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Abbreviations
ALWC Accelerated Low Water Corrosion
DMT Department of Municipalities and Transport
EAD Environment Agency of Abu Dhabi
HAT Highest Astronomical Tide
IALA International Association of Marine Aids to Navigation and Lighthouse Authorities
ITC Integrated Transport Centre
LAT Lowest Astronomical Tide
LOA Length Overall
MHWN Mean High Water Neaps
MHWS Mean High Water Springs
MIC Microbial Induced Corrosion
MLWN Mean Low Water Neaps
MLWS Mean Low Water Springs
MSD Military Survey Department (Hydrographic Service UAE)
MSL Mean Sea Level
NGC National Guard Command
NOC No Objection Certificate
NOI Notice of Intent
PGA Peak Ground Acceleration
PSHA Probabilistic Seismic Hazard Analysis
SLS Serviceability Limit State
uDL Uniformly Distributed Load
UFC Unified Facilities Criteria
UKHO United Kingdom Hydrographic Office
uLS Ultimate Limit State
USDM Urban Street and Utility Design
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Below definitions shall be used when applying the provisions of this document and in conjunction with
other definitions mentioned within the Department’s applicable rules and regulations.

Term Description

Country The United Arab Emirates

Emirate The Emirate of Abu Dhabi

Department The Department of Municipalities and Transport (DMT)

Applicant A party that applies to the Department to design and/or build a maritime structure.

Completion Document of compliance issued by the Department stating that construction (or a part

Certificate of construction) is complete according to this Code, standards and international
standards.

Developer Person or party who have formally applied to the Department for consent to construct
a maritime structure either directly or through an agent working on their behalf.

Project An individual or organization that has overall control and responsibility for the Project.

Proponents It could be the project designer(s), developer(s) and/or investor(s), or other parties

working on behalf of the project.

Emirate’s Waters

The waterways, canals, surfaces, and waters surrounding the Emirate’s islands, as well
as the internal waters and coasts located within the emirate’s borders

Marine
Operations

Any marine works or marine activities that take place in the waters of the Emirate,
including, but not limited to transfer operations from one marine means to another,
mooring, diving, hull cleaning, dredging, and other marine operations and activities
authorized to be carried out in the Emirate in accordance with applicable legislation.

Waterways

The water areas surrounding the islands, whether natural or artificial, as well as the
coasts near the beaches located in the emirate.

No Objection
Certificate (NOC)

A document or a collection of documents issued by the Department or stakeholder
after having considered the impact of the proposed project on their respective assets,
infrastructure or property as well as their future planning requirements, indicating
that they have no objection to the proposed work as defined in the NOC application.

Permit(s) Formal consent issued by the Department that allows the construction of maritime
infrastructure works to commence in accordance with the NOC and any other
conditions (if any) of the Department.

Proposal A suggestion or intention put forward formally by an Applicant for the design of

maritime infrastructure works in accordance with this Code.

DMT-MAR-COP-21-06 — Rev:01
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1 INTRODUCTION

1.1 Purpose

The Department is fully entrusted with ensuring safety in the Emirate's waters. This document sets out the
minimum mandatory technical requirements relating to the design of maritime infrastructures and to which
a Developer should comply with.

The requirements set forth in this document will be regularly updated to reflect the latest developments in
best practices, technology and any revised requirements from the Emirate. It is the sole responsibility of the
Project Proponent to apply the up-to-date Emirate’s requirements or international standards, addendums
thereof, that may supersede those mentioned in this document.

Directions, requirements or regulations issued from time to time by the Executive Council of the Emirate
shall have precedence over the provisions of this Code in case of any inconsistency arising between the two.

1.2 Objectives

The objective of this document is to provide the owners, designers, project proponents, builders and
operators of waterfront developments with a basic code which is comparable to internationally recognized
benchmarks that are necessary for the orderly and organized development of maritime structures in the
Emirate.

The values indicated in this Code will enable end-users to progress through the Inception (Preliminary)
Phase and the Concept Design Phase. It is expected that, for Detailed Design, the proponent and their
designer will define the design parameters to reflect the proposed structure and location.

1.3 Applicability

This document applies to marine infrastructure implemented through public, commercial and private
development projects, including infrastructure subject to the approval of the Department. The requirements
defined in this document are not intended to be used in commercial or petroleum ports but are expected to
be applied in connection with maritime infrastructure works carried out within the boundaries of ports in
the Emirate.

For buildings constructed over water, this document applies to the structure up to and including the main
deck level. The superstructure above main deck level should be designed in accordance with the Emirate’s
standards and relevant building regulations.

This document covers the design of the following near-shore coastal infrastructures:
o Jetties
e Wharves
o Waterways
e Berthing dolphins
e Floating berths and temporary pontoons
e Seawalls, quay walls, blockwork walls, sheet piled walls
e Breakwater structures
e Boat ramps and slipways

DMT-MAR-COP-21-06 — Rev:01 Page 8|173
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e Revetments and groynes

e Marinas

e Civil engineering design (man-made islands)
e Intakes and outfalls

This document does not cover the design of specific industry infrastructures which are regulated by other
governing authorities:
e Pipelines
e Offshore oil and gas structures
e Geometric design of port and harbour infrastructure
e Floating structures not permanently restrained used in the construction phase e.g. construction /
temporary pontoons, barges

The requirements of an individual development project and its associated facilities should be always
determined on a case-by-case basis. Nevertheless, the base fundamentals provided for herein should be
provided and always maintained.

In the event of a conflict between the requirements of this document and those in a federal or local
legislation, the provisions of the federal and local legislation shall apply. The Department welcomes the
notification of any such conflicts and shall amend this document accordingly.

1.4 Liability and Disputes

The Department and its affiliated entities, as well as those authorized directly or indirectly by the
Department, bear no responsibility or legal liability regarding the accuracy, completeness, or feasibility of
the drawings and plans. They are also not responsible for verifying calculations or inspecting the work during
its progress. Nothing stated in this document, or in any referenced document, shall be interpreted as
grounds for compensatory, special, direct, incidental, indirect, consequential, or punitive damages, or for
any other damages that may arise from loss of use or potential profit.

DMT-MAR-COP-21-06 — Rev:01 Page 9173
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1.5 Glossary

Table 1-1: Glossary

Access

Access bridge

Definition

The place or way by which pedestrians and vehicles
have safe and usable entrance and exit to marinas or
berthing facilities.

A bridge constructed to cross a body of water to
provide a permanent personnel and light vehicular
access between shore and floating jetties, walkways.
Also known as a naval brow.

Accretion

beach during and after a storm

., borrow bring

old beach proﬁle—.s"“

_ store spread
\.. pind transport

storm beach
profile TSR

The process by which sediment is carried by the flow of
water and is deposited and accumulates (opposite of
erosion).

Admiralty Chart Datum (ACD)

HAT Charted HW

MHWS

MHWN | Spring Range  atianal Vertical
MSL Datum(ODN)
MLWN

The base elevation for a particular sea location, and is
approximately the level of Lowest Astronomical Tide
(LAT). The ACD is used as a reference from which to
calculate elevations of structures or depth of water.

Aid to navigation

Neap Range of
Tides
MLWS |
Chart Datum (LAT) rying Height|
CE

Apron

Armour layer

Means a device or system external to marine crafts
that is designed and operated to enhance the safe and
efficient navigation of marine crafts and/or marine
craft traffic. An aid to navigation includes any structure
or equipment ancillary to the aid to navigation.

A layer of stone, concrete or other material to protect
the toe of a structure against scour.

The outer layer of large stone, concrete or other
material on a breakwater or revetment used to protect
against waves and currents.

Armour stone or unit

DMT-MAR-COP-21-06 — Rev:01

Large quarry stone or special precast concrete unit
used as primary wave protection on a breakwater or
revetment.
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Photo / Diagram Definition

Any harbour or body of water, other than a canal, a
lake or inlet, which is separate and distinct from any
existing canal or lake, and which has been artificially
created specifically for the mooring or docking of
marine crafts.

Artificial cove

A building on the same marina area to serve the

Auxiliary buildin . . .
y g marina operational requirements.

The measured depths of water in oceans, seas, and

Bath
athymetry lakes.

The greatest width of a marine craft including all

Beam
permanent attachments.

A horizontal step in the sloping profile of a beach,
revetment or breakwater. A berm might also be a
wedge of material located in front of a seawall to
enhance stability.

Berm

A place for mooring a marine craft attached to a fixed
or floating structure and allowing for walk-on or drive-
on access to marine crafts.

Berth

Berthing The act of bringing a marine craft alongside a structure.

An independent structure founded on the seabed used
to assist with the manoeuvring, berthing or mooring of
marine crafts.

Berthing dolphins

= Is synonymous with marine craft or ship with a valid
registration and shall include every description of
watercraft, other than a seaplane on the water, used
or capable of being used as a means of transportation
on water.

Boat

DMT-MAR-COP-21-06 — Rev:01 Page 11173
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Boat lift

Bollard

Photo / Diagram

Definition

Any device fixed to the ground, a seawall, post, piling
or a dock, designed to lift watercraft clear of the water.

A piece of equipment permanently fixed to a structure,
usually located on the quayside, used to secure ropes
for the mooring of marine crafts.

Breakwater

Brow

Channel

Coastal defence

A structure protecting a shore area, harbour, marina,
or basin from waves. It can be an offshore structure or
connected to the shore.

An articulated bridge constructed to cross a body of
water to provide a permanent personnel and light
vehicular access between shore and floating jetties,
walkways.

An unobstructed waterway, either naturally occurring
or excavated, that allows the navigation of marine
crafts or the flow of water.

Cleat

A structure that protects the shoreline from coastal
erosion and flooding.

A typically anvil-shaped fitting permanently fixed to a
structure, usually located on the quayside, used to
secure ropes for the mooring of marine crafts. Cleats
are generally smaller and have lower capacity than
bollards.

Coastal processes

The action of natural forces on the coastline and
adjoining sea bed.

Cofferdams

DMT-MAR-COP-21-06 — Rev:01

A temporary water-tight structure enclosing all or part
of the construction area so that work can proceed in
the dry.
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Photo / Diagram

Definition
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The seaward edge of the deck of a floating berth, quay

Cope
P or seawall.
v ]
o, o) S An inner, often much less permeable, portion of a
&, e Pt
Core ER rubble mound structure.
S L
. The destruction of material, usually metals, by
Corrosion . . . .
chemical reaction with its environment.

Crest Highest part of a breakwater, revetment, seawall, or

wave.

Cross-section

roma ot TN

A view of the interior of an object as it is sliced along a
plane.

Currents

.

A flow of water that can be generated by tides, wind,
waves or moving marine crafts.

Datum

Any permanent line, plane or surface used as a
reference to which measurements (elevations or
distances) are referred. The Emirate’s horizontal
datums are WGS39 and WGS40 and the vertical datum
is in metres Admiralty Chart Datum ACD) or Ras
Ghumys (MSL).

Deck

The top horizontal surface of a jetty, wharf or floating
berth.

Deep water

Water of depth such that the waves are little affected
by bottom friction. Generally, water deeper than one
half the surface wavelength is considered to be deep

water.

Design working life

The stated period for which a structure is to be used
for its intended purpose with anticipated maintenance
but without major repairs.

Diffraction

The process by which the direction of the wave passing
a structure bends around the end of the structure, so
causing wave action in the shadow behind a solid
structure.

DMT-MAR-COP-21-06 — Rev:01
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Dock

Double berth

Draft

Dredging

Photo / Diagram
gy

Definition

A structure for building, repairing, loading or unloading
marine crafts.

Berth designed to accommodate for two marine crafts
between finger floats or piles.

Dry dock

Edge works

Erosion

Facility

The depth of the lowest part of a marine craft or
floating structure in relation to still water level.

The excavation of material from the seabed to increase
water depths for navigation/mooring or as a source of
material for reclamation.

A specialized facility used for the repair of marine
crafts where the craft is removed from the water or
placed within a lock and the water removed leaving the
craft in the dry to facilitate repairs.

A vertical or sloping erosion protection structure at the
shoreline. Edge works can be constructed of concrete,
steel, timber, or rock.

The removal of soil or rock material by the action of
natural forces, or forces generated by marine crafts,
and its transportation to other locations.

All or any portion of maritime structures for mooring,
lighting and supplying, equipment, roads and
walkways.

Fairway

g_%

An unobstructed waterway between rows of berths
which allows marine craft movement between interior
channels and individual berths.

DMT-MAR-COP-21-06 — Rev:01
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Photo / Diagram Definition
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A generally lightweight structure constructed of
wood, metal, block, brick, stone or any other material
other than natural vegetation to create a barrier.

Fence

An energy absorbing device used on the face of a
berthing structure to protect the marine craft and
structure from damage due to contact between the
two during the manoeuvring, berthing and mooring of
marine crafts.

Fender

A marine craft that primarily transports passengers

Ferr .
¥ and/or vehicles across a stretch of water.

A floating berthing structure connected to a walkway,
which provides pedestrian access to and from a
moored marine craft.

Finger pontoon

Berths consisting of piled walkways (jetties) and

Fixed berth . .

mooring piles.

A solid structure embedded in the ground/seabed that
Flexible wall relies on its resistance to bending to resist the forces

applied to it.

Berths consisting of walkways that are buoyant and not

Floating berths supported vertically by any other structure.

The part of the shore that lies between the average

Foreshore high tide mark and the average low tide mark.

The height of a marine craft or floating structure above
Freeboard .

still water level.

A hinged bridge providing pedestrian access between a
Gangway fixed structure and a floating berth, or from a marine

craft to the deck of a berth.

DMT-MAR-COP-21-06 — Rev:01 Page 15| 173
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Definition

Geo-engineered structure

Photo / Diagram

Sepage Line

g N

‘ Core Material

Rocks (penvious)

A man-made earth structure, for example an
embankment.

Geotextile

A synthetic fabric, woven or non-woven, used as a
filter or separation layer.

Gravity wall

A structure that relies on its mass to resist the forces
that are applied to it.

Ground investigation

To obtain information on the physical properties of the
soil and rock around the site to design earthworks and
foundations for proposed structures.

Groyne

A rigid structure generally perpendicular to the
shoreline built to interrupt or deflect water flow and
thereby control the movement of sediment.

Highest Astronomical Tide (HAT)

The level of the highest predicted tide at a specific

location. HAT does not represent the highest level

which can be reached because surges and seasonal
variations can cause higher levels to occur.

Hydraulic fill

Material placed as reclamation or fill by means of
pumping via pipeline or by ‘rainbowing’ using the
medium of a flowing stream of water for its
transportation.

Jetty

A structure extending into the sea, lake, or river to
facilitate marine craft mooring or to provide access.

Light vehicle

A 4-passenger electric golf cart, or equivalent, used to
service larger jetties, walkways or other special
requirements.

DMT-MAR-COP-21-06 — Rev:01
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Definition

Lowest Astronomical Tide (LAT)

Photo / Diagram

The level of the lowest predicted tide at a specific
location and often taken as Chart Datum. LAT does not
represent the lowest sea level which can be reached,
because negative surges and seasonal variations can
cause lower levels to occur.

Maintenance

Main walkway

Repair or replacement of components of a structure
whose life or condition is less than that of the overall
structure.

Marginal walkway

The principal floating walkway to which the finger
pontoons are attached.

Marina

Where a walkway connects access bridge landings
along the basin perimeter.

A group of pontoons, jetties, piers, or similar structures
designed to provide sheltered berthing for craft used
primarily for pleasure or recreation. Marinas might
include ancillary features such as slipways, facilities for
marine craft repair and maintenance and for the
provision of fuel, provisions and accessories.

Mean Higher High Water (MHHW)

Mean Lower Low Water (MLLW)

Mean Sea Level (MSL)

A tidal datum determined on the basis of the average
of the higher high water heights of each tidal day
observed over a period of time known as the National
Tidal Datum Epoch.

A tidal datum determined on the basis of the average
of the lower low water heights of each tidal day
observed over a period of time known as the National
Tidal Datum Epoch.

The average height of the surface of the sea for all
stages of the tide over an 18.6 year period, known as
the National Tidal Datum Epoch.

A single piled structure that has open sides and usually
supports a cap or deck structure.

Mono pile
Mooring =
Open piled

The securing of a marine craft to a floating or fixed
structure or to the seabed; or other place to which a
marine craft might be secured.

DMT-MAR-COP-21-06 — Rev:01

A piled structure that has open sides and usually
supports a cap or deck structure.
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Photo / Diagram Definition

Parapet wall Solid wall at the crest of breakwater or revetment.

I
1 Porons
| Pemmeable

Porous.
Noa-permeable

A rate at which water (or other liquid) flows through

Permeabilit .
¥ the concrete, soil or rock components of structures.
A raised structure that might include building supports
Pier and walkways, typically supported by widely spaced
piles. Also might be referred to as a jetty.
A vertical or raked support member of a structure that
Pile has been driven or bored into the ground/seabed for
the transfer of forces.
A floating structure used for marine craft access and/or
Pontoon

mooring of the marine crafts.

The currents or waves generated from the rotating

Propeller wash )
P propeller of a marine craft.

An inclined flat paved surface used by ro-ro ferries or

Ramp landing craft to allow the passage or unloading of a
marine craft to the surrounding paved deck.
The process of creating new land by filling from the
Reclamation seabed to above water level, or the area that has been
reclaimed.
[ 3
-
. The process by which (part of) the energy of the wave
Reflection o > P y (p ) gy

impacting a structure is returned seaward.

roflocted wavefront
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Term

Refraction

Photo / Diagram

Ll

deep shallow
water water

Definition

Slow change of direction and closer alignment with the
seabed contours when a wave enters shallow water.

Retaining wall

Return period

A structure that retains soils.

Revetment

-n

Riprap

Roundhead

Rubble mound structure

Average period of time between occurrences of a given
event.

A sloping type of shoreline protection often
constructed from rock or concrete blocks/units.

A protective layer or facing of quarry stone, randomly
placed to prevent erosion or scour. This term is also
used to mean the stone itself, which is typically well-
graded within a relatively wide grading envelope.

Circular-shaped head of a breakwater, often reinforced
by using larger or higher density armour units or rock,
and/or placed at a reduced slope.

A mound of material with randomly shaped and
randomly placed stones or concrete units on its
surface.

Run-down
Run-up
5 KNOTS
NO WAKE ZONE
Safe speed No JETSKI
RADAR SWITCH OFF 1
BEYOND THIS POINT |

The seaward return of the water following run-up.

The rush of water up a structure (breakwater,
revetment) or beach as a result of wave action.

Speed at which a marine craft can take proper and
effective action to avoid collision and be stopped
within a distance appropriate to the prevailing
circumstances and conditions.

DMT-MAR-COP-21-06 — Rev:01
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Definition

Scour

Photo / Diagram

Removal of underwater material by waves and
currents, especially at the base or toe of a structure.

Sea level rise

maneTsanparaysanny

¥ g

F———
g

__

¥ 8 .

Seawall

The long-term trend in Mean Sea Level.

A structure separating land and water areas and
designed to prevent erosion damage due to wave and
current action and/or flooding.

Shallow water

Water of such depth that surface waves are noticeably
affected by bottom topography and friction. Typically
water of depths less than half the surface wave length
are considered as shallow water.

Significant wave height

The average of the highest one third of the waves in a
given wave group.

Significant wave period

The average time it takes for two successive wave
crests of the one third of the highest waves to pass a
given point.

The water space between two approximately parallel

Slip pontoon fingers (piers). Synonymous with “berth” for
the purposes of this Code.
. An inclined flat paved surface extending below water
Slipway

level used to launch or haul out a marine craft.

Soft defence

Shoreline protection utilising sand beaches or energy
absorbing structures, including those consisting of
gravel.

DMT-MAR-COP-21-06 — Rev:01
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Photo / Diagram

Definition

The water level that would exist in the absence of
waves.

Storm surge

A change (increase or decrease) in water level on the
open coast due to the action of wind as well as
atmospheric pressure on the sea surface.

The periodic rising and falling of the water resulting

Tides ‘\ o S from the gravitational attraction of the moon and sun
\f-— and other astronomical bodies acting upon the rotating
w . earth.
The lowest part of a coastal or fluvial defence
Toe structure. Often it provides support for the armour
layer.
Granular layer beneath an armour layer that serves
Underlayer . . .
either as a filter or to even-out the formation level.
The area that is at, or above, the Admiralty Chart
Upland area
Datum + 0.0 meters.
A floating or fixed structure that provides pedestrian
Walkway and light vehicle access between the berths and the
shore.
Water level The elevation of still water level relative to a datum.

DMT-MAR-COP-21-06 — Rev:01
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Waters edge

Photo / Diagram

Waterfront

Waterways

Definition

All hard and soft structures naturally occurring or
otherwise such as bulkheads, seawalls, revetments and
beaches that come in contact with an edge to the
shore.

Includes land with a water frontage and land that is
separated from the waterfront by a public reserve,
road or open space.

All water bodies such as tidal bays, tributaries and
beaches along the coastline of the Emirate. Waterways
include navigation channels and other natural or man-
made marine craft-permitted routes, between the
islands. Also included are nearshore coasts that may be
used for public, commercial and recreational transport
except the waters under the responsibility of the
Petroleum Supreme Council and the Military.

Wave breaking

The process that occurs when a wave becomes
unstable approaching a shallowing shore. There are
three types: surging, plunging and spilling.

Wave height

Wave length

The height of a wave crest above the preceding wave
trough.

The distance between consecutive wave crests.

Wave overtopping

Wave period

WAVE HEIGHT.

Passing of water over the top of a structure as a result
of the run-up or surging action of a wave.

wiBvE PERIOD

The time for two successive wave crests to pass a fixed
point.

Wharf

DMT-MAR-COP-21-06 — Rev:01

A structure built along the shore, founded on the
seabed, used for the berthing, mooring, loading and
unloading of marine crafts.
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2 APPLICATION FOR NOC

This chapter presents the Department’s NOC process.

2.1 Steps for Requesting NOCs

The Department has a web-based e-NOC system that enables Applicants (or their consultants) to apply for
the certificate®.

The process for obtaining the NOC begins with the submission of the application at a certain stage of the
project, where the type of certificate referred to is determined according to the type of work and the type
of sub-work of the department concerned with providing technical support for the unified response in the
department.

The project stage, as shown in Figure 1-2, determines the procedure to be followed, as each stage may
require its own NOC, which is a prerequisite for each application.

Start Inception Bl Notice of Intent / RFI
Design Sl Design

= Trial Trench
|
|

Construction gEEEEE Construction

T

Figure 2-1: Relationship between the NOC stages and the project lifecycle

Maintenance ZEEEEE Final Clearance Certificate

]

2.2 Obtaining NOC Process Steps
The entire process includes the following phases:
e Preliminary phase
e Design phase
e Construction phase
e Maintenance phase

This document covers the development of maritime structures from Inception up to the Design phase. The
values included are sufficient for the developer to move from Inception to Concept Design approval. The
developer will need to supply site-specific data for its detailed Design approval.

1 Go to NOC link: https://noc.dmt.gov.ae
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Each stage might require one or several separate NOCs. The assessment is based mainly on the documents
provided by the applicant. Table 2-1 shows the required documents at each stage. The detailed design phase
process is included below for clarity.

Table 2-1: Required documents to be submitted

Documentation Requirements Outcome from Department
Preliminary Phase | Documentation requirements: v" Possible meeting with Applicant
e Letter of award v" Notice of Intent (NOI)

e Site location plan

e Affection plan

e NOC from the Department to allow the proposed
use

Scope of services and facilities to be provided by the
maritime development shall be detailed in the NOI
application.

Questions about zoning — is the development near:

e Swimming or jet ski areas?

e Environment protected areas?

e (ritical or environmentally sensitive habitats?

e High security areas?

e Other marine infrastructure?

Concept Design Documentation requirements: v" Possible meeting with Applicant
Phase e NOC request form v' NOC

e Project overview
Preliminary design | o

Site location, with an approved affection plan or

NOC from the Department

e Preliminary topographic and bathymetric survey

e Preliminary technical study report, including site
conditions, design criteria, and assumptions

e Preliminary hydrodynamic/wave/flushing study

e Copy of NOCs issued by other entities, e.g. EAD

e General revenue receipt for review

e Designers Risk Assessment

Detailed Design Documentation requirements: v" Possible meeting with Applicant
Phase e NOC request form v’ Possible site visit
e Detailed project overview v NOC

Detailed design | 4  |mpact on site location

o Detailed topographic and bathymetric survey

e Detailed technical study report, including site
conditions, design criteria and assumptions

e Detailed hydrodynamic/wave/flushing study

e Copy of NOCs issued by other entities, e.g. EAD

e General revenue receipt

e Designers Risk Assessment
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2.3 Impact Assessment

An important part of the procedure is to establish an impact assessment. It is important to note that there
is a difference between large and smaller works. Not every application needs to have a complete set of
impact assessments and other detailed requirements. The requirements must be reasonable and will vary
according to the individual project.

The Department is responsible for its impact assessment which is based on the expert judgement of the:
e Approver (Director of the concerned department)
e Reviewers (specialists)
e Officer (maritime infrastructure specialist)

The Department determines whether it prefers to adjudicate applications by specialized experts or appoint
specific consultants to review applications and impact assessments. It may also request additional
documents or supporting documents as a prerequisite for issuing an NOC. The expert may request further
information and may specify the conditions that the applicant must meet. This may sometimes require
measurements and a general site inspection by the expert to assess the situation. The applicant may amend
his application submitted to the Department.

2.4 Issuing NOC

To obtain NOCs from the Department, the technical and planning requirements required by the relevant
authorities must be met, including the NOC required for land development from the Department.

Upon receiving the necessary NOC from the Department, the Applicant may proceed with the next phase of
the project. Any required topographic surveys, bathymetric surveys and ground investigations shall be
completed prior to completing the Detailed Design.

When issuing an NOC, the Department may apply special conditions with regards to all or any of the
following matters:

e Necessary planning or technical NOCs from the Department for the land-based construction aspect
of the proposed development.

e Land and sea access to the development.

e Construction of the external appearance of the maritime structures in relation to their purpose and
location.

e Health and safety of personnel and environmental conditions of the workplace and surroundings.

e Engineering standards with which any installation is constructed.

2.5 Power to Cancel or Suspend NOC
The Department has the rights to cancel or suspend the NOC if:
e Work is carried out in contravention of the conditions to the NOC, building permit or of any
regulations issued by the Department.
e NOC was issued based on erroneous information or incorrect documents.

It is possible to appeal the decision issued regarding the cancellation or suspension of the NOC according to
the regulations and procedures followed by the Department.

DMT-MAR-COP-21-06 — Rev:01 Page 25]|173
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2.6 Requirements of Other Stakeholders

Developers, in addition to NOCs in accordance with this document, shall also meet the requirements of and
secure relevant NOCs or permits from other entities concerned with the development activities and the use
of water and land.

Typically, this process commences with the issuing of an NOI letter together with documents including for
example the site location, affection plan, and a description of the works. The following assessments might
also be required by the relevant authorities:

Environmental Impact Assessment (EIA) or Preliminary Environmental Review (PER) as per the
requirements of the Environment Agency Abu Dhabi (EAD) including for example disposal of dredged
sand and silt, noise, lighting, nature and location of any water and air emissions, water renewal,
water flushing and circulation studies, marine water quality assessment.

Coastal processes study which may include hydrodynamic modeling and assessment studies,
bathymetric surveys, sedimentation modeling assessment, coastal erosion and accretion studies.
NOC request from the Department.

Transport Impact Assessment, as per the requirements of ITC (Integrated Transport Centre).
Emergency response and contingency plan for emergencies in accordance with the of the Abu Dhabi
Civil Defence Authority.

Visual assessment of the general appearance.

Support service plan.

During the construction of any marine structure, the applicant or developer should take the necessary
measures to ensure compliance with all the environmental laws and requirements of the UAE. This includes
complying with the EAD’s Construction Environmental Management Plan (CEMP) and the requirements of
other concerned entities such as the following:

Abu Dhabi Airports Company (ADAC)

Abu Dhabi Civil Defence Authority (ADCDA)

Department of Energy (DoE)

Abu Dhabi Distribution Company (ADDC)

Abu Dhabi Gas Industries Ltd (GASCO)

Abu Dhabi National Oil Company (ADNOC)

Abu Dhabi Oil Refining Company (TAKREER)

Abu Dhabi Ports Group

Abu Dhabi Sewerage Services Company (ADSSC)

Abu Dhabi Transmission and Despatch Company (TRANSCO)
Emirates’ Water & Electricity Company (EWEC)

National Guard Command (NGC)

Emirates Authority for Standardisation & Metrology (ESMA)
Emirates Nuclear Energy Corporation (ENEC)
Telecommunications and Digital Government Regulatory Authority (TDRA)
Environment Agency of Abu Dhabi (EAD)

General Civil Aviation Authority (GCAA)

Abu Dhabi Police General Command
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e Mubadala Development Company (Mubadala)

e National Center of Meteorology (NCM)

e Emergency Crises and Disasters Management Centre Abu Dhabi (ADCMC)
e National Marine Dredging Company (NMDC)

e Supreme Petroleum Council (SPC)
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3 BASIS OF DESIGN — MINIMUM REQUIREMENTS

3.1 General
The planning of a new maritime structure or facility (or extension of an existing facility) should consider:
e Functional requirements of the structure or facility
e Type of structure or facility required
e Intended design life of structure or facility
e Site boundary and proximity to other facilities
e Number and size of marine crafts, vehicles, bicycles, other equipment and persons using the facility
e Weather conditions such as prevailing wind and wave and current conditions at the proposed
location, before and after construction
e Climate change mitigation and adaptation aspects?
e Ease of access to the structure, both by sea and by land
e Turning areas (maneuvering) of marine crafts using facility
e Geotechnical, bathymetric and topographic conditions
e Existing structures and ground contamination (if any)
e Existing or planned utilities and services
e Type of construction and availability of plant and materials
e Environmental impact of the construction phase, the completed facility and future maintenance
requirements
e Impact of the proposed new maritime structure or facility on currents and tides
e Maintenance including maintenance dredging
e Subsequent removal of structure or facility when it is no longer required

3.2 Access of Marine Crafts into the Marina

3.2.1 Navigation Access of Marine Crafts

3.2.1.1 General

Access to a maritime structure or facility from the sea should be provided for the marine crafts that are
intended to use the facility. Unless natural or existing water depths are suitable for navigation then a
dredged channel should be provided. Design considerations for navigation channels are provided in Sections
4.2.13 (Maritime Facilities - Channels) and 4.3.5 (Marinas and Facilities - Interior Navigation Channels /
Fairways).

3.2.1.2 Marine Crafts
The characteristics of the marine crafts that are expected to use a berth or facility should be included in the

design:
e Draft
e Beam

e Length overall (LOA)

2 Refer to the Abu Dhabi Coastal and Marine Framework Plan (PM 2030) “Plan Maritime 2030: Climate Change and Coastal
Vulnerability / Adaptation Requirements, 20/08/2015”, published by EAD, UAE Office of H.H. Deputy Supreme Commander of the
Armed Forces, and Abu Dhabi Urban Planning Council.
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e Freeboard

e Displacement tonnage

e Airdraft

e Turning circle (maneuvering)
e Engine(s) power

3.2.2 Landside Access

3.2.2.1 General

If access to a maritime structure or facility from the land is required, this landside access layout should be
included in the design and should allow for the safe access and movement of vehicles and pedestrians. The
access layout should factor in the various types of vehicles intended to use the facility such as cars, taxis,
buses, trucks, trailers, Civil Defence vehicles, cranes and over laden vehicles, as well as a segregated
pedestrian access.

