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Types of Infrastructures &
Constructions

Breakwaters

Seadikes & Riverdikes

Bank- & Reclamation confinment/revetment

Reclamations

Locks \‘V

Pumping culverts

Berthing structures (dolphins,...)
Sinkers
Pipe — and cable-landfalls

Beach & coastal protection structures ~ Maritime & Dredging 2010



Port of IJmuiden (Nederland)

Construction method for breakwater

extension: North & South Pier (1965)

Construction Stages of Rubble-Asphalt Breakwater

ime & Dredging 2(

Underpart Breakwater Upperpart Breakwater




Construction
Method of
lJmuiden

breakwaters
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Construction method of IJmuiden’s breakwaters
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Port of Zeeebrugge (Belgium)
1903-2003

Anno 1976

Anno 1990
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Construction sequence of Zeebrugge
breakwaters
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Engineering design
of Zeebrugge
Rubble-Mound
Breakwaters on soft
soil: soil-
replacement and
erosion protection
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Dredging of soft soil-replacement
trench & Construction of breakwater’s
core
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Construction and
placement of willow
fascines for erosion

protection of soft soil-
replacement
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Zeebrugge Port Extension: sequence of Rubble
Mound Breakwater construction
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Zeebrugge Port Extension:

placement of 25t to 28 t concrete
armour units of Rubble Mound
Breakwaters
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Melchorita Breakwater, PERU LNG (anno 2007)
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First engineering rule in maritime construction: Terzaghi filter rules

»
»

%OOOOQ) O Armouring Layer
= _,0 o O
O @ O e

o

Underlayer

o o o o Filterlayer (mineral or geotextile) Geotextile:

* woven fabric

Seabed or reclaimed material, ... «Non-woven fabric

*Material: PP, HDPE,,..

Permeable but sand-tight construction:

d15upperlayer / d85 underlayer <5 (bulk of underlayer cannot migrate trough pores of
upperlayer)

d50 upperlayer/d50 underlayer = 15 ....60

d15uperlayer / d15 underlayer = 5...40
Layer thickness:

Filter-layer (e.g. gravel-sand): > 0,10m

Underlayer & Armour Layer: 3 ... 5 x d50
Maritime & Dredging 2010



Gradation of Maritime Construction Materials

Maritime & Dredging 2010
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A. Natural Building Materials
Clay

* Whatis Clay ?

For geologists, Clay is a fine-grained sediment, constituted of mainly alumino-

silicate minerals (> 45 %), that are plate or flake-like grains with equivalent
Stoke’s diameters of 0,020 mm en 0,0001 mm.

For geotechnicians, Clays are soils constituted of particles with equivalent
Stoke’s diameters lesser than 0,002mm. Geotechnicians distinguish between

under- normal or over-consolidated Clays, depending upon their consolidation
degree as a function of their overburden history.

» Typical geotechnical propertes of Cllays

Low water-content : w <35 %
Low permeability : k<10 -'m/sec

High cohesion : cu = 10 tot 150 kPa

Maritime & Dredging 2010
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Electronic microscope shots of Clay Minerals lllite & Kaol inite
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Clay as Building Material

 Domain of application of Clays

* Impermeable cores of dikes

HW

Cla
/'g /A y

* Impermeable revetment of water-retention dikes

» Colmatation layer of upland disposal facilities, ponds,...

« Workability of Clay depends upon
Plasticity

Natural water-content close to PL

Maritime & Dredging 2010
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Waterfront-dikes as water-retention structures: body of sand with clay-core
* Deltaplan (Netherlands)
» Sigma Plan (Belgium)
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Mud

What is Mud ?

Mud is a mixture-sediment : a mixture of fine sand,silt - particles (0,063mm to
0,002mm) and clay-minerals. Generally Mud has a high content in organic
fractions (2 to 10 %) and CaCo , (till 35 %).

Mud is the typical sediment for estuaria, shallow seas and sheltered deposition
areas. Mud has generally a high water-content. Mud is the building material for
what will become Clay after consolidation.

Mud is a cohesive sediment with low shear-strenght. Till recently, Mud was
considered as inappropriate for recycling or re-use.

