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Abstract

Al Faw Grand Port is currently one the world’s largest port developments and is being constructed as a major
part of the regeneration plan for Iraq. The port aims to compete with the Suez Canal via road and later rail links
to Europe. The Port will have an initial capacity of 3.5 million TEU and 22 MT of bulk when completed. The
current construction phase covers the construction of 1.75km of open piled quay to provide 5 deep water
container berths and is to complete in 2024.

The paper outlines why an in situ concrete mattress with a rock falling apron edge was chosen as the scour
protection for the quay structure over traditional rock armour. Insitu concrete mattress can be installed under
the deck removing scour protection from the critical path, reduces the number of marine construction stages
and uses less over 10 times less material to form the scour protection compared to traditional rock armour
protection. The design methods and construction of the in situ concrete mattress is outlined and examples
from other countries in transition are presented.
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Figure 1 Cross-section through the deck on piles quay structure showing the in situ concrete mattress scour protection at
Al Faw Grand Port Irag. The use of the mattress saved the importing of approximately 430,000 m3 of armour rock layers
while also allowing deck construction to start before the scour protection was completed, allowing the superstructure to be
started earlier in the construction period.

1. Introduction
The scour protection method at Al Faw Grand Port
was changed by the contractor from traditional rock

operators who want to minimise the construction
period and cost.

armour to in situ concrete mattress. This paper
outlines how using in situ concrete mattress scour
protection: allows a reduction to the overall
construction  programme, allowing revenue
generating activities to start earlier after initial
investment; uses less materials; has fewer marine
construction stages and provides a high standard of
scour protection for the largest vessels in current
usage.

This paper is useful for engineers involved in port
design or construction as well as owners and

The paper also outlines the scour protection design
methods applied, how the mattress was designed
for expected settlements and how it is being
constructed.

Previous similar project examples are included from
Port of Cotonou, Benin, and Port of Belawan,
Indonesia.

2. Al Faw Grand Port Project
Iraq is investing billions of dollars to create an
alternative shipping route to the Suez Canal as it
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looks towards a post oil era. The route will allow
transport by road and later rail, through Turkey into
Europe and can accommodate drafts of 18m.
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Figure 2 Map of the region showing how goods would
move from Al Faw Grand Port to Turkey creating an
alternative to the Suez Canal [5].

The first stage in the development was 15km of
breakwaters for the port, completed in 2020 and
understood to be the longest on earth [2].

T

Figure 3 15km of breakwaters at Al Faw Grand Port are
the longest on earth [2] and a statement of Iraqg’s
ambitious plans.

Currently under construction is 1.75km of quay for
the container terminal, due for completion in late
2024.

3. Tender stage

At tender stage the contractor considered options to
reduce construction cost and time. The cross
section for the quays at this stage is shown below:

Figure 4 Tender stage cross-section of the quay
structure at Al Faw Grand Port. 1.8m of 1-3t armour
overlaying a 1m filter layer was proposed.

The construction of the rock armour layers must
take place after piling and before deck construction.
This means the rock armour must be fully placed
before construction can start on the deck.

Rock armour of sufficient quality was also costly to
bring to site.

In situ concrete mattress was recognised by the

Contractor and the Client Team as being:

e an equivalent standard of protection to the rock
armour for a 100 year design life;

e a replacement for 430,000m3 of rock armour
layers with 26,500 m3 of concrete;

e able to install before or after the deck, taking
scour protection construction off the critical
path, shortening the overall construction period,
giving the client less time between initial
investment and revenue generating operations

3.1. Tender stage concept design
Sealed in situ mattress was assessed as an
alternative to rock armour protection as it is much
thinner for the same standard of protection and can
be installed under the deck with no loss of
performance unlike any other form of scour
protection.

Figure 5 Cross section through the mattress concept
design at tender stage showing significantly simplified
construction of the slope protection layers under the deck.