Land-based impacts including traffic volumes and parking demand are to be addressed in a Transportation
Impact Study? (for submission to the Department) and aligned with the Surface Transport Master Plan.

Traffic and parking studies should consider:
e Existing car parking and traffic generation rates
e Size and type of craft
e Numbers and types of berthing, i.e. wet, dry
e Patternsovertime for peak and average vehicle and boat usage, including visitors, during high season
weekends and weekdays
e Charter marine crafts
e Locations for overflow parking including alternative off-street parking and kerbside parking
e Access for People of Determination
e Possibility and practicability of remote parking (off-site)
e Car parking for activities ancillary to marina activities
e Common user parking facilities

Road and utilities network should be designed as for urban areas.

In terms of lighting:
e Allfacilities, including car parks where part of the development, must be adequately lit in accordance

with environmental, health and safety requirements.

3.2.2.2 Parking

Where necessary, proper parking must be ensured and their dimensions must be determined in accordance
with the department’s applicable requirements. Off-site parking is generally not accepted due to the
negative impacts on community facilities and the negative impacts of increased traffic.

The planning of a parking associated with the design of a maritime structure or facility should also consider:

3 DMT, Transportation Impact Study Guidelines, November 2009
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e Parking space for the People of Determination.

e Temporary parking for outbound vehicles at vehicle ferry terminals.

e Bicycle spots.

e Parking for trailers at slipways.

e Additional parking provision for other craft that do not require a slipway or ramp.

3.2.2.3  Pedestrian
Segregated pedestrian access (pedestrians, cyclists and People of Determination) to a maritime structure or
facility should consider:
e Public access to waterways and public land is to be maintained, enhanced and not be affected by the
provision of the development.

Where public promenades are to be provided, the Developer shall ensure the spatial requirements meet the
Emirate’s USDM (Urban Street and Utility Design), Plan Maritime and the Department’s applicable codes
and requirements (e.g., minimum 10 m wide public access along the water).

3.3 Survey Datum

The horizontal datum for survey/geographical data should be WGS84 (ITRF2000.0). The Mapping Projection
should be Universal Transverse Mercator (UTM) zones 39 and 40. The zone boundary is at 54 degrees east,
as shown in Figure 3-1.

All structures within the survey area must be surveyed in position, with accuracies of +/- 25mm. All survey
data should be reduced to a recognized vertical datum, which should be Admiralty Chart Datum (ACD) or
Ras Ghumays (MSL).

Figure 3-1: UTM Zones 39 and 40 for the Emirate of Abu Dhabi
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3.4 Design Actions and Forces

3.4.1 General
The design for ultimate strength, serviceability and other relevant limit states should take into account the
appropriate design actions, which might include:
e Permanent actions (dead loads)
e Imposed actions (live loads, e.g. due to berthing, mooring and port / marina operations)
e Water levels
e Hydrostatic forces
e Wind actions
e Current actions
e Wave forces
e Precipitation
e Temperature
e Visibility
e Construction and maintenance related actions
e Geotechnical actions
e Seismic actions
e Corrosion
e Fatigue

In addition to the above, absolute and differential settlement should be considered and material properties
such as fatigue, creep and shrinkage should be taken into account as part of the design. Serviceability and
ultimate conditions for the above should be considered.

A structure and its components should be designed to resist combinations of the above actions where
appropriate. Care should be taken to define combinations of actions which are realistic; combined effects
of actions that cannot exist concurrently should not be considered.

Combinations of loads should be considered at intermediate stages of construction as well as at final design
stage. Stability should be considered in the temporary and permanent conditions.

Data on climatic conditions (winds, precipitation and temperature) may be obtained from the National
Center of Meteorology (NCM) in the Emirate.

3.4.2 Permanent Actions

Permanent actions to be considered in the design of a structure might include the self-weight of all
structures, deck wearing surfaces, long-term loads, such as superstructures and fixed quayside cargo, loads
from operations equipment or boat handling equipment, and the self-weight of permanent dockside
furniture.

Consideration should be given to the relieving effects of superimposed dead loads, and the loss of this
relieving effect should the load be removed in the future.

DMT-MAR-COP-21-06 — Rev:01 Page 31173



_3':/\_ ay ll ubg il
‘/,,l,\{ ABU DHABI MARITIME

In certain structures, soil pressures might be considered as permanent actions and might also be providing
stability to the structure. This should be taken into account in the design stage.

Marine growth and corrosion should be considered in the design of piles and other immersed elements of a
structure.

3.4.2.1  Unit Weights
The following weights shown in Table 3-1 may be used when initially calculating the dead load of maritime
structures. These should be verified and confirmed for the Detailed Design.

Table 3-1: Construction Material Unit Weights

Material Weight (t/m3)

Steel or cast steel 7.85
Castiron 7.21
Aluminium alloys 2.80
Timber (untreated) 0.64-0.80
Timber (treated) 0.72-0.96
Unreinforced concrete 2.4
Reinforced concrete (heavy) 2.32-2.56
Reinforced concrete (lightweight) 1.44-1.92
Compacted sand, earth, gravel or ballast 2.40
Asphalt paving 2.16-2.40

3.4.2.2 Dead Loads

The dead load for floating structures consists of the weight in air of the floating structures, including the
weight of floats and decking and all the permanent attachments such as mooring hardware, service bollards,
auxiliary buildings, light poles, passenger sheds, handrails, service utility cables and water pipes (full of
water).

3.4.3 Imposed Actions (Live Loads)

3.4.3.1 Deck Loads

3.4.3.1.1 Vertical Deck Loads

Uniformly distributed live loads should be applied to decks, the magnitude of which should be defined by
the operator based on the type of operations taking place. Typical values for some types of loadings are
shown in Table 3-2. These distributed loads should be applied over the whole of the deck, except where
other permanent features, such as superstructures, deck furniture and cargo storage and handling facilities,
will govern the design. However, where appropriate, uniformly distributed loads should be combined with
concurrent point loads.

Loads should be applied in a manner that produces the worst effect for the element being considered, e.g.
over single spans, all spans or alternate spans.

3.4.3.1.2 Horizontal Deck Loads
Sway stability should be considered in the Detailed Design stage.
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A freestanding maritime structure (jetty, dolphin, etc) shall be designed to withstand horizontal loading
associated with wind, wave, marine craft berthing/mooring loads and ship impact. Where such structures
are designed primarily for vertical loads, they should be capable of withstanding a minimum horizontal load,
applied at deck level, which is a proportion of the maximum permanent and imposed vertical actions.

3.4.3.1.3 Passenger, Storage and Maintenance Facilities

If passenger buildings, storage and maintenance facilities are to be provided, the design of the structure
should take into account the loading imparted on the deck by such structures. The loading should include
for the dead weight of the structure and associated live loadings.

3.4.3.1.4 Cranes and Boat Handling Equipment

Where storage and maintenance facilities are to be provided, there might be the requirements for suitable
lifting equipment, such as cranes or mobile boat lifts. The design of the structure should take into account
the loading imparted by such equipment, including for dynamic effects such as longitudinal travel, braking
and cornering loads and crane slewing motion.

Mobile cranes can apply significant local concentrated loads requiring the entire deck to be designed for
these forces.

Alternatively, areas could be demarcated for the use of these types of cranes and therefore only the deck in
these demarcated areas need be designed for the mobile crane forces.

3.4.3.1.5 Vehicles
Refer to Section 3.2.2 (Landside Access).

The type of vehicle using the structure should be taken into account in determining the live loads imparted
on the deck. Table 3-2 provides typical values appropriate for Concept Design stage. In addition to the
vertical loads, horizontal effects of such loading, including braking loads and centrifugal forces should also
be taken into account. At Concept Design stage, horizontal loads should be no less than 10% of the vertical
load, applied in the line of travel and perpendicular to the direction of travel. Where forklift trucks are
required to use a deck, the deck should be designed for the effects of their concentrated wheel loads.
Emergency vehicle loads should be considered also in pedestrian only areas unless access is to be specifically
restricted.

3.4.3.1.6 Pedestrians
Refer to Section 3.2.2.3 (Landside Access - Pedestrian).

The magnitude and extent of pedestrian loading should be determined based on the type of facility and the
number of passengers using the facility. Table 3-2 provides typical values appropriate for Concept Design
stage. Pedestrian loading should be evaluated on a case-by-case basis during Detailed Design. The effect of
crowd and crowd surge loading should be considered in the design.
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Table 3-2: Typical Deck Loads

Load Type Application UDL Concentrated
Pedestrian, pontoon Deck loading on pontoons, excluding the 3 kN/m? 1.8 kN anywhere up
area under access bridges to 4.5 kN
Pedestrian, pontoon Deck loading where berthing is provided for 5 kN/m? 1.8 kN anywhere up
marine crafts 25m or greater in length to 4.5 kN
Pedestrian, access bridges Pedestrian loadings on access bridges. 3 kN/m?
Pedestrian, quayside General allowance for pedestrian access on 5 kN/m?
quayside
Emergency vehicle access Deck loading for pedestrian areas where 10 kN/m?
small emergency vehicles are permitted
Vehicle, quayside General allowance for quayside areas where 15 kN/m?
vehicle access is permitted
Golf carts General allowance for access bridges and 4 kN/m?
pontoons (where these are designed for golf

Heavy vehicles, mobile Each should be determined on a case-by-case basis dependant on the owner / operators /

quayside equipment, e.g. manufacturers requirements.

Special floats shall be designed to support the additional concentrated loads imposed by access bridges,
transformers, electrical pedestals, and other equipment. Floats with special loading shall have the same
freeboard as floats with no such loading, so that there will be no residual stresses or tilting when such floats
interconnect.

Pontoons should not tilt more than 6 deg. from the horizontal when applying the concentrated live load of
1.8 kN. For larger pontoons and for special requirements, it shall be designed for the vertical and horizontal
wheel-loading from a normal 4-passenger electric golf cart or other small service wheeled vehicle.

3.4.3.1.7 Live Load on Access Bridge / Gangway
The access bridge structure should be designed for a uniform live load of 3.0 kN/m2 (approx. 3.5 kN/m2
total load) and a concentrated live load of 1.8 kN applied anywhere on the bridge.

A live load of 2.0 kN/m2 is permissible where the access bridge is to be used in conjunction with a landing
float. For calculation of reaction to the landing float, the live load can further be reduced to 1.5 kN/m2.

Handrails designed for 1 kN per linear metre lateral load should be provided on either side of the bridge.
The handrail may be designed to serve as the top chord of a truss when sufficiently braced.

3.4.3.2 Marine craft Berthing

3.4.3.2.1 General

The structure should be designed to accommodate loads associated with the berthing of marine crafts within
the design marine craft range appropriate for its use. Consideration should be given to how these loads are
to be accommodated. This might be achieved by designing the structure to withstand the loads and absorb
energy via deflection of the structure itself, or by the provision of a fender system.
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Fender systems are used to prevent damage to both the marine craft and the structure. The fender system
should be designed to withstand both the perpendicular loads acting on the face of the fender and parallel
loads caused by marine craft movements. These parallel loads might occur vertically, horizontally or both.
During the Inception and Concept Design phases, it is recommended that designers comply with the general
codes and standards such as BS6349 for marine facilities and Australian codes for marinas.

There are various types of fender which can be utilised, and consideration should be made as to the most
appropriate type for the situation being considered and range of marine crafts likely to use the berth. Types
of fender systems might include:

e Elastomeric fenders

e Pneumatic and foam fenders

e Fender piles

e Mechanical fenders (e.g. gravity fenders, hydraulic fenders)

3.4.3.2.2 Determination of Berthing Energy and Loads

Unless project specific data is available, berthing energy at concept stage should be calculated in accordance
with an appropriate design standard, such as BS 6349-4:2014 Maritime works. Code of practice for design
of fendering and mooring systems (with addendums) and PIANC WG33 - “Guidelines for the Design of Fender
Systems” 2002 (under review as WG211 [2021]). The use of static mooring analysis is recommended for
commercial berths accommodating cargo, roro and ferry activities.

Wind, current, wave, and tidal forces acting on the marine craft at the time of berthing effect the approach
velocity of the marine craft as it nears the berth.

To reduce the berthing energy and force transmitted to the structure, a fender system should be used
between the marine craft and floating structure to absorb the kinetic energy of the moving craft.

The magnitude and location of the actual force transmitted to the floating structure will depend on the type
of structure, type of marine craft, approach velocity, approach angle, and fender system employed.

For the purposes of Concept Design, the minimum approach velocity shall be 0.3 m/s and 0.2 m/s for craft
less than and greater than 20 m in length, respectively.

3.4.3.2.3 Abnormal Berthing
Abnormal berthing loads should be considered in order to take account of abnormal berthing situations,
such as a change in wave and wind conditions, human error or marine craft engine failure.

3.4.3.3 Mooring Loads

Mooring loads are imparted on a structure through mooring lines or ropes and through contact with fenders
by marine crafts maneuvering at the berth or tied up alongside. The full range of mooring line angles should
be considered.

Mooring loads arise from wind, current, wave forces and water level changes acting on the maneuvering or
berthed marine craft as well as from forces exerted by the marine craft itself whilst berthing or departing.
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The determination of mooring loads involves an evaluation of many variables including:
e Direction and magnitude of winds, currents, and waves
e Exposure of the berth and orientation of the marine craft
e Number and spacing of mooring points
e Layout of mooring lines
e Elasticity of mooring lines
e Load condition of the marine craft (light or loaded)
e Air draft of marine craft
e Displacement of marine craft
e Length of marine craft
e Draft of marine craft

Wind and current pressures are very sensitive to small variations in velocity (varying as the square of the
velocity). Their components on the moored ship are usually significant and should be calculated separately.
However, surge and wake from passing marine crafts should also be considered.

Onshore mooring equipment, such as bollards, cleats and mooring rings should be provided. The type, size
and location of these will be dependent on the magnitude of mooring loads imparted on the structure.

Site-specific recommendations on environmental limits for the maneuvering and berthing of marine crafts
should also be considered in the assessment of mooring loads.

3.4.3.4 Load Combinations for Marina Design
Dock elements must be designed with an acceptable and relatively uniform degree of safety under various
load combinations.

As dead load is practically constant through the life of structure, combination of dead load with any other
load constitutes a basic combination of which safety factors are applicable.

When dead load plus buoyancy is combined with two or more other loads, simultaneous occurrence of full
design values of each load effect is less likely to occur than basic combinations. Therefore, an appropriate
increase in permissible stresses in structural elements due to combinations of dead load and buoyancy effect
with two or more other load effects is justified.

Because of the relatively short duration of some design loads, the probability of their simultaneous
occurrence is very small, and the effects of sheltering (wind loads) and cyclic loading (wave loads) should be
considered in assessing the peak loads on the system.

For example, it is usually considered that the seismic load does not need to be considered concurrently with
maximum wind or wave loads.

Structural redundancy should be considered for load cases involving horizontal loading, since marina
systems generally function as a series of discrete structures, rather than a system. Failure of a single guide
pile under extreme loading is likely to result in additional loading to adjacent pile elements.
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All load combinations should be scrutinised by the designer on a scientific basis in consultation with the
owner or operator.

In designing dock elements and their structural components, all potential loads should be considered to act
in the following combinations, and whichever combination produces the most unsuitable and unfavorable
effects on the pier, access bridge, mooring system, or any structural member concerned, should be selected
as follows:

a) Dd In the groups of load combinations:

b) Dd+By

c) Dd+En Dd = Dead load of the dock elements.

d) Dd+T By = Buoyancy load.

e) Dd+By+Ll En = Environmental (wave, current, wind) or seismic loads,
f) Dd+By+En whichever produce the most effect.

g) Dd+By+T T = Temperature load (the load produced by contraction or
h) Dd+By+LI+En expansion due to temperature changes, shrinkage or creep
i) Dd+By+LI+T in component materials, or combination of above).

j) Dd+By+En+T LI = Live load (uniform and concentrated), marine craft
k) Dd+En+T impact load, hydrostatic pressure, and mooring forces.

[) Dd+By+LI+En+T

The following percentages of permissible stresses are recommended for the load combinations above
(applicable for SLS/ULS combinations):

e 100% for group |, which includes load combinations (a) through (g)

e 125% for group I, which includes load combinations (h) through (k)

e 133% for group lll, which includes load combination (l).

3.4.4 Water Levels
3.4.4.1 General

Tide levels from Lowest Astronomical Tide (LAT) to Highest Astronomical Tide (HAT) should be considered
in setting out the design. These should be identified for the location being considered.

Extreme water levels should be taken into account in the consideration of overtopping, hydrostatic pressure,
soil pressures and mooring and berthing effects. Extreme water levels could be a result of extreme
astronomical tides, surges, wave or wind set-up, seiches and/or freshwater flow (e.g. freshwater springs and
natural underground water flows), and should normally have a return period of not less than twice the
design working life of the structures. Long term changes to mean sea levels as a result of Sea Level Rise (SLR)
should be considered in evaluating design water levels over the design life of the structure. Consideration
of the structural approach to SLR should be considered at the outset, either to adopt a precautionary
position and design for the projected extreme water level at the end of the design life, or adaptive, assuming
structural modification (raising) in response to water level change over the design life.
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For Concept Design, consideration of tidal conditions at appropriate reference stations may be considered.
However, these should be physically verified, as part of a data collection campaign, for the Detailed Design.

3.4.4.2 Tidal Predictions
For design tidal forecasts, tidal forecasts should be obtained in the long term for the site. Current tidal values
can be obtained online®.

3.4.4.3 Tidal Observations and Analysis

Where tidal prediction data is not available for a specific location, it might be necessary to record water
levels at the site over a period of time using a tide gauge. If a set of data covering the seasonal variation in
water level is obtained, this can then be used to predict astronomical tide heights. The accuracy of the
predictions will be improved with the provision of data recorded over a longer period. Water level data shall
be recorded over a minimum continuous period of 28 days.

3.4.4.4 Meteorological Effects

In determining tidal heights from observations or using published tidal predictions, it should be noted that
there can be a difference in predicted and actual heights due to various meteorological effects. Wind,
atmospheric pressure, seiche and surface water flow can affect water levels and should be taken into
account in determining design water levels.

A storm surge is an increase in water level due to meteorological conditions (e.g., low pressure and/or
onshore wind). Storm surges can raise water levels above the normal astronomical tide levels defined above.
Table 3-3 summarises storm surge values that might be used in the Emirate. These should be used as a
minimum unless shown otherwise by the Project Proponent’s consultant.

Table 3-3: Storm Surge Levels in the Emirate

Return Period (years) | Storm Surge (m)
linl 0.5
1in 10 0.8
1in 50 1.1
1in 100 1.2

3.4.4.5 Ground Water Level

Ground water level should be taken into account in the design of maritime structures where the structure
retains earth and where effects such as uplift are to be considered. In assessing the effects of ground water
level, tidal lag should be taken into account.

3.4.4.6 Sea Level Rise
Sea level rise (SLR) is a phenomenon that is occurring globally due to various factors, one of which is climate
change.

4 For example: http://www.windfinder.com/tide/abu_dhabi bateen and http://www.tide-forecast.com/locations/Mina-
Zayed/metars/latest
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The design should take into account current SLR guidance published by the Intergovernmental Panel on
Climate Change (IPCC) for RCP 8.5 and any recommendations in place for the Emirate?. For example, in the
Department’s PM 2030, it is therefore recommended that +3.6m above mean sea level (MSL) is maintained
as the required ground level for all developments on islands and within the coastal zone to avoid flood
inundation from extreme water levels.

The SLR recommendations should be applied over the design working life and will impact on overtopping
and structural stability of the structure being considered.
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3.4.4.7 Reference Tide Data

Tide data to Admiralty Chart Datum are shown in the following table.

Authority Year and duration
1 |Khalifa Port 0.2 -0.1 0.7 1.0 1.3 1.7 2.0 2.6 Bayanat Bayanat Bayanat 2013
(2 months)
2 |zayid Port 03 02 08 12 14 17 21 26 Abu Dhabi Military Survey Military Survey 1999-2000
Port Department Department (1 year)
. Military Survey Military Survey Military Survey 2003
3 | Al Hamriyyah Port 0.2 0.1 0.5 0.9 1.2 14 1.8 2.2 Department Department Department (3 months)
Military Survey 2001
4 | Al Sadar Port 0.2 0.0 0.6 0.9 1.2 1.5 1.8 2.3 Department Bayanat Bayanat (5 months)
. . 2005
5 |Al-Jazirah Port 0.2 -0.2 04 0.8 1.2 1.6 2.0 2.3 Al-Jazirah Port Bayanat Bayanat
(3 months)
6 |Jabal Adhdhannah 0.3 0.1 0.4 0.7 1.0 1.2 1.7 2.3 Bayanat Bayanat Bayanat 2012-2014
(1.8 years)
UK Hydrographic | UK Hydrographic | Military Survey 1978
7 |Abu Al Abyad 0.3 0.0 0.8 1.1 1.4 1.7 2.0 2.7 Office Office Department (1 month)
. . UK Hydrographic | UK Hydrographic | Military Survey 1960
8 | Sir Bunir 0.2 0.1 0.6 0.9 1.1 1.3 1.6 2.1 Office Office Department (1 month)
9 |[Sir Baniyas -0.1 0.0 0.3 0.6 0.9 1.1 1.6 2.0 Bayanat Bayanat Bayanat 2(()11';26]054
UK Hydrographic | UK Hydrographic | Military Survey 1955
1 Halat AlM 2 . . 1. 1.2 1.4 1. 2.
0 |Halat ubarraz 0 0.0 0.8 0 6 3 Office Office Department (1 month)
11 | Fasht Al Bazm 0.5 04 | 11 | 13 |14 16 16 | 24 |UKHydrographic | UKHydrographic | Military Survey 1997
Office Office Department (1 month)
201
12 | Mugharriq Port -0.1 0.0 0.3 0.6 0.9 1.1 1.6 2.2 Bayanat Bayanat Bayanat 2 m?)nihs)
2012-201
13 |Dalma Port 0.1 -0.2 0.4 0.8 1.0 13 1.8 2.4 Bayanat Bayanat Bayanat 0 013
(8 months)
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AND TRANSPORT

3.4.5 Hydrostatic Actions

3.4.5.1 General

Hydrostatic loads on structures result in lateral pressures and uplift on walls and floor slabs of maritime
structures. In considering hydrostatic loads, the highest design water level (flood level or storm elevated sea
level) should be used.

3.4.5.2 Tidal Lag

Tidal lag occurs where the material behind a semi-permeable wall maintains the ground water level at a
higher level than that of the water at the front face of the wall. This should be taken into account in
determining the effects of hydrostatic action on structures such as quay walls and seawalls.

Tidal lag should be based on the type of fill behind the wall and its drainage characteristics. Guidance on this
can be found in BS6349-1-1:2013 clause 3.1.51.

It is possible to reduce the effects of tidal lag by the provision of drainage behind the wall including the
provision of flap valves. Care is required in the selection of fill material and filters at drainage points to
ensure that there is no washout of the fill and eventual clogging of the filter. The merits / demerits of cyclic
rising and lowering of the water table need to be considered and whether it would be better to have a closed
system that avoids the need to design for these effects.

Where ground water flows are likely to occur, additional consideration should be given to these effects.

3.4.5.3  Uplift Stability
Uplift stability of submerged or buried structures should be considered for the minimum weight of the
structure and should consider and address as the most severe of the following:
e Buoyancy: in maritime conditions, use of pressure relief systems cannot be relied on for preventing
uplift. Ground anchors (passive or pre-stressed) might be included in stability calculations.
e External water level:
o Maximum design still water level plus half-wave height or more; or
o Maximum design water level equal to the top of the structure, above which rising water levels
will cause the structure to either submerge or fill.

346 Wind

3.4.6.1 General

Wind loads acting on moored marine crafts, superstructures, quayside equipment and stored cargo should
be taken into account in the design of maritime structures. Wind speeds and directions will be required to
calculate waves generated where recorded data is not available. The prevailing conditions should be
considered in orientating structures and berths, considering impacts on berthing and mooring loads, and on
metocean conditions at the berth. NB wind loadings on sailing marine crafts and motorboats have a different
pattern. The designer should consider the potential for both.

The magnitude of wind loads acting on maritime structures will depend on:
e Location of the structure
e Height of the structure above water level
e Prevailing wind direction
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e Velocity

e QOrientation of the structure
e Local and coastal topography

The return period for the wind event being considered should be determined and the wind speed based on
this return period. For design, a minimum return period equal to twice the design working life of the
structure should be chosen. However, the risks associated with this return period being exceeded during the

design working life should also be considered by the designer.

Long term wind predictions are useful in assisting the planning of site investigations and construction works,
as significant winds can affect the type of works undertaken and impose limits for example on the use of

cranes during construction.
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Figure 3-2: The wind rose for the Emirate shows how many hours per year the wind blows from the indicated direction.
blowing from South-West (SW) to North-East (NE). Source: Meteoblue>

5 Further information available on Meteoblue.
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3.4.6.2 Wind Records

In most locations, standard wind records can be obtained and can be used as the basis for the calculation of
wind actions. These records should be to internationally accepted meteorological standards, with the wind
records having been recorded over a period of time to enable return periods to be assessed. Hourly, 3 second
and 30 second gust speeds should be available.

Wind records should include:
e Wind speeds and directions at the site being considered
e Fetch areas (in the case of wind records required for wave calculations)
e Cyclone or cyclonic depressions (for correlation with surge).

Wind data may be obtained from the National Center of Meteorology (NCM) in the Emirate. Airport records
are another potential source of wind data.

3.4.6.3 Wind Speeds

For maritime structures, a 30 second mean wind speed should be used for global assessment, whereas for
individual members a 3 second gust speed should be adopted. For wave conditions, 1- or 10-minute wind
durations should be considered, depending on the fetch and exposure of the structure.

Note: There could be an increase or decrease of wind speeds, depending on the impact of new structures
(buildings etc.) being constructed which may accelerate and bend the wind in one direction and reduce it in
another. Design of the Master Plan and allowable building masses should be considered.

Wind effects from various directions should be considered, including parallel to the structure, normal to the
structure, towards and away from the structure and at inclinations to the structure.

Table 3-4 provides typical marine craft areas.

Table 3-4: Design Marine craft Area for Wind Profiles

Marine Craft Length, Motor Marine Crafts Exposed Area, m? Yachts Exposed Area, m?
LOA (m) Head Beam Head Beam

30 45 120 35 92

35 54 167 36 122
40 78 213 40 182
45 85 264 50 210
50 90 285 60 249
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3.4.7 Currents

3.4.7.1 General

Environmental loads due to currents acting on maritime structures and marine crafts moored to structures
should be considered. The speed and direction of currents acting at a structure should be determined to
ascertain their effect on the structure.

Currents should also be considered with respect to the permeability of a structure, its resistance to current
forces and the occurrence of scour or sedimentation.

3.4.7.2 Current Data

The current speed used should be the depth averaged value at the specific location and should be
determined to suit the design working life of the structure. Information from tidal diamonds/data on
Admiralty charts may be used for Concept Design and should be supplemented with other data where
currents are critical to the design.

Site-specific considerations may include:
e Impact of dredging and reclamation activities carried out where new moorings and marine facilities
are planned.
e Effects of having marine crafts moored at an angle to the main current flows (for berthing designs).

3.4.7.3 Loads

Loads imposed directly by tidal or fluvial currents on maritime structures can be classified as:
e Drag, orin-line, forces parallel to the flow direction; or
e Cross-flow forces, transverse to the flow direction.

Current drag forces are principally steady, and the oscillatory component is only significant when its
frequency approaches a natural frequency of the structure. Crossflow forces are entirely oscillatory for
bodies symmetrically presented to the flow. For asymmetrical flow, the crossflow forces should be
determined from model tests or from similar situations.

Consideration should be given to the oscillation of piles, particularly where these elements are slender.
Consideration should also be given to the oscillation of the complete structure where synchronised vortex
shedding from piles is likely to occur.

Where dynamic excitation of a structure is likely to occur, more detailed consideration should be given to
structural configuration and stiffness, mass distribution and damping so that excitation is less likely to occur.

3.4.7.4 Measurement Of Currents

Where recorded site data or predictions are not available, it might be necessary to set up current meters to
provide readings from which design actions can be derived. There are various types of current meter and
further information on these can be found in BS6349-1-1:2013.
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3.4.8 Waves

3.4.8.1 General
Exposure to wave attack have a profound influence on the selection of sites for maritime structures and the
consideration of designs and construction methods requires detailed knowledge.

Where the site is exposed to waves from the Arabian Gulf, wave modelling is required to simulate the
growth, propagation and transformation of wave conditions to the site. Where the site is located inshore
and fully protected from waves from the Arabian Gulf, wave hindcasting techniques, in accordance with BS
6349, are adequate.

Consideration should be given to the impacts of marine craft wash in enclosed water bodies and along
channel sides, in addition to natural wave impacts.

3.4.8.2 Waves Data (Wave)
The following criteria should be included in the design:
e Wave height
e Wave period
e Wave phase velocity
e Wave gradient
e Significant wave height
e Significant wave period
e Shallow water

The return period for the wave event being considered should be determined and the significant wave height
and peak wave period based on this return period. For design, a minimum return period equal to twice the
design working life of the structure should be chosen. However, the risks associated with this return period
being exceeded during the design working life should also be considered by the designer.

Local site conditions may vary significantly. Effects of reflection, refraction, shoaling, bottom friction,
scouring and wave breaking should be considered when defining the local wave conditions.

3.4.8.3 Loads

Loads imposed directly by waves on maritime structures can have a significant effect on the size of the
structure. Wave loads will be needed when designing any form of structure. Structures within a sheltered
area of water will have considerably smaller loads applied by waves than those on exposed faces of
breakwaters, jetties, groynes and any maritime structure not protected in sheltered water.

3.4.8.4 Wave Measurement

Where recorded site data or predictions are not available, it might be necessary to set up wave
measurement equipment to take readings from which design actions can be derived. There are various types
of wave measurement equipment and further information on these can be found in BS6349-1-1:2013.

DMT-MAR-COP-21-06 — Rev:01 Page 45]|173



sbya il qubg i d_d i llgala 1yl il

f b}
\,:,\' ABU DHABI MARITIME DEPART""ENTOFA“Q%NT'gi\P@;},E;?

3.4.9 Precipitation
The design should consider the effect of intense rainfall?.

Estimates of the maximum expected rainfall from a storm with a return period commensurate with the
design working life of the structure should be made. For design, return periods of at least twice the design
working life of the structure should be considered, with the design procedure in accordance with the
Emirate’s standards for highway drainage. However, the risks associated with this return period being
exceeded during the design working life should also be considered by the designer.

The design of surface water drainage systems should be capable of draining precipitation arising from such
events rapidly and efficiently. The upper surface of structures should have a cross fall to permit shedding of
rainwater to the edge of the structure, typically gradients of between 1:60 and 1:100 might be chosen but
steeper cross falls might be required where differential settlement is possible. Where run off could lead to
pollution an interceptor drainage system should be provided.

Consideration should be given to the risk of precipitation raising the level of ground water in soils retained
behind quay walls and within cell and gravity structures. This should include consideration of the possibility
of inflow of surface water run-off from adjacent areas.