Geotechnical properties of Mud:

High water- content : w =100 to 250 %, , beyond LL
Medium to high cohesion: cu =1 tot 30 kPa

Flocculation (aggregation to larger particles, called Flocks)
Sand-admixture (co-precipitation in flocks)

Transition sediment between suspensions and soil: classic geotechnical laws
do not apply...rheology is the science of stress-strain behaviour for such Non-
Newtonian Fluids. Parameters influencing shear-strength: initial rigidity (yield
stress) , dynamic viscosity and thixotropy ( typical for Bingham fluids, a
particular form of Non-Newtonian fluids)

Maritime & Dredging 2010
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Mud as Building Material

After dewatering (accelerated consolidation by lagooning, sun-drying, filter-
pressing, chemical dewatering,....), Mud can reach dry-volume-masses of 500 to
600 kgds/m3 (bulk-densities of order of 1,45 to 1,60).

Dewatered Mud can be re-used as an impermeable, cohesive, shapeable
building-material with low-permeability: landscaping voor sight or sound-
screen, fill-material with high deformation properties,......

Gravitational dewatering by lagooning (load : 400 to 600 kgds/m2)
Mechanical dewatering by chamber filter-pressses.

Chemical dewatering by admixture of CaO (8 to 16 %): exothermic reaction
(evaporation) and water-adsorption.

Maritime & Dredging 2010
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Day 1:just after filling the
experimental lagoon with fresh
Mud

evolutie van het droge stof gehalte ifv de tijd

——zonder PE
—met PE

0 100 200 300 400

tijd [dagen)

Lagooning of Dredged mud, Ring-canal in
Ghent, Belgium

ENVISAN Grondverwerkingscentrum
Hulsdonk

Day 100: After crust-
revolving

Day 36: Crust-drying with
superficial cracks
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Decantation and Consolidation Properties of Mud

Sedimentation/Consolidation Experiment

Primary Consolidation

50 60

Time Axis (TO + x minutes)

70 80 90

e Decantation Ratio Hd/Hinit Kallo Slib

Sedimentation Ratio Kallo Slib Sedimentation Ratio Hs/Hinit Dr Bath Decantation Ratio Hd/Hinit Dr Bath ‘
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Sand
e Whatis Sand ?

Sand is typically a detrital sediment, constituted of individual particles and with
a relitavely low intergranular cohesion.The particles have equivalent Stoke’s
diameters of 0,063 mm to 2 mm.

Sand-grains are generally mono-mineral particles of Quartz (Si O ,), Feldspars
(Al, Mg Si O ,) or of organic origin: these latter are generally coral-fragments,
shell-fragments,...constituted of Calcite, Aragonite,.(Ca Co 3)-

* Geotechnical properties of sands are:
Low in-situ water-content : w < 35 %
High permeability : k> 10 -6 m/sec
Subrounded or rounded grains of 0,063 mm to 2,0 mm
Sorting degree, d50, d90,....of grain-size distribution

Compaction properties with generally a rapid compaction and a maximum
compaction-density corresponding to a typical water-content (Proctor-density)

Angle of Internal Friction (varying between 27°and 409 , determining shear-
strength, equilibrium inflow-slope, active/passive soil stresses,...
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Carbonate sand (Dubai)
d50 = 0,654 mm

Quartz sand (S Afrika)
d50 = 0,700mm

Mar

itime & Dredging 2010
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Grain-size distribution of Carbonate Sand

Maritime & Dredging 2010
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Sand as Building Material

Sand is generally easy to excavate, to dredge, to transport and to reclaim
(provided it is not too dilatant). Sand is also relatively cheap a building material,
and depending upon reserves, hauling distances generally with prices within 4

to 15 €/m3.

Therefore is sand one of the most widely used building materials in waterfront

and maritime engineering.

Applications are:

Bulk of dikes

Beach-restaurations
Land-reclamations
Dike-reinforcements

Aggregate for concrete
Drainage-layers on disposal facilities
Core of breakwaters

Soil-substitution material

Maritime & Dredging 2010
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One of the World’s largest land-reclamations: Chek Lap Kok airport in Hong
Kong (1982)

Hydraulic fill of dredged sand and accelerated consolidation with vertical
drains

Maritime & Dredging 2010
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Land-reclamation at Pulau Tekong, Singapore (740 Mm3, 19  99)
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Reclamation of Western Port Area at Zeebrugge (Belgium) fo
Container Terminal, FCT

Maritime & Dredging 2010
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Compaction of hydraulic sand-fills

Rapid Impact Compaction (RIC),
at Ras Laffan Port, Qatar
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Classic Beach Replenishment: reclaiming supratidal
beach at Cancun, Mexico
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Sand as building material for Coastal Protection:

Profile Nourishment and Feeder Berm for “soft”
coastal protection at De Haan, Belgium
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Dumping Feeder Berm

Maritime & Dredging 2010
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De Haan Coastal Protection Works:
a major pioneering achievment.