The in situ concrete mattress was defined at this
early stage using the design methods for sealed
protection presented in Hawkswood et al 2018 [3].

A comparison of materials and installation is
provided below:

3.2. Materials comparison
The rock layers on the slope consisted of 1.8m of 1-
3t rock on a 1m filter layer and 0.8m transition layer
overlaying the quarry run for a total thickness of the
rock armour scour protection of 3.6m on the slope.

The equivalent concrete mattress thickness on the
slope was 0.15m.
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Figure 6 Graph showing the relative layer thicknesses of
rock armour and in situ concrete mattress for the same
standard of performance.

In the wave zone the mattress thickness is
increased to 400mm incorporating porosity holes
overlaying 40cm of 75-250mm bedding stone to
resist wave action using methods as detailed in
Furborough et al 2024 [1].

On the level berth area under vessel actions, the
transition layer is not required in the rock design with
the other layers unchanged for a total thickness of
2.8m.

The in situ concrete mattress is 0.22m thick on the
level area to resist vessel induced flows and
suctions, while also being robust for maintenance
dredging.

The summary of materials required is:

e Rock armour 430,000m3 of rock armour layers
on top of the general slope fill compared to

e In situ concrete 26,500m3 plus 400,000m3
additional general slope fill in the cheaper
granular material to bring up to the same level.

3.3. Installation comparison
The 1-3t rock needed to be installed onto the slope
from above after piling, adding a step into the
construction sequence before the deck can be
started.

The rock layers would also have to be carefully
constructed, monitored and inspected to ensure the
correct layer thicknesses and levels were achieved.

The placement of 1-3t rock around piles is also time
consuming to ensure the correct coverage is
achieved.

Conversely the mattress can be installed around the
piles at any time after piling, before, during or after
deck construction. All that is required for deck
construction to start is that the formation level of the
mattress is achieved.

For these reasons the in situ concrete mattress was
selected as the scour protection method for the

quay structures and was taken forward to detailed
design.

4. Detailed design stage

The detailed design of the in situ mattress was
carried out for container ships of 16m draft, with
single and twin propellers in line with the methods
set out by Hawkswood et al 2018 with 10% engine
power as suggested by PIANC report 180 [4].

Figure 7 Final detailed design cross section through the
quay and scour protection. Minor changes to the rock
armour falling edge apron and arrangement of the top of
slope are apparent.

4.1. Extent of protection
The extent of the scour protection was defined
following geotechnical analysis of the structure.
The analysis established the extent to which scour
down to -25m would be acceptable without
increasing the risk of global slip failure.

Figure 8 Geotechnical assessment showing the bed
levels after 5m of scour and the most likely slip location.

4.2. Sealed protection

To provide the same standard of protection as the
rock armour solution, the in situ mattress was
designed as a fully sealed slab (Hawkswood et al
2018). Sealed protection is defined as no vessel
induced actions able to act under any part of the
mattress. This characteristic is unique to in situ
concrete mattress when installed in this sealed
manner and is the thinnest scour protection method
available for the standard of protection.

To achieve sealed protection, the mattresses must:

e achieve their design thickness everywhere;

e created sealed ball and socket joints between
mattresses;

e be sealed against underscour at the edges
using rock armour falling edge aprons

e Sealed at the top of slope against the block wall
using an in situ concrete filled bolster.
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Figure 9 Each mattress is filled to full thickness and
sealed to its neighbour using sealed ‘ball and socket’
joints.
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Figure 10 Edges of the mattress are protected from
underscour using a rock falling edge apron detail. The
rock has the same design as the rock scour protection
alternative.
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Figure 11 Concrete filled bolsters are used to seal the
edges of the mattress to structures. Completing a
completely sealed scour protection apron.

4.3. Level berth area
Incomat Standard 220mm thick was selected to be
installed in a sealed arrangement from the toe of the
protection past the first line of piles using the design
methods from Hawkswood et al (2018) [3].