3.4.10 Temperature
3.4.10.1 General
The design should consider the effect of temperature on structures.

Aspects to be considered include linear and rotational thermal displacements and overall structural
articulation and stability. Consideration should be given to the location and design of movement joints to
permit the structure to displace due to thermal effects.

The location of points of restraint and strong points in the structure should be considered. The forces arising
at these points from thermal effects should be considered.

Thermal effects can give rise to significant force resultants within a structure and on supports and
consideration should be given to these in the development of the design.

As an indicative value, in the Abu Dhabi region, the yearly ambient air temperatures range from 55°C to 1°C.
The design ambient temperature is usually taken as 55°C, with the maximum metal temperature under sun
reaching over 85°C.

Note: The Emirate’s coastal water has a seasonal sea surface temperature of between 13°C and 36°C (and
rising).

3.4.10.2 Design Temperature

For design the return period of the temperature event should be twice the design working life of the
structure.
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The minimum and maximum shade temperatures for the location of the structure should be obtained from
meteorological records for the selected return period.

The effects of the daily and seasonal variations in shade air temperature and solar radiation of the structure
should be considered.

The effective mean temperature of the structure should be calculated for the structure and from this the
linear displacements of the structure assessed.

Where the effects of temperature difference over the depth of the structure or across the width of a
structure could be significant these should be considered, and due allowance made.

3.4.10.3 Thermal Restraint
Linear structures are often designed with a point of longitudinal and lateral restraint and thermal
movements are constrained to take place from this point.

Where there is frictional, elastomeric bearing restraint or other reversible structural stiffness restraint these
should be taken into account in the design.

In wide deck structures transverse and longitudinal thermal displacements might give rise to significant
resultant displacements on pile heads and these effects should be considered in the design.

In wide deck structures with a shore revetment slope below, the restraint provided by the potentially stiffer
shore and slope piles should be considered in the design. Where anchored sheet pile walls provide the shore
restraint additional forces due to temperature should be considered in the wall design and the anchor
design.

In the design of cope beams in sheet piled walls consideration should be given to thermal restraint provided
by the wall to the cope and the spacing of movement joints to limit restraint forces.

3.4.10.4 Construction
Consideration should be given to temperature movements in the sequence of construction.

3.4.11 Visibility

3.4.11.1 General
The design should allow for the possibility of reduced visibility. It is a hazard to navigation and poor visibility
can impact on safe access on and particularly at the edge of maritime structures.

Reduced visibility can be caused by:
e Suspended dry particles e.g. sandstorms
e Suspended water droplets e.g. fog
e Heavyrain

Visibility records might be available but these should be used with caution if they are generally from an
inland location.
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3.4.11.2 Navigation Aids

Relevant navigation aids must be provided at all facilities described within this document. The design of
navigation aids should allow for reduced visibility. Guidance is given by the International Association of
Lighthouse Authorities (IALA), the Department's Maritime Signage Guidelines (see Appendix A), and light
manufacturers.

Visibility of navigation aids is also affected by background light and the location of lights within a
development should be chosen to minimise the apparent loss of visibility. It might be necessary to increase
the intensity of a light or choose a more distinct characteristic to compensate for background lighting. The
Developer must consider light pollution such that the entrance to marinas is suitably visible to aid movement
of marine crafts at night. This should be discussed with the Department.

3.4.12 Construction and Maintenance

3.4.12.1 General

The design should consider the likely method of construction and requirements for maintenance. Actions
arising from construction and maintenance activities should be considered and, where appropriate,
integrating the requirements of the structure in the temporary condition with those of the structure in the
permanent condition.

3.4.12.2 Construction Actions
The proposed, or likely, method and sequence of construction should be considered and the actions arising
evaluated. This might include:

e Loads from construction plant (e.g. cranes)

e Loads on incomplete structures

Careful consideration should be given to the structure in its temporary condition.

3.4.12.3 Maintenance Actions

The future maintenance requirements should be considered by the design and the actions arising evaluated.
For example, the design might need to consider the use of cranes to carry out maintenance and repair such
as fender replacement.

3.4.13 Geotechnical

3.4.13.1 General
Geotechnical actions arise from soils retained by structures such as sheet piles or gravity retaining walls,
cellular structures, filled caissons and reinforced earth structures.

The magnitude of geotechnical actions (and resistances) depends on a number of factors such as:
e Soil density
e Internal angle of friction
e Shear strength
e Wall friction
e Ground water regime and tidal lag
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e Horizontal movement/flexibility of structure
e Time dependent factors

In the case of seismic considerations, susceptibility to liquefaction (saturated sands) and seismic
densification (dry granular soils) should be considered. Collapse potential for dissolution cavities should also
be considered.

A specialist with experience in geology or a geotechnical engineering consultant should be consulted during
design.

3.4.13.2 Evaluation of Actions

Geotechnical actions (and resistances) should be assessed on the basis of the parameters of the soils
occurring on the site, as determined from ground investigation and testing, and on the properties of the
material to be retained as fill. Material used as fill should be free-draining and granular and have good
internal friction characteristics.

Service and ultimate limit states should be considered in the design.

In the absence of ground investigation information, and for the purposes of preliminary design only, use
might be made of published values of typical properties based on knowledge of the site and previous works
in the vicinity.

3.4.13.2.1 Layout of Boreholes and Trial Pits

During any exploratory drilling, sampling and in-situ testing, the layout of boreholes and trial pits should
cover the full extent of the proposed site, including approaches. For shore parallel structures, boreholes
should be located at intervals along the length of the structure. For structures extending away from the
shoreline, boreholes should be sited along the line of the structure and in the vicinity of any isolated
structures. In general, at least one borehole should be located close to the planned position of each major
component of the proposed structure. The spacing of boreholes should be determined based on structural
form, loading, potential variability of the soil, use of other investigation techniques (trial pitting, CPT,
geophysical etc).

3.4.13.2.2 Depth of Boreholes

Boreholes should be drilled to a depth to provide information for the design of the type of structure being
considered. Further guidance on suitable depths for different types of structures or structural element shall
be obtained from a geotechnical consultant. Typical requirements are shown in figure below.
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PASSIVE EARTH RESISTANCE AND OVERALL
STABILITY

Figure 3-3: Borehole Depth Guidance

3.4.13.3 Geology and Geotechnical Risks

The Emirate lies on the coastline of the Arabian Gulf. The surface geology is dominated by aeolian sand
dunes with coastal areas dominated by Sabkha/evaporite deposits which extend more than 80 km
southwards into desert areas*®. The bedrock consists almost entirely of sedimentary rocks of limestones
and dolomites, interbedded with shales and evaporites.

Sabkha deposits occur at the coast and are highly variable materials. As a grossly simplified model, much of
the horizontal variation can be considered to be related to the position relative to the shoreline. In the
vertical dimension of the coastal Sabkha, a series of layers having a range of textures and varying degrees of
cementation mainly due to presence of calcium carbonate and calcium sulphate are encountered.

Sabkhas in general cannot be used as a backfill due to excessive fine and salt content. Significant decrease
in strength of the Sabkha surface crust could occur due to rainfall, flash floods, and storm tides or merely
due to absorption of water from a humid atmosphere. The potential variation of compressibility
characteristics of Sabkha sediments can lead to excessive differential settlements and these should be
considered in the design of reclamation and areas with high surcharge. The high concentrations of chloride
and sulphates in Sabkha are highly corrosive to concrete and steel and should be considered in the design
of foundation structures.

Other geotechnical risks include compaction difficulties in uniformly graded dune sands and collapse of
underground cavities due to dissolution of gypsum.

5 Note that geotechnical profile of the emirate is referenced against the PM 2030 ("Plan Maritime 2030 Climate Change and

Coastal Vulnerability / Adaptation Requirements"), which is sufficient for the Concept Design phase. Since the PM 2030 is not

publicly available, relevant geotechnical information from the PM 2030 may be requested from the Department).
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3.4.13.4 Ground Water Regime

Where data is available, when evaluating geotechnical factors the effect of design ground water levels
should be considered, along with the effects of tidal lag. Flows of ground water (seepage) should be
considered. For example, the flow of ground water under an embedded retaining wall has the effect of
increasing active earth pressures behind the wall and reducing passive earth pressures in front of the wall.

3.4.13.5 Surcharge
The effect of surcharge loading increasing active earth pressure behind a soil retaining structure should be
considered.

3.4.14 Seismic
3.4.14.1 General
Design of structures subject to earthquake actions should ensure that adequate capacity exists for overall

stability and the strength of members and that the detailing of the structure will be sufficient for the
movements of the structure.

The damaging effect of earthquakes is essentially, but not exclusively, the result of horizontal oscillatory
accelerations of the ground being transferred to structures above ground level through their foundations,
base or pile support. The response of a structure to these accelerations depends upon its type, mass and
dimensions and to the failure modes to which it might be subject. It is therefore important in seismically
active areas to select a type of structure that has as little sensitivity to seismic action as can be contrived.

Structures subjected to earthquake conditions often sustain less damage if the structure has a higher degree
of shape regularity, simple load paths with multiple redundancies and simple connections. These properties
should be considered at the time of definition of the structural systems and carried through the design
where possible.

3.4.14.2 Evaluation of Actions

The derivation of design parameters to provide for seismic loading is to a large extent a qualitative process.
Specialist advice, particularly in relation to geophysical and geological aspects, should be sought where there
is significant seismic activity or the danger thereof and reference should be made to local regulations and
other authoritative references for guidance on the appropriate seismic loading to be used in design.

A considerable number of seismic hazard studies and seismic hazard maps have been derived for the UAE
and surrounding areas. Most of these studies regard seismic hazard levels in the UAE as low to very low,
with decreasing levels towards the south and south-west of the country where the Emirate is located. In
these studies, the recommended peak ground acceleration (PGA) values are in the range of 0.03g-0.05g for
a return period of 475 years.

Section 1653 of the Uniform Building Code 1997 (UBC-97) categorizes the Emirate in Zone 0 which means
no seismic effect is to be considered in the design of structures. However, according to the requirements for
Structural Engineering Submissions 2007, Section 1.3.1, structural engineering submissions should be based
on seismic loading corresponding to a PGA of 0.15g for Zone 2A defined in the UBC-97 for a 50 year design
life, with a 10% probability of excess during the life of the facility. A ground acceleration of 0.2g has been
estimated in the reclaimed soils to account for soil amplification. This PGA value is for rock-site conditions
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(site class B as per UBC-97). Site amplification factors may apply depending on specific site conditions at the
location of the structure. In addition, rigidity of the structure and its tolerance to deflection under seismic
loading should also be considered.

The PGA value can be used during the design of the slopes of coastal revetments considering the revetments
flexibility to accommodate significant deformations without failure occurring and without compromising
their functional requirements, contrary to more typical civil engineering structures, whilst considering the
safety of the structure and the potential repair cost in case of damage.

Note that if the Project Proponent and/or designer intends to use a PGA value lower than the values
mentioned above, a local PGA can be adopted based on a site-specific Probabilistic Seismic Hazard Analysis
(PSHA) study conducted by the Project Proponent and/or designer and approved by the Department.

3.4.14.3 Structural Ductility

Often maritime structural design has elements with significant variation in member ductility, e.g. a concrete
deck with limited ductility supported by ductile steel piles. The elements of lesser ductility should be
considered to ensure that the structural displacements that would be expected to occur in the elements of
higher ductility do not adversely affect the structure.

3.4.14.4 Soil Conditions

The soil conditions in the surface layers generally define the site’s dynamic stiffness and period regardless
of the depth of the actual founding stratum. Special consideration should, however, be given to the
possibility of adverse conditions where raking piles or squat members are founded on a stiff stratum,
regardless of the depth.

The construction site and the nature of the supporting ground should normally be free from risks of ground
rupture, slope instability and permanent settlements caused by liquefaction or densification in the event of
an earthquake.

The soil profile and site class should be assessed with borings and/or shear wave velocity measurements.
The subsurface stratigraphy and associated material properties should be described for the upper 30m of
the soil profile as a minimum. Ideally, shear wave velocity measurements for the subsurface soils from a
seismic CPT or downhole measurements should be recorded. In-lieu of shear wave velocity measurements,
a typical index and classification of the subsurface soils using information obtained from boreholes drilled
and sampled should be carried out.

Special studies for the definition of the seismic action should be carried out for soil deposits consisting, or
containing a layer at least 10m thick, of soft clays/silts with a high plasticity index (Pl > 40) and high water
content. Such soils typically have very low values of shear wave velocity, low internal damping and an
abnormally extended range of linear behaviour and can therefore produce anomalous seismic site
amplification and soil-structure interaction effects.

The possibility of liquefaction in loose saturated sand layers and that of seismic densification of dry loose

sands should be considered. If liquefaction is determined as likely to occur then the effect of liquefaction on
the structural analysis should be considered.
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Additional loading on foundations and retaining structures due to liquefaction flow should be considered in
the structural design and stability. Settlement of structural foundations due to liquefaction of underlying
soils should be assessed and ground improvement techniques utilised if required.

3.4.14.5 Adjacent and Supported Structures

The earthquake response of adjacent structures should be considered to ensure that conflict in response
does not result in adverse contact, or loss of contact, between the structures, e.g. impact of adjacent
structures or loss of access bridges to dolphins.

Structures may be adversely affected by the failure of adjacent slopes due to an earthquake. This slope
instability may or may not occur during the peak earthquake accelerations. The effect of pore water pressure
increase during a seismic event should be considered in the design of sloping ground adjacent to structural
foundations. Specialist advice is recommended.

Adverse interactions between structures and any supported structures, e.g. buildings etc, should be
considered.

3.5 Materials and Durability
3.5.1 General

All construction materials should be in accordance with recognised international standards accepted by the
Department.

Maritime structures must always be robust and tough to withstand their intended use in the marine
environment for their required design working life. Maritime structures should generally be constructed
using the following materials: concrete, steel and rock. Where relevant, the materials used should also be
friendly to marine fauna and flora and encourage growth of marine organisms. New and innovative materials
(suitable for the marine environment) may also be considered.

Other materials such as aluminium, timber, engineered soils and expanded polymers might be considered
under the appropriate conditions. In relation to materials for proprietary elements such as fenders, bollards,
pontoons and gangways reference should be made to the manufacturer for advice on selection of these for
the structure and function being considered.

3.5.2 Design Working Life

The design working life is the assumed period for which a structure or structural element is to be used for
its intended purpose with anticipated maintenance but without major repair being necessary. The design
working life of maritime structures will depend on the type of facility, its intended function and the owner’s
requirements.

To adopt an appropriate design working life, the designer should consider the ambient conditions for the
location of the structure and the potential rate of deterioration that might occur over the design working
life. Any deterioration should not reduce the performance of a structure below its functional requirements.

Actions on the structure should be taken into account. It should be noted that the design working life is not
the same as the return period of design actions, and appropriate return periods (in excess of the design life)
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should be adopted, based on the potential severity of the impacts. The level of maintenance over the design
working life should also be taken into account. Where members are inaccessible, they should be designed
for a design working life without maintenance equal to the overall design life of the structure.

Typical durations of design working life for structures or elements are given Table 3-5 for guidance. It should
be noted that the requirements of a particular project may require a different design working life for some
or all of the structural elements listed, with some recreational facilities adopting shorter (25 years) design
life.

Table 3-5: Typical Durations of Design Working Life

Type of Structure or Element Design Working Life (years)
Temporary structures 10
Replaceable structural parts within facility of longer design working life 10to 25
Normal recreational or commercial facility 35to 50
Flood and coastal defences 100

3.5.3 Concrete

3.5.3.1 General

Concrete is suitable for use in the maritime environment provided that it is designed for the use for which it
is intended. The grade of concrete, level of durability and type of protection used should be appropriate for
its intended use and design working life.

Concrete could be generally used for marine structures as:
e Decking for walkways
e Floats
e Framing for pontoon
e Piles
e Dolphins
e Access bridges
e Abutments
e Gravity anchors
e Seawalls / Crown walls
e Armour units for revetments or breakwaters
e Blockwork quay walls
e (aisson structures

Concrete for maritime structures might be used in the form of:
e Unreinforced concrete
e Reinforced concrete
e Pre-stressed concrete
e Fibre reinforced concrete

Concrete could be used in the following applications shown in the following table.
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Table 3-6:
Application Typical Concrete Type Comment
Armour unit RC(P), FR Including specialised units such as Accropodes
Deck PS, PS(P), RC(P), FR Care required over pre-stressed concrete durability
Capping beams RC(P), RC, FR Usually exposed to abrasion and impact
Dolphin RC(P), RC Including the use of precast permanent formwork
Fences PS(P), RC(P), RC Including concrete walls and posts
Foundations PL, RC Including gravity structures and scour protection
Framing PS(P), RC(P), RC Structural frame to access bridges and jetty, wharf, pontoon and
pier structures
Gravity anchors PL(P), RC(P) Usually precast and attached to chains for tethering floating
pontoons etc.
Parapet wall RC(P), RC, FR Usually exposed to abrasion and impact
Paving PL(P),FR, RC Including concrete block paving
Piling PS(P), RC(P), RC Installation to be compatible with site conditions
Ramp FR, RC, RC(P) Usually exposed to abrasion and impact
Revetment PL, FR, RC, RC(P) Usually exposed to abrasion and impact
Seawall PL, FR(P), RC(P), RC Including blockwork and abutments to access bridge
Notes:
PL — plain, mass or unreinforced
PS — pre-stressed
RC - reinforced
FR — fibre reinforced
Precast concrete indicated by suffix (P)

Good durability should be provided by proper integration of the intended design with the method of
construction, the proposed materials and the expected service conditions. Consideration should be given to
appropriate use of precast and self-compacting concrete for constructability when working in or over water.

The designer should take into consideration that the durability of concrete in marine environments is
dependent on the quality of materials used for the concrete mix, as well as the mixing procedure, volume
and quality of water used and therefore should carefully select the type of cement, aggregates and water
and use of appropriate admixtures or corrosion inhibitors.

The Project Proponent and/or designer should take into consideration the recommendations for concrete
design and construction in the region given in Concrete Society Report 163 “Guide to the design of concrete
structures in the Arabian Peninsula” (CIRIA CS 163) and Concrete Society Report 136 “Guide to the
construction of reinforced concrete in the Arabian Peninsula” (CIRIA CS 136). Consideration should also be
given to the guidance given in CIRIA Report C674 “The use of concrete in maritime engineering — a good
practice guide” (CIRIA C674) and Concrete Society Technical Report 61,” Enhancing reinforced concrete
durability” (CS TR 61, Parts 1 and 2).

Factors which should be taken into consideration in the design of concrete structures might include:
e Design working life of the structure
e Exposure conditions (marine environment and ground conditions)
e Method of construction, including periods of time during which areas are accessible
e Availability of equipment and materials
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3.5.3.2  Durability

An intended design working life should be adopted and a durability report prepared in accordance with
Concrete Society Report CS 163 outlining the exposure conditions for different structures and locations, the
measures for durability and the associated precautions during construction.

The durability report should as a minimum consider the following deterioration mechanisms:
e Chloride-induced corrosion
e Carbonation-induced corrosion
e Abrasion and impact
e Alkali aggregate reaction (AAR)
e Delayed ettringite formation (DEF)
e Sulphate attack
e Cracking (plastic and early-age thermal cracking)
e Bimetallic (galvanic) corrosion

Chloride-induced corrosion of steel reinforcement is the predominant deterioration mechanism, and the
concrete mix and cover depth should be appropriate to the exposure and required design working life.

The cement binder type should be carefully selected and appropriate use should be made of ground
granulated blast furnace slag (GBBS) (typically 50%), fly ash (typically 25%) and silica fume (typically 8%) to
provide resistance to chloride and sulphate exposure and to mitigate the risk of AAR, DEF and thermal
cracking.

Concrete subject to abrasion and impact should use an appropriately strong aggregate and concrete mix
(typically a 28-day characteristic compressive strength of 50 MPa).

Cracking will potentially reduce the durability of concrete and it is recommended that the crack width of
concrete structures is limited to:

e Unreinforced: 0.5 mm but mass concrete should not be structurally subject to tensile or bending
stresses. Crack width limits for plain concrete shall be addressed on a project by project basis
depending on the purpose of the concrete. Unreinforced concrete may be used for pavement and
modular block quaywalls depending on site conditions

e Reinforced: 0.15 mm.

Minimum cover values required for durability in the marine environment (see Section 3.5.3.3 (Concrete Uses
in Marine Design) can lead to excessive surface cracking and/or quantities of steel reinforcement.
Consideration should be given to adopting durability enhancement measures, including fibre reinforcement
of the surface, in accordance with CS 163, which are summarised in Table 3-7 or using unreinforced concrete
where appropriate. The risk of local premature deterioration should be mitigated by appropriate detailing
and control of construction quality:

e Minimising the number of edges and corners, e.g. by using flat soffits to decks, and including

chamfers to all edges
e Provision of drainage paths which control contact between seawater and the structure
e Positioning joints and fixings away from harsher exposure areas, e.g. upper tidal and splash zone
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e Avoidance of contact between dissimilar metals

e Inclusion of reinforcement fixing tolerances to ensure minimum cover values for durability are
achieved and verified by cover meter

e Adequate curing and protection of immature concrete.

e Consideration of access for inspection and maintenance in service.

Table 3-7: Durability Enhancement Measure

Durability Enhancement | Comment

Cathodic protection and prevention Maintenance of system and risk of stray current corrosion to be considered in the

design

Coatings

Should be demonstrated to be suitable for region
Maintenance of coating to be considered in design

Controlled permeability formwork

Improves resistance of treated surface
Reduces blowholes and eliminates release agents

Corrosion inhibitors

Dosage and suitability for each application to be confirmed by manufacturer’s
statement and data

Fusion bonded epoxy coated
reinforcement

180-300 microns dry film thickness recommended
Vulnerable to damage

Integral waterproofing agents

Dosage and suitability for each application to be confirmed by manufacturer’s
statement and data

Low carbon chromium steel

Patented product to ASTM A1035 / A1035M - 20
Increased resistance to corrosion

Stainless steel reinforcing

1.4436 BS EN 10088-1:2014 Grade 316 Stainless steel recommended

Ternary blends with silica fume

Full dispersion of silica fume is needed
Increases risk of plastic shrinkage cracking

Waterproof (tanking) membranes

Should be demonstrated to be suitable for region
Typically for separating concrete from the ground

Fibre reinforcement

Steel fibres not recommended for exposed surfaces due to staining

Creep and impact of fire to be considered for macro-synthetic fibres

3.5.3.3 Concrete Uses in Marine Design

The designer shall consider that the corrosive action of external chlorides on embedded steel is the most
severe problem of concrete structures in the marine environment. Therefore it is required to perform an
appropriate design of the concrete mix and/or to provide direct protection of the reinforcing steel.

The latest technology has to be implemented to improve concrete durability. One solution is to use concrete
enhanced with fly ash, GGBS (Ground-granulated blast-furnace slag), silica fume (microsilica) and corrosion
inhibitors for floats, framing, decks, access bridge, mooring or guide piles and wherever relevant/possible.

The special corrosion-protection admixtures are to be added to the concrete mix at the batch plant. The
proven admixtures which can be used to protect reinforcing bars from corrosion are silica fume and a

calcium nitrite corrosion inhibitor.

Silica fume (microsilica) reduces the permeability of concrete by slowing considerably the ingress of
waterborne chlorides.

A calcium nitrite corrosion inhibitor controls the corrosion process chemically.
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Low permeability of concrete might be achieved with a low water/cement ratio. It is recommended to use
water / cementitious ratio of 0.40.

In addition to the design of adequate concrete mix the designer should consider the importance of concrete
cover. The appropriate concrete cover should be selected to prevent the corrosion of steel reinforcement,
using values that are appropriate for local conditions, to be determined by the designer. According to the
CIRIA ‘Guide to Concrete Construction in the Gulf region”, cover in maritime structures should be from 75
to 100 mm.

For the purpose of this document for concrete structures used in marinas located in the Emirate of Abu
Dhabi, the following concrete cover is recommended:
e For reinforcing bars:
o 65 mm in the splash and atmospheric zones subjected to salt spray
o 50 mm in the submerged zone.
e For pre-stressed or post-tensioned tendons:
o 90 mm in the splash and atmospheric zones subjected to salt spray
o 75 mm in the submerged zone.

The concrete cover should be designed as a minimum because too much cover may result in excessive
cracking. As an exception, the floating pontoon might be designed with a dense cement paste cover as low
as 35 to 40 mm subject to no objection by the Department.

One possible and common method to minimize further the corrosive action of external chlorides to concrete
structures operating in the marine environment is protection by water-proofing (tanking) membranes
applied on the whole concrete surface. Membranes might be provided as a hot-applied coal tar, coal tar
epoxies, and polyurethanes and by other appropriate material. The designer should take care to specify a
membrane capable of resisting ultraviolet rays. In order to limit the chances of steel corrosion, the designer
could specify direct protection of the reinforcing steel.

Reinforcing steel could be protected by fusion-bonded epoxy coatings, hot-dip galvanizings, and by cathodic
protection (recommended). It is recommended that the coating thickness of fusion-bonded epoxy does not
exceed 0.3 mm. The disadvantage of the epoxy coating is a possible damage during bending, installation,
and placing of concrete.

Galvanized reinforcing bars form a good bond with concrete but it should be taken into consideration that
the galvanizing of reinforcing steel does provide a satisfactory protection in a splash zone.

Cathodic protection should be carefully maintained and serviced periodically to sustain the same.

It is recommended that Fibre Reinforcement Concrete (FRC) is considered in design in order to improve
concrete durability and to mitigate problems associated with intrinsic cracking. The material in fibre
reinforcement could be made of glass, polymeric, carbon fibres, synthetic macro fibre, stainless steel and
could be made in various sizes and with circular, rectangular, semi-circular, and irregular shapes. The use of
steel fibres in the marine environment is not recommended especially if the concrete is not coated (after
one to two years concrete colour will change).
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Only potable water should be used for concrete mixes for structural reinforced concrete. The chloride
content of the water (and the mix) is an important factor in ensuring protection of reinforcing steel against
corrosion. Water should be clean and free from harmful matter and where tests are required these should
be as described in BS EN 1008:2002. Seawater should not be used in reinforced concrete although it may be
considered if the concrete is un-reinforced and is not in contact with other concrete. Seawater should not
be used with chloride accelerators.

It is recommended that the cement content would not be less than:
e 340 and 360 kg/m3 for 40 and 20 mm maximum aggregate size (or as recommended by standards).
e 400 kg/m3 for the splash zone.

The design should consider that for maritime structures a high strength concrete is required and therefore
it is necessary to select the characteristics of aggregates based on specified test results.

Natural sand and gravel, or crushed rock conforming to ASTM C33 / C33M - 18, and light weight aggregate
conforming to ASTM C330 / C330M - 17a are recommended. Marine aggregates may be used, provided that
they have been washed to meet the chloride ions limits and providing the aggregates have sufficiently low
seashell content.

As an alternative, aggregates should comply with BS EN 12620:2002+A1:2008. Hard and strong aggregates
are required particularly in tidal and splash zones, where resistance to heavy abrasion or erosion is usually
required.

Aggregates should pass the soundness test (ASTM C88 / C88M - 18).

The maximum water absorption permitted should be 3% as measured by the procedure described in BS EN
1097-6:2013. Water absorption and specific gravity should be in accordance with ASTM C127 - 15, ASTM
C128 — 15 and BS EN 1097-6:2013.

The design shall take in consideration the recommendations in CIRIA SP 31 "The CIRIA Guide to Concrete
Construction in the Gulf Region”.

Reinforcing steel can be conventional, pre-stressed, or post-tensioned. It may be used bare or coated in a
variety of ways. Conventional reinforcing steel is best represented by regular deformed bars of
miscellaneous grades. The design should take into consideration the latest development of reinforcing steel
technology and to the recently invented and patented steel conforming to ASTM A1035 / A1035M - 20.

3.5.4 Steel
3.54.1 General

Steel is suitable for the construction of maritime structures but should be provided with a suitable means of
protection due to exposure to the marine environment.

The grade of structural steel in marine structures adopted should be appropriate for the design of the
structure and be in compliance with appropriate international standards for instance BS EN 10025 for
structural sections, BS EN 10248:1996 for hot rolled sheet piling, BS EN 10210 for tubular piles made of hot
formed sections and BS EN 10219 for tubular piles made of cold formed sections as appropriate. See Table
3-8.
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Table 3-8: Materials and Example Standards
Application | Example British European Standard
Structural sections BS EN 10025
Hot rolled sheet piling BS EN 10248
Tubular piling (hot formed sections) BS EN 10210
Tubular piling (cold formed sections) BS EN 10219
Steel can be used in the following applications as shown in Table 3-9.
Table 3-9: Steel Applications
Application | Typical Steel Type | Comment
Open piled decks Tubular sections, H piles Used in the form of vertical and/or raking piles for jetties
and wharves
Solid face quay walls SP In some cases may incorporate walings which may be
PFC and tie rods to anchor walls
Dolphin support piles Tubular sections, H Piles, SP Dolphins may be open piled structure with suspended
deck or mass structures encased by sheet piles
Floating berths UB, UC, PFC, Angles, SHS, RHS,
CHS
Boat ramps and slipways SP Might be sheet piled, with tie rods between faces
Notes:
CHS Circular hollow sections
SP Sheet pile sections (such as U, Z, straight section profiles)
uc Universal column
UB Universal beam
PFC Parallel flange channels
Angles Equal or unequal angles
SHS Square hollow sections
RHS Rectangular hollow sections
CHS Circular hollow sections

3.5.4.2 Rate of Corrosion

Corrosion rates of unprotected steel on marine projects in the Emirate are generally comparable with the
upper limit of corrosion rates reported in CIRIA C634 “Management of Accelerated Low Water Corrosion in
Steel Maritime Structures” (2005), although splash zone corrosion rates can be typically higher than
expected, and an applicable value suitable for the location must be determined by the designer. Accelerated
low water corrosion (ALWC) is understood to be a result of nutrient/pollution, to a lesser extent, microbial
induced corrosion. As such the ALWC values in C634 are comparable to, the high rates of corrosion noted.
These are temperature induced, and not necessarily a consequence of ALWC.

Given the apparent correlation, the general corrosion rates given by CIRIA C634 for unprotected steel is

summarized in Table 3-10 for tropical and Middle Eastern climates and should be adopted for Concept
Design.

Table 3-10: Exposure Category and Corresponding Corrosion Rates
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Exposure Zone ‘ Corrosion Rate Per Side (mm/year)

Typical

Atmospheric zone 0.10-0.41

Splash zone 0.17-0.30

Tidal zone 0.10-0.18

Inter-tidal low water zone 0.17-0.34

Immersion zone 0.13-0.20

Embedded in boreholes 0.02-0.10

Embedded below bed level 0.0015 max

(1) This area is normally considered to suffer minimal corrosion unless contaminated or with pollutants or high-level sulphate
reducing bacteria (SRB).

CIRIA C634 also provides corrosion rates in flowing seawater at different seawater temperatures as:
e 11°C=0.11mm/yr (per side)
e 21°C=0.36 mm/yr (per side)
e 25°C=0.51 mm/yr (per side).

Peak water temperatures may reach 36°C, at which temperature corrosion is expected to exceed the values
given in Table 3-10. For Concept Design, peak corrosion rates in excess of 1 mm/annum may be assumed,
to be validated during Detailed Design.