Less than 5 % losses per year ‘
during the first 10 years. e

Maritime & Dredging 2010 39



Gravel
« Whatis Gravel ?

Gravel is a detrital sediment, constituted of individual particles with almost no
intergranular cohesion. Particles have typically equivalent Stoke’s diameters
between 2 and 64 mm.

Gravel-particles are either mono-mineral particles like Silex (Si O ,), either rock-
fragments of Limestone, Granite, Basalt,..

Gravel can also be fabricated by crushing rock

» Geotechnical properties and determining parameters of gravel are:
Specific volume-mass: between 2600 and 2800 kg/m3
Grain-shape and form
Sorting-degree of grain-size distribution

Abrasivity

Maritime & Dredging 2010
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Gravel as Building Material

* Filterlayer between sand and rubble-mound rock-layers

* Ballast material in caissons

* Protection-layer of geotextiles

» Bedding and blinding layer under concrete blocks, caissons,... (Quay-walls)
» Back-wedge of gravity quay-walls to decrease active soil pressure

» Bank-revetment

» Ballasting of fascine-matrasses

 Backfill of pipeline/cable trenches

 Erosion-protection at toe of structures

 Gravel-columns for consolidation of low-bearing capacity soils

* Soll-substitution material

Maritime & Dredging 2010
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Rocks

What is Rock ?

Rock is either an assemblage of critallized minerals (Igneous and Metamorphic
Rocks) or of sediment-particles (Sedimentary rocks) or the result of massive
bio-chemical precipitation of specific minerals ((Limestones,...). Rock for
waterfront/maritime engineering is produced in quarries, according to specific
criteria of grading.

Rock is produced by blasting, break-hammering or cutting geologic rock-
formations and grades run from ‘Quarry-run’ (the rest-product of quarry) to
Underlayer Rock and Armour Rock, till individual rock-weights of approx. 10ton.

Rocks to be used in waterfront-engineering such as rubble-mound breakwaters
must comply to a number of criteria, such as:

* homogeneity of rock-formation

* high specific density (> 2.400 kg/m3)
* limited internal faulting

* limited abrasivity and brittleness,...

Rocks that generally fulfill these criteraia are massive Limestones, Granites,
Diorites, Quartzite,....

Rocks that often exhibit brittleness are: Basalt, Gabbro,...
Rocks that often exhibit abrasivity: G#dcanerit, Saidhtgn2010



Advantages of Natural Rock in Waterfront engineering are numerous:

» Easy to install: smaller fraction can be placed in bulk, coarser fraction (> 1
ton) with standard heavy-duty crawler cranes, hydraulic excavators,...

» Easy to maintain
* Flexibele adaptative to subsoil settlements or irregularities

» Extremely sustainable for limestones, granites,...provided a number of rock-
mechanic characteristics-criteria are fulfilled

» Manageable prices (between 40 tot 100 €/ton: quarried, transported and
installed)

» Wide range of grades:
* Fine grades: 30/60 mm, 40/100 mm, 50/150 mm, 90/200 mm
» Medium grades: 5/40 kg, 10/60 kg, 40/200 kg , 60/300 kg

* Coarse grades: 300/1.000 kg, 1.000/3.000 kg, 3.000/6.000 kg,
6.000/10.000 kg

Maritime & Dredging 2010
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Granite Quarry, Seychelles
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Limestone quarry at Al-Kabra, Saudi Arabia



Jumbo-Drilling of drill-holes

Quarry operations for producing
rocks

Loading & transport of blasted rocks

Maritime & Dredging 2010
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Bulk- placement of breakwater-core, Dubai, UAE

Maritime & Dredging 2010

47



Determining Parameters of Rocks:

* Color: for aesthetic or environmental reasons ( visual-impact, landscape-
integration,...)

