OVERTOPPING AND STABILITY OF A RUBBLE MOUND
BREAKWATER WITH CORELOC ARMOUR
UNDER OBLIQUE CYCLONIC WAVES
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INTRODUCTION: OUR EXPERIENCE INOMAN

Lima 2D
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OBJECTIVES

2D & 3D tests were carried out for the fishing harbor of Mirbat (Sultanate of Oman)

The objectives of this work are:

» to check the stability of the breakwater (armour
layer, toe berm, etc.) under wind and cyclonic
attacks

» to evaluate the overtopping discharge at critical
locations and to study the effect of the wave
obliquity

» to check the settlement at laboratory scale
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TESTED STRUCTURE

A rubble mound breakwater with CoreLoc armour layer
was studied in 2D and 3D. The failure mechanisms of
interest are: OVERTOPPING , STABILITY and
SETTLEMENT

Investigated area in the wave
basin

Section A: investigated in the
wave flume
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ARTIFICIAL UNITS AND ROCK SIEVING

Test scale 1:40.2 (same in the wave flume and in the wave basin).

Section A (trunk) |
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WAVE FLUME OF PADOVA UNIVERSITY

Dimensions: 36.0 m long, 1.0 m wide, 1.30 m deep

The flume is equipped with an absorbing type hydraulic wavemaker (with paddle 1.0 m x 1.4 m),

allowing to generate regular and irregular wave attacks of assigned spectral characteristics (Max height
= 0.3 m, wave period =0.5-55s)
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2D PHYSICAL MODEL CONSTRUCTION

Core (1-1000 kg stones) placed Underlayer (1000 — 2000 kg stones) Placement of the
above the bed layer. Side view placed above the core. Side view CORE-LOC™ Armour

2D Realized model of the breakwater trunk section (Side & Top view)
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WAVE BASIN OF PADOVA UNIVERSITY

Dimensions: 20.6 m x 17.8 m, height 0.80 m

The basin is equipped with a movable hydraulic wave paddle, 0.85 m high and 8.0 m long (extendible to

10.0 m) allowing to generate regular and irregular wave attacks of assigned spectral characteristics as
well as solitary waves
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3D PHYSICAL MODEL CONSTRUCTION

Bathymetry moulding Underlayer placed above the core Roundhead CORE-LOC™ armour

3D Realized model of the breakwater
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WAVE CHARACTERISTICS

9 WAVE CONDITIONS ANALYZED

Wave Wave tvoe Investiaated phenomena H, = T, | Waterlevel Duration | N.of
Series yp g P (m) | (s) (m CD) (h:min) | waves
1 Wind wave, 10 YRP, MHHL Stability, transmission, overtopping | 2.80 | 9.5 +1.70 6:20 2400
2 Wind wave, 200 YRP, MHHL | Stability, transmission, overtopping | 3.20 @ 9.5 +1.70 6:20 2400
3 Cyclonic wave, 200 YRP, MHHL | Stability, transmission, overtopping | 4.06 | 9.5 +1.70 6:20 2400
4 Cyclonic wave, 500 YRP, MLLW Stability 5.20 [ 10.0 +0.7 6:20 2250
5 Cyclonic wave, 500 YRP, MSL Stability 5.20 [ 10.0 +1.32 6:20 2250
Cyclonic wave, 500 YRP, " . : _
6 MHHL +cyclonic surge Stability, transmission, overtopping | 5.20 | 10.0 +2.30 6:20 2250
7 | Cyclonic wave, 1000 YRP, MLLW Stability 6.00 | 10.0 +0.70 6:20 2250
8 Cyclonic wave, 1000 YRP, MSL Stability 6.00 | 10.0 +1.32 6:20 2250
Cyclonic wave, 1000 YRP, . . . _
9 MHHL +cyclonic surge Stability, transmission, overtopping | 6.00 | 10.0 +2.30 6:20 2250

In the wave basin: wave obliquity 35°

The wind waves are much smaller than the design cyclonic wave height
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2D & 3D TESTS

WAVE FLUME

WAVE BASIN
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STABILITY ANALYSIS

A: example of CoreLoc displacement

A photographic overlay technique is used to
identify possible damage to the rubble mound
breakwater
B: example of CoreLoc
A displacement and rocking
B ‘ ’
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STABILITY ANALYSIS RESULTS