Evidence of microbial induced corrosion (MIC) and ALWC has been found in the UAE and it should be allowed
for in the design of immersed steel sections. If ALWC does occur in combination with high temperatures, the
local corrosion rate will be very high. It is widely accepted that MIC/ALWC can occur anywhere, including
freshwater locations. Recommendations for mitigating ALWC are given in CIRIA C634.

3.5.4.3  Protection of Steel

All structural steelwork above sea-bed level, whether fully immersed, within tidal or splash zones, or
generally above the splash zone, should be fully protected against corrosion for the design working life of
the structure. All steelwork must be maintained regularly; a maintenance plan must be developed to cover
all steelwork in line with the design working life of the structure.

Steel can be protected by the following means:

e Protective organic coatings:

Guidance on the choice, design and specification of coating systems available should be in
accordance with BS EN I1SO 12944 Parts 1 to 8.

Coatings for areas within the splash zone, the inter-tidal zone and the areas fully immersed should
be carefully considered.

It should be noted that the definitions of environment and recommendations for coatings might not
be strictly applicable to local conditions which are likely to be more corrosive and the advice of
manufacturers should be sought and followed.

Consideration should be given to coating maintenance and durability at the design stage.
Components no longer accessible for corrosion protection measures should be provided with
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corrosion protection that will remain effective for the duration of the design working life of the
structure, or other measures should be put in place.

The working life requirement of the coating should be based upon the time elapsed before major
maintenance or general maintenance of the coating becomes necessary. A maintenance programme
should be set up. The expected durability of various types of coatings should be considered in
accordance with BS EN ISO 12944,

Jacket systems:

For the immersed, tidal and splash zones, the use of polyethylene sheeting might be considered or
application of a spiral wrap of tape. For proprietary coatings and wrappings, the advice of the
manufacturer should be strictly followed and close supervision maintained, particularly with regard
to surface preparation.

Cathodic protection:

Cathodic protection is an electrochemical process of preventing or stopping corrosion of metallic
components within an electrolyte such as water, soil/mud or concrete. Generally, there are two
systems: impressed current cathodic protection or galvanic cathodic protection (through the use of
a sacrificial anode). The design of a cathodic protection system requires specialist knowledge and
expertise and should be undertaken by a suitably qualified corrosion expert. This will also require
regular maintenance.

Galvanised steel should only be considered for atmospherically exposed steelwork.

The use of a corrosion resistant alloy overlay in the splash and inter-tidal zones might be considered.
However, the welding procedure requires care and mechanical damage needs to be avoided.

The internal surfaces should also be considered as these might also be a potentially corrosive environment.

In place of a protection system, an additional (sacrificial) thickness of steel might be used to compensate for
the loss of section due to exposure to the marine environment, but this is a less common approach and

should

not be used as the single form of corrosion protection and should not be considered separately.

A synergistic approach that uses a combination of corrosion management techniques to improve the
performance, operational life and reduces the overall management and maintenance costs should be
considered. Typical synergistic systems include:

Combined cathodic protection and organic coatings for buried and immersed / tidal areas. The
coatings should be fully compatible with cathodic protection.

Combined cathodic protection and concrete encapsulation for buried, immersed, splash and
atmospheric areas. Concrete encapsulation of reinforced steel should be a minimum of 50 mm for
those areas subject to complete immersion in water. Within the splash zone, a minimum
encapsulation is 65 mm. The appropriate concrete encapsulation shall consider several parameters
into consideration the quality of concrete mix, chloride diffusion factor of the concrete, and the life
expectancy of the structure.

DMT-MAR-COP-21-06 — Rev:01 Page 62173



N . | | T L8 i gl Lol d il
-(\ Ll)- iE!U DH-AlBIi M ARITIM.El EEP:RTMEI?IT OF M;Nlc]PAaLJH'Eg
’*r\ AND TRANSPORT

e Duplex coating systems combining galvanised steel and organic coatings for atmospheric and splash
zones.

The type of protection system will depend on a variety of factors:
e Zone of structure to be protected (atmospheric, splash, tidal, intertidal, continuously immersed,
embedded depth)
e Rate of corrosion to be considered
e Availability of materials
e Accessibility, amount, type and cost of maintenance to be undertaken
e Performance considerations of the type of protection
¢ Monitoring and inspection requirements

3.5.4.4  Use of Stainless Steel

Stainless steels do not suffer uniform corrosion when exposed to water environments but are susceptible
to localized corrosion under certain circumstances which should be recognized and avoided. Such attack, if
it occurs in seawater environments, is usually localized as pits or in creviced areas. Good design and good
fabrication should minimize such corrosion sites, but this should be combined with correct stainless steel
alloy selection.

The pitting and crevice corrosion resistance of stainless steel is primarily determined by the content of
chromium, molybdenum and nitrogen. The manufacturing and fabrication practice, e.g. welding, are also of
vital importance for the actual performance in service. A parameter for comparing the resistance to pitting
in chloride environments is the PRE number (Pitting Resistance Equivalent). The PRE is defined as, in weight-
% and the formula is presented below.

PRE = %Cr + 3.3 x %Mo + 16 x %N

Stainless steel element which are exposed to marine conditions need to provide sufficient resistance to
crevices corrosion in sea water. The exact grade of stainless steel required for these conditions. Exposure
conditions will be dependent on the temperature of the sea water and other environmental factors. For the
prevailing conditions in seawater in the Emirate a weldable stainless steel grade with the upper alloying
requirement specified in BS EN 10088-3:2014 with corresponding PRE value in excess of 40 will be suitable.

3.5.5 Rock
3.5.5.1 General

Rock is used in maritime structures, most commonly in breakwaters, revetments, groynes and as scour
protection at the toe of a structure.

Rock for maritime structures should be in accordance with the recommendations within CIRIA C683 “Rock
manual - The use of rock in hydraulic engineering” (2nd edition 2007).

Factors which should be taken into consideration in design of rock structures should include:
e Design working life of the structure

e Durability of the rock including resistance to abrasion, breakages and wear
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e Exposure conditions (marine environment and ground conditions)

e Method of construction, including periods of time during which targeted areas are accessible
e Limiting size and density of rock available from a given source

e Quantity of rock available.

Use of rock revetments to help with maintaining the environment along and within these structures.

3.5.5.2  Durability
The designer should take into consideration that the durability of rock in marine environments is sometimes
the determining factor in the performance of the structure over its design working life.

3.5.5.3 Core Material
Core material whilst less exposed to wave action should possess similar characteristics to that of the rock
armour. Poor durability of core material can cause settlement and ultimately failure of a structure.

3.5.5.4  Rock Grading
Rock should be supplied in the grading classes defined in CIRIA C683.

Rock in armour and underlayer grades should not contain more than 50% by weight of stone with a length
to thickness (L/d) ratio greater than 2.

The proposals should have the petrological descriptions of all rock types. Test results from the proposed
source tested at an independent laboratory, demonstrating compliance with the following criteria should
be provided.

e Density

In general, the average saturated surface-dry relative density of rock utilized in marine structures is
recommended to be greater than 2,680 kg/m? with 90% of the stones having a density of at least
2,650 kg/m?3 for armour and underlayer, and not less than 2,600 kg/m3 for other rock grades when
sampled, tested and reported in accordance with section 3.8.2.3 of CIRIA C683 (or Appendix 2,
section A2.6 CIRIA SP83 1991). However, the designer may evaluate the use of lower density rock
depending on material type, size availability, material competency and the risk level of damage or
diminished service life to any infrastructure being protected. Where only low-density rock is available
(density less than 2,350 kg/ m3), artificial (concrete) units for primary armour should be considered.

e Water Absorption

The average water absorption should be not more than 2% for armour rock and underlayer, and not
more than 3% for other rock grades when sampled, tested and reported in accordance with section
3.8.2.3 of CIRIA C683 (or Appendix 2, section A2.7 of CIRIA SP83 1991).

e Resistance to Weathering

Magnesium Sulphate Soundness for sampling testing and reporting in accordance with BS 812-
121:1989 should be less than 12%.
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Notwithstanding the requirement above, if the rock is basaltic, there should be no occurrences of
Sonnenbrand effect in the first 20 stones tested or no more than one occurrence in the first 40 stones
tested when sampled, tested and reported in accordance with section 3.8.6.3 of CIRIA C683 (or
Appendix 2, section A2.8 of CIRIA/CUR SP83, 1991).

e Impact Resistance

The aggregate impact value should be less than 30% for the standard test fraction when tested in
accordance with BS 812-112:1990.

e Crushing Resistance

The force required to produce 10% fines should not be less than 100 kN when tested in accordance
with BS 812-111:1990, and either:
o The Franklin Point Load Index (I1S50) (ISRM) should not be less than 3.5 N/mm? for armour
and underlayer and 2.3 N/mm? for other rock grades; or
o The uniaxial compressive strength (ISRM) should be greater than 80 N/mm? for armour and
underlayer and 50 N/mm? for other rock grades.

e Block Integrity

Blocks should be free from visually observable cracks, veins, fissures, shale layers, styolite seams,
laminations, foliation planes, cleavage planes, unit contacts or other such flaws which could lead to
breakage during loading, unloading or placing. The Drop Test Breakage Index should be less than 5%
when sampled, tested and reported in accordance with section 3.8.5.2 and Box 3.20 of CIRIA C683
(or Appendix 2, section A2.11 of CIRIA/CUR SP83, 1991).

3.5.6 Timber

3.5.6.1 General

Timber used in marine works should be durable, strong and generally of large section sizes. As a natural
material timber varies in properties between species and this should be a consideration in design. Timber
must be sustainably sourced and chosen for specific purpose in the context of the environment of the
Emirate (water temperature, salinity, exposure to sunlight etc.). Where alternative materials are equal and
equivalent in performance, these should be utilized in preference. In particular, plastic timber sections are
increasingly viable, utilizing recycled plastic materials providing high durability and increasingly credible
aesthetics.

3.5.6.2 Durability
Timber should be in accordance with the relevant British Standard, BS 6349-1-4:2013 clause 9.1. The use of
timber in maritime structures should be in accordance with BS EN 1990 and BS EN 1995.

Factors which should be taken into consideration in design of timber structures should include:
e Design working life of the structure
e Durability of the timber including resistance to abrasion and marine borer attack
e Exposure conditions (marine environment and ground conditions)
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e Exposure to mechanical damage and marine craft impact which will affect the section size used
e Method of construction, including periods of time during which targeted areas are accessible

e Limiting size of timber available from a given source

e Sustainability of timber source

3.5.6.3 Durability of Fixings

As well as the durability of the timber itself, the fixings and fittings should be designed to take into account
the timber used and the marine environment. Bolts, washers, nuts and screws should all be designed for
wear, corrosion and others loads imposed upon them. In general, stainless-steel systems should be
preferred, with regular maintenance and replacement to avoid corrosion and failure.

3.5.6.4 Timber Uses in Marinas
Timber may be used for the following:
e Walings and connections for marina pontoon systems (bespoke systems)
e Decking for walkways (recognizing susceptibility to degradation under sunlight/temperature)
e Framing for deck
e Fender systems (preference should be given to non-timber solutions)
e Architectural features including:
o Access Bridge
o Handrailing

The Applicant/Project Proponent must comply with the Department’s “responsible procurement” policy
with respect to the sourcing of timber for construction. The Applicant/Project Proponent must provide proof
of legal origin of sustainably produced timber accompanied by chain of custody certification.

The designer must take in consideration that Copper Chrome Arsenate (CCA) treated products have been
banned from use in marine waters by the EU (2002). The EU (2004) has also declared CCA wood a hazardous
waste.

3.5.7 Aluminium

Aluminium alloys might be used in marinas design for:
e Pontoon framing
e Deck-supported structures
e Supporting of piping and conduits for services

Unless otherwise approved, aluminium grade 6005, 6005A, and 6082 alloys shall be used and comply with
EN 573-3:2019and EN 755-2:2016. Unprotected aluminium should not be used under water or in the splash
zone.

DMT-MAR-COP-21-06 — Rev:01 Page 66173



N . | | T L8 i gl Lol d il
-'\Ll‘- o ’ | . ! EEP:RTMEI?ITOFI\'/.IEJNIC.IPAGHEE
‘/\r\{ ABU DHABI MARITIME

AND TRANSPORT

4 FUNCTIONAL REQUIREMENTS

4.1 Coastal Protection Structures

4.1.1 Introduction

Coastal zone protection structures under this document include seawalls, breakwaters, revetments and
groynes. These structures provide a hard engineering solution to control wave climate or sediment
movement or provide protection against waves and/or erosion. Seawalls are also relevant to Section 4.2
(Maritime Facilities) when designed as a quaywall for berthing.

4.1.2 General

The design of structures should take into account functional requirements, stability, strength, stiffness,
serviceability and durability. Design should include consideration of the method of construction and
maintenance requirements.

The choice of structural type should allow for its function, usage, operation, practicality of maintenance,
safety and environmental impact, particularly that on the coastal regime.

When selecting the type of structure to be adopted, consideration should be taken of the effect of
movement. It should be noted that soil behind a retaining structure may also be subject to movement.

Structural movements can take the form of vertical movement, horizontal movement, or a movement
combined with a rotation. These movements are in addition to ground settlements that will depend on the
type of structure and the ground conditions.

At design stage, for each form of structure considered, potential failure modes should be identified and the
design developed to have resistance against such failure modes acting singly or together. The structures
should be designed to have acceptable safety and reliability.

A design criteria document should be attached to the design giving all of the design criteria used in the
design and outlining those which will be used in the next design phase. These criteria should include all of
the actions and forces that will be applied to the structure(s) and the combinations of those actions and
forces.

4.1.2.1  Stability
Structures should accommodate all actions and forces that will be applied to them. These will include the
permanent and imposed actions and forces given in Section 3.4 (Design Actions and Forces).

Structures should be designed for static stability under overturning, uplift and sliding and for dynamic and

seismic stability as appropriate. Stability loads and other actions should exceed destabilising loads and other
actions to provide the required level of stability in the structure.
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4.1.2.2 Capacity

Structures and their component members should be designed such that the design capacity determined in
accordance with an appropriate standard(s) exceeds the design action effect for loads and combinations of
loads, factored as required by the design standard in use. Care should be taken to ensure that consistent
design documents are used when using serviceability limit state and ultimate limit state design.

The effects of fatigue from wind, wave, current and other actions should be considered.

4.1.2.3  Serviceability

Structures and their component members should be designed for serviceability by limiting settlement,
deflection, displacement, cracking, distortion, corrosion and decay to give the required level of safety in the
structure.

Care should be taken at the interface between flexible and rigid structures to consider relative movement
allowances.

4.1.2.4  Durability
Structures should be designed for the minimum design working life.

4.1.2.5 Method of Construction
The design should include consideration of the likely methods of construction.

Maritime structures might be constructed incrementally using land based equipment using the partially
completed structure as a platform to construct a subsequent section. In this case construction loads will
influence the design.

Alternatively structures might be constructed using water based equipment e.g. floating, jack-up or
temporary working platforms. In this case consideration should be given to meteorological and sea
conditions.

At design stage, consideration should be given to the stability of the structure in the temporary condition.

4.1.2.6  Maintenance

When construction requires specialised plant, the same plant might be required to carry out maintenance
or repair activities. The availability of such plant for maintenance and its access to the repair area, should be
considered when reviewing the design options.

4.1.2.7 Other Design Requirements

Designs should take into account the recommendations outlined in Section 4.1.3 (Dimensional Criteria),
effects of marine craft berthing, crowd surge, scour, flood, cyclic loading, fatigue, temperature effects,
existing or planned utilities and any other special performance requirements.
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4.1.3 Dimensional Criteria
4.1.3.1 Vertical Dimensions

The vertical dimensions of maritime structures should be established at design stage to ensure that the
functional and safety requirements are met.

For fixed structures such as seawalls, breakwaters and revetments, the height of the crest should allow for
tidal variation and seasonal and meteorological variations in mean sea level. For flood defence, an allowance
should also be made for waves and sea level rise (see Section 3.4.4.6).

Overtopping calculations should be carried out and overtopping should be limited to safe levels for the users
of the maritime structure. The level of overtopping will also affect the structural design of the maritime
structure, any structure built on the crest, and any structure neighbouring or protected by the maritime
structure.

4.1.3.2 Horizontal Dimensions
The horizontal dimensions of the development and associated maritime structures should be established at
design stage to ensure that the functional and safety requirements are met while considering:
e Navigation and landside access requirements as per Section 3.2 (Access).
¢ Dimensioning of an access bridge and for structures that are accessed by vehicles, see Section 4.2.3.2
(Maritime Facilities - Horizontal Dimensions).

For use of seawalls as a berthing structure, refer to Section 4.2 (Maritime Facilities).

4.1.4 Location and Orientation
4.1.4.1 Location
In choosing the location and alignment of coastal zone protection structures the following factors should be
considered:
e Wind and current directions
e Wave and water level conditions
e Geotechnical conditions
e Existing or proposed drainage, water pipelines, power and telecom cables and wastewater pipes
e Natural or dredged water depth
e Environmental impact
e Landside and waterside access

It is common for the direction of wind, waves, and currents to be disrupted; therefore, studies should be
conducted to determine the optimal direction for the facility.

4.1.5 Utilities

4.1.5.1 Lighting
Refer to Section 3.2.1.1 (Navigation Access - General).

4.1.6 Access, Safety and Security
4.1.6.1 Access

Refer to Section 3.2.2 (Landside Access).
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4.1.6.2 Safety and Security

Safety and security assessments should be carried out to determine the safety, including lifesaving
appliances, and security equipment that will be needed for the operation of the facility. These will vary
depending on the function of the structure.

For facilities that accommodate marine crafts undertaking international passage, provisions of ISPS and
customs clearance should be incorporated. This will impact both the physical perimeter to the site and the
operational procedures for marine crafts arrivals such as fences, gates and CCTVs.

4.1.6.3  Handrails
The design of handrails shall meet the Department’s relevant regulations and requirements’ and, where
applicable, the UAE Fire and Life Safety Code of Practice®.

Handrails should generally be provided to the waterside edge of public accessed structures and around the
landward edge of other marine structures to avoid the fouling of mooring ropes.

The height of the top rail should be at least 1.1 m above the walkway. An intermediate knee rail at mid-
height should be provided. A continuous toe plate at least 100 mm high, incorporating drainage holes where
necessary, should be installed at walkway level where it might be possible for a person to slip under the
knee rail.

4.1.6.4 Kerbs
Kerbs should be provided along all cope edges that are accessed by the public or vehicles.

Kerbs should be at least 200 mm high. The front edge should be set back from the cope line by a distance
equal to at least half the kerb height, or further if access is needed for mooring equipment.

The ends of kerb runs and the top arises of kerbs should be shaped smoothly to prevent snagging and
abrasion of mooring lines at quay walls.

Drainage slots should be provided where required. Stormwater and spills should, where practicable, be
avoided and direct access to the marine water environment prevented. Water should be collected and
discharged safely.

4.1.6.5 Safety Ladders

Where appropriate ladders should be provided as defined in Section 4.2.6.6 (Safety Ladders and Emergency
Hand Holds).

7 The Code Handbook, Abu Dhabi International Building Codes (ADIBC), 2013
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4.1.6.6  Fire Fighting Equipment

Where maritime structures are used for public access, commercial or recreational use they should have a
fire suppression system consisting of an uninterrupted water supply; fire extinguishers and a fire alarm
system in compliance with the UAE Fire and Life Safety Code of Practice®.

4.1.6.7 Gates and Fencing
Fencing of the development land area and safeguarding of its perimeter with controlled access points should

be provided in line with ISPS requirements as a minimum, assuming international passage.

4.1.6.8 Navigation Aids
Refer to Section 3.4.11.2 (Visibility - Navigation Aids).

4.1.7 Seawalls

Figure 4-1: Typical Seawalls

4.1.7.1  Function
Within this document the function of a seawall is to:
e Protect coastal infrastructure against wave action.
e Act as a retaining structure.
e Protect areas of economic or social interest from flooding, overtopping and erosion.
e Act as a berthing structure where required, such as in the case of quaywalls.

4.1.7.2  Choice of Structural Type
Table 4-1 compares the structural types of seawalls.

4.1.7.3 Design Considerations

The crest level should be designed to minimize overtopping under defined extreme conditions and based on
predicted design water levels. The impact of Sea Level Rise (SLR) and future changes to still water levels
should be considered at design of the project, particularly since, in an amenity area, the crest height should
permit only low overtopping but elevation may also be limited to minimize the obstruction of the sea-view.
As such, consideration of adaptability and future adjustment to the crest height may be considered at design
stage.

8 UAE Ministry of Interior Gen. Command of Civil Defence, “UAE Fire and Life Safety Code of Practice”, 2018.
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Note that the type of sea wall might affect the movement of ground water locally, with an impact on the
structure of the ground settlement and buildings many kms from the new maritime structure.

Permitted overtopping will be a function of the anticipated operations and accessibility at the structure,
with areas open to public, or with sensitive infrastructure behind the seawall, most restrictive in terms of
permitted overtopping.

The design should allow for mechanical erosion of the seawall that will vary as a function of the local
material, e.g. sand / gravel / pebble beach material, and of the hydraulic activity. Mechanical erosion might
be severe and might require resistant concrete or coating.

Public access and safety should be considered. This might affect the choice of defence shape; provision of
access ramps / steps, surface treatments/textures to reduce the risk of slippage and allowable overtopping

volumes.

The toe of seawalls should be designed to mitigate for the effects of scour (natural and/or man-made).

Note that the decision to have ground anchors for flexible retaining wall as a permanent solution or for
temporary shoring/structure is up to the Designer or is to be specified by the Project Owner.

Table 4-1: Seawall Structural Types Comparison Table

Structural Type ‘

Gravity Structure
(Mass concrete
Block
work)

Advantages

Provides robust, durable structures requiring
low maintenance.

Avoids use of steel reinforcement, increasing
durability and longevity of the structure.
Capable of providing in excess of 100 years
design life with minimal maintenance.
Construction in the wet is possible, dewatering
is not required.

Suitable for handling heavy loads

Low maintenance requirements and cost

No corrosion protection measures required
Suitable for resisting high(er) berthing forces
Aesthetically pleasing

Plain faces make for simpler incorporation of
fenders and other quay furniture

Relatively common, tried and tested

Typically cheaper whole-life cost over long term

Disadvantages

Relatively long construction period
Heavy self weight making handling of
blocks difficult

Relatively expensive compared to other
options

Requires divers if not constructed in the
dry

Requires time and space for pre-casting
Can induce wave reflection so preferable
to use only in sheltered locations
Foundation requires favourable seabed
conditions

Production of blocks is a significant
operation; batching and storing can
occupy a large area.

Setback distance required (can be used as
promenade area).
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Structural Type ‘
Sheet Piled Wall

Advantages

Relatively short construction period
Relatively lightweight structure

Sheet piles are simple to handle during
construction

No need for soil improvement

Can be designed to accommodate less
favourable ground conditions
Relatively common, tried and tested

d O i ||q\"|| 12 |!|| ﬁj_ib
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Disadvantages

Susceptible to corrosion

May require tie back to provide lateral
support

Requires corrosion protection measures
Installation limited in certain bedrock or
may require auguring

Can induce wave reflection so preferable
to use only in sheltered locations

Less aesthetically attractive

Lead time for procurement of piles

Secant Piling and
Diaphragm Walls

Suitable for heavy loads

Patterned formwork can be used for aesthetics
Slender sections can be achieved

Concrete and steel are readily available
Casting yard is not required

Can be used for marine craft berthing

Suitable for poor soil conditions

Higher maintenance

Requires land based operation (or
reclaiming of land for an operating
platform)

Secant piling requires suspended facing for
aesthetics

Needs to be heavily reinforced and may
require cathodic protection.

Requires on-going maintenance due to
corrosion, leads to reduced design life.
High level of supervision is required to
ensure the quality of the wall

Heavier plant, piling equipment, will be
required.

Cladding of the structure is required
Construction in wet is not possible and
thus dewatering may be required.

Earth Reinforced
Structure with Solid
Faces

Relatively durable structure with long design life
Suitable for handling heavy loads

Low maintenance requirements and cost
Relatively short construction period

Panels are easy and fast to construct and install.
Panels can be constructed to look similar to
existing adjacent structures or any decorated
front view

One of the most economical solutions

May require soil improvement under the
wall footing

Susceptible to settlement and erosion
Not suitable in unsheltered locations, or
locations with a significant wave climate
Relatively uncommon for marine works
Construction is required in dry and thus
dewatering may be required

Berthing and mooring of marine crafts
could be a limitation and thus required
special treatment at cope beam level or
locally

Not extensively used for maritime
structures involving mooring and berthing
facilities
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4.1.8 Breakwaters

!
Typical Breakwater Breakwater Representation
Figure 4-2: Illlustrations of Breakwaters

4.1.8.1  Function
Within this document the function of a breakwater is to:
e Protect a harbour, marina or other facility from wave attack and/or penetration

e Protect an approach channel from littoral drift or to stabilise a channel

4.1.8.2 Choice of Structural Type
Depending on the project location, protection requirements and incoming waves, breakwaters might take
various forms including:

e Rubble mound structures

e \Vertical face caisson breakwater

e Composite breakwater

4.1.8.3 Design Considerations
The important aspects to be considered at design stage should be:
e Crest elevation
o Risk of overtopping and consequences of overtopping and flooding, e.g. for allowable storm
damage criteria, for the proximity of sensitive infrastructure or for pedestrian access behind
the crest
o Effects of long-term sea level rise
o Access across the crest for maintenance and construction
e Foundations, toe berm and scour protection
o Bed material and its geotechnical strength and deformation characteristics
o Geotechnical slope stability, bearing capacity and settlement
o Depth of water above the toe of the structure
o Sliding and rocking of concrete units
o Scour
e Internal Stability
o Migration of materials through adjacent layers
o Filter rules
e Type of primary armour (rock or concrete)
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o The choice of primary armour, whether rock or concrete units, will affect the choice and
design of toe, slope, underlayer and roundheads

o The environmental conditions typically dictate the type / size / details of the armour units to
be used

e Wave transmission through the structure

o Tranquility of water behind the breakwater can be affected by wave transmission though a
breakwater and this should be considered if the function of the breakwater is to provide
shelter from waves

The design should allow for the availability of plant to place the armour which will often require specialist
equipment. Construction may be from the structure itself or from a barge. Where possible, for reasons of
safety, the breakwater should be designed to allow for land-based construction methods, but construction
with marine based plant should also be considered. The design should incorporate allowance for levels of
acceptable damage (design formulae incorporate such parameters) and should consider whole-life
implications associated with repair and maintenance strategies as part of the design evaluation.

Rock stockpiles and pre-casting of concrete armour units can take up large amounts of space within a site
boundary and hence space available for storing these should be assessed.

If delivery by sea is anticipated, then a bathymetric survey should be undertaken to assess the suitability of
this approach.

4.1.9 Rock Armour Walls (Revetments) and Groynes

P
£ S

Revetrhent Protection Revetment Representation
Figure 4-3: lllustrations of Revetments
4.1.9.1  Function
Within this Code the function of a revetment and groyne is to:
e Revetments — Protect coastal infrastructure against wave action
e Revetments — Protect areas of economic or social interest from flooding, overtopping and erosion
e Groynes — Control sediment transport
e Groynes — Retain beaches
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4.1.9.2  Choice of Structural Type

Revetments are usually used to protect the shoreline against erosion and wave attack. They might be
constructed as:

e Sloping structures along a shoreline protecting the coast

Depending on the strength of the incoming waves, the revetment might be made of rock or concrete armour
units and the slope may vary.

Groynes are mostly used to control longshore or cross-shore sediment transport, and as a means to promote
accretion of the shoreline. They might be constructed as:

e Two sided vertical or sloping structure, generally orientated perpendicular to the shoreline

4.1.9.3 Design Considerations
The crest level used in design of revetments is critical to limit overtopping. When determining the optimum
layout for revetments the following should be taken into account:

e The risk and the consequences of flooding or overtopping

e The effects of long-term sea level rise

e Access requirements through or over the revetment

When determining the optimum layout for groynes the following should be taken into account:
e Sources, pathways and sinks of shoreline sediments, due to waves and currents
e Historical shoreline changes due to natural and artificial factors
e Type of beach being retained
e Angle of the groyne in relation to the shoreline
e Type of material used in the groyne
e Plan shape of the groyne
e Access requirements over or along the groynes
e Length of the groyne and its effect on the longshore movement of sediments
e Possible downdrift erosion

The design should allow for the likely method of construction and the availability of plant to place materials
that will often require specialist equipment.

Rock stockpiles can take up large amounts of space within a site boundary and hence space available for
storing rock should be assessed.

If material delivery by sea is anticipated then a bathymetric survey should be undertaken to assess the
suitability of this approach.
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4.2 Maritime Facilities

4.2.1 Introduction

Structures for maritime facilities under this code include jetties, wharves, berthing dolphins, floating berths
and boat ramps and slipways. Seawalls, described in Section 4.1 (Coastal Protection Structures), provide a
maritime facility when employed as a quaywall for berthing of marine crafts. Channels for navigation of
marine crafts are also included in this section.

Maritime structures can be solid, open-piled or floating. Solid structures include sheet piled and gravity walls
with a solid vertical face. These types of structure are most commonly used for shore parallel berths (i.e.
wharves) where fill material has to be retained, but they may also be used for jetties and dolphins.

Open-piled structures have a suspended deck supported on piles. Common open-piled “types” of structure
include jetties, wharves, and dolphins. The structure can be either flexible with only vertical piles and
without external horizontal restraint, or constructed more rigidly with raking piles or with struts to the shore.
The degree of flexibility will depend on the overall configuration and relative stiffness of members and their
supports.

Floating structures are commonly located using piles, chain moorings or struts to the shore that control their
horizontal movement.

The choice of structural type should allow for its function, usage, operation, practicality of maintenance,
safety and environmental impact particularly that on the coastal regime and the local wave/current climate.

When selecting the type of structure to be adopted for a new structure, account should be taken of the
effect of movement. In particular the movement and flexibility of structures should be accommodated by
structures or superstructures that span from a support on the structure to the retained ground or another
fixed structure. It should be noted that soil behind a retaining structure may also be subject to movement.

Structural movements can take the form of vertical movement, horizontal movement, or a movement
combined with a rotation. These movements are in addition to ground settlements that will depend on the
type of structure and the ground conditions.

4.2.2 General

The design of maritime facility structures should take into account functional requirements, stability,
strength, stiffness, serviceability and durability. Design should include consideration of the method of
construction and maintenance requirements.

At design stage, for each form of structure considered, potential failure modes should be identified and the
design developed to have resistance against such failure modes acting singly or together. The structures
should be designed to have acceptable safety and reliability.

A design criteria document should be submitted with the design giving all of the design criteria used in the
design and outlining those which will be used in the next design phase. These criteria should include all of
the actions and forces that will be applied to the structure(s) and the combinations of those actions and
forces.
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4.2.2.1  Stability
Structures should accommodate all actions and forces that will be applied to them. These will include the
permanent and imposed actions and forces given in Section 3.4 (Design Actions and Forces).

Structures should be designed for static stability under overturning, uplift and sliding and for dynamic and
seismic stability as appropriate. Stability loads and other actions should exceed destabilising loads and other
actions to provide the required level of stability in the structure.

