE was a value of p=0.08.

Figure 9 Data analysis structure 2
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test execution and analysis show similar results as the original research, and therefore produce comparable
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The third structure
repetition tests) are
with a notional permeability of p=0.37.
structure, which has no impermeable core and is never tested

Figure 11 Data analysis structure 3

Conclusions
This research has shown that the empirical method of determining the value for the notional permeability
provides reliable results. This has been proven by the execution of two reference structures of which the value is
known. The produced result
[1988] and Thompson&
[1988]. The new structure with stone size ratios of the p=0.4 structure, but w
core after two filter layers, shows a notional permeability of p=0.37. Due to the limited number of tests a value
of p=0.35 is recommended for practical use.
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