A stone retention bolster (Figure 10, shown yellow)
is defined to prevent the edge rocks in the falling
edge apron from being pushed out of the trench by
thruster flow and onto the mattress, potentially
fouling the underkeel clearance.

4.4. Lower slope under the deck
INCOMAT Standard 150mm thick was selected for
the slope under the deck in the more benign region
between the vessel actions on the berth and the
wave action at the top of the slope.

This was again defined as sealed protection so that
there can be no erosion through the plane of the
mattress.

The essential detail in this area is to ensure that no
material is lost at the piles where the bow thruster
flow is accelerated due to the pile effect Hawkswood
et al 2018.

Proserve’s pile seals ensure a sand-tight seal to the
piles, ensuring there is no erosion at the pile
locations.

Figure 12 Proserve’s concrete mattress pile seal
creating a sand tight seal against the pile so that no
erosion can occur.

4.5. Slope protection in the wave zone
The mattress thickness, porosity and slope were
refined in collaboration with the design team for the
quay structure.
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Figure 13 Cross-section at the top of the slope showing
the arrangement of the concrete mattress with ‘open’
porosity holes and the bedding stone.
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A change in the structure allowed for the slope of
the mattress in the wave zone to be decreased, this
change spreads the wave load over more mattress
area, reducing the thickness required to prevent
uplift of the mattress in wave action by 100mm to
300mm. See the design method in Hawkswood et
al 2024.



35" PIANC World Congress, 29 April — 23 May 2024, Cape Town, South Africa
Paper Title: Innovations in Berth Scour Protection for Piled Quays at Al Faw Grand Port, Irag
Authors Names: George Hawkswood, Martin Hawkswood and Mitchell Furborough

Figure 14 Open holes in the mattress allow for
dissipation of wave uplift pressures. The bedding stone
is sized such that no erosion can occur through the
mattress porosity holes.

Porosity holes in the mattress are essential for the
relief of hydrostatic load from under the mattress
during a wave trough. At first sight, putting holes in
the mattress appears to run contrary to the principle
of sealed protection, however, the mattress portion
in the wave zone is installed onto granular fill of 75-
250mm grading, so that no stone from under the
mattress can fit through the porosity holes in the
mattress, thus maintaining sealed protection.

Further detailed guidance on in situ sealed mattress
protection in the wave zone as was applied in this
case is provided in Hawkswood et al 2024.

4.6. Design for settlement
During the detailed design phase the potential for
275mm of settlement on the slope was identified
and added to the design requirements of the
concrete mattress.

Slope settlement
300
200 ‘ 0 —

0 10 20 30 40 50

Distance up slope (m)

Settlement after construction

Figure 15 Graph showing expected settlements of the
slope following construction overlaid on the typical cross-
section showing where each settlement would occur.

Rock armour layers cope well with settlements as
each element can move individually. This is not the
case with sealed slabs of concrete.

Settlement can be a major concern as if some of the
mattress cracks and drops, then there is a potential
for erosion from under the mattress, with sealed
protection no longer provided and subsequent
failure of the scour protection is possible.

A careful assessment of the settlements expected,
and engineering of the required settlement details to
maintain sealed protection was completed:

Firstly, assessment of the differential settlements
was carried out:

Very little settlement was expected at the quay line
or under the stacked block wall at the top of the
slope due to the ground improvement in that
location.

As seen from Figure 15, the settlement predicted
increased somewhat linearly from zero the bottom
of the slope to 275mm expected at the top over the
design life, with 190mm of settlement at the piles, a
maximum differential settlement of 85mm.

The mattress needed to cater for a varying
settlement up the slope with less settlement locally
at the piles due to negative skin friction effects.

4.7. Innovation in settlement design for
concrete mattress

To achieve sealed protection while also

accommodating settlements, some changes were

made to the mattress design:

o the mattress type was changed to have thin
“flex” lines to encourage the mattress to crack,
rotate and settle in a controlled manner;

o settlement collars were added at the piles to
avoid the semi-rigid mattress binding on the
piles and not dropping; and

e a movement joint was added at the top of the
slope between the mattress and the bolster.