4.2.2.2 Strength

Structures and their component members should be designed such that the design strength determined in
accordance with an appropriate standard(s) exceeds the design action effect for loads and combinations of
loads, factored as required by the design standard in use. Care should be taken to ensure that consistent
design documents are used when using serviceability limit state and ultimate limit state design.

The effects of fatigue from wind, wave, current and other actions should be considered.

4.2.2.3 Serviceability

Structures and their component members should be designed for serviceability by limiting settlement,
deflection, displacement, cracking, distortion, corrosion and decay to give the required level of safety and
reliability in the structure.

Care should be taken at the interface between flexible and rigid structures to consider relative movement
allowances.

4.2.2.4  Durability
Structures should be designed for the minimum design working life.

4.2.2.5 Method of Construction

The design should include consideration of the likely methods of construction.

It might be appropriate to maximise the use of prefabricated components for reasons of quality, safety and
programme but the size and weight of components have to be within the handling capacity of available
plant.

Maritime structures might be constructed incrementally using land based equipment using the partially
completed structure as a platform to construct a subsequent section. In this case construction loads will
influence the design.

Alternatively, structures might be constructed using water based equipment e.g. floating, jack-up or
temporary working platforms. In this case consideration should be given to meteorological and sea

conditions.

At design stage, consideration should be given to the stability of the structure in the temporary condition.
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4.2.2.6 Maintenance

When construction requires specialised plant, the same plant might be required to carry out maintenance
or repair activities. The availability of such plant should be taken into account when a design includes
planned maintenance.

At design stage, consideration should be given to safe access for maintenance and the provision of means
of access for carrying out the maintenance.

4.2.2.7 Other Design Requirements

Designs should take into account the recommendations in Section 4.2.3 (Dimensional Criteria), effects of
marine craft berthing, crowd surge, vehicle braking, scour, flood, cyclic loading, fatigue, temperature effects,
existing or planned water pipelines, power and telecoms cables and any other special performance
requirements.

4.2.3 Dimensional Criteria
4.2.3.1 Vertical Dimensions

The vertical dimensions of maritime structures should be established at design stage to ensure that the
functional and safety requirements are met.

For fixed structures such as jetties and wharves the height of the deck should allow for tidal variation and
seasonal and meteorological variations in mean sea level. An allowance should be made for waves and sea
level rise.

Overtopping calculations should be carried out and overtopping should be limited to safe levels for the users
of the maritime structure. The level of overtopping will also affect the structural design of the maritime
structure, any structure built on the deck of the maritime structure, and any structure neighbouring or
protected by the maritime structure.

Where structures are accessed through marine crafts, the height of the deck at the landing point should be
kept as low as practicable, in keeping with the function of the structure and the freeboard of the marine
craft.

If the allowances for water level and waves result in a deck level that makes access from marine crafts
difficult, then other forms of intermediate access might be required such as pontoons, gangways or
stairways.

If the structure height is kept low in relation to the sea level and waves for practical reasons, then uplift
forces and buoyancy should be allowed for in the design of the structure.

The water depth at a berth at MLLW must be deep enough to provide for the safe operation of the maximum
design marine craft. The usable water depth at berths should be a minimum of 0.5m (for sandy sea beds) to
1.0m (for rocky sea beds) greater than the maximum draft of marine craft using the structure. The choice of
design water depth should take account of anticipated siltation rates and the frequency of maintenance
dredging.

Guidance for navigation channels is given in Section 4.2.13 (Maritime Facilities - Channels).
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4.2.3.2 Horizontal Dimensions
The horizontal dimensions of the development and associated maritime structures should be established at
design stage to ensure that the functional and safety requirements are met while considering:
e Navigation and landside access requirements as per Section 3.2 (Access).
e Design of the berthing layout to accommodate all marine crafts that are proposed to use the facility
at any one time.

o If marine crafts are moored in line alongside a berth, then the berth length should be based
on the length of the design marine craft(s) plus an allowance for mooring the marine crafts
to the structure. Spacing between marine crafts should be a minimum of 20% times the
marine craft length. Additional spacing might be required depending on the location of cleats
or bollards and where marine crafts can surge with wave action.

o Distances between adjacent piers, jetties, walkways or neighbouring structures should allow
for marine crafts to make an approach manoeuvre, with other marine crafts being moored.

o Clear access width of jetties, walkways, pontoons and piers should allow for their function.
For instance, a pier being used for a ferry landing will need to be wider than a pontoon that
is to accommodate a single moored marine craft.

o Berth widths for a marina situation are given in Section 4.3.6.7 (Basic Elements of Mooring
Facilities).

e Turning areas in berthing basins.
o See Section 4.3.5.3 (Interior Navigation Channels / Fairways - Turning Areas), for marine crafts
up to 50 m.
e Dimensioning of an access bridge:
o  Minimum width of 0.9 m (clear and segregated) passage for one-way pedestrian traffic
= |fthe access bridge leads to over 20 berths and up to 60 berths, its minimum one-way
pedestrian traffic width should be increased to 1.2 m, 1.5 m for up to 120 berths and
1.8 m for more than 120 berths.

o Minimum width of 1.2 m (clear and segregated) passage for two-way pedestrian traffic

o  Minimum width of 1.5 m (clear and segregated) passage for two-way pedestrian traffic for
people carrying small loads

o Possible width of 2 or 2.5 m for special requirements, such as People of Determination’s
access or high use public passenger terminals. For example, wheelchairs typically require
minimum widths of 1.1 m clearance at the narrowest point and 1.8 m for two-way ramps.

o Where there is a potential need for access to a facility by People of Determination, the slope
of the access bridge / gangway should not be greater than 1 in 12 (as per USDM), with a
preferred gradient of 1:20. This may require rest stops at different points on the access bridge
/ gangway to maintain the required gradient.

o Allowances for special requirements e.g. floating passenger terminals where queuing might
be possible and where the access bridges are long.

= Length of an access bridge should be designed such that its inclination at the lowest
level is safely negotiable by pedestrians. Access bridges should be of sufficient length
so that the slope will not exceed 1 in 4 at Mean Lower Low Water (MLLW). The
maximum slope of a gangway should not exceed 1 in 3.5 at LAT.
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= Lower end of the bridge should be provided with a small articulated ramp to
compensate for the difference in level with the pontoon decking. The maximum slope
of this ramp shall be 1 in 4.

= |f the access bridge is for a floating public passenger terminal, the bridge slope should
not exceed 1 in 6.

e Width of ramps for use by ro-ro marine crafts and landing craft:

o Width of at least 1.0 m more than the maximum width of the marine craft’s ramp at the
seaward end.

o Slope of the ramp will depend on the function and usage of the ramp and should not be
steeper than 1 in 4. For ro-ro ramps in regular use the slope should be not greater than 1 in
6. BS 6349-8:2007 provides detailed guidance on ramp geometry.

e Access bridges of floating pontoons and walkways having no permanent slope as their angle of
inclination changes depending on the level of water and thus the load intensity on both the bridge
and the dock-pontoon varies accordingly.

e For structures that are accessed by vehicles, the clear road width should be:

o 3.75 m for each traffic lane for cars

o Possible increase for trucks and heavy equipment (depending on size of trucks and usage) to:
= 4.5 m for one traffic lane
= 8 m for two traffic lanes

4.2.4  Location and Orientation
4.2.4.1 Location
In choosing the location of a maritime facility structure the following factors should be considered:
e Prevailing wind and current directions
e Wave and water level conditions
e Geotechnical conditions
e Existing or proposed drainage, water pipelines, power and telecom cables and wastewater pipes
e C(Clearance to moored or passing marine crafts
e Natural or dredged water depth
e Ease of entering and leaving berths
e Harbour or boundary line restrictions
e Environmental impact (including effects of propeller wash on surrounding environment)
e Landside and waterside access

4.2.4.2  Orientation

Maritime structures used to moor marine crafts should be orientated as far as possible such that a moored
marine craft is headed into the direction of the prevailing winds, waves or currents. This is to minimise
movement of the marine craft and the magnitude of the mooring forces. It is common that the prevailing
direction of winds, waves and currents do not align. In this case, studies should be carried out to determine
the optimum orientation of the jetty and berths.

In facilities where mooring buoys are used within the boundary of the maritime infrastructure, sufficient
space for marine crafts to swing as tides and wind directions change must be allocated.
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4.2.4.3  Structure Lengths
The length of a structure should be planned to safely berth and moor all marine crafts that it is required to
accommodate.

4.2.4.4  Fixed Dock Level

Level of fixed docks should be a minimum of 1 m above MHHW, and 0.3 m above extreme high water,
including provision for sea level rise over the design life of the structure. For long design life structures,
where provision for sea level rise is significant, steps, ladders or ramps might be required to allow passenger
transfer between marine craft and structure.

Consideration should be given to the overtopping of waves in less sheltered locations.

4.2.5 Utilities

Water and power supply should ideally be supplied at separate pedestals or other outlets; however, they
can be served from a common pedestal, based on industry norms and procurement from a recognised
supplier. All electrical and communication cables and equipment should be suitable for a marine
environment.

4.2.5.1 Lighting
Refer to Section 3.2.1.1 (Navigation Access - General).

Above-pontoon lighting is needed for security, safety, and for night-time mooring activities.

The marina lighting network may be arranged in parallel with that of the power supply. Electrical cabling
should supply power for luminaries on service pedestals and beacons at the end of the walkways. This
cabling should be independent of the power supply line.

The earthing has to be provided by means of returns to shore and the lighting fixtures shall be either
incorporated in the service pedestals or shall be mounted on independent poles. The poles should be located

so as not to form an obstruction to marina operations.

The light fixtures should be located low enough and shielded to light up the deck and waterside edges
without blinding the marine craft’s crew during berthing operations.

Bright lighting, which reflects on the water, can cause problems with night-time navigation and should be
avoided. External lights should be directed downwards, away from the water.

Adverse impacts of lighting on neighbouring facilities are to be minimized through appropriate design and
management measures.

The use of reflective materials should be minimized and the signage should not be brightly illuminated to
avoid becoming a navigation hazard. Lighting of signage should be directed downward, away from the water.
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4.2.5.2  Fresh Water Supply

All docks should be provided with water pipes connected to a local water supply network and should run
the length of the pontoons and walkways and supply water to marine crafts through appropriate outlets.
The diameter of the supply pipe should also consider available pressure.

Outlets should be provided for every 15 m of dock length or major fraction thereof or for each marine craft
where the design of the dock, wharf, pier or finger pontoon clearly indicates a specific number of marine
crafts of over 25 m LOA to be moored.

The diameter of the supply pipe should be calculated according to the number of outlets or service pedestals
to be supplied.

Flexible pipe sections should be placed at crossings between floating elements and at shore connections to
absorb the tidal range and other movements. The water supply outlets are frequently combined with the
power supply outlets contained within purpose-built pedestals.

Each potable water line should deliver water at a pressure of not less than 240 kPa while 10% of the hoses
are fully open. Additionally, the water supply outlets should be designed to supply adequate flow rate whilst
25% of the outlets are in use.

A storage area for in-line water softeners should be provided.
The designer should consider using isolating valves, a drain-off facility and a negative pressure reduction

valve or atmospheric vacuum breaker or non-return valve and an air bleed/ aeration valve to protect the
water system at each outlet.

Table 4-2: Typical Marine craft Water Usage (LPD = litres per day)

Marine Cra(f;‘liength, LOA RUbRIneate Ry EigEe) Drinking Water (Peak) LPD Wastewater (Average) LPD
8 0 0 0
10 90 125 45
12 100 140 50
14 200 275 100
16 250 350 125
18 275 375 138
20 275 375 138
25 1000 1500 500
30 1000 1500 500
35 1500 2000 750
40 2000 2800 1000
45 2000 2800 1000
50 2000 2800 1000
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4.2.5.3 Power Supply
All docks should be provided with power cables connected to a local power supply network and should run
the length of the pontoons and walkways and supply power to marine crafts through appropriate outlets.

The power supply and lighting must comply with the Abu Dhabi Department of Energy’s Electricity Wiring
Regulation 2020 (Third Edition) supplemented to the extent necessary by the standards BS EN 603019 and
BS 7671:2018+A1:2020 in respect of Special Locations: Marinas.

Power should be supplied along the pontoons and walkways to all service pedestals through 3-phase, neutral
and earthed cabling. Its rating/capacity shall depend on the total number of service pedestals and the power
of their sockets.

3-Phase power supply should be terminated at the service pedestals from which the 1-Phase and 3-Phase
supply shall be provided; this is to be derived by using 1-Phase and 3-Phase circuit breaker/fuse units feeding
the respective 1-Phase and 3-Phase socket outlets and power receptacles.

Both 1-Phase and 3-Phase power supply receptacles can be made available from the service pedestal.

Power supply sockets should be provided along the length of jetties and walkways to provide an electric
currentof 16 A, 32 A, 63 A, 125 Aor 150 Aat 220V or 380 V.

It is recommended that a minimum of one 120 V, 20 A outlet be provided at each marine craft berth,
regardless of the length of the berth or the marine craft that occupies it. Additional power outlets should be
provided on the dock for use by maintenance staff.

All electrical sockets and automatic-switch boxes should be certified to appropriate recognised international
and/or local standards. Waterproof standard for electrical connectors should be in accordance with
international standards (16 A sockets should use an IPX4 splash-proof container and 63 A connections should
use an IPX7 water-tightness standard). Ground fault protection should be incorporated in each circuit.

All equipment should comply with the International Electric Commission (IEC) requirements and be provided
and installed in accordance with BS EN 60309 and BS 7671.

The diversification of the electrical loads is an important issue and consideration should be given to:
e The number and size of electrical outlets
e The location, climate and air conditioning requirements
e The type and style of marine crafts
e Extraloading imposed by special events and visitors
e Possible faults in the equipment

The power requirement of a floating berth is subject to diversification factors. The below table provides
indications. Note that the supply capacity and cable sizes should be designed for the expected future
requirements of the marina.
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Table 4-3: Indicative Power Requirement

Marine Craft Length, LOA (m) Power Requirement per 100 Craft

Less than 12m 1.5 kVA
13 to 25m 2.5 kVA
Greater than 25m 4.0 kVA minimum

Table 4-4: Typical Power and Communications connections

Marine Craft Length, LOA Socket Voltage Socket Amperage Phase Telecoms
6 220 16 Single Voice/Data
8 220 16 Single Voice/Data
10 220 16 Single Voice/Data/SATV
12 220 16 or 32 Single Voice/Data/SATV
14 220 16 or 32 Single Voice/Data/SATV
16 220 32 0or 63 Single Voice/Data/SATV
18 220 32 0or63 Single Voice/Data/SATV
20 220 32 0r63 Single Voice/Data/SATV
25 220 or 380 63 Single or 3 phase Voice/Data/SATV
30 380 63 or 125 3 phase Voice/Data/SATV
35 380 63 or 125 3 phase Voice/Data/SATV
40 380 125 or 150 3 phase 2-Voice/Data/SATV
45 380 125 or 150 3 phase 2-Voice/Data/SATV
50 380 150 or 250 3 phase 2-Voice/Data/SATV

4.2.6 Safety and Security

4.2.6.1 General

The safety and security assessment includes access by emergency services and escape routes from
hazardous areas, e.g. fuelling facilities.

Where sea conditions are suitable for the use of a floating berth, and where the fixed structures or the shore
are relatively high, pontoons are a preferred means of access from small passenger marine crafts and leisure
marine crafts to the fixed structures or the shore. Pontoon characteristics should allow for all sea levels.

4.2.6.2 Access

4.2.6.2.1 Bridges/ Gangways

Access bridges are to be designed to provide a permanent personnel and vehicle access between shore and
different elements of floating berths and walkways. In addition, access bridges, gangways or walkways
should be provided for pedestrian or vehicle access to or between isolated structures such as pontoons or
dolphins, or for maintenance of structures.

Convenient and safe personnel movement to or from the marine craft is to be provided at any water level
or state of tide. The type of access bridge should be selected on the basis of structural, functional,
maintenance and aesthetic considerations.

For the marine environment of the Emirate, it is recommended to use articulated bridge(s) due to the
magnitude of variation in tidal levels. The articulated bridge(s) could be hinged at both ends or hinged at the
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land-based abutment and slide on the deck of the pier / pontoon at its lower end. It is usually a single-span
bridge hinged at the land-based abutment at the one end and supported on a special pontoon, jetty,
walkway or deck at the other end. The supports should allow for the full range of horizontal and vertical
movement and rotation in both planes.

A schematic of an access bridge is shown below.

TYPICAL
ACCESS BRIDGE —
/ GANGWAY
FLOATING B -, N |l
STRUCTURE—, =\ > |\ S\l N
V> L-C
{ \ I ABUTMENT /JETTY
- /WHARF

Figure 4-4-4: Schematic section of an access bridge / gangway

During the planning and design process the designer should select, where possible, the locations for bridges
and gangways at locations with a naturally stable shore (or canal bank or creek water edge) and without
significant erosion or sand deposit.

Failsafe mechanisms should be incorporated in the design such that the failure of any element does not lead
to the collapse of the access bridge or walkway.

At the lower end, the bridge should lean on anti-abrasion rollers, provided with safety cotters and axles.
Where wheels or rollers from an access bridge will be resting, guide channels or a skid plate should be
provided to prevent wear and damage to the decking.

Safety devices should be provided to keep the walkway from rolling off the platform deck and to prevent
movement of the platform while in use.

4.2.6.2.2 Access Stairways
As an alternative to an access bridges and pontoons, stairways might be provided at berthing faces for access
to and from small marine crafts. They should be located where they will not be blocked by marine crafts.

Maritime structure stairways, which have public access, should have a minimum width of 1.5 m.
Where access to a stairway is provided from a marine craft by a gangway, landings should be provided to
accommodate the gangway and to allow safe access to, from and past the gangway. Recessed mooring rings,

or similar devices, should be provided at each landing level, at positions which will not cause mooring lines
to obstruct pedestrians using the stairs.
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4.2.6.2.3 Access Ladders

Access ladders might be used as a primary means of crew access to or from marine craft but should not be
used for primary access by the public. The spacing of access ladders should be determined to suit the usage
of the berth.

Access ladders on berth faces should, where practicable, be placed in recesses. Measures should be taken
to provide physical protection from marine crafts to persons using the ladder where practicable. This might
require the ladder to be recessed by up to 0.6 m. A clear distance of at least 100 mm should be provided
between the cope line and the rungs. If the recess is deep enough to create a hazard at deck level, it should
be surrounded with a kerb or covered with a removable lid.

If access ladder recesses are not provided, fendering should be provided on or near each side of the ladder
to prevent damage by small craft or ships.

At access ladders that might serve small craft, moorings rings or similar devices should be installed on both
sides of the ladder.

Account should be taken of the likelihood of marine fouling, which can make the ladder slippery, and of the
need for future maintenance of the ladder.

Access ladders might also be required to provide access to various parts of a structure for inspection
purposes.

4.2.6.3 Handrails

The design of handrails shall meet the Department’s relevant regulations and requirements and the UAE
Fire and Life Safety Code of Practice®.

Handrails should generally be provided to the waterside edge of public accessed structures and around the
landward edge of other marine structures to avoid the fouling of mooring ropes.

Handrails should be provided on both sides of the access bridge. Safety chains should be clipped into position
for personnel safety. Where members of the general public will use access bridges, mesh or other fixed
panels should be provided between the top rail and the deck or toe plate.

Handrails should be positioned in such a way that does not obstruct the mooring lines being handled. Where
permanent handrails would interfere with mooring lines, a demountable system should be employed.

4.2.6.4 Kerbs

Kerbs should be provided along all cope edges that are accessed by the public or vehicles. They should be
provided at the top perimeter of all stairway recesses.

Kerbs should be at least 200 mm high. The front edge should be set back from the cope line by a distance
equal to at least half the kerb height, or further if access is needed for mooring equipment. Kerbs might be
made of concrete or timber.

9 UAE Ministry of Interior Gen. Command of Civil Defence, “UAE Fire and Life Safety Code of Practice”, 2018.
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The end of kerb runs and the top arises of kerbs should be shaped smoothly to prevent snagging and
abrasion of mooring lines.

Drainage slots should be provided where required.

4.2.6.5 Decking
The decking should be fitted with similar surfacing to that used on floating pontoons, and should provide a
non-skid surface. Typical surfacing types include:

e Rot-proof tropical hardwood slats, or

e Polyethylene self-assembly modules, or

e Recycled polyethylene slats.

4.2.6.6  Safety Ladders and Emergency Hand Holds

Safety ladders should be provided for allowing for a person who is in the water to climb onto a structure, or
for access onto a structure. Safety ladders should extend to a minimum of 1 m below LAT.

Safety ladders should be provided at all vertical faces of structures and on pontoons. The recommended
maximum spacing of safety ladders at berth faces is 20 m.

Safety ladders should also be installed at return walls except where stairs are provided. Ladders should be
positioned where they will not be obstructed by mooring lines.

4.2.6.7 Life Saving Equipment

Life-saving equipment should be installed on all maritime structures at maximum intervals of 100 m. It
should be provided at jetty heads and isolated dolphins. Lifebuoys (equipped with at least 30 m of buoyant
line) or throwing lines should be fitted at regular intervals along handrails and at other convenient points
which will not obstruct or be damaged by operations at the facility.

4.2.6.8 Fire Fighting Equipment

Refer to Section 4.1.6.6 (Coastal Protection Structures - Access, Safety and Security - Fire Fighting
Equipment).

4.2.6.9 Gates and Fencing
Refer to Section 4.1.6.7 (Access, Safety and Security - Gates and Fencing).

4.2.6.10 Navigation Aids
Refer to Section 3.4.11.2 (Visibility - Navigation Aids).

4.2.7 Fender Systems

Fenders should be designed and installed to prevent the marine craft and/or floating dock from being
damaged during marine craft berthing operations and while the marine craft is moored alongside the
pontoon structure. The designer should provide the calculation of the berthing energy to be absorbed by
the fender system.
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For pontoons and walkways in a marina, it is recommended to install fenders around the exterior edge of all
floating pontoons accessible from the water.

Selection of the type of fender and its dimensions should be based on the following design criteria:

Design marine craft

Approach velocity

Berthing angle

Maximum reaction force

Friction coefficient

Safety factor to be used

Maintenance

Acceptable resistance to the effects of aging and environmental attack including UV rays

Various types of fenders can be used, such as:

Continuous wooden, synthetic or rubber extrusions alongside a dock

Vertical plastic (or wooden) fenders

Fendering systems may include rubber tyres, discarded firehose, or hemp hawsers

Plastic-tube vertical fenders, stretched between points of support or suspended from a top fastening
with a pendulum weight hanging below the lowest possible point of hull contact

Consideration should be given to the following points:

Special synthetic extrusion or moulded shapes are preferred for small marine crafts dockage
Preferred type of bumper stripping for the edge of a finger pontoon or dock is a synthetic extrusion
that runs along the top edge of the outside stringer with a lip extending over the top. Neoprene and
butyl rubber provide adequate weathering resistant and resilient bumper materials.

Moulded corner bumpers, also of synthetic extrusion, provide adequate protection for smaller
marine craft. For larger marine craft, use corner wheels especially where the finger pontoon extends
all the way out to an inter pier fairway.

Fendering of fixed piers should usually run vertically rather than horizontally. Most common fenders
for fixed systems are vertical timbers spaced at 2.4 - 3.0 m intervals along each side of a finger
pontoon. Size of timber commonly used ranges from 76 x 102 mm to 203 x 203 mm depending on
the size of the berthed marine craft.

Lengths should be determined by the need to extend upward above the highest part of a gunwale at
extreme high water and to extend below the lowest rub strake at extreme low water. When required,
for marine crafts with low rubbing strakes, the mooring stringer height of the pontoon shall extend
down to within 0.25 m of the water surface. For marine craft with high gunwales, freeboard shall be
increased appropriately, or floating finger pontoons can be retrofitted with vertical fender posts to
suit at intervals of no greater than 2.4 m.

Pier attachments should be adequate to resist any moment that may be caused by cantilever bending
loads up to the design moment of the fender section.

Bolt heads or nut-and-bolt ends should be countersunk into the fender pieces to avoid scoring of
marine craft hulls.
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4.2.8.1 Function

Typical Jetty

Figure 4-5: Illustration of Jetties

Within this document the function of jetties is to:
e Provide access to deeper water
e Provide access to and berths for marine crafts

e Provide access to floating berths
e Provide a platform and / or individuals access over the water for recreational purposes

4.2.8.2 Choice of Structural Type

The following table illustrates the different structural types for jetties.

Table 4-5: Jetty Structural Types Comparison

Structural Type
Open Structure with a
Suspended Deck

Advantages
Mooring may be possible when the current
speed is high
Suitable for moderate size marine crafts
and berthing forces
When coupled with under deck slope
protection can limit reflections and reduce
wave climate

Jetty Representation

Disadvantages
May be expensive and / or difficult to
construct for open water or high wave
conditions
Pile driving depends on seabed conditions
Can be susceptible to wave uplift forces
May require under-deck slope protection
Can be a complex structure if raking piles
are required to resist lateral forces.
High maintenance requirements and cost
Requires corrosion protection measures
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Advantages
Provides robust, durable structures
requiring low maintenance
Avoids use of steel reinforcement,
increasing durability and longevity of the
structure
Capable of providing in excess of 100 years
design life with minimal maintenance
Construction in the wet is possible,
dewatering is not required
Suitable for handling heavy loads
Low maintenance requirements and cost
No corrosion protection measures
required
Suitable for resisting high(er) berthing
forces
Aesthetically pleasing
Plain faces make for simpler incorporation
of fenders and other quay furniture
Relatively common, tried and tested
Typically, cheaper whole-life cost over long
term

d O i ||q il 12 | 1 I ﬁj_ib
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Disadvantages
Relatively long construction period
Heavy self weight making handling of
blocks difficult
Relatively expensive compared to other
options
Requires divers if not constructed in the
dry
Requires time and space for pre-casting
Can induce wave reflection so preferable
to use only in sheltered locations
Foundation requires favourable seabed
conditions
Production of blocks is a significant
operation; batching and storing can
occupy a large area
Setback distance required (can be used as
promenade area)

Sheet Piled Wall °

Relatively short construction period
Relatively lightweight structure

Sheet piles are simple to handle during
construction

No need for soil improvement

Can be designed to accommodate less
favourable ground conditions
Relatively common, tried and tested
Well suited to industrial structures with
shorter design life (approximately 30
years)

Susceptible to corrosion

May require tie back to provide lateral
support

Requires corrosion protection measures
Installation limited in certain bedrock or
may require auguring

Can induce wave reflection so preferable
to use only in sheltered locations

Less aesthetically attractive

Lease time for procurement of piles
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Structural Type
Secant Piling and
Diaphragm Walls

Advantages
Suitable for heavy loads
Patterned formwork can be used for
aesthetics
Slender sections can be achieved.
Concrete and steel are readily available.
Casting yard is not required
Can be used for marine craft berthing
Suitable for poor soil conditions
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Disadvantages
Higher maintenance
Requires land based operation (or
reclaiming of land for an operating
platform)
Secant piling requires suspended facing for
aesthetics
Needs to be heavily reinforced and may
require cathodic protection
Requires on-going maintenance due to
corrosion, leads to reduced design life
High level of supervision is required to
ensure the quality of the wall
Heavier plant, piling equipment, will be
required
Cladding of the structure is required
Construction in wet is not possible and
thus dewatering may be required

Earth Reinforced
Structure with Solid
Faces

Relatively durable structure with long
design life

Suitable for handling heavy loads

Low maintenance requirements and cost
Relatively short construction period
Panels are easy and fast to construct and
install.

Panels can be constructed to look similar
to existing adjacent structures or any
decorated front view

One of the most economical solutions

May require soil improvement under the
wall footing

Susceptible to settlement and erosion
Not suitable in unsheltered locations, or
locations with a significant wave climate
Relatively uncommon for marine works
Construction is required in dry and thus
dewatering may be required

Berthing and mooring of marine crafts
could be a limitation and thus required
special treatment at cope beam level or
locally

Not extensively used for maritime
structures involving mooring and berthing
facilities

4.2.8.3 Design Considerations
For blockwork walls, sheet piled walls and earth reinforced jetty structures, consideration should be given
to settlement of the internal fill material and the form of pavement to be adopted.

The design should consider the effects of berthing and mooring actions on the structure.

Where piled structures resist lateral actions by sway, the movement of the structure under load should be
minimised when it is accessed by people and the dynamic response of the structure should be designed to
prevent oscillation.

Allowance should be made in the design for lowering of the sea-bed level by accidental over-dredging or
scour. Where appropriate, protection should be provided against scour caused by propellers and thrusters.
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The effect of jetties, especially solid structures, on the local sediment transport regime and siltation
allowances should be considered.

Other considerations include the requirements of recesses along the face of the cope for safety and access
ladders, and the provisions of fendering and bollards. In some cases, works required for these items might
be integral to the cope structure.

4.2.9 Wharves

Typical Wharf Wharf Representation
Figure 4-6: lllustration of Wharves
4.2.9.1  Function
Within this document the function of wharves is to:
e Provide access to and berths for marine crafts
e Provide access to floating berths
e Provide a platform and / or pedestrian access to the water for recreational purposes

4.2.9.2  Choice of Structural Type
Structural types for wharves are the same as for jetties. Refer to Section 4.2.8.2 (Jetties - Choice of Structural
Type).

4.2.9.3 Design Considerations

Design considerations for wharves are the same as for jetties. Refer to Section 4.2.8.3 (Jetties - Design
Considerations).
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Figure 4-7: Berthing D_olphin Representation

Within this document the function of berthing dolphins is to:
e Provide access to deeper water

e Assist in the manoeuvring of marine crafts

e Assist in the berthing and mooring of marine crafts

4.2.10.2 Choice of Structural Type
Table 4-6 compares the structural types of berthing dolphins.

Table 4-6: Structural Types Comparison

Structural Type
Steel Monopile

| Advantages

Suitable for relatively small marine crafts
in a sheltered area

Relatively short construction period
Relatively lightweight structure

No need for soil improvement

Can be designed for less favourable
seabed foundation conditions

’ Disadvantages

Might need tie back in case of very heavy
load / longer cantilever

Susceptible to corrosion

May require corrosion protection
measures

High maintenance cost

Less suitable for large marine crafts and /
or unsheltered areas

Pile driving depends on seabed conditions
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Structural Type
Open Structure with a
Suspended Deck or
Thick Cap
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Advantages

Mooring may be possible when the current
speed is high

Suitable for moderate size marine crafts
and berthing forces

When coupled with under deck slope
protection can limit reflections and reduce
wave climate
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Disadvantages

May be expensive and / or difficult to
construct for open water or high wave
conditions

Pile driving depends on seabed conditions
Can be susceptible to wave uplift forces
May require under-deck slope protection
Can be a complex structure if raking piles
are required to resist lateral forces.

High maintenance requirements and cost

Gravity Structure (Mass
concrete Block work)

Provides robust, durable structures
requiring low maintenance.

Avoids use of steel reinforcement,
increasing durability and longevity of the
structure

Capable of providing in excess of 100 years
design life with minimal maintenance.
Construction in the wet is possible,
dewatering is not required.