» Specific Density :
* Oven-dry density pd (in kg/m3)
* Density after water-absorption (in kg/m3)
» waterabsorption: Wab =100 x Mass of water absorbed/Dry Mass(%)
* intrinsic porosity : Por =ca. Wabx pd
» weathering degree
* homogeneity: internal faulting, layering, veins (Quartz,...),...
» compression strength UCS (Uniaxial Compression Strength in MPa)
» tensile strength
e accoustic properties Vacc (m/sec):
* abrasion-resistance: inter-rock abrasivity (Micro-Deval test)
* resistance to frost/thaw cycli
* drop-test resistance
* bulk porosity of rock-layer :

® quarry — Run : 33 %
* Filter-Layer (5 — 60 kg): 39 %

» Underlayer (60 kg — 1000 kg): 38 % Maritime & Dredging 2010
» Armour Layer (1000 kg — 10 t): 36 %
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Loss in rock between Quarry weighing-bridge and final
placement in breakwater.

(Losses are due to intermediate stockpilings, settlements,

losses during placement,...)

Losses of stockpile,

Total losses
integrated, incl

transport & settlement placement
< > 4+—>
Layer Grade Theoretical Percentage Practical Practical
layer- of losses layer- fill density
thickness % Thickness Tons/geo
[m] [m] metric
design-
volume
Core (Quarry-Run) >1m 5% 2,14
Filter-Layer 5-40 kg 0,40 10% 0,44 2,15
Filter-Layer 10 — 60 kg 0,50 10% 0,55 2,15
Under-Layer 60 — 300 0,80 10% 0,88 2,18
kg
Under-Layer 0.3-1.0 1,25 10% 1,38 2,18
ton
Armour-Layer 1-3ton 1,80 15% 2,07 2,20
Armour-Layer 3 -6ton 2,40 15% 2,76 2,20
Armour-Layer 6 - 10 ton 2,90 15% 3,34 2,20

Maritime & Dredging 2010
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Rock: some indicative parameter-values

Parameter Unit Sandstone Limestone Granite Gabbro Porphyre
Density Kg/m3 2200-2600 2700 -2900 2600-2800 2800-3000 2550 -2800
Waterabsorption % 4,0-8,0 0,5-3 <0,5 <0,2 <0,5
Compression MPa 20- 80 60 -200 80 - 300 100-400 200-500
strength UCS

Tensile strength MPa 2-4 2-5 2-4 1-2 1-2

Sonic velocity m/sec 4.000 5.000 7.000 8.000 7.500

Maritime & Dredging 2010
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Location Quarry run, Under-Layer &
Filter-Layer | Armour - Layer, (

Wem > k > .
em > 300 kg) Tolerances for Rocks used in Breakwaters
Wem< | Wem Absolute Average 1
300 kg [ >300 | tolerance tolerance ) ) )
kg Wem = arithmetic average weight
> —>
[m] [m] (the total weight of a sample of one grade, divided
by the number of stones)
> 020 | 0.40 0.35 * 0.30 * " W50 = mediane weight of one grade
Dn50 Dn50 (50% > / 50%<)
Above water >
-0.20 | -0.20 -0.30 * -0.25 *
Dn50 Dn50
0.50 0.80 0.60 * 050*% |
Dn50 Dn50
From O tot — 5m >—>
-0.30 | -0.30 -0.50 * -0.40 *
Dn50 Dn50
A 4 =V >
1.20
0.50 N
From—-5tot-15m > 0.60 —>
-0.40 Dn50
> > !
1.50
More than -15 m -0.50 » 2050 * —>
v v v Maritime & Predging 2010 51




Exchange factors between W50 and Wem

W50 R Factor Wem
Rock-grade kgl g (k] i
10 — 60 kg 35 1,30 27
60 — 300 kg 180 1,15 157
0.3-1.0ton 650 1,10 591
1-3ton 2.000 1,05 1.905
>3 ton 1,00
Exchange factors from d50 to dn50 D50 | Factor Dn50
Rock-grade i i m
10 — 60 kg 0,28 0,84 0,24 ]
60 — 300 kg 0,48 0,84 0,41
0.3-1.0ton 0,74 0,84 0,63 .
1-3ton 108 | 084 | 091
3-6ton 1,41 0,84 1,19
6 — 10 ton 1,71 0,84 1,45
dn50 = nominal rock-diameter for perfect spheric rock
(={ W50/ p,)} 03
d50 = average real irregular stone diameter
(={W50/ ( p/0,60) }°333
d50 = dn50/ 0,84
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Examples of typical dimensions and weights of Rocks in Br

eakwaters

Form-factor = 0,60

Maritime & Dredging 2010

Grade W 50 pPS Rock D 50
Layer volume
[ton] [ton/m3] [M3] [m]
Filter-Layer 5-40kg 0,023 2,650 0,008 0,242 :
Filter- Layer 10— 60 kg 0,035 2,650 0,013 0,280
Under-Layer 60 — 300 kg 0,180 2,650 0,068 0,484
Under-Layer 0.3-1.0ton 0,650 2,650 0,245 0,742
Armour - Layer 1-3ton 2,000 2,650 0,755 1,079
Armour- Layer 3-6ton 4,500 2,650 1,698 1,415
Armour - Layer 6 — 10 ton 8,000 2,650 3,019 1,714
1/3
D, =| .=
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Rock supply works for breakwaters