Figure 16 On site demonstration filling of the flex
mattress and pile collar details. The mattress is
completely sealed against erosion with the ability to follow
differential settlements maintaining sealed protection.
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Figure 17 Cross-section through the flex mattress
showing the shape of the mattress ‘blocks’ in the
downslope direction. L is the size of each block, in this
case 1.25m in both directions.

The flex mattress is designed to create “blocks” of
concrete around 1.25m square. The mattress shape
was engineered so that gaps of not more than 3mm
could open between the mattress blocks once the
maximum settlement movements have occurred.

The maximum mattress thicknesses were increased
from 150mm to 200mm max, 180mm average on
the slope and from 300mm to 350mm max and
310mm average in the wave zone to ensure each
block had sufficient stability after settlement,
cracking and rotation occurred.

4.8. Differential settlements

Within the 275mm maximum settlement, the
differential settlements of up to 85mm between the
piles needed to be accommodated. Flex lines
longitudinally down the slope allowed for settling,
cracking and rotation in that direction as seen below
in Figure 18 as constructed, and Figure 19 following
the maximum settlements expected.
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Figure 18 Cross-section through the mattress along the
slope, showing how the mattress is constructed before
settlement of the clay has occurred.

Figure 19 Cross-section through the mattress along the
slope, showing how the mattress cracks, rotates and
drops with the maximum predicted settlement while
maintaining sealed protection.

The mattress remains as sealed protection as the
wave action is not able to act under the mattress
and the 75-250mm stone under the mattress is not
able to escape through the minor cracks in the
mattress.

Figure 20 Cross-section through the top of slope
mattress, showing the Flex350 mattress in the wave zone
and the Flex200 mattress on the slope.

Lower on the slope where settlements were less,
the 25-35mm general fill is too large to escape
through any cracks in the mattress from differential
settlements.

4.9. Settlement details
To prevent the mattress binding to the piles and not
settling with the slope, a movement detail was
required at the piles. This was achieved by using a
settlement collar that provided an engineered gap
around the piles to ensure enough space for
rotations and settlements.

Figure 21 Image from an on site demonstration showing
the steel settlement collars that were placed around the
piles to allow settlement of the mattress. Also visible is
the larger stone placed around the foot of the pile to
prevent escape of the 25-35mm stone fill that formed the
slope. Figure 27 shows a filled mattress around a pile and
collar arrangement.

5. Construction stage

With the design for the sealed in situ concrete
mattress complete and approved, the task of
creating the sealed protection passed to the
construction team.

5.1. Installation planning
To make full use of being able to install concrete
mattress under the deck and benefit from removing
the scour protection from the critical path, the
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construction team prepared the slopes and installed F =

the first mattresses with the deck off, so that if any = A"
adjustments were required they had access to
remedy and to adjust future slope preparation so
installation could take place under the deck reliably.

Figure 22 Cross-section of the quay showing initial

installation taking placed before the deck was constructed Figure 24 Mattress installation before deck construction.
so that the contractor had access for any changes A small amount of equipment is needed for concrete
required. mattress installation. Ready mix concrete, a mortar

pump, a dive team and a floating hose is all that is
required to fill the mattresses.
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Figure 25 Cross-section showing mattress installation
taking place under the constructed deck without the
rocker slab.

Figure 23 Image showing the purpose made cantitravel
installing the steel piles. Concrete mattress installation
followed pile installation at first.

As is expected with this thorough and practical
approach from the contractor, no changes to the
slope were found to be required and deck
construction commenced with mattress installation
then taking place under the deck for the remainder
of the structure.

Figure 26 Image showing the floating concrete hoses for
mattress filling taking place under the completed deck.
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5.2. Creating sealed protection
When creating sealed protection underwater with
fabric formworks, it is essential that the filling
operation of each mattress is completed in a single
pour.