Suitable for handling heavy loads

Low maintenance requirements and cost
No corrosion protection measures
required

Suitable for resisting high(er) berthing
forces

Aesthetically pleasing

Plain faces make for simpler incorporation
of fenders and other quay furniture
Relatively common, tried and tested
Typically cheaper whole-life cost over long
term

Relatively long construction period
Heavy self weight making handling of
blocks difficult

Relatively expensive compared to other
options

Requires divers if not constructed in the
dry

Requires time and space for pre-casting
Can induce wave reflection so preferable
to use only in sheltered locations
Foundation requires favourable seabed
conditions

Production of blocks is a significant
operation; batching and storing can
occupy a large area

Setback distance required (can be used as
promenade area)

Sheet Piled Wall

Relatively short construction period
Relatively lightweight structure

Sheet piles are simple to handle during
construction

No need for soil improvement

Can be designed to accommodate less
favourable ground conditions
Relatively common, tried and tested
Well suited to industrial structures with
shorter design life (approximately 30
years)

Susceptible to corrosion

May require tie back to provide lateral
support

Requires corrosion protection measures
Installation limited in certain bedrock or
may require auguring

Can induce wave reflection so preferable
to use only in sheltered locations

Less aesthetically attractive

Lease time for procurement of piles
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Structural Type Advantages Disadvantages
Secant Piling and e  Suitable for heavy loads e Higher maintenance
Diaphragm Walls e  Patterned formwork can be used for e Requires land based operation (or
aesthetics reclaiming of land for an operating
e Slender sections can be achieved platform)
e Concrete and steel are readily available e Secant piling requires suspended facing for
e  Casting yard is not required aesthetics
e Can be used for marine craft berthing e Needs to be heavily reinforced and may
e Suitable for poor soil conditions require cathodic protection

e Requires on-going maintenance due to
corrosion, leads to reduced design life

e High level of supervision is required to
ensure the quality of the wall

e Heavier plant, piling equipment, will be
required

e Cladding of the structure is required

e Construction in wet is not possible and
thus dewatering may be required

4.2.10.3 Design Considerations

Flexible dolphin structures usually comprise one or a group of vertical piles built into a concrete cap or a
braced frame and deck, or a single or connected group of cantilever piles. Flexible dolphins are usually
designed to absorb all, or a significant proportion of, the kinetic energy of a berthing marine craft by
horizontal deflection.

Rigid dolphins can be open or solid structures. Open structures usually comprise a group or groups of raking
piles connected by a cap such that the action of the piles is predominantly axial under the actions applied to
the structure by marine crafts. It is usual to provide fenders to absorb the kinetic energy of a berthing marine

craft.

Environmental actions such as wave and current actions can cause lateral effects in the piles. For all pile
groups the resistance to uplift caused by horizontal actions should be carefully assessed.

Further guidance on the design of dolphins can be found in BS6349-2.
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4.2.11 Ramps and Slipways

Typical Ramp Slipway Representation
Figure 4-8: Illustration of Ramps and Slipways
4.2.11.1 Function
Within this document the function of boat ramps is to provide:
e An inclined surface for use by bow or stern ramp ro-ro ferries and landing craft to allow access
between the marine crafts and shore
e Pedestrian access to bow or stern ramp Ro-Ro ferries and landing crafts

Within this document the function of slipways are to provide:
e Aninclined surface to allow marine crafts to be launched or retrieved by trailer or by other means
e People access to marine crafts moored alongside the slipway

4.2.11.2 Choice of Structural Type

Ramps and slipways may be constructed with vertical walls or sloping sides to their edges. Vertical walls
have a smaller footprint in plan so are appropriate where space is restricted; sloping sides provide a lower
cost / easier construction.

It is likely that the form of adjacent edge structures will determine the ramp or slipway edge type in order
to provide compatibility and a simple construction form. If the adjacent structure is a sheet-piled wall, then
a vertical sided ramp formed from sheet piles is preferable; if adjacent to a sloping revetment then sloping
side walls constructed of rock are likely to be preferable.

4.2.11.3 Design Requirements
Boat ramp slope gradients should be determined taking into account the interface between the marine craft
and shore and the tidal range at the ramp.

The surface of the ramp or slipway should have a rough texture to aid grip. The surface of the slipway or
ramp should have nonslip grooves moulded into the surface at an angle of 45 degrees to the ramp contours
to drain excess water and debris and allow self-cleansing. Raked, rough and other coarse-grained finishes
without deep grooving are unsatisfactory as the surface texture promotes marine growth.

The seaward end of a slipway should be designed taking in consideration the launching of small marine crafts
by novice users (small motorboats, dinghies, jet skis, etc). The design of a boat ramp should consider the use

by larger marine crafts with professional pilots.
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The seaward end of the ramp should extend a distance below the water surface at MLLW to allow sufficient
clearance. The gradient for the ramp should be in the range 1:7 to 1:9 with a preferred gradient of 1:8. This
balances the risk to vehicles of immersion (ramp too flat) and slipping (ramp too steep). The actual gradient
should be determined to reflect the expected operating procedure and may be outside this range if designed
for tractor or boat hoist operation, rather than a public launch facility. The distance to the end of the ramp
will be relative to the draft of the design marine craft, thus varying depending on projects. In general, ramps
used by the public should not be set so steep that operations require hook/winches to avoid slipping. Surface
treatment (grooves) and cleaning to remove marine growth should be encouraged.

The boat ramp design should be of a suitable width to enable all vehicle movements with trailers, including
novice users of boat ramps. Temporary mooring and guides for vehicles accessing and leaving the ramps will
be necessary. Temporary mooring is important to enable the removal/placement of the delivery vehicle and
trailer from/in the water. The width and size of the ramp should reflect the busiest period of use, allowing
for multiple launches and recoveries at the same time.

4.2.12 Floating Berths

X

e A

Figure 4-9: Typical Floating Berths

4.2.12.1 Function
Within this document the function of floating berths is to:
e Provide berths for marine crafts
e Provide pedestrian access to marine crafts
e Provide pedestrian access over the water for recreational purposes

4.2.12.2 Choice of Structural Type

Typically floating berths might be constructed as:
e Concrete pontoon
e Steel or aluminium pontoon
e Rotamolded plastics
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4.2.12.3 Design Considerations

Floating berths are not suitable for locations that have substantial wave exposure. A study should be carried
out taking into account the prevailing environmental conditions in order to assess the suitability of adopting
a floating structure for a given location.

Floating berths dealt with in this document are stationary, typically restrained by piles, anchors, and are
generally in enclosed waters.

Floating berths should be designed to maintain a safe freeboard to the top of the flotation unit under the
most adverse combination of live load and environmental loads, including dynamic effects. It is not usually
necessary to consider full live load in conjunction with full environmental loads, however live load in
conjunction with serviceability environmental conditions must be considered. Since floating berths can also
be used for lifting small marine crafts clear of the water, these loads must be considered during the design
of the pontoons and piling structures.

The design wave condition within the marina area is generally recommended to be below 0.3 m (for yacht
occupancy and protection). As such, floating berths should be designed to exceed this value, and may be
exposed to significantly higher waves in extreme conditions and off-season. The design of connections,
anchorage and structural elements should incorporate site specific extreme metocean conditions.

In addition to full live loading over the whole deck, cases of partial loading (e.g. one side of the structure
centre-line) should be considered in assessing stability.

Floating berths should be designed with a number of watertight compartments to prevent sinking or
overturning in the event of a leak or breach of the outer skin. The structure should be capable of maintaining
freeboard and stability under dead load in the event of any compartment being punctured and filling with
water up to the external water level.

The design should also take into account the maintenance and inspection requirements of such a structure
and the safety of carrying out such activities.

4.2.12.4 Pontoon Structural Elements

Floating pontoons and walkways could be designed and constructed as:
e One long pontoon
e Several pontoons joined by pivots

Pontoons are made up of floats on which walkway decking is fitted. The advantage of one long pontoon
system (one float) is its potential for maximum floating stability. However, for small marine crafts it is
recommended to use a system with several small pontoons joined by different connection fixings. This
system has a maintenance advantage because it allows the removal of one or more pontoons for repair with
little interruption of dock operations.

Each small pontoon is usually connected to the next pontoon by pivots, by flexible rubber blocks reinforced
with steel wires or by walings. This type of connection should have a high resistance to horizontal forces and
the capability to absorb those oscillations created by waves. Precaution should be taken to design the pivot
connection to avoid friction noises which are possible when the pontoons oscillate.
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The design of pontoons and their fixings should avoid galvanic action in respect of non-compatible materials.

4.2.12.5 Float
The float(s) is an integral part of the floating pontoon. Floats are typically placed all along the pontoon in
two or three rows, depending on the pontoon’s width and the required floatability and stability.

Pontoon(s) should be designed to safely carry all kinds of design loads while in operation and to be
sufficiently stable during normal loading conditions. Consequently the float(s) must be in sufficient size to
provide the necessary buoyancy to support all design loads, provide stability and provide the required design
freeboard. When floating in still water, if the pontoon is displaced from its equilibrium position by external
forces, it should return to the original position when the forces are removed.

Pontoons / floats should have sufficient reserve buoyancy such that they remain afloat and stable in the
event of damage.

For the float to stay afloat, its immersed part should have enough volume to develop sufficient buoyancy. A
floating pontoon’s stability under loading should be determined by the list angle. The main elements of a
floating pontoon are float, frame, decking and service trenches.

Typically they are constructed of:
e PVC
e Roto-mounted polyethylene filled with an expanded polystyrene core (15-18 kg/m3)
e Moulded Polyurethane filled with an expanded polystyrene core with a low density
e Fibreglass-reinforced polyester resin shells with or without an expanded polystyrene core
e Metal (aluminium alloy, steel)
e Metal pipes
e Metal drums
e Polypropylene reinforced concrete

Pontoons made in polyethylene can be provided with different configurations of floats, making it possible
to adapt floatability, stability and load capacity to a user’s needs.

Polystyrene planks used in floating pontoons should be hydrocarbon resistant. The material should show no
apparent softening or swelling when tested by the immersion method.

Polyurethane is generally preferred over polystyrene because of its resistance to hydrocarbons and the ease
with which it can be formed into a protective form and moulded into any shape. It should always be covered
with an oxidation—resistant material.

The designer must consider that marine plants and animal life grow rapidly in the environment of the
Emirate and may have a negative impact on the float appearance / quality.

It is recommended to apply an epoxy paint that bonds firmly to the float and presents a tough but flexible
surface.
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The advantage of PVC floats is their high tensile strength (of 50 MPa) and the fact that they can be made in
almost any shape. PVC floats filled with an expanded polystyrene core (density 15-18 kg/m?3) are almost
unsinkable, even if seriously damaged.

The advantage of concrete floats is their weight which lowers the overall centre of gravity of the pontoon,
thus improving its stability.

The advantage of aluminium floats is easy shaping and high stability.

All floats should be connected to the pontoon frame or upper portion of the pontoon, by rivets and special
nuts and bolts made of anti-corrosive or high corrosion resistant material.

Extruded profiles have an advantage that they can be designed and made to meet structural calculation
requirements and provide easy fixing of facilities and utilities provided on the pontoon. The extruded profiles
should be provided with special channels all along the pontoon to accommodate cleats, service pedestals,
fenders, finger pontoons etc.

Where a pontoon or float type has not been previously specified, an assessment of the different pontoon
float types and their advantages and disadvantages should be provided within the design.

4.2.12.6 Decking

The designer should check the maximum bending, shear and torsion stresses in any decking system, taking
into consideration the worst case loading conditions. The system should demonstrate a safety factor of not
less than 1.5 related to the maximum permissible working stress of the material used.

The marina decking should be orientated so that the grain runs perpendicular to the primary direction of
travel. Decking grain includes broom and brush finishes on concrete.

Gaps wider than 15 mm are not permitted along an accessible route and should generally be avoided. Where
gaps larger than this are expected such as between two articulated sections of walkway, a suitable cover
should be provided.

The deck should be provided with a non-slip surface. Typical decking surface materials are:
e Concrete
e Plastic wood decking (using recycled plastic products)
e Tropical hardwood (subject to sustainable sourcing)
e Self-assembly modules in various colours made of polyethylene
e Plywood and fibreglass-resin coatings
e Non-slip metal surfaces

4.2.12.7 Service Trenches
Floating pontoons should be provided with service trenches for water supply network, electrical wiring and
other utilities. It is recommended to install a suitably supported tray just below the decking along the length
of the floating pontoon.
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Trenches should be made of a non-corrosive or high corrosion resistant material and should be covered by
removable covers specially designed to bear the weight of people or other design loads passing over them.
Removable covers should provide quick and easy access to piping and wiring inside.

4.2.12.8 Pontoon Mooring Systems
4.2.12.8.1 General
The design of the mooring systems should consider the following basic requirements:
e Depth of water
e Anchor system appropriate to the findings soil and environmental investigations, i.e. properties of
the seabed material
e Drag potential
e Performance records for the berthing condition
e Fire risk, and the spread of fire
e Ease of replacement of components that can be damaged by marine craft impact
e Load magnitude and its character (e.g. static and cyclic)

It should prevent the floating pontoons and access bridge(s) from moving out of their design location. In
particular, the system should prevent movement by wind, current, waves and impact from marine crafts.

Where possible, mooring / anchoring piles should be long enough so that the pontoon does not float off the
top of the piles under the specified maximum flood or surge level combined with the appropriate wave
action. In the case where a pontoon may float off the top of the piles in an extreme event, a tethering system
should be provided. It is recommended that the mooring pile height should be the maximum extreme water
level and the cut-off elevation for guide piles should not be less than 1.2 m above MHHW, plus the freeboard
of the pontoon.

Generally the floating pontoons may be moored using offshore or onshore systems or using a combination
of both. Each of these systems is described below.

4.2.12.8.2 Offshore Mooring

An offshore mooring system is generally classified as that which maintains its fixity through interaction with
offshore areas, i.e. the anchorage of the mooring system is established from a connection with the seabed
or similar.

The offshore moorings system may be used to moor floating pontoons by:
e Mooring piles, driven into the seabed and designed to retain the pontoons and walkways in place
against all relevant loads, or by
e Mooring lines secured at the pontoon and to the anchors placed underwater. The position of seabed
anchors must factor in the location and depth of cable relative to the marine craft using the mooring.
Cables should not act as an obstruction to sea room when berthing.
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4.2.12.8.3 Onshore Mooring

An onshore mooring system is generally classified as that which maintains its fixity through interaction with
onshore areas, i.e. the anchorage of the mooring system is established from a connection with the shoreline
or similar.

The onshore moorings system could be provided by:
e Mooring piles, driven into the shoreline and designed to retain the pontoons and walkways in place
against all relevant loads; or
e Mooring lines and connection beams, anchored to the shore; or
e Rigid booms.

Mooring using connection beams is typically employed when the distance between the floating pontoons
and the shore is relatively short. This system usually consists of articulated beams and onshore mooring lines
connected to an existing concrete deck, land-based gravity block, fixed quay structure or land driven piles.
Articulated beams generally control pontoon movement to/from the land direction and mooring lines
generally control pontoon motion parallel to the shore.

Articulated beams should be installed parallel to the access bridge to secure the assembly and maintain the
distance of the floating pontoons/wharf. Articulated beams should be hinged at both ends.

Mooring lines should be secured at the pontoon and to the shoreline fixity points. The number of mooring
lines and their layout depends on the forces exerted on / by the dock.

Depending on the site condition, it may be possible to use rigid booms only, to control pontoon motion in
all directions.

4.2.12.8.4 Gravity Anchors
This system uses a gravity anchor, placed on the seabed.

The Project Proponent should investigate the site conditions and depending on pontoon size and the
magnitude of forces involved, prepare a calculation confirming that the gravity anchor system can maintain
the pontoon’s position within an acceptable range of transverse and longitudinal motions. The Project
Proponent should take in consideration the following:

e Gravity anchor design calculations should be made including the environmental forces on the
berthed marine crafts and pontoons, and the forces applied by marine craft manoeuvring while
berthing. In addition, allowance must be made for the effects of marine craft speed and wakes when
passing adjacent to the moorings.

e This system consists of underwater mooring lines (usually galvanized cables, mooring chain or elastic
hawser system made up of reinforced rubber and synthetic rope) secured at the floating pontoon
and to the anchors.

e Anchors could be made up of steel or concrete (usually constructed in the form of a heavy concrete
block or recycled machinery). The advantage is their ability to resist uplift forces.

e Length of lines is important to prevent the system from being loose at low water levels or
overstressed at high tide.

e Number of mooring lines and their layout should be determined according to the associated forces.
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e Proprietary systems with hawsers to keep pontoons and walkways in place, regardless of tides and
wave movements are available. The performance of these systems is often appropriate for marinas
with heavy traffic due to the progressive resistance which dampens dock motions.

Mooring lines should be secured to anchors that can take the full horizontal load without moving from the
seabed. If a concrete block is used, it should be as flat as possible to avoid being a navigation hazard at low
tide. If possible, it should be constructed with a slightly domed (concave) base to create a suction force.

Any proprietary system should be in accordance with the manufacturer’s specification. The securing points
on the pontoon system should be robust and opposite to each other, so that the horizontal loads are
balanced and there is negligible bending moment applied to the pontoon system. Connection points should
be on the opposite side of the walkway from the anchor.

All connecting shackles etc. should be from an anticorrosive or high corrosion resistant material.

The use of catenary or elastic anchorage systems allows horizontal movement of the pontoon system under
prevailing wind, wave and current conditions. As such, systems should be designed to accommodate the
expected conditions and, in particular, detailing of connections between fixed and moving elements (often
at the access bridges) needs to allow for relative horizontal movement.

4.2.12.8.5 Mooring Piles
The designer should consider the following points when pontoon mooring piles are selected:

e Offshore mooring lines are anchored by mooring piles designed to retain the pontoons and walkways
in place against all relevant loads, or by sinkers.

e Pontoons-to-piles mooring connection should be designed to allow for free vertical movement of the
pontoon without significant displacements.

e Piles should be provided with vertical guides to keep pontoons from drifting away and at the same
time allowing free vertical movement of the floating structure.

e Piles are structural foundation elements which have the function of transferring lateral and vertical
loads such as the impact of berthing marine crafts and from waves, through the water or weak
compressible strata into stiffer or more compact and less compressible soils or into rock.

e Load capacity and geotechnical considerations should govern the selection of the pile type and
material.

Piles should be designed for water levels at extreme water level over the design life of the pile, with a
provision to avoid risk of the pontoon system lifting over (off) the pile. As such, a 1-metre margin above the
guide height at design extreme water level is recommended.

Anchor piles are typically used where there is a firm, penetrable sub-surface strata and the bottom depth
does not exceed 9 m at highest water level.

The designer must take into consideration the following guidance before selection of type of piles.
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4.2.12.8.6 Pile Guides

Vertical movement of pontoons should be restricted by a pile guide fixed to the pontoon decking frame.
Guides should:

e be furnished to secure the float to the anchor pile
e be rigidly braced hoops, pipes or rollers to minimise friction
e have a suitable radius and shape so as to minimise marine craft impact

Pile Guides may be made in triangle, rounded or trapezoidal-shape. Consideration should be given to the
materials used and the avoidance of galvanic corrosion.

4.2.13 Channels

Figure 4-10: Channel Representation

4.2.13.1 Function
The function of a channel is to provide an unobstructed navigation route for marine crafts, including the
turning requirements for marine crafts to berth at jetties which may require localized widening of the
dredged channel.

4.2.13.2 General

During the planning and design process the designer should, where possible, propose the external marine
craft route location (e.g., navigation channel to access the development) with appropriate signage'° for way
finding. The proposed location must be approved by the Department.

Channels can be naturally occurring or constructed, normally by dredging in seabed soils or in rock.
Where the area outside the marina is not protected from open sea conditions, the entrance channel and

main channel should be deep enough to allow the largest boat to berth in the marina at any stage of the
tide; design should be based on LAT.

10 Refer to the Department's Maritime Signage Guidelines (see Appendix A).
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The location and characteristics of an entrance channel are dependent on a number of factors including the
following:

e Type, size and number of marine crafts

e Local commercial traffic and usage

e Marine craft navigation speeds

e Exposure to wind, waves and currents

e Water depth

e Sedimentation

e Ability to maintain the depth

e Navigational aids including electronic navigation aids

Wherever possible, channels should be straight or composed of a minimal number of straight portions.
Channels should be widened at changes of direction. Changes of direction should be large enough to allow
for a noticeable change in course, rather than a gradual curve. Navigation aids should be provided to assist
safe passage through channels.

Where the channel is located at 90 degrees to the main tidal currents and flows, the channel and its
navigation markings should be wide enough to allow a two-way traffic and a margin of error due to effects
of wind, currents etc. on slow moving marine crafts.

4.2.13.3 Channel Width

The waterside approach to a small craft harbour should be as wide as possible to permit safe, simultaneous
entrance and exit of the widest boat anticipated. Strong currents should be quantified and the impact
assessed during the planning stages as they affect the entrance channel usability.

As a general guideline, a channel width should be 30 m or 6B for one way traffic and 50 m or 9B for two-way
traffic or if the entrance channel is expected to be used during storm conditions, whichever is the greater;
where B is the beam of the largest design marine craft. A schematic of a channel section is shown in the
figure below.

FAIRWAY WIOTH

PROPOSED CHANNEL PROPOSED CHANNEL
SETTING OUT UME CHANNEL WIDTH SETTING QUT UNE

EXISTING BED LEVEL EXISTING BED LEVEL
h 4 A 4

Figure 4-11: Schematic of a typical Channel Width Section

To minimise the penetration of waves into a marine craft harbour, it may be permissible to narrow the width
of the entrance channel over a short length between protecting breakwaters. The minimum width of this
narrow section should be the greater of 15 m and 3B.
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Where bermed breakwaters are used at a marina entrance such that the berm is submerged at higher tides,
markers should be used to delineate the edge of the channel.

4.2.13.4 Channel Depth
The required channel depth is largely governed by the underkeel clearance to be allowed for the deepest
draft marine craft using it at LAT adding an additional depth for safety reasons.

In determining the design depth of a channel, the following should be considered:
e Marine craft type and dimensions (draft of craft, scour effects of propeller wash)
e Marine craft speed and squat
e Tide
e Wave activity
e Nature of the sea bed
e Siltation potential and rate

A schematic showing the factors governing channel depth is shown in the below figure and described in
the following paragraphs.

— Design water leve|

Vessel
Tidal offset during transit and Water level
Reference level \ manoeuvring factors
\
N s =l _ Sy _
Static draught including
trim and list
. s Vessel related
Allowance for static draught uncertainties A
Gross underkeel z 2 S
Squat. including dynamic tim
cearance (UKC,
Nominal channel bed (LKCY
level
\\ Wave response allowance
[ _ _ = _ .y
Allowance for bed level uncertainties
{sounding and sediment conditions)
Allowance for bottom changes Bottom related
Channel dredge leve|] — between dredgings factors
AN
\\ Dredging execution tolerance
\,
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Figure 4-12: Factors Governing Channel Depth

The minimum underkeel clearance at the entrance channel shall be the sum of the following:
e Water level factors
e Marine craft related factors
e Bottom related factors

For dredging irregularities in soft material, an over depth of 0.30 to 0.61 m shall be considered, and 0.61 to
0.91 min rock, at Concept Design stage, with refined analysis based on specific marine craft, metocean and
geotechnical conditions during detailed design. Subject to local agreement and on-site specific parameters,
UKC should not be less than 10% of the design marine craft draft, with additional provision based on
parameters listed above.

Channels should have a navigable water depth at MLLW.

The design should consider the anticipated rate of siltation and the frequency of maintenance dredging in
conjunction with the design channel depth.

Some marine crafts might require additional depth and thus the type and draft of marine crafts likely to use
the facility must be obtained. Further consideration should be given to specific cases that fall outside these
guidelines.

4.2.13.5 Channel Stability

Channels should be provided with side slopes that will remain stable in use over time. Typical side slopes
range from 1:3 to 1:5 depending on the geotechnical properties of the soil. The Project Proponent should
consult a qualified geotechnical designer for the channel design.

The sides of channels should be cut to a geotechnically stable slope. Account should be taken of edge erosion
due to waves, current, propeller wash and ship wash.

Where necessary the sides of channels should have edge protection and this might consist of geotextiles,
planting e.g., mangrove, prefabricated armour blankets or rock armour protection.

Flows in channels might be studied using suitable numerical modelling techniques to identify areas more at
risk of erosion and siltation. Effects of seabed movements at entrances of estuaries and channels should also
be considered.

4.2.13.6 Navigation Aids
Refer to Section 3.4.11.2 (Visibility - Navigation Aids).

Aids to navigation should be used to mark channels and the intersection between a main channel and
subsidiary channels or approaches to a structure.

Where breakwaters or other structures with a berm are used such that the berm is submerged at higher
tides and might result in a navigation hazard then markers should be used to delineate the edge of the berm.
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Figure 4-13: Typical Markings for a Navigation Channel

4.2.13.7 Vertical and Horizontal Bridge Clearance

Minimum clearance shall be 6 m above HAT for all bridges spanning across a navigation channel, unless
otherwise approved by the Department. Based on the expected marine craft type using the channel, special
allowance will be required for sailing boats which may have masts reaching up to 15 m. The need for such a

clearance must be consulted with the Department.

The following figure gives an indication on air draft for super yachts, but these should be reviewed based on
the specific yachts under consideration.
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Figure 4-14: Superyacht Air Draft

It is recommended that bridge spans conform with the requirements of the channel themselves. This should
be determined on the basis of one-way or two-way channels (where a bridge pier mid span would be
considered as splitting the channel into two parallel one-way channels). Localized narrowing may be
considered but only if there is protection provided to the bridge piers — consideration of collision/impact
damage should be undertaken in designing the bridge structures.
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4.2.14 Civil Engineering Design (Man-Made Islands) — Land Reclamation

B Y el Bk i N | 48
Figure 4-15: Example of Land Reclamation
4.2.14.1 Function
Within this Code the function of land reclamation is to:
e Create new areas of land for development by raising the elevation of a seabed or other water covered
land by filling.

4.2.14.2 General

Land reclamation can be undertaken by the use of material dredged from the seabed and placed
hydraulically, dumped from a barge or other marine craft, or by dry earth movement using trucks and end
tipping into the fill area. The choice depends on the availability and suitability of the fill material,
environmental and operational conditions and economic factors. In the majority of cases large scale
reclamation is carried out by hydraulic filling using dredged material from a borrow area or from capital or
maintenance dredging works for navigation channels or other civil engineering works.

Land reclamation in the Emirate must comply with EAD’s requirements, as set in its technical guidance®?. It
will also require the Department’s approval through the Plan Maritime requirements, demonstrating it is for
the public benefit.

4.2.14.3 Materials

The choice of the type of material for reclamation depends on the locally available materials and/or those
that can be obtained economically from a reasonable distance from the site.

The reclamation material should be well-graded, free-draining, granular, non-cohesive, naturally occurring
and be free from organic and deleterious matter. A typical reclamation fill shall have the following
properties; however this may be altered to suit project requirements.

e Maximum particle size — 100 mm

e Percentage maximum particle size - 10%

e Percentage passing 63 micron sieve - 10% maximum

e Liquid limit - 35% maximum

e Plasticity index - 6% maximum

1 Technical Guidance EAD-EQ-PR-TG-12 “Dredging and Reclamation in Abu Dhabi Emirate”
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The reclamation fill material may need to be re-handled if necessary to achieve the project requirements.

4.2.14.4 Design Consideration
The important aspects that should be considered in design of reclamation works include:

e Dimensions and planning

o Location and logistics of obtaining fill material from the borrow area and transportation to

the reclamation site.

The final height and profile of the reclamation platform should take into consideration tide
level, surges, sea level rise, land drainage, surface protection and paving requirements, land
use and access/egress and connection to the existing land or structures.

Reclaimed fill areas are generally subject to large long-term settlements and have low bearing
capacity. They typically require ground improvement to achieve acceptable settlement and
load bearing characteristics. Consideration must be given to the most appropriate
improvement techniques, which might include pre-loading, vibro-compaction / replacement
dynamic compaction or other specialist techniques. More than one technique may be
required, and the site may need to be zoned for different techniques depending on the final
land use requirements. The guidance of a specialist geotechnical engineer should be sought
to assist in the identification of suitable ground improvement techniques.

The edge treatment and protection of the reclamation takes into consideration the proposed
use (e.g., as a quaywall or a slope with revetment or a beach), tide and surge levels, sea level
rise, currents, wave run-up, overtopping and stability.

e Existing ground levels and features

o Bathymetric and /or topographic surveys for both the borrow area and the proposed

reclamation area should be carried out to provide information to establish site boundaries,
and lines and levels of seabed or existing ground, as appropriate, in order to calculate the
required dredged fill quantities.

Seabed scanning (side scan sonar, magnetometer survey, or similar) can be used to provide
information on above and below ground features, obstructions, wrecks, unexploded
ammunitions and the like that might influence the design and construction of the reclamation
works.

e Existing subsoil conditions at the reclamation site

o Geological and geotechnical investigation of the subsoil in the proposed reclamation area

should be used to provide information on the quality of the seabed or ground upon which
reclamation material is placed and the new development is built. This information is essential
for assessing the need for any pre-treatment of the existing subsoil prior to placement of the
fill and for calculation of predicted settlement of the reclamation area. Use of bathymetric
survey data can aid in the selection of suitable locations for investigation.

e Existing subsoil conditions at the borrow area
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o Geological and geotechnical investigation of the subsoil in the proposed borrow area to be

carried out to provide information on the quality of the fill material, strength, grain size and
silt/clay content. Based on this information the method of winning, transporting and placing
the fill material should be assessed.

e Construction

o Short term stability of the reclamation fill during construction to be assessed. Consideration

of erosion and/or deposition due to currents, tides and surge need to be considered to ensure
that the reclamation material is not washed away or contaminated before suitable edge
protection is provided. Material may need to be placed behind permanent or temporary
protection structures.

Temporary works during construction should be considered along with likely construction
methods and sequence of activities, the need for land for storage of contractor’s equipment
and plant movement, surface water drainage and discharge of water from the hydraulic
placement of fill.

The requirements for site and laboratory verification testing should be developed. This should
include materials testing of the fill pre- and post- reclamation and on-site pre- and post-
improvement testing.

Phasing of fill placement and treatment/improvement for different areas of the site should
be considered. Saturated fill may require a period of time to drain and consolidate before
construction plant can gain access.

e Settlement and stability

o Limits on settlement and required load capacity of the completed platform for the proposed

land use should be determined as the required final (placed and compacted/treated) fill
properties should be determined.

o Compaction and ground improvement requirements should be determined to achieve the

required fill properties, taking account of whether the material is placed in the wet or dry

o Suitable edge treatment should be chosen to match the prevailing environmental conditions

and expected land use.

o Slope stability, bearing capacity and settlement, as appropriate, for edge treatments,

dredged channels and other slopes or structures should be checked for the various design
cases as required by the relevant design codes.

e Design for seismic conditions and liquefaction

o Refer to Chapter 3.4.14.2 (Seismic - Evaluation of Actions).
o The soil profile and site class should be assessed with borings and/or shear wave velocity

measurements. The subsurface stratigraphy and associated material properties should be
described for the upper 30m of the soil profile as a minimum

o The possibility of liquefaction in loose saturated sand layers and that of seismic densification

of dry loose sands should be considered. If liquefaction is determined as likely to occur, then
the effect of liquefaction on the performance of the reclaimed fill as well as on any structures
founded in the reclaimed fill should be considered.
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e Environment

@)

Impact of the new reclamation on the hydrodynamic regime, changes to the tidal prism and
current flow and potential erosion and sedimentation of adjacent areas to be established.
Impact on the ecology of the existing seabed at the proposed reclamation site, the borrow
area and adjacent areas to be studied.