Maritime & Dredging 2010
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Breakwater construction
using earth-moving
equipment and geotextiles

Maritime & Dredging 2010
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Singapore: Reclamation of Pulau Ubin and
Pulau Tekong Islands

Key Figures:
Client : Housing and Development Board
Surface of land to create : 1.480 ha
Volume of Sand to reclaim: 164 Mm3
Length of Breakwater : 14.800 m’
Period: 2000 — 2005
Investment : 850 M €

T

Maritime & F)rt—‘-dging 2010
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Singapore: Reclamation of Pulau Ubin and
Pulau Tekong Islands

Design Elements:

» Storm Surge level: CD + 3m

» Natural waterdepths: CD- 2 to -20m
* Design Wave Heigth: Hs = 0,6 m

* Design Wave Period : Tm = 2,9 sec
* Vcurr = 1,5 m/sec

15m
TOP OF REVETMENT
Sand Compensation and Surcharge CLUSTER
. +103.8 mCD [ _ ¥5:63mCD LM 52,515 mCD 1 5 +450mCD
Reclamation Sand v +0.50 mCD e z
= T R "z STONE REVETMENT ||| | [l-—
~_SANDBUND et CLUSTER
2 - = e : €3 Existing

“Marine Clayj//// s B : ____|llIl_ Seabed Profile
Fluvial Clay g

Residual Soil




Dredging of soil-substition trench: sandkey

Maritime & Dredging 2010
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Singapore, Pulau Ubin and Pulau Tekong
Reclamation and Rock-Works

ARMOUR ROCK — THICKNESS = 0.70 m. « C Stone: 50 to 100 mm

CLASS "B” ROCK— THICKNESS = 0.30 m. B Stone: 150 to 350 mm

mm

5.63 m. C.D.

4.93 m. C.D.
4.63 m. C.D.

453 m. C.DV/]

0.0 m. C.D.

////\
7
{(

4.0 m. 3.0 m.
6 COMPACTED

SAND S
RN
N . T
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Karimun,(Ind) Quarry of Granitic Rock
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Sieving, grading, crushing of rock : dressing of the various grades

Maritime & Dredging 2010
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Drop-test of Armour RAU on Underlayer, laying on geotextile

Maritime & Dredging 2010
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Pulau Ubin : Pulau Tekong:
Method Statement

e Sand slope
trimming

 Crane barge is used to carry out the sand slope preparation (cut
and fill) below water level, while land-based excavator carries out
the sand slope preparation above water level.

 Excess sand below +_ 0.0m CD is loaded to a coaming barge or
hopper barge and is used for the next area.

* Excess sand above +_ Q.0m gé%jgdé%%gglg to a tipper lorry and is

65
used for the next area.



Trimming of Sand-slopes

Maritime & Dredging 2010
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Pulau Ubin/ Pulau Tekong:
Method Statement

e Geofabric laying

Existing Seabed

 Class B & C material is stockpiled near the working area for both
land and marine prior to placement of the fabric.

e Survey pegs at the crest line and at the slope down to the lowest
water level are used as guides for the alignment of fabric during
placement.

» Geo-fabric on roll is positioned at the crest (+4.53mCD) and

unrolled down the slope tq,the Waistdsyelyth the aid of an 68
excavator to control and maintain the proper alignment.
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Pulau Ubin/Pulau Tekong:
Method Statement

Existing Seabed

» Upon successful inspection of the class ‘B’ profile, the placement
of armour stones follows.
* For the lower part of the slope or below water level, armour
stones are placed to the designed levels by a floating crane barge
or by the hydraulic excavator on the pontoon starting from the
bottom.
 Above + 0.00m CD, eaciWatmedpPstonedsplaced / pitched tightly 74
and accurately to the lines, levels and slopes as shown on the
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Pulau Ubin/Pulau Tekong:

« Cement mortar Method Statement
placement

Concrete mixer Excavator to be use _
for shifting concrete Workers spreading
to pumpcrete cement mortar into the voids.