D, = units displaced (i.e. completely removed) from the >
armour layer / total n® of elements

Dy = 0 even for 120% of design wave height

Dy, = units rocking permanently / total n°® of elements m | [ < 1% for design wave height
N4 = the number of stones removed in a strip of armour s ) | N, < 0.5 no damage
large as the stone diameter Nop > 4 failure
Toe Berm Armour in CoreLoc™ Rubble mound rear armour
Wave layer
0 0

attack Nod Nod % DD J[fulr:])i? % DR t/:UII':'I)E Nod Nod
n1 0.1 0.010 0% 0% 0.35% 0% 0 0
n2 0.1 0.005 0% 0% 0% 0% 0 0
n3 0.1 0.005 0% 0% 0% 0% 0 0
n4 04 0.051 0% 0% 1.38% 0% 0.2 0
nd 0.2 0.020 0% 0% 0.35% 0% 0.2 0
né 0.1 0.010 0% 0% 0.35% 0% 0.2 0.015
n7 0.2 0.031 0% 0% 0.35% 0% 0.3 0.180
ng 0.3 0.026 0% 0% 0.35% 0% 0.2 0.180
n9 0.1 0.005 0% 0% 0.35% 0% 0.7 0.135

The damage of the structure, even if always within acceptability limits, appears less
severe in the 3D physical model than in the 2D model

Chiara Favaretto Department of Civil, Environmental 2 d«ﬂ if :]'I?[':'I'E:_'ll.l':]
. . . ot ks R 2 o
PhD student and Architectural Engineering *\f;; ggﬂ D1 PADOVA
N



ROUNDHEAD STABILITY

WS 1

The total measured damage in the
roundhead was distributed among
wave states and different sectors.

The expected damage was found in

sector 1 at the transition between
Coreloc 6 m®and 8 m3 WS4

5 WS 7
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SETTLEMENT ANALYSIS THROUGH I RECONSTRUCTION

The aim of the 3D graphical reconstruction
is to give a quantitative description of the
settlement of the structure, and possible
deformation of the structure cross section

Obviously, the building technique in the laboratory
(in dry condition, handmade) differs from the one
used at the site (mainly underwater construction,
carried out with heavy machinery).

Therefore, it is questionable to upscale these

results
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SETTLEMENT ANALYSIS RESULTS

The analysis shows that there is a little settlement after the first WS, possibly induced by the first few
waves, due to the natural consolidation of the structure. Then, the settlement increases with the

increasing of the wave load. The development of the crest settlement shows a quite homogenous
trend, taking place little by little during the whole testing session.

Using geometrical scale, the settlement in the prototype is of order 0.2 m.
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OVERTOPPING BEHAVIOR UNDER OBLIQUE WAVE

The incident oblique wave is scattered by the initial portion of the breakwater and propagates along the
structure, merging with the same wave. Crests and troughs are combined in specific points, that depend
on wave obliquity and wave length.

Possible scattering points are the roundhead, breakwater bents, discontinuities, etc.

wave obliquity 58°
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OVERTOPPING

In order to measure the overtopping, a tray (80 cm wide) was placed at the lee side of the structure, with edge at the
crest level, directing the discharge toward a rear bucket (total capacity 40 dm?3)

WAVE FLUME WAVE BASIN

In the wave basin the tray has been placed in two different position, in order to
evaluate the overtopping discharge, where the wave crest and trough combine
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OVERTOPPING RESULTS

Overtopping discharge is as expected smaller under oblique waves. The overtopping varied along the
breakwater of a factor 2-3 due to 3D effects: refraction & merging mechanisms
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DURING CONSTRUCTION

The structure was tested also with the underlayer exposed to wind waves.
Small damage to the underlayer was found. But this small damage becomes critical if part of the

armour was already be placed, because, if some stones reach the armour, it is necessary to
remove and replace all the CorelLoc units.
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CONCLUSIONS

Based on the comparison between 2D
and 3D tests we have found for our

experiments that:
1) In the 3D model, under oblique

waves

« stability of the structure
increases

» overtopping discharge rates
decrease.

A merging mechanism was
observed that may induce strong dis
-homogeneities along the trunk in
presence of very oblique waves

2) Settlement in the laboratory was
measured by means of a 3d
reconstruction technique and the
same final value (1% of the structure

height) was found
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