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1. Introduction

Several evidences of the influence of placemenhateibn the stability of antifer block armour
layers are well known and studied. The primary afrthe study is to experimentally investigate the
stability performance of antifer block armour layem a 1:1.5 slope, under the effect of irregular
waves using a JONSWAP spectrum, for different pteesg methods.

The results demonstrate a better performance ofdbelar placement method. However, in the
regular placement method, the reflected significantve heights are higher than in the semi-
irregular placement method.

2. Model Setup and Placement Method

The experimental research was performed in the Vilavee of the hydraulic and environment
laboratory of Instituto Superior Técnico (IST). éftbuilding the model, the placed antifer layers
were tested for a peak wave peridg) (of 1.4s with different significant wave heightdy), i.e.
10cm, 12cm, 14cm, 16cm and 18cm. The durationdoh ¢est was defined for 2000 waves.

A validated physical model can be used to pretiietpgrototype's behaviour under a specified set of
conditions. However, there is a possibility that¢ ttubble mound model may not represent the
prototype behaviour due to viscous scale effeatslamoratory effects. Viscous scale effects can be
neglected if the Reynolds number is greater thad0@(qHughes, 1993). The physical model was
designed using the Froude criterion.

About 600 antifer cubes were used in the constoctf the rubble mound breakwater armour
physical model layer. The blocks are made of cdaciidled up with small spheres of metal and

were painted to avoid friction scale effects andetmrd more easily their displacement. The blocks
have a nominal diametedy) of 4.33cm and an average mass of 199g.

Graded rock was used in the construction of thakwater under layer (limestone). The standard
Froude scaling method for the under layer is basethe relation between the armour layer weight
ant the under layer weight. The typical value reemnded to the weight ratio is around 10 to 15.
The graded rock has a nominal diameter of 1.78aeamaverage mass of 14.6g.

The material of the core was manufactured usingia oh 5 types of gravel with different
gradations, to obtain a quarry run, the nominammdiger obtainedl¥;so) is 0.68cm and the medium
mass is 0.81g.

In this study three different placement methodshbiocks were analysed. Each placement method
was designed to have porosity around 50%. For sabeve 50% the stability may be insufficient
and for values below a paving action occurs (legtiingreater overtopping).

The spacing between blocks along the upslope (ugpa&dower blocks in the layer) was null and
the configuration of the lower blocks of the armdayer (regular pattern) is the same for all
placement methods. However, the horizontal disténatereen the centre of blocks is different for
some placement methods, leading to a different artager thickness).

The assessment of the damage was done betwekly around Still Water Level and the
classification of the armour units movements waselaon the displacement of each block,
considering distances equal and higher than.1
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3. Results and Concluding Remarks

Reflection coefficients for fast Fourier transfomith 256, 512 and 1024 points were obtained in
the reflection routine and the incident significamave heights Hs; calculated. To check the
accuracy of the results, the reflection coefficsanere assessed using also the incident and esflect
wave spectral energy in order to obtain the indidggnificant wave heights. The Hudson stability
parameterKp) was calculated for each placement method usiadHtidson equation (1) (CIRI&t

al., 2007).
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whereN; is the stability number (-); is the slope angl€)( 4 is the relative density (-) artd is the
wave height (m).

For semi-irregular placement method (Figure 1),upper layer of blocks in the layer is placed by
drooping the blocks above the holes. For regulacgghent method 1 and 2 (Figure 2 &mdor!
Reference source not found.) the antifer blocks are placed by hand row by rolae blocks in the
first layer are placed with their grooves perpealdicto the slope and the blocks of the second laye
are placed on a diagonal for the first row pointioghe left and for the following row to the right
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Figure 1. Semi-irregular (t=8.6cm) Figure 2. Regular 1 (t

In semi-irregular placement the Hudson stabilityapaeter was calculated for a damage of 5%, for
the first wave series were the first displacememese observed, findindp=2.1. In regular
placement 1 the Hudson stability parameter wasulaked for a damage of 0.8%. Therefore that
value was determined for the last tddt=@.06) where the displacements observed was |owgsil
null. From this followsKp=5.8. For regular placement 2 the Hudson stabpd@yameter was
calculated for a damage of 0.6%. That value wasrdéted forN=1.99, which is associated to the
lowest displacements. From this folloWs=4.0.

The following conclusions can be drawn from thespre study:

- For the regular placement method 2, the valuesefiéation coefficients are greater when
compared with the regular placement method 1, duthé fact that the first layer is more
exposed to wave breaking.

- For the semi-irregular placement methiQsF2.1 is suggested for a damage of 5%, since in this
placement method it is easy to repair the armaoarlhy replacing the displaced block.

- For regular placement methods 1 and 2, the vakigs5.8 and Kp=4.0 are suggested,
respectively. These values were obtained for almoktdamage, due to the fact that the armour
layer cannot be easily repaired by filling up theels, because the blocks above tend to slide
down the slope (as in a chain reaction).

Acknowledgements

The authors acknowledge the National LaboratoryCieil Engineering (LNEC) for borrowing 400
antifer cubes to build the model.

References

CIRIA, CUR, CETMEF, 2007The Rock Manual. The use of Rock in hydraulic exgging C683, CIRIA,
London, 2% edition, chapter 5, pp. 564-596.

Hughes, S., 1993®hysical Models and Laboratory Techniques in CdaEtagineering World Scientific,
Singapore, chapter 5, pp. 175-188.