<7 +0.0m CD

Existing Seabed

Upon the success of armour stone profile inspection, and once

the expected sand bund settlement was obtained, gaps between
armouring stones from elevation +1.5mCD shall be filled up by
cement mortar.

Cement mortar shall be mixed on site and suitable concrete pump
shall be used for placementitime & Dredging 2010 83
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Singapore: Reclamation of Pulau Ubin and
Pulau Tekong Islands

15m
TOP OF REVETMENT
Sand Compensation and Surcharge CLUSTER
_ +103.8 mCD 1 5-63 mCD HWM +2.515 mCD 1 o +4.50 mCD
Reclamation Sand v +0.50 mCD . z
9 B o STONE REVETMENT -
: ~--SANDBUND Pl CLUSTER
- <) -
. - Existing
’ Marine Cla/)//;//// i 7077077 }r’s‘;—i |_Seabed Profile
/, / / / < Orpeii //
Fluvial Clay > L
Residual Soil




Singapore, Pulau Ubin and Pulau Tekong Reclamation and
Rock-Works (2000-2005)
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1st FEBRUARI 2004

Palm Jebel Ali, Dubal
Construction Phases
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10th OCTOBER 2004

-
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Landfill works with
THSD'’s ‘Juan Sebastian
de Elcano
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Belgian Experience in Sea Defence
Works

By
Jan De Nul Group
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Belgian Experience in Sea Defence
Works

By
Jan De Nul Group
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Belgian Experience in Sea Defence
Works

By
Jan De Nul Group
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Dykes,
Breakwaters
and
Coastal
Defence

Belgian Experience in Sea Defence
Works

By
Jan De Nul Group
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Belgian Experience in Sea Defence
Works

By
Jan De Nul Group
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Belgian Experience in Sea Defence
Works

By
Jan De Nul Group
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Belgian Experience in Sea Defence
Works

By
Jan De Nul Group
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Belgian Experience in Sea Defence
Works

By
Jan De Nul Group
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Belgian Experience in Sea Defence
Works

By
Jan De Nul Group
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New Island Development (NID)

Scope
Reclamation and construction of
underwater revetment berm

Soil
Sand and calcarenite

Volume
Dredging: 29 million m3
Reclamation: 29 million m3

Dredgingdepth
Borrow area depths between 25 and 30
metres

Otherworks
Rock dumping: 3 million m3
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New Island Dedevelopment: Layout
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Engineering of Submerged “Reef” Breakwater
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Submerged Shield Breakwater (New Island, Dubai)
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NID: Visualisation of Roundhead Structures
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New Island Development (NID)

Equipment

® TSHD Juan Sebastian De Elcano and Gerardus Mercator
= CSD J.F.J. De Nul

= 2 split barges

= SSDV Pompei

= Positioning pontoon DN 121

" Rock transport barges DN 114, DN 115 and DN 116

= Split barge Verrazzano

Maritime & Dredging 2010
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NID in September 2008 (under construction)
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New Island Development: June 2009
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Errors in rubble-Mound Breakwaters NOT to make !
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Armouring of Breakwaters with Concrete Armour Units, CAU’s

T

ANTIFER CUBE

TETRAPOD

LAWARD SDE LEEWAAD SA0E

Crast

s Lindlartayes

ACCROPODE®
CORE-LOC™
DOLOS gl
HARO
Type of ANTIFER HARO ACCROPODE CORE-
Armour USURAOIR CUBE ® LOC™
Block

Number 2 2 2 1 1
of Layers

Armour 3/2 3/2 3/2 4/3 4/3
Slope H/V

Po[)?sity 50 45 51 -53 52 60

0
Breakin i o* 13,8 12 16
Waves Kd
% 5 5 0,5 0 0

Damage

Concrete 0.35 Hs 0.38 Hs 0.27 Hs 0.2 Hs 0.18 Hs
Volume

per m? of

Slope
Relative 1.9 2.0 1.3 1.0 0.9
Quantity
of
Concrete




CAU’s

Type Layers | History Void Concrete
Percentage percentage

Antifer Cube 2 Developed in 1972 Sogreah (Fr 45% 55% ]
Tetrapod 2 Developed in 1950 Sogreah 50% 50%
Dolos 2 Developed in 1970 (SA) 60% 40% .
Accropode | 1 Developed in 1980 Sogreah 50% 50% .
Accropode I 1 Developed in 1994 Sogreah 55% 45 %