Impact of the turbid water resulting from surplus water runoff from the hydraulic filling
operation on the ecology of areas adjacent to the reclamation site should be estimated.
Environmental monitoring to be defined.

¢ Maintenance

@)

Consideration to be given to long and cross shore movement of material away from
reclamation areas resulting in loss of beach depth over time.

Necessity for, and frequency of, beach nourishment and replenishment campaigns to be
considered at design stage, with evaluation of marine craft access (for marine supply) and
equipment deployment incorporated in the whole life planning for the beach structure.
Impact of the turbid water resulting from surplus water runoff from the hydraulic
maintenance filling operation to be estimated, in the context of environmental sensitivities
and for site occupants/operations.

4.2.15 Intakes and Outfalls

Figure 4-16: Typical Outfall

4.2.15.1 Function
Within this document, the function of outfalls and intakes are to:
e Provide a discharge point for storm water drainage
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e Provide to and allow the discharge of seawater from desalination and other industrial plants

4.2.15.2 Choice of Structure Type

Outfalls and intakes are commonly used for:
e Desalination
e Cooling water
e Wastewater / Drainage

4.2.15.3 Design Considerations
The important aspects to be considered at design stage should be:
e Size
o Maximum rates of flow required
o Pipe/ Culvert size
e Construction methods

o Laid on the seabed orin a trench

o Tunnelling

o Horizontal directional drilling

e Location

o Topography and bathymetry of the site

o Water depths of intake head and outfall discharge

o Hydrodynamic dispersion modelling may be necessary to determine optimum locations that
will allow the ability for flush within a reasonable timeframe and to thus comply with relevant
authorities’ requirements for temperature, chemical concentrations etc.

o Location of stormwater outfalls should be avoided within marinas or in the vinicity of marine
berths if possible. If stormwater outfalls are located within marina enclosures, the sudden
rise in water levels due to freshwater entering the saline enclosed/partially enclosed area
should be considered, especially on incoming tides.

e Site conditions

o Exposed or sheltered sea state

o Seabed — nature of seabed, bed material and geotechnical properties, corrosive soils,
hydraulic head limitations and ground profiles for gravity/pumped flow considerations

o Water levels — tidal range, extreme minimum and maximum sea levels, sea level rise, surge

o Waves / currents — to establish pipeline and rock armour stability

o Shipping, recreational and fishing activities — to determine the degree of navigational
marking, security and protection needed against accidental damage by snagging, anchor drag
or collision

Intakes and outfalls tend to be designed specifically for each particular site and application, hence there is
not a one type fits all solution. The Project Proponents consultant should be sufficiently experienced in the
design of intake and outfall structures to meet the requirements of the project. Such projects must comply
with EAD’s requirements, as set in its technical guidance!?, and aligned with EAD’s role in protecting and
sustaining marine water quality in the Emirate®3.

12 Technical Guidance EAD-EQ-PR-TG-08 “Handling of Brine from Groundwater Desalination Units”
13 EAD, “Protecting and Sustaining Marine Water Quality in Abu Dhabi Emirate 2012 — 2018”
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4.2.15.4 Environmental Considerations
The important environmental aspects to be considered at design stage are:

Water quality and treatment requirements

Environmental impacts to the area

Spill recovery containment

Dilution and dispersion of the discharge flows

Deposition of material that can lead to dredging to be required around an intake entrance
Erosion increase at outfall discharge point

Entrapment of fish and other marine life

Creation of micro specialized environments

4.3 Marinas and Facilities

43.1

Marina Requirements

A marina facility should provide as a minimum the following:

4.3.2

Floating and/or fixed structures for mooring and/or berthing pleasure / recreational, commercial and
non-commercial marine crafts including water taxis, local passenger ferries, and those operated by
local tour companies

Navigation aids relating to the development

Natural or artificial structures for the protection from waves and currents of berthed marine crafts
(such as fixed and/or floating breakwaters)

Utilities and services including but not limited to refueling, firefighting, lighting, sanitary facilities,
waste disposal facilities, water supply and electricity

Public access to the land, waterways and marina areas, controlled by gates and fencing (Refer to
Section 4.1.6.7 (Access, Safety and Security - Gates and Fencing).

Adequate car parking for peak periods of use and operation of the marina

Any requirements of a floating berth

Additional Amenities

In addition to the above minimum requirements, amenities may also include:

Floating and/or fixed structures for the fuelling of marine crafts

Launching ramp(s)

Marine craft lifting

Marine craft dry berthing (on land storage)

Repair and maintenance building

Marine craft cleaning space (area with self-contained collection of wastewater from cleaning
process) and repair shop (including engine and mechanical services, carpentry, painting, electronics,
fibreglass repair)

Marina administration buildings

A supplies and provisions retail outlet

Restaurant/dining rooms

Snack bar/fast food
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4.3.3 Marina Location

The marina should be located in a stable shoreline area, considering the type of marine crafts the marina
intends to attract and limitations up and down stream for access of marine crafts.

Stabilisation structures such as a beach, revetment slope, gabions, vertical wall etc. may be used if required.
In the event that breakwaters or similar structures are required to protect the entrance and basin area from
incoming waves, the potential effects on the adjacent coastline should be reviewed and investigated where
necessary.

Different types of marina location can be chosen. The following table illustrates the advantages and

disadvantages of different locations and their land to water relationships:
Table 4-7: Marina Types - Land-to-Water Relationships

Marina Location | Advantages | Disadvantages
Offshore Minimum quay wall, minimum land Expensive in deep water, vulnerable to weather and
take, minimum dredging currents, navigation hazards, minimum enclosure, silting by

littoral drift, larger distance from marine crafts to marina
facilities/buildings.

Semi recessed Good for balanced use of dredging and Navigation hazard. Potential for updrift sedimentation and
Basin land reclamation quantities (cut and fill downdrift erosion of adjacent coastline. Potential for
economics) reduced water circulation.

Recessed Basin Uninterrupted shoreline, large Large land take, length of quay wall, larger potential amount
land/water interface, considerable of dredging. Potential for reduced water circulation and
enclosure siltation over time.

Land-locked Basin | Maximum enclosure, minimum Maximum quay wall, distance from open water. Largest
interruption of shoreline potential amount of dredging. Potential for reduced water

circulation and siltation over time.

4.3.4 Entrance Restrictions

During the planning and design process the designer should, where possible, propose the external marine
craft route location (e.g. navigation channel to access the development — see Section 4.2.13 (Maritime
Facilities - Channels)) with appropriate buoyage, channel markers and signage for way finding. The Aids to
Navigation plan produced must be approved by the Department.

The entrance to a marina will ideally be orientated to minimize wave penetration into the basin and marine
crafts entering the basin without turning broadside to the incoming waves.
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4.3.5 Interior Navigation Channels / Fairways

Figure 4-17: Example of an entrance channel to a marina

4.3.5.1 Width

Interior navigation channels/and fairways within the marina should be sufficiently wide to permit the
necessary maneuvers. This width should be a minimum of 1.5 LOA to allow access, but it is recommended
to adopt 2 LOA for motor marine crafts and 2.5 LOA for sailing marine crafts for comfortable conditions, to
allow for lower density in the marina and to address metocean conditions (tidal and wave).

Where current speeds exceed 0.5 m/s, the width of interior channels and fairways should be increased to
allow for the effect of the current on a marine craft as it moves along the channel and turns into its berth.

The channel width shall be measured between fixed or movable obstacles, such as between finger pontoons
or moored marine crafts.

Where the proportion of multi-hulls using the marina is likely to be high, consideration should be given to
increase the width of the channels and fairways.

For sailing boats (or racing sailing boats with deep slender keels) using the marina, the depth of water should
be increased to accommodate the deeper keels.

4.3.5.2  Depth

The same consideration must be given to depths in internal channels as for entrance channels (see Section
4.2.13 (Maritime Facilities - Channels)) except that allowance for waves and the rate of siltation may be
lower.

As with the entrance channel it is preferable that all marine crafts in the marina can access the channels

with a minimum water depth referenced to MLLW. However, where economics dictate, the water depth
may be reduced; this reduction is likely to be greater in locations where the tidal range is higher.
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Figure 4-18: Width of Interior Channels/Fairways for Sheltered Areas

4.3.5.3 Turning Areas

The planning and design of the berthing layout for a marina facility shall include a turning circle to allow the
marine craft to reverse direction (turn around) or manoeuvre onto a berth or other areas of the marina. The
turning circle should be clear of other moored marine crafts, structures, and anchor blocks.

For marine crafts up to 25 m, average berthing basin conditions should provide a turning width and a clear
path to enter and leave the berths equal to 25 LOA. If there is a predominance of single or twin-screw marine
crafts, this criterion must be 2.25 LOA and 2 LOA, respectively.

For marine crafts from 25 to 50 m long, the diameter of the turning circle should be 1.5 LOA if the marine
craft has thrusters’ assistance, and up to 2 LOA without thrusters’ assistance. However, most marine crafts
of this size considered within this design code have thrusters’ assistance.
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4.3.6  Mooring Facilities Design Requirements
4.3.6.1 General
Jetties and walkways must be designed to ensure the ease of access to mooring berths in the marinas.

Subject to the marina layout a pier may have two functions, a pier may be used as a walkway only to provide
people access or marine crafts can be moored on one or both sides of a pier.

Where alongside berthing does not occur, perpendicular berthing may be affected by light buoys, fixed or
dropped anchors, or through the use of finger pontoons.

Access bridges or gangways must be designed to provide convenient permanent access to floating berths or
walkways for passengers, and equipment at any water level or state of tide.

It is recommended that the finger pontoon berthing arrangements are flexible to allow for possible future
requirements and to accommodate different marine craft beams during the life expectancy of the pontoon
system. However, the floating pontoon infrastructure has to be developed to allow this flexibility, especially
with respect to utilities.

4.3.6.2  Pleasure/Recreational marine crafts Categories

Pleasure/recreational marine crafts fall mainly into two categories: motor-powered marine crafts and sailing
marine crafts. Multi-hull marine crafts and house boats should also be considered as a factor in marina layout
design where appropriate.

Marine crafts of various categories differ with regard to the geometric characteristics necessary for
designing the mooring and, in general, all the elements of a marina design.

4.3.6.3 Marina Layout

The layout of the marina must be designed generally in accordance with the site’s environmental conditions
and the mode of marina operation. The Project Proponent should primarily determine the marina layout, as
well its overall dimensions by the mode of marina operation. Subject to the required development of the
marina, the layout may take a form of landing stage, a simple wharf or as a combination of wharf, pier(s)
and pontoons.

The marina’s overall dimensions must be designed based on the number of berths required, as well as the
length of marine crafts to be berthed. Namely, the marina “slip mix”, which is a table of design marine craft
types / lengths and the proposed quantity of each, shall be prepared as early in the design stage as possible.
The slip mix will be used to prepare the marina layout.

The arrangement, design and layout of the marina must not create a hazard to navigation. All walkways,
berths and the marine crafts that are to be moored, including the submerged elements thereof, should be
contained within the limits of the property and may not project into the access channels or adjacent
property’s waters.

In order to maximise the length of berthing and increase marina productivity the Project Proponent may
add finger pontoons on one or on both sides of any piers/pontoons. In this case the pier / pontoons may be
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used for walkway access to the marine crafts only, and the space between the finger pontoons will
accommodate the berthing crafts.

The Project Proponent should also take into consideration the future requirement and developments, the
marine crafts presently in use and those known or projected to be built in the future and shall design the
marina facilities accordingly.

4.3.6.4  Orientation for Environmental Conditions
The location of jetties and walkways in a marina shall consider factors such as:
e Ease of entering and leaving berths
e Harbour or boundary line restrictions
e Foundation conditions
e Prevailing wind and current directions
e C(Clearance to moored or passing marine crafts
e Available water depth
e Impact on air and water quality
e Impact on marine habitat
e Impact on water flow and circulation
e Adverse impact on critical and environmentally sensitive habitats.
e Environmental permit restrictions
e Landside access and overall walking distances.
e Requirements from other concerned entities in the Emirate

Within the context of the overall marina development, the designer should endeavour to orientate marine
crafts to minimise environmental forces and marine craft impacts. The designer should take into
consideration the following:

e The orientation of the jetties and berths with regard to the direction of the prevailing winds and
currents such that the influence of such factors on the movements and manoeuvres of marine crafts
is reduced where practicable. For example, in a situation with high current velocities this may be
achieved by aligning the dock’s or berth’s longitudinal axis with the current direction

e The dominance of the various environmental conditions on the marine crafts within the marina
should be considered, for example for larger marine crafts, with higher windage, wind forces may be
more dominant than the current force and therefore when the incident current and wind directions
are not aligned a reasonable assessment of the prevailing situation shall be made

e Where these recommendations cannot be followed the designer should consider mitigation
measures such as increasing manoeuvring area size, designing for larger berthing energies etc.

4.3.6.5 Wave Climate
The design of marina structures must use the maximum design wave conditions. When determining the
design wave (that may vary at different locations with a marina) consideration should be given to factors
including the following:

e Reliability of wave data from its source

e Tolerance to possible damages to the dock structural elements

e Mode of failure and its consequences
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The following table sets out the recommended wave height criteria for marinas, partly based on the UFC-
4-152-07'4. Specific site risk assessment should be undertaken to determine likely conditions at the marina
site, to consider protective structures (fixed and floating) and to determine compliance/deviation from the
following recommendations.

Table 4-8: Criteria for a ‘suitable’ wave climate in marina

Direction and Peak Period of Design Significant Wave Height (Hs)
Wave in a Marina Wave Event Exceeded once a year
years

Head seas less than 2s Conditions not likely to occur during Less than 0.3 m wave height

this event
Head seas greater than 2s Less than 0.6 m wave height Less than 0.3 m wave height
Oblique sea greater than 2s Less than 0.4 m Less than 0.3 m wave height
Beam seas less than 2s Conditions not likely to occur during Less than 0.3 m wave height

this event
Beam seas greater than 2s Less than 0.25 m wave height Less than 0.15 m wave height

For criteria for an ‘excellent’ wave climate the wave height should be multiplied by 0.75 and or a ‘moderate’
wave climate multiply wave height by 1.25. For marine crafts of less than 25 m in length, the most severe
wave climate should satisfy moderate conditions.

For superyachts larger than 25 m, a suitable wave criterion is a significant wave height between 0.5 -0.9 m
fora 1lin 1-year event, and between 0.7 —2 m for a 1 in 50-year event (PIANC 2012).

The recommended allowable significant wave height in the entrance of the marina for marine crafts up to
25 m shall be in the order of:

e 0.6—1.2 minthe entrance channel

e 0.3-0.45m at a berth

Notwithstanding this table, where the Project Proponent chooses to use a proprietary floating dock system
the wave climate shall not exceed the dock manufacturer’s recommendations for the system supplied. The
Project Proponent must review manufacturer’s recommendations for the system and factor in durability
and risk repair into the final selection.

Generally floating berths must be located at sheltered locations and so protected from high waves, winds
and strong currents by natural or artificial features whatever is possible.

While the height of the marine craft generated (wake) should not be significant due to mandatory speed
limits of the craft within a marina basin and should not exceed 1.0 m.

Jetties should be designed for the cyclic nature of wave loads with the drag force being out of phase with
the inertial force component. Directional changes of waves during their passage should also be considered.
In the absence of specific analysis, / design should be based on a minimum horizontal wave force of 2 kN/m
for wave criteria given in the aforementioned table.

14 Department of Defense (USA), Unified Facilities Criteria (UFC) — Design: Small Craft Berthing Facilities, 2012
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4.3.6.6  Orientation for Water Depth

Commonly, the water depth within a marina generally decreases from the entrance into the body of the
marina with the shortest marine craft (and therefore shallowest draft) most distant from the entrance. This
minimises dredging by placing the larger draft marine crafts closer to the entrance. Where specific
requirements for the berthing of large marine crafts are to be incorporated the overall marina layout should
be reviewed to provide the optimum solution.

At locations where the required depth of water is available close to shore and the harbour bottom slopes
steeply out to deeper water, the jetties and walkways parallel to shore could be designed and constructed,
by utilizing U-, L-, or T-type marina (landing stage) layouts.

At locations where water depths are shallow and extensive dredging would be required to provide the

required depth of water close to shore, the designer should consider locating the facility further offshore, in
deeper water. In this case, an L or U-type marina layout could be considered.

Sea Wall

U-type layout L-type layout T-type layout
Figure 4-19: lllustration of marina (landing stage) layouts

4.3.6.7 Basic Elements of Mooring Facilities

4.3.6.7.1 General

For marinas where the marine crafts to be berthed are not defined prior to the design, and thus no specific
design criteria are already established, guidelines for minimum design criteria are given in this section. The
design marine crafts (whether known or determined from the following guidance) and their associated
design dimensions / criteria should be recorded on the marina drawings.

4.3.6.7.2 Wharf
A wharf is suited to locations where a strong cross current exists within the marina basin and where the
construction of piers and jetties (floating or fixed) would increase berthing risks.

43.6.7.3 Pier
A pier is suited to locations where the cross current is not significant or where water depths close to shore

are shallow.

Within a marina facility, floating piers are highly recommended where the water levels fluctuate more than
1.5 m.

A pier should be designed to accommodate marine crafts on both sides and to provide space for passenger
movement at the dock and for the relevant facilities.
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The marine crafts can also be tied fast on piles, placed for this purpose along lines parallel to the jetties and
walkways, thus delimiting the boundaries of the navigation channels within the marina.

A floating pier may be designed as a single pontoon or chain of several large pontoons joined by hinges. The
designer may allocate more than one pier perpendicular to a wharf subject to the size and shape of marina
as well as basin water depth. When several piers are used in a marina, the distance between adjacent piers
should be sufficient for a marine craft to manoeuvre based on guidance in Section 4.3.5 (Interior Navigation
Channels / Fairways).

4.3.6.7.4 Finger Pontoons

The marina design may include finger pontoons at right-angles to the floating pier fastened to the main
walkway pontoons, to provide increased berthing area. The finger pontoons should be generally designed
as lighter floating structures than the main walkway pontoons.

Inclined finger pontoons are generally used only where space restrictions limit the turning area opposite the
slips or for alignment of the berths in the direction of prevailing winds or water flow. For 45 degree berthing
the fairway widths between finger pontoon ends should be in accordance with the requirements stated in
Section 4.3.5 (Interior Navigation Channels / Fairways).

Finger pontoons placed perpendicular to the jetties or pier can form single or double marine craft berths.
The designer may design finger pontoons in different shapes: straight finger pontoons, finger pontoons with
trapezoidal base or trapezoidal finger pontoons.

The length of a finger pontoon may be designed to be shorter than that of the longest marine craft by a
percentage depending on the length of the marine craft to be served. The ratio of finger pontoon length to
the largest marine craft length may be a minimum of 0.75 LOA for marine crafts up to 10 m, 0.875 LOA for
lengths up to 15 m, and 1.0 LOA for larger marine crafts. For superyachts, the finger pontoon length must
not be less than 0.8 LOA.

The designer should use as guidance the finger pontoon widths (FW) shown below:

Table 4-9: Guidance for Finger Pontoon Widths

Finger Pontoon Width Finger Pontoon Length Marine Craft Length
FW (m) FL (m) LOA (m)
0.50 5.0 6.7
0.60 7.0 9.3
0.90 9.0 10.3
1.20 12.0 13.7
1.50 15.0 15
2 20 20
2.5 Varies Over 20
3 Varies 25-50

Notwithstanding the values of finger pontoon widths given in the above table, the design shall be sufficient
to ensure the stability of the finger pontoon and provide safe access to the marine craft for personnel and
the safe loading of equipment.
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4.3.6.7.5 Berth Width

Based on the widest beams of mono-hull marine crafts currently being manufactured, the minimum berth
widths, BW may be determined from Table 4-10. Berth length (BL) and berth width (BW) are illustrated for
reference in Figure 4-20.

w

Single Berth

= Walkway Width
= Finger Width

= Finger Length
= Piers Distance
= Berth Width

Basic Marina Layout
Figure 4-20: Illustration of berth layout

Where wind generated waves or marine craft wake exceed 300 mm in height, mooring piles between each
marine craft in a double berth configuration may be required. The width of the double berth must be
increased by the width of the pile.

General expressions for berth width, BW in terms of marine craft beam, B are as follows:

Table 4-10: Berth Width

Marine craft Length, LOA (m) Single Berth Width (m) Double Berth Width (m)
Upto20m B+1.5m 2xB+2m
From 21to25m B+2m 2xB+3m
Over 25 m 2(mcx fd) +B 4(mc x fd) + 2B

Where:

mc = manoeuvrability coefficient, ranging from 1.0 for minimum conditions to 1.5 for recommended conditions.
A manoeuvrability coefficient of 1.0 is typically used in planning of most facilities, especially for superyachts longer
than 45m, to maximise the number of marine crafts. The recommended condition allows for more flexibility to
accommodate a larger range of superyacht sizes and types for the calculated slip width. The wider slips also provides
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the potential to have additional space within the slip for other uses such as access to port and starboard garages,
alongside mooring of tenders, etc.

fd = fender diameter (metres) for specified superyacht length as presented in table below.
B = design maximum marine craft beam (meters)

Multihull marine crafts can either occupy a double berth, or wider berths which specifically cater for
multihull marine crafts can be included.

Table 4-11: Typical Fender Diameter (fd)

Marine craft Length, LOA (m) Typical Fender Diameter (m)
25-45 0.61
46 - 60 0.91

For alongside berths, the minimum space between marine crafts should be:
e 0.2 LOA up to 3.0 m, for marine crafts less than 24 m LOA
e  Minimum 3.0 m, for marine crafts 25 m or larger

4.3.6.8 Depth in Berths

4.3.6.8.1 Depth in Berths

The water depth at the berth must be deep enough to provide for safe operation of the maximum design
marine craft. While it may be preferable in a marina to restrict the larger marine crafts to movement at
higher tides, it is recommended that the deepest draft marine craft likely to use any berth does not rub
against the bottom while at berth at any state of the tide. The usable water depth at berths should be a
minimum of 0.5 (for sandy sea beds) to 1.0 m (for rocky sea beds) greater than the maximum draft of marine
craft using the structure.

Typically, monohull sailing marine crafts have a deeper draft than the same length engine powered marine
craft, due to the keel. In a marina where there is no restriction on the height of marine crafts entering the
marina (such as a restriction caused by a bridge) it is recommended that the minimum water depth is based
on requirements for the expected sailing marine crafts. Where there is insufficient water depth for sailing
marine crafts in a particular berth, it is recommended that a sign is placed at the berth restricting its use to
shallow draft marine crafts.

The designer should take into consideration the various factors such as potential siltation, the effects of
waves, squat and others when defining the usable water depth within berths and channels and / or the

maximum draft of marine crafts using the marina.

Table 4-12 shows typical marine craft drafts for marine crafts up to 50 m.

Table 4-12: Typical Marine craft Drafts

Marine craft Length, LOA Marine craft Draft (m)
(m) Sailing Multihulls and House-boats
8 0.9 1.5 1.2
10 1.0 1.8 1.2
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Marine craft Length, LOA Marine craft Draft (m)

()] Sailing Multihulls and House-boats
12 1.0 2.0 1.2
15 1.2 2.5 1.2
20 1.5 2.9 1.2
25 1.8 3.0 -
30 1.9 3.4 -
35 2.1 3.8 -
40 2.3 4.2 -
45 2.6 4.2 -
50 2.9 4.2 -

Notes:
1. Some deep draft sailing marine crafts have retractable keels and therefore the minimum water depth may be based on

the draft with the keel retracted. Consideration should be given to specific cases that fall outside these guidelines. It is
also recommended that the Developer considers the latest race boat designs with deep and swing keels.
2. This table is prepared on the basis that 95% of marine crafts do not exceed the above drafts.

4.3.6.8.2 Distance Between Piers

The size of berthing space and the distance between jetties and walkways, allowing marine crafts to make
an approach manoeuvre with other marine crafts being moored, depends on the length and the width of
the marine crafts to be berthed as well as on the system used to anchor the pontoons: piles, rails or sinkers
(cables or chains with concrete blocks).

For the purpose of these recommendations the distance between piers, “PD”, should be calculated as the
following formulae:

e PD=2x(SC3+ LOA) + CW (anchoring by piles or rails)

e PD=2x(2xSCs;+LOA)+CW + 0.5 LOA (anchoring by concrete with chains)
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F = Finges Widm

FL = Fingi Langtt
P D = Piers Distance
SV= Berth Whdh

EL = BoatlLengh

= B
1= Boat Clearanca
bestwiean Boat and
Fingr
= Boat Clearance
bestwean Boat and others
B
= Boat Clearancs
bestwieen Boat and Pies

Figure 4-21: Distance between the Piers

The Project Proponent may use the following example as guidance when using an internal channel width,
CW of 1.5 LOA.

Table 4-13: Guidance for Safe Distance of Boat from Piers

Marine craft Length, LOA

Safety Clearance from Pier Anchoring by Piles or Rails Anchoring by Sinkers

(m) SCs (m) PD (m) PD (m)
5 0.4 18.3 21.6
6 0.4 21.8 25.6

0.5 29.0 34.0

10 0.5 36.0 42.0
12 0.6 43.2 50.4
15 0.8 54.1 63.2
20 1.5 73.0 86.0

4.3.6.8.3 Fore And Aft Mooring (Mediterranean Mooring System)

Fore and aft mooring systems involve mooring the stern of the marine craft to a fixed or floating dock /
wharf / pier with the bow being secured with mooring lines attached to an anchor, dead weight or a fixed /
articulated pile.

The Fore and aft mooring system requires less structure per berth, offers more flexibility in arrangement of
marine crafts, and is less costly to construct compared to alongside or finger pontoon mooring systems.
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However, it is more challenging to the skills of the captain and assistance is usually required for berthing. A
pilot is required at some superyacht facilities. Fore and aft mooring configurations also provide less privacy
and reduced access to the marine crafts.

4.3.6.9 Overall Floating Berths - Walkways Size
All floating pontoons (including finger pontoons) should be designed in accordance with the following:

e The width of an individual floating dock (main walkways or marginal) should be determined by the
total length of each floating dock. Consideration should be given to the need for trolleys passing each
other and access and egress in emergencies.

e The width of an individual floating dock (marginal or main walkways) should be taken as the edge to
edge distance of the walking surface. Minimum width criteria for the main walkways normally
consider the minimum unobstructed width (which deducts from the walkway width any
encroachments such as utility posts, hose cabinets, transformers, cleats, bollards, piles or other
encumbrances to the travel-way).

e For marine crafts with LOA > 25 m or for access using golf carts (or similar), a main walkway minimum
width of 4 m is recommended, which should be increased by up to 50% for small vehicle and truck
access

e The very hot climate of the Emirate should be taken in consideration when designing lengths of
pontoons. The maximum comfortable walking distance between berths and other amenities should
be considered. Some shade structures may be installed at or near more remote berths.

e The provision of safety chains in certain locations to prevent people from falling into the water.

e The minimum width of floating and marginal walkways for normal operation is shown in Table 4-14.

The values shown in Table 4-14 should be considered as typical floating pontoon walkway widths (excluding
finger pontoons). The designer shall take into consideration the buoyancy of floating pontoons and shall
calculate the stability for operation. Based on these calculations, and if required, the overall walkway width
(WW) considered in the design of the pontoon(s) shall be increased.

Table 4-14: Minimum Marginal Walkway Widths

Minimum Width (m) Length Range (m) | Qualifying Criteria
1.8 Up to 90 When connected to main walkways that do have dedicated gangways
2.4 Over 90 When connected to main walkways that do not have dedicated gangways
3.1 Over 180 When connected to main walkways that do not have dedicated gangways
3.7 Over 240 When connected to main walkways that do not have dedicated gangways

4.3.6.10 Freeboard

Freeboard of floating berths, walkways and pontoons for small marine craft usually varies from 380 mm
(minimum) to 500 mm above the water surface under dead load. Live loads may lower the float about 200-
250 mm, though this should be evaluated based on design criteria requirements.

For marine crafts longer than 20 m, consideration should be given to increasing the freeboard to 600 — 750

mm to allow easier access. However, access from the water should be provided at regular intervals for
freeboards over 500 mm.
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The freeboard of walkways and finger pontoons on a particular structure shall be the same throughout. No
steps between finger pontoons and walkway or along a walkway shall be permitted.

4.3.6.10.1 Marina Spatial Planning — Area Requirement
In order to determine the concept level area requirements for various marine crafts during the initial phases
of the design Table 4-15 is provided for reference.

Table 4-15: Single Berth Layout Planning Data

‘F Width of Finger

‘Lb’ Length of

Power Marine crafts

Sailing marine crafts

Actual deck area

(m?) (m?) (m?) (m?)

0.8 4.9 32.7 6.7 30.7 6.5
5.5 39.7 7.4 36.8 7.2

6.1 46.9 8.0 43.2 7.8

0.9 6.7 56.5 10.0 51.8 9.6
7.3 64.3 10.7 58.7 10.4

7.9 72.4 11.5 65.8 11.1

8.5 80.8 12.2 73.0 11.8

9.1 89.2 12.9 80.4 12.4

9.8 97.9 13.6 88.0 13.1

10.4 106.8 14.3 95.7 13.8

1.2 11 122.3 18.6 110.0 18.1
11.6 131.8 19.5 118.3 18.9

12.2 141.4 20.3 126.7 19.7

12.8 151.2 21.2 135.2 20.6

13.4 161.1 22.0 143.8 214

14 171.1 229 152.5 22.2

14.6 181.2 23.7 161.3 23.0

14.6 181.2 23.7 161.3 23.0

15.2 191.5 24.5 170.2 23.9

15.8 201.8 25.3 179.1 24.7

16.5 212.3 26.2 188.2 25.5

17 222.8 27.0 197.3 26.3

17.7 2335 27.8 206.6 27.1

18.3 244.2 28.7 215.9 27.9

15 18.9 266.1 35.5 236.3 34.8
19.5 277.4 36.5 246.1 35.7

20.1 288.8 37.5 256.0 36.7

20.7 300.2 38.5 265.9 37.7

21.3 311.7 39.5 275.9 38.7

219 323.3 40.5 285.9 39.7

22.6 335.0 41.5 296.1 40.6

23.2 346.8 42.5 306.3 41.6

23.8 358.6 43.4 316.5 42.6

24.4 370.5 44.5 326.8 43.6

4.3.6.11 Marine craft Mooring System
The marine craft mooring systems must be installed to provide convenient and reliable moorings to keep a
marine craft safely at the berth during passenger loading and unloading operations. Marine crafts should be
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moored to floating pontoons by securing marine craft mooring lines to deck fittings and furniture located
on the mooring structure.

The Project Proponent must select the type of mooring arrangement including assumptions of the number
of lines based on the size of the marine craft, site conditions and tidal fluctuations taking in consideration
that mooring forces are transmitted to the mooring structure by tension in the mooring lines.

The required mooring furniture (bollards, cleats etc.) must be located on the deck with unobstructed access.
Cleats and/or bollards should be located along the floating pontoons and finger pontoons at suitable
intervals. These should be located at either end of the berth, with one more cleats/bollard in the middle for
marine crafts exceeding 12m. At least one cleat should be provided between double berths and cleats at a
minimum of 3m centres for alongside berthing.