This is simple to achieve when the construction
team is well prepared and practiced.

Demonstrations of each detail were completed to
show that the materials, equipment and training of
the installation team were all sufficient to achieve
the sealed protection underwater. The
demonstrations increased in complexity and were
repeated if any errors were made until the
demonstrations were completed as intended.

Figure 27 Demonstration filling of a mattress pile seal
onto the settlement collar. The flex lines for rotation and
movement are present in both directions.

Proserve’s engineers led the contractor through the
preparation, training and initial installation phases
until the installation team was proficient at right-first-
time mattress installation.

6. Similar examples

Sealed concrete mattress protection has been used
effectively to reduce the marine construction stages
on the critical path, to give flexibility in the
construction sequence and provide a high standard
of protection for many years and across the globe.

6.1. Belawan Port, Indonesia, 1984
Constructed in 1984, the in situ concrete mattress
scour protection for Belawan Port was constructed
under the deck, with 500mm of settlement expected
over the design life. At the last update from the port
in 2013 it was reported to be continuing to “perform
well”.

6.2. Port of Cotonou, Benin 2011
2 New containers berths were built in the Port of
Cotonou in 2011. Sealed in situ concrete mattress
was designed and constructed as the scour
protectipn to the diaphragm wglls.

Figure 28 Mattress installation before filling in situ on the
seabed in Cotonou, Benin, 2011.

7. Conclusions

In situ concrete mattress can enable extensive
efficiencies in construction schedule and reduction
in more costly materials and construction stages
when applied to open piled quays.

When installed as sealed protection it is highly
efficient and effective for its construction thickness.
This paper has shown that flexibility can be
incorporated through careful design and detailing
without losing the benefits of fully sealed protection.

Designing for sealed protection yields the above
benefits, however its execution requires careful
planning, monitoring and diligent execution during
construction as access constraints require that
underwater construction is carried out right-first-
time. To achieve this, effective collaboration
between the contractor, diver and mattress
supplier/engineer is essential throughout the
preparation, planning and construction stages.

8. References

[1] Furborough, M., Hawkswood, M. and Hawkswood, G.
(2024) Design of concrete mattress with Porous Open
Holes for Wave Protection to Harbour Slopes, PIANC
World Congress, South Africa.

[2] Guiness World Records (2020) Longest Breakwater,
Available at:
https://www.guinnessworldrecords.com/world-
records/76023-largest-breakwaters
19.02.2024.

[3] Hawkswood, M., Groom, J. and Hawkswood, G.
(2018) Berth Scour Protection for Single and Twin
Propellers, PIANC World Congress, Panama City.

[4] PIANC WG48 Report 180 (2015) Guidelines for
protecting berthing structures from scour caused by ships.

[5] Straight Talk (2023) Can Iraq's $17B Road and Rail
Project Turn the Country Into a Major Transport Hub?,
uploaded to YouTube 06.06.2023

Accessed:



https://www.guinnessworldrecords.com/world-records/76023-largest-breakwaters
https://www.guinnessworldrecords.com/world-records/76023-largest-breakwaters

	Abstract
	1. Introduction
	2. Al Faw Grand Port Project
	3. Tender stage
	3.1. Tender stage concept design
	3.2. Materials comparison
	3.3. Installation comparison
	4. Detailed design stage
	4.1. Extent of protection
	4.2. Sealed protection
	4.3. Level berth area
	4.4. Lower slope under the deck
	4.5. Slope protection in the wave zone
	4.6. Design for settlement
	4.7. Innovation in settlement design for concrete mattress
	4.8. Differential settlements
	4.9. Settlement details
	5. Construction stage
	5.1. Installation planning
	5.2. Creating sealed protection
	6. Similar examples
	6.1. Belawan Port, Indonesia, 1984
	6.2. Port of Cotonou, Benin 2011
	7. Conclusions
	8. References