1 Developed in 2000 USACE & 60% 40% .
Core-Loc commercialised by Sogreah
Xbloc 1 Developed in 2004 DMC (NI) 60% 40%
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Placement-rythms of CAU’s in Breakwaters

cyclus time for different CAU’s:

2,50 m3, 6 5,00m3, 12 | 10,00 m3, 24
ton ton ton
Type [sec] | [min | [sec] | [min | [sec] | [min
] ] ]
Kubus 150 | 2,50 | 200 | 333 | 250 | 4,17
Tetrapod 200 | 3,33 | 250 | 4,17 | 300 | 5,00 .
Accropod 250 | 4,17 | 300 | 5,00 | 375 | 6,25 .
Hourly productions at 3.000 working seconds per hour:
2,50 m3, 6 5,00 m3, 12 | 10,00 m3, 24
ton ton ton
Type
[pcs/hr] [pcs/hr] [pcs/hr]
Kubus 20,00 15,00 12,00
Tetrapod 15,00 12,00 10,00
Accropod 12,00 10,00 8,00
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Port of Rades: Armouring with Accropode |

ACCROPODE™ est une marque déposée par SOGREAH - France

dduelS - HYJYOOS j0 > ewspel) € Sl 4, 3d0d0dDV

ACCROPODE™
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Shed Armouring Units (Limassol Marina)
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Port of Zeebrugge: Sand retention breakwaters armoured wi th HARO'’s
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CORE-LOC® est une marque déposée par I'US Army Corps of Engineers USA

VSN sigauibug Jo sdiod Awly SN 8yl Jo ylewsped) e st @0 T1-340D

CORE-LOC®
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ACCROPODE™ est une marque déposée par SOGREAH - France
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ACCROPODE™
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ACCROPODE™ est une marque déposée par SOGREAH - France
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ACCROPODE™ est une marque déposée par SOGREAH - France
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ACCROPODE™
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&y S Jebel Ali New

» 23 Mm3 of dredging Container Terminal
* 9 km of rubble-mound breakwaters Phase 1

« 1,7 km floating breakwaters

2,2 km of super post-panamax quaywall
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Jebel Ali New Container Terminal Extension
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Jebel All New Container Terminal

Stabit (11t)
CAU'’s

Quarry Run

Maritime & Dredging 2010

Extension

146



Container Port Jebel Ali, Dubai
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Container Port Jebel Ali, Dubai
Armouring with 11 ton Stabit CAU’s
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Sea-defence works: sea-dikes
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Sea-dike, Bredene (Belgium)
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Coastal protection structures: groynes
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Coastal groyne , Ostend (Belgium)
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Groyne Fields, Cadzand
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Concrete in Waterfront Engineering.
Challenges:
* limited sustainability ( > 100 years ?)

* sensitive to sulphate weathering (sea-water
environment)

* reinforcement corrosion
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Concrete for Waterfront structures: High Sulfate Resisting (HSR) Concrete




Compression Strength Tests

on Concrete

Compression strength
UCS

Days

Tests done on samples kept at 20C under water
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Concrete Caissons for Breakwaters or Quaywalls
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Dry-docks used for caisson-construction
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Colloidal Concrete (info cfr Interbeton):

* open structure Hydromix is een merknaam van Interbeton

Cfr www.heidelbergcement.com

« closed structure

Characteristics:

« UCS =7 N/mm2

e p=1750 kg /m3
ek=2104t02.107"m/sec
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Underwater Concrete with closed structure (cfr Hydromix)
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Sheetpile Walls : U- orf Z- profiles

Y
N S p.
h pf Y h
\___A : '
b b - b - b -

Choice of profile depends upon:

« Ultimate soil/water load (horizontal soil pressure): U-profile has a stronger bending moment,
Z-profile is more economic

» Type of Soil :

* Resistant Soils (e.g. qc > 2 MPa or SPT > 15)with difficult driveability: U profile preferred
(= stronger)

 Soft soils with good driveability: Z-profile preferred because more cost-effective (relative
to kg of steel)

Accelerated Low-water Corrosion in Oxygen-rich water environment (top part & splash zone):
Protection by:

» Overwidth on steel : corrosion = ca 0,10mm/year

» Coatings (epoxy) ...but risks of damage during driving

 Cathodic protection, either passive with sacrificial Zn-anodes ( 1kg/m2 exposed), either
active, with DC
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Application of sheet-piles in cofferdams