It is recommended that a minimum of four separate mooring fixtures are provided per marine craft up to
24m in length. Larger crafts should be provided with a minimum of six cleats and/or bollards.

The capacity of the bollards or cleats shall depend on the size of marine craft, breaking strength of the
mooring lines and local environmental conditions. Generally, cleats and bollards should be sized depending
upon the maximum size of marine craft to be berthed. Particular care should be taken in the design of
bollards and their fixings for superyachts where a capacity above 10 tonnes is likely to be required.

Marine craft Length Cleats min. lateral load capacity Cleats min. longitudinal load
Cleats length (mm) .
(LOA) (m) (tonnes) capacity (tonnes)
6 200 1 2
8 250 1 2
10 250 1.5 3
12 300 2.1 4
14 350 3.2 6
16 350 3.2 6
18 350 4 8
20 450 6 12
25 Use Bollards Use Bollards Use Bollards
30 Use Bollards Use Bollards Use Bollards
35 Use Bollards Use Bollards Use Bollards
40 Use Bollards Use Bollards Use Bollards
45 Use Bollards Use Bollards Use Bollards
50 Use Bollards Use Bollards Use Bollards

Table 4-16: Typical Cleat Size and Capacity
Cleats and bollards should be fixed with anchors, bolts or similar suitable fixing.
4.3.6.12 Dock Service Facilities

Jetties and piers must be provided with services / utilities connections between the landside network and
the floating structures / berths.

To ensure maximum public safety no permanent services utility lines should be located on or attached to
the deck surface. All utility lines within a floating dock should have a minimum 0.15 m clearance above the

water surface. Services should be within covered service trenches within the body of the pontoon.
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4.3.6.12.1 Fire Fighting

Fire control and prevention procedures must be in place within a marina, with an adequate fire suppression
system consisting of uninterrupted water supply, extinguishers and fire alarm system. The fire suppression
system must be in compliance with Chapters 8, 9 and 20 of the Country’s Fire and Life Safety Code of
Practice® and the Department’s relevant regulations and requirements.

In addition, the following recommendations are made:

e Fire lines must be dedicated lines, and not connected with potable domestic supply lines. This will
provide greater integrity to the fire lines, increased control of water supply, and help guard against
cross contamination.

e If the local water supply network is not available or in cases where the water would not be suitable
(for a fire caused by fuel or an electrical short-circuit) then chemical fire-extinguishing equipment
shall be installed at appropriate locations in the marina. Salt water can be considered instead of
potable water for firefighting where desirable by the Project Proponent.

e Drafting fire hydrants are sometimes utilised by waterfront agencies when reliable sources of
domestic water are not available via normal water mains and municipal service lines. Water is
“drafted” directly from the marina basin and pumped into the water lines for use in fighting a fire.
However, a number of problems can arise from use of such a system, and the use of drafting fire
hydrants should probably be a last resort option. A better option may be the provision and utilisation
of portable fire units that can be taken quickly to any area on a marina. Such units should be self-
contained and equipped with petrol engine driven pumps, adequate hose lengths, locking wheels
and foam suppression systems. They are available in a variety of types and sizes.

4.3.6.12.2 Service Pedestals

It is preferred that services on a dock are provided through a proprietary service pedestal supplied by an
established manufacturer. Pedestals for services (water, power supply, telephone, cable TV/internet
services and dock lighting) shall be separated as appropriate.

Separate service pedestals incorporating fire extinguishers, fire reels, rescue rings, and fire alarms must be
provided.

For berths servicing marine craft up to 20 m in length, services pedestals may serve up to two marine crafts.
Marine craft over 20 m in length should be served by individual pedestals.

The service pedestals must be located such that cables and hoses do not cross over walkways to connect to
a marine craft. The service pedestals must be completely splash proof to insulate electrical and lighting
equipment from the water. Electrical equipment should be physically separated from the water area inside
the service pedestal. The service pedestals should be fully tested to ensure water tightness required by
ADWEA and other local standards for the protection of all electrical equipment installed on floating
pontoons or in the marine environment generally. The service pedestals must have a UV-ray and fire-
resistant finish.

4.3.6.12.3 Water-Side Access Ladders
Each dock must be provided with at least one ladder extending from the dock surface to 0.8 m below mean
low water. For jetties and walkways in excess of 15 m in length a ladder, or other approved methods of
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egress from the water, shall be located for every double berth and at a maximum spacing of 20 m elsewhere
on walkways.

4.3.6.12.4 Waste Management System

Marinas must provide sewage pump-out facilities and facilities for disposal of other liquid wastes such as
waste oil. The Project Proponent should apply to the EAD, the Department, and any other relevant entity
for a license if it intends to undertake any regulated activity for the collection, treatment and disposal of
sewage.

Garbage and solid refuse disposal facilities shall be located a minimum practical distance from the head of
the gangway. Garbage receptacles should have self-closing lids to prevent escape of rubbish by way of wind,
birds or animals, and exclude rainwater entry.

An Environmental Management plan should be prepared for the marina operations, in accordance with the
EAD regulations and guidelines.

Pollution control must be included in the design in terms of pollution prevention, sewage disposal, chemical
toilets, catering waste, oil storage, fuel storage and antifouling.

4.3.6.12.5 Emergency Cabinets
Emergency cabinets should be suitably located along main walkways at a minimum spacing of 50 m.
They should include:

e First aid box

e Fire extinguishers

e Anaxe

e Ared light to show location at night

It is recommended (but not obligatory) to install a system that sets off an alarm when the cabinet door is
opened.

4.3.6.12.6 Refuelling

When fuelling facilities are not available near a marina, there are two options to providing fuel at the marina:
e On-site fuelling facilities
e Delivery of fuel by tanker truck or by barge directly to the marine craft.

Typically, on site fuelling facilities are preferred as they typically reduce the risk of spills when compared
with fuel delivery to individual marine crafts.

Where provided, fuel supply systems should comply with the requirements of the relevant authorities
(including ADNOC and local fire prevention entities). Refuelling docks are often located near the entrance
to the marina in an area protected from the waves, in order to provide maximum accessibility and minimise
dredging / internal channel widths. Double containment fuel lines should be used over the water. Fuel docks
should be rugged, support the fuel pumps, and take aboard the lines from the buried tanks ashore.

Marina operators should provide pollution control equipment and fire-fighting equipment at refueling
points. Equipment that can be rapidly deployed to contain and clean up any fuel spillage should be provided.
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Access for fuel delivery vehicles should be designed to minimize disruption of other marina activities during
delivery.

Itis desirable that the fuel berth must be a separate structure from the marina berths and should be isolated
to the extent that fire or explosion would have minimal opportunity to spread from the fuel berth to the
marina berths or vice versa. Floating systems should have flexible fuel lines leading to the fixed lines installed
in the dock.

A quick-disconnect device at the high point in each fuel line must be provided to prevent the siphoning of
the storage tank contents into the basin in the event of a line break below the stored-fuel level.

Marine crafts should be refueled only in the designated areas from the distribution approved fuel pumps to
prevent spillage, contamination or pollution. Marine craft must not be permitted to refuel while in the berth
areas. Also, no fuel should be transferred from one container to another on the marina premises, nor may
fuel be brought onto the marina premises except in tanks equipped with fuel line connectors and approved
by Department and NGC.

Fueling facilities for superyachts require the use of high-speed fuel pumps that can deliver at rates between
5t0 9.5 |/s. These dispensers are large and require a separate dock to accommodate the fueling procedures
as well as sufficient water area and dock to allow for the temporary berthing of the superyacht at the fuel
dock. Superyachts larger than 70 m usually prefer to refuel directly from tanker truck, fuel barges or upland
fuel storage.

Fuel dispensing must be undertaken by standard automotive nozzles to ISO 9159 (diesel) and I1SO 9158
(petrol).

4.3.6.12.7 Sewage Pump-Outs

All marinas must have sewage pump-out stations and should ensure that no direct sewage or any other
wastes are discharged into the waterways. Pump-out facilities should be located in the same area as the
refueling dock.

4.3.6.12.8 Other Dock Services
The services below may also be included within a marina:
e On-land storm water control and disposal
e Telephones
e CableTV
e Public address system
e Central marina telephone switch board
e Locker boxes on pontoons for gear storage
e High-speed wireless internet

4.3.6.12.9 Car Parking
Refer to Section 3.2.2.2 (Landside Access - Car Parking).

DMT-MAR-COP-21-06 — Rev:01 Page 133|173



oy &l yubg i Jdb i Nlgeiln Lilld b

f b}
\,:,\' ABU DHABI MARITIME DEPART""ENTOFA"QL[’)NT'Q\P@F',E;?

Car parking requirements for marina developments must be in line with ITC guidelines and parking planning
standards. Control of parking may be required through the use of an access card or key, or a security gate,
subject to consultation with the Department.

4.3.7 Marina Management Guidance

Refer to the Department’s relevant regulations and requirements for marina operations and management.
The Department reserves the right to inspect all marine crafts to ensure that they meet the standards and
guidelines set out in this Code prior to berthing and at any time thereafter while the marine craft is in the
marina area. The Developer should ensure that the marina management rules are implemented and
enforced by him or any successor to him.
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Appendix A: Department's Maritime Signage Guidelines (2021)
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Requirements for
Maritime Signage
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Chapter 1: An Introduction to Signage

1.1 Background

Clear, concise, understandable and appropriate signage is the key to ensuring the safe use of our waterways.
Users of both the water space and land require information concerning what is permitted, mandatory or
prohibited. The size and style of the signs used will be dependent on the location and type of information to
be conveyed.

This document provide the concerned entity with a single standard for navigation signs and waterway-
related symbols which should be used when updating existing signs or when erecting new installations.

Signs should be erected at all boating and jet-skiing and beach access areas, ramps and where necessary,
jetties and harbors throughout the Emirate. Signs must be located where the message is legible, and so that
they attract the attention of, and are clearly visible to, all people for whom the message is relevant, and also
where they are not likely to become physical obscured. All zones must be signed and, where required,
buoyed.

1.2 Glossary

Term Definition

ASTM American Society for Testing and Materials

Anchor An anchor is a device made of metal that is used to connect a marine craft to
the bed of a body of water to prevent it from drifting due to wind or current

Beacons A beacon is an intentionally conspicuous device designed to attract attention
to a specific location.

Boating Zones Boating zones are areas where swimming is not permitted. In the context of

a boating zone, a boat is a marine craft or craft which is navigable or
steerable and is used to travel on water.

Buoys Aid pilotage by marking a maritime channel, hazard and administrative area
to allow boats and ships to navigate safely.
Channel A channel is a type of artificial or natural landform consisting of

the outline of a path of relatively shallow and narrow body of water
specifically its bed and banks, most commonly the confine of a river, river
delta or strait.
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The entity made responsible, in whole or in part, by the Government for the
safety, including environmental safety, and efficiency of marine craft traffic
and the protection of the environment in the area.

Conspicuity The state or quality of being clear or bright

De-Mobilization Demobilization is the process of standing down equipment from site.

Department The Department of Municipalities and Transport

IALA International Association of Marine Aids to Navigation and Lighthouse
Authorities

Knots A speed of one nautical mile per hour (about 1.852 km per hour)

Latitude The distance north or south of the equator measured and expressed in

Launching Ramps

degrees.
A sloping structure allowing small recreational watercraft and trailers access
to water.

Longitude The distance in degrees east or west of the meridian at Greenwich, England.
Mobilization Act of marshalling and organizing and making ready for use or action.
Mooring A Mooring refers to any permanent structure to which a marine craft

Nautical Mile
Protected Waters

may be secured.

One nautical mile is equal to 1.151 statute miles or 1.852 km
The waters contained in any lake, river or estuary, or by any
Breakwater

PVC Polyvinyl chloride

PWC Personal Water Craft

Transit A transit occurs when a navigator observes two fixed reference points that
are in line with the navigator.

Underwater Underwater is a term describing the realm below the surface of water where
the water exists as a natural feature (called a body of water) such as an
ocean, sea, lake, pond, or river

Wash The water disturbance which potentially causes damage, injury to others and

which is created as a boat moves through the water.

Chapter 2: Marine Signage on Land

2.1 Types of Signage

The signs will be located in all major Marinas and Launching Ramps. The sign should contain a map of boating
zones as well as boating information and rules. The sign shall be hybrid in nature i.e. LED Digital Signage with
Static Signage. Major Signs give information about water safety features or indicate a location where a
particular activity is permitted.

2.1.1 Hierarchical Layout (Major Sign)
Consideration must be given to the order in which information is presented on signs. The recommended
hierarchical layout is:

a) Location identification

b) Outdoor LED Display

c) Hazards symbols

d) Location Map

e) Regulations/Information
f) Client Details
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To maintain a standardized approach and improved recognition of the facility user it is highly recommended
that the Colour scheme shown is used for each section of the sign. (Only exception is the area for the Client’s
logo which can be corporate colors).
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MSL Figure — 001: Major Sign: (2650 mm x 1326 mm)
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2.1.2  Minor Signs: (1100 mm x 600 mm)
The signs will be located in all areas of recreational activities in the Emirate. Minor Signs will incorporate
messages that have to be followed by the public. These signs are constructed and placed for the following
objectives:
a) To ensure that the public safety is protected and maintained;
b) To allow and promote positive conditions for sign communication while at the same time promoting
an attractive environment;
c) To allow for adequate, effective, and aesthetic signage in commercial and industrial zones which
promote a pleasing visual environment and prevent over concentration of signage.
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MSL Figure — 002: Minor Signs: (1100mm x 600mm)
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Failure to comply with and adhere to signs and notices that contain instructions and guidelines constitutes
a violation of the relevant laws, regulations, and safety procedures. These signs and notices are categorized
as follows:
Prohibition signs — signs that indicate that an action or activity is not permitted.

Information/Mandatory signs — signs that indicate an instruction must be carried out.
Regulatory signs — signs that warn of a particular hazard or hazardous condition, or that an activity is

not advised.

Various panel sizes include:
Panel 1: 600 mm x 600 mm

Panel 2: 450 mm x 600 mm
Panel 3: 450 mm x 450 mm
Panel 4: Dual Sign

MSL Figure — 003: Panel 1 (600 mm x 600 mm)
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MSL Figure — 004: Panel 2 (450 mm x 600 mm)
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MSL Figure — 005: Panel 3 (450 mm x 450 mm) MSL Figure — 006: Panel 4 Dual Sign (450 mm x 600
mm)

2.2 Viewing Distance
The size of signs used will vary depending on location, background conditions/colours, ambient light and
required readable distance. The following simple formula/diagram is used for calculating the size of sign and
readable distances in average daylight.

Viewing distance diagram and table
Viewing Sign Sign
Distance (m) height (mm) width (mm)
30 800 600
50 1300 1000
100 2600 1950
200 5200 3900
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200mm 400mm 600mm

knots

300m

@

[ knots ]

450m

Viewing Distance Viewing Distance Viewing Distance
up to 7.7m (25ft) up to 15.5m (S0f up to 23m (75ft)

2.3 Lettering and Standard Letter Size
Lettering:
‘Arial’ type face is to be used for all lettering. Lettering, logos and graphics are to be cut vinyl, or screen
printed, using exterior quality long life ink.

Arial regular
ABCDEFGHIJKLMNOPQURSTUWXYZ
abcdefghijklmnopqurstuwxyz

Arial Bold
ABCDEFGHIJKLMNOPQURSTUWXYZ
abcdefghijklmnopqurstuwxyz

Other suitable sans serif font styles which may be used when ‘Arial’ type face is not available are: Futura,
Gill Sans, Helvetica and Lucida Sans

Standard Letter Size:
The standard lettering used for water safety signs should be that which is adopted by the Department’s Road
Sign Alphabet. The letter sizes detailed below relate to upper case letters and the initial capital height of
lower-case letters. Again, the size of the lettering relates to per meter of viewing distance.

e Upper Case: 5 mm per meter of expected viewing distance

e Lower Case: 4 mm per meter of viewing distance

Using the example given above, where the maximum likely viewing distance is approximately 15 m then:
e 15 m of viewing * 5 mm =75 mm

The lettering will need to be 75 mm in proportional height and width.
Where signs may be in poor lighting conditions, not directly in the observer’s line of sight, or placed in less
prominent positions, then the above symbol and lettering sizes may be increased by 50%.
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For example:
e Symbolic - 15 m of viewing * 30 mm =450 mm diameter
e Lettering - 15 m of viewing * 10 mm = 150 mm

2.4 Construction Details
2.4.1 Materials
2.4.1.1 Panels
Sign panels shall be fabricated from Marine grade aluminium 6063 and shall have retro reflective sheeting

on the front face. All marine aluminium sheeting, shapes and materials shall be new and comply with the
following requirements unless otherwise specifically permitted.

The sign panel blanks for “Major-, Minor- and Regulatory-Signs” shall be of sheet aluminium with retro
reflective sheeting all as specified herein. Sheet aluminium sign blanks over 0.58m2 shall be not less than
2,00mm thick; sign blanks over 0.58m2 and less than 2.25m2 in area shall be not less than 3,175mm thick.
Sign panels 2.25m2 and over shall be extruded aluminium shapes as specified herein and as indicated on the
Drawings. Marine Aluminium alloy sheets and plates should comply with the specifications for aluminium
alloy sheet and plate, ASTM B209, Alloy 6082 or 6061.

Painting of marine aluminium surfaces or regulatory sign plates will not be required.

2.4.1.2 Posts

Ground mounted guide signs shall be installed on rectangular posts. Rectangular post and all other parts
such as flanges and plates shall be made from steel conforming to ASTM A36. Steel posts and all other steel
parts shall be galvanized. If painting is required, the Contractor is to submit the proposals for painting to the
Department for approval prior to the commencement of the work. These proposals are to include materials
and methodology for completion of the works.

Galvanizing shall be by hot dip process in accordance with ASTM A123 and A385. The galvanized coating
shall be uniform and bright. All fabrication shall be completed and ready for assembly before galvanizing.
No punching, drilling or cutting should be permitted after galvanizing. Precautions shall be taken against
embrittlement, warpage and distortion in accordance with ASTM A143 and in accordance with ASTM A384.

2.4.1.3 Fixings and Fasteners
All fasteners and mounting devices should be manufactured in stainless steel. Stainless steel shall be new
and comply with the following specifications and requirements.

All members shall be stainless steel AISI Type 302, 303, 304, or 316, comply with ASTM A276. Unless
otherwise specified on the drawings, stainless steel should be Type 316 with a mill finish.

Unless otherwise indicated on the drawings or in particular specifications, all bolts and any other fittings
such as screws, nuts, brackets and clips should be the same type of stainless steel as adjoining parts.
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Any rivets or other fastening devices through the face of the sign shall have protective washers of nylon or
other approved material inserted between the fitting and the retro reflective sheeting surface.

2.4.1.4 Footing

The contractor should include the furnishing and installing of all materials required for the construction of
reinforced concrete foundations for sign supports. Foundations shall be in accordance with dimensions as
indicated on the drawings and specifications.

The number of anchor bolts, bolt locations and anchor bolt dimension should be as indicated on the drawing.
The anchor bolts and the nuts and washers shall treated by hot-dip galvanizing. Anchor bolts for all sign
support structures shall be further protected by applying grease to the projection portion of the bolts and
covered with fitted P.V.C., or similar material non-rusting cap.

All reinforcing steel in sign support foundations should be Grade 60 confirming to the requirements of ASTM
A615.

All Concrete for sign support foundations should be class 30/20 OPC concrete.

Chapter 3: Marine Signage in Waters

Buoys and markers are the "traffic signals" that guide boat operators safely along some waterways. They
also identify dangerous or controlled areas and give directions and information.

These navigation aids are used to mark the edges of safe water areas; for example, to direct travel within a
channel. They use a combination of colors and numbers which may be applied to buoys or permanently

placed markers.

For the Emirate, “IALA System Region A” is maintained and observed.

3.1Restricted Area Marking Buoys

The limits of the restricted area (yellow lines) will be marked with spherical yellow buoys with signage: (dia
=1200 mm).
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MSW Figure — 001

3.2Channel Access Marking Buoys

Buoys for marking the access channels (starboard and port). The maximum speed should be 3 knots in
the access channels. This information should be marked on the access channel buoys.

3 KNOTS
Cylindrical Buoy Conical Buoy
Day Marker Day Marker

MSW Figure — 002: lllustration of channel marking buoy

3.3Signage Installed on Driven Piles
Features:
e Steel Grade for the Tubular Steel Pipe according to EN 10025 should be minimum “S 275” or better.
e Signboard should be made out of Aluminium, Stainless Steel or Mill Steel with the below mentioned
protective paint.
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e All Fasteners should be made out of Stainless Steel Grade 316 or better.
e Protective Paint should be applied according to relevant water-levels and below mention Paint
Schedule:
o Exposed Zone / Atmospheric Zone
= Sandblastingto SA2 %
= Two-pack epoxy primer 50um
= High Build, Two-Pack Epoxy Coating MIO 80 125um
= Hard Top AS 50 um
o Splash Zone / Tidal Zone
= Sandblastingto SA2 %
= Two-pack epoxy Primer 50 pm
= Anti-Corrosive Undercoat ES 100 um
= Selfpolishing, Self-Smoothening Antifouling 100 um
o Sea Water Zone
= Sandblastingto SA2 %
=  Two-pack epoxy Primer 50 um
= Coal Tar Epoxy 83 200 um

3.4Signage with Concrete Footing

Features:
a) Footing should be made out of pre-cast Underwater Concrete 20/20/0PC or better.

b) Lifting hooks should be made out of Stainless Steel.

c) Rebars can be made out of MS.
d) Signboard should be made out of Aluminium, Stainless Steel with the above mention Protective

Paint.
e) All Fasteners should be made out of Stainless Steel Grade 316 or better.

3.5 Sticker Specifications
Description and Technical specifications:
e FACE MATERIAL: 55 p White gloss soft, highly conformable, laminated PVC film.

e ADHESIVE: Permanent opaque acrylic.
e LINER: Coated Kraft liner 140 gsqm back printed. PE coat liner 130 gsgm back printed.
e Temperature Maxi/Mini: From +90 °C to -40 °C

Storage: (20 °C — 50% humidity)
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MSW Figure — 003

Application Procedure:
e Remove dust and grease with a thinner and dry the surface where the sticker will be placed.
e Flame the surface with a Propane or Butane gas torch.
e Remove the protection from the sticker (paper).
e Put the sticker at the right place.
e Flatten sticker with a scraper, using the scraper from one side to the other to remove any air bubbles.

3.6 Viewing Distance between Buoys

The conspicuity (The state or quality of being clear or bright) is not easy to evaluate, conspicuity is a
subjective term and may not be measured directly. It depends on many parameters such as:
e Type of symbol

e Direct & Indirect illumination

e Background

e Fog, Waves

e Current speed & Wind speed

e Speed & Acuity of the observer

Based on the table below, if the signage on the buoys needs to be visible from 50-60 m the symbol should
be 400 mm x 400 mm. The maximum limit for the persons with best vision is 60 m.

The table below provides a general guide on how to select the symbol size according to required viewing
distance.

Table
Viewing distance
and symbol size

a orcular o triangular

shape

Note: The symbol sizes are actual for any
2QuUare symbol, but nominal 1of Symbols using

e"\f & sf & o’o“’ &
o & &
qf c,\‘d} 4“ e,,{‘y Q\“‘ f,\‘&
3-6m 40 me 15-18 m 120mm  36-48 m 320 mm
6-9m 60mm 18-24m  160mm_  48-60m 400 mm
9-12m 80 mm 24-30m 200mm 60-72m 480 mm
12-15m 100 mm  30-36 m 240mm  72-90m 600 mm
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Chapter 4: Zoning Techniques of Inland Waterways

Increased leisure time and technological developments have both made water-based recreational activities
accessible to a wider population. The zoning techniques in this section are focused on controlling water-
based activities through establishing general conditions or constraints for use of the resource. Some form of
management is required wherever recreational activities take place on inland waters. These techniques can
be used to limit the types of activities allowed, control the manner in which activities are undertaken, restrict
or encourage to the resource, and control conflict between different users of the resource.

4.1Zoning Techniques of Inland Waterways

4.1.1 Time Zoning
Time zoning is used to separate potentially conflicting activities by limiting certain activities to specific times
of the day. Zoning may be seasonal or diurnal. A variety of approaches has been taken including a complete
ban on activities during certain periods, restricting activity to a weekend, or only allowing short periods of
access to protect sensitive areas. Zoning maybe used in conjunction with other zoning methods to define
times during the days of the week or periods during the year when restrictions are effective.
Choices suggested are:

e 24 hours aday

e Sunrise to sunset

e 9amto6pm

e Noonto6pm

4.1.2 AreaZoning

Area zoning manages potential conflict through physical separation of activities, in conjunction with other
zoning methods to identify specific restrictions in inland water. As an example, speed restrictions may be in
place (near marinas or in narrow channels). These areas are normally marked with buoys or signs.

4.2 Common Areas of Inland Waterways

Dedicated beacons to mark authorized or restricted area for nautical activities should be visible and legible
on optimized fixed supports along the bank or on floating buoys. Typical Applications are:

e Security Zone

e Beach and Swimming Safety Zone

e Precautionary Zone

e Navigation Channel

e Speed Limit Zone

e PWC and Jetskis Area

e Rowing / Regatta Area

e Water Ski Area

4.2.1 Security Zone
The security zone should be marked as RESTRICTED AREA: unauthorized entry of any marine craft into the
safety zones around the Palaces. Below is an example of message that can be marked on buoys:
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STOP

RESTRICTED
AREA

MSW Figure — 006

This message should be marked on buoys, bounding the safety zone. To be legible from 50 m, this message
should be on spherical buoys (Diameter 1.2 m) minimum. Buoys should be installed every 50 m.

In the security zone, access channels should be marked with conical and cylindrical buoys. The location and
the width of the access channels should be defined according with the ports and relevant to the type of
marine crafts or boat.

4.2.2 Beach and Swimming Safety Zone

To mark the beach and swimming safety zone, one should install buoys every 10 m. The quantity of buoys
will depend on the length of each beach to be marked. Marking buoys with signage delimit the restricted
area, protect the swimmers and the onshore activities, following the “Special marks IALA
recommendations”.

The area should be clearly delimited with dedicated signage. For example,
e Area forbidden for Jet ski.

e The waterways should be clearly delimited.

e The access of the Jet Ski should be regulated clearly.

e The buoys color should be yellow.

e The delimited areas should be marked with spherical buoy day mark.

e The access channels should be marked with conical and cylindrical buoy day mark.
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MSW Figure — 007: Example: delimited area for swimmer and channel for Jet ski or small marine craft

4.2.3 Beach Size and User Load

The beach size (designated land and water) is to be based on the estimated maximum number of users which
may be frequently expected at any one time in the water and on the land area.

4.2.3.1 Designation of Areas

For the purpose of computing user load within the beach area, those portions of the bathing water 1.5 m or
less in depth shall be designated the “shallow area”. Those portions of the bathing water over 1.5 m in depth
shall be designated “deep area”.

4.2.3.2 Posting of User Load

A sign must be posted at all the entrances to the beach area displaying the maximum number of patrons
permitted in the beach area based on the design parameters listed below.

4.2.3.3 Design Loading

Bather design loading is based on the anticipated maximum number of bathers in each of the different areas
of the water at one time. The design loading of the beach area shall be consistent with the supporting
facilities (parking lots, sewage facilities, etc.) The following requirements must be met.

e Shallow Area: When calculating user loads in the shallow area (1.5 m or less in depth), 2.4 m? of
water surface area shall be provided for each bather.

e Deep Area: When calculating user loads in the deep area (greater than 1.5 m in depth), 7 m? of water
surface area per bather shall be provided.

e Diving Area: Where diving facilities are provided, 27.8 m? of water surface area shall be reserved
around each diving board or diving platform for a total of three bathers, and this area should not be
included in computing the permissible user load of the deep area.

e Additional Area Allowance: Additional allowance must be made on the basis of one additional
patron per each 4.65 m?of additional picnic and play area within the beach area.
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MSW Figure — 008: Example: bathing beach zoning

4.2.4 Safety Requirements

Safety Markers: Lines, buoys, poles, or other markers must be used to designate wading, shallow, deep, and
diving areas of a bathing beach. Marker lines with buoy markers must be securely anchored. Lines must have
buoys no more than 7 m apart and at points where lines are joined.

Wading Area: Designated wading areas, if provided, must be marked by lines with buoys, must be no more
than 0.6m deep and must be located in front of a lifeguard station.

Shallow Area: Marker lines with buoys must designate the boundary of the shallow area if there is an
increase in bottom slope between the shallow and deep (greater than 1.5 m) areas. The marker lines
separating the shallow and deep areas shall be located 0.3 m to 0.6 m toward the shallow area of the bathing
beach from the bottom slope break point. No marker lines separating shallow and deep areas will be
required if the bottom slope does not change from the shallow to the deep area. However, if the width of
the deep area is more than 4.5 m, a marker line separating shallow and deep areas should be provided, even
if there is no change in bottom slope.

Diving Area: Marker lines with buoys shall designate the area restricted to diving from platforms or diving
boards.

Limits of Bathing Area: The limits of the bathing area will be designated by lines, buoys, and signs indicating
that use of the area is limited to swimming and bathing.
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4.2.5 Depth Markers

Clearly visible depth markers, with at least 15 cm high numbers indicating the water depth in meters. The
markers are placed at or above the water surface at 0.3 m increments of depth and at no more than 5 m
horizontal intervals. All platforms and similar structures (e.g., deep water lifeguard chairs) must have depth
markings on the deck edges and face plates of the structures.

4.2.6 Signalization of Beach and Swimming Zones

To ensure the safety of swimmers and in the interest of communicating preventive information, the beaches
are physically demarked and equipped within the monitored areas as follows:

L4

Swimming

No Swimming Dangerous Safe to Swim

MSW Figure — 009: For illustration purpose only

Signaling equipment used on beaches and swimming areas, whether or not located by the sea, consists of:
e One or more mast signals prominently displayed, white, of variable height depending on the extent
of the beach or bathing place, but at least 10 m;
e Signals attached to the pole, namely:
o Ared flag meaning "bathing prohibited"

A yellow orange meaning "High Risk Swimming area, but supervised"

A green flag meaning "lifeguard present and no particular danger"

A black and white chequered flag “Water Sports Area”

The first three flags are isosceles triangles and the fourth is a rectangle with a base length of

1.5 m, which should not bear any symbol or inscription.

e Panels with figures indicating clearly the meaning of the signals mentioned above as well as
indicating the location of survival craft and rescue station. They should be affixed to the mast signals
at 1.60 m above the ground and at various points on the beach or swimming area. It may be advisable
to include on these panels text in foreign language, clarifying the meaning of the sign.

O O O O

4.2.7 Precautionary Zone

A precautionary zone is an area within defined limits where marine crafts must navigate with particular
caution in order to reduce the risk of a maritime accident or casualty and resulting marine pollution. It is
also an area within which a particular direction of traffic flow may be recommended.

In these zones, the navigational precautionary zone will be marked by sign on a legible panel fixed or stickers
on the channel buoys
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Example: Message of Security

Stay in the Navigation Chanel

MESSHEE mESSBEE message

DMT-2021 — www.dmt.gov.ae

MSW Figure -015

4.2.8 Navigational Channel

Navigation channels are marked and described along with other information necessary for safe passage
through the waterway. Channel boundaries are marked with buoys, lights, and other navigation aids.
Commercial traffic