Double sheet-pile wall, Blankenberge (Belgium)
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Combi-Walls:

Combination of deeper tubes (stability) with
shallow U-profiled sheetpiles (soil/water retention)
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Bouw van de 2 9 Sjuis te Evergem: Buispalen en Combi-walls
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New lock-chamber at Evergem-Lock on Canal Ghent-Terneuzen
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Combiwall in Danish Quay-Wall , Albert | dock,
Zeebrugge, Belgium
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Monitoring horizontal movements in Combi-Walls

Monitoring : inclinometersa/4)

+7.80

+6.50
+ 4.50

-9.00 38.8 mm

-24.00 Nl

@
H

-30.00

—_—
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Construction of Albert [I-Dok Quay-Wall (Zeebrugge)

Driving Combi-Wall in
Reclaimed Sand-body

Reclaimed Sand-body

w_ | Cleaning up nautical
depth

Dredging sandbody
and reclaiming quay-
platform
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Renovation of Quaywalss in the port of Ghent,
Belgium

Existing quay -wall structure

EXIsting dock pbottom level




After Renovation
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Sheetpiles in Waterfront Engineering: flexible, cheap,
but...
Accelerated Low Water Corrosion (ALWC)

What ?

In the tidal range and splash zone and to ca 1 to 2m under the LW-line,
bacteria are agglutinated to the steel causing an acid-corrosion: the
result is a strongly accelerated corrosion and oxydation of the steel.

Normally, a corrosion of 0,08mm to 0,17 mm/year/wet surface is to be
considered

ALWC corrodes up to 0,3mm to 2mm/year/wet surface !

Solutions?
Cathodic Protection with sacrificial (Zn) anodes
Epoxy-coatings
Calcium Carbonate/ Mg - hydroxyde coating
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Concrete Tube-Piles or Steel Tube-Piles ( fully or partially filled with
(reinforced) concrete) for breasting Dolphins, Mooring Dolphins

Steel Tube-Piles: choice is determined by steel-
quality, i.e. the Flow-limit of the steel.

Generally, it appears to be more cost-effective
to use lighter tube-piles with a high-quality steel
(instead of larger tube-piles, with lower steel-
quality).

Dimensions are engineered via bending
moments, driving depth (geotechnics,...),...

Maritime & Dredging 2010 173



Massive gravity quay -walls

Existing quay -wall structure

Existing doc
pottom leve

K
J




After renovation , Port of Klaipeda, Lit
New coping

New bolla
New: fenc

Ground anchor
1O00KN; L = 42.70m

New dock
pottom level

Reinforced VHP grout

column foundation

clon masenny: mass;wall
c _erJH -guay, Oostende




IMPACT RECONSTRUCTION
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Gravity Quaywalls, constituted of Concrete Blocks,
Cove Canal, UAE
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Examples of Engineered Block-Walls
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. DESIGN PARAMETERS OUAYWALL
Examples of Engineered Block-Walls Surcharge = 10kN/m? (truchs)

i i Max. Water Difference = 0,2m
, Cruise Terminal bl
Sllldnq {=] '_EJ
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/TN
&
6.8 o
L
Shear key anly over 10m '_IU||EF'E|LUI'1E—\ P
GEOTEXTILE - 1.0 7
30 \ 1.5 8.0 jj/-— Bollard sequence 50m
GRAVEL | +4,omOMD

/— REINFORCEMENT

Lt = I-:Mean seabedlevel
{ =-5.13mOMDO
RECYCLED QUARRY RUN =
: e e — — = — — —— —
I H  —
' ! 625 o
! BS w |
Frs ' b IDredged leval|
DaIMG ef trench with C50 gs 9 T -1.5mIMD
T T 1

= _135mOMD : PRDSIIS
[ | =t -~ 85

6§ IR " 301::

MEre & Dredging 2010w | \ 179

[CONCRETE FILL |




Palm Cove Canal, UAE:

More than 12 km of qua-wall constructed
with 25 to 32 ton unreinforced concrete
blocks
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Massive Gravity Wall cast in-situ: example of Verrebroeck-Dock, Port of Antwerp

Fixed Formwork in corners

Sliding formwork



Verrebroeck-Dock: Port of Antwerp
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Controlled Inundation Area at Kruibeke Bazel Rupelmonde (KB R), River
Scheldt: construction of dewatering sluices
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KBR at LW

KBR at HW

. ) KBR at extreme HW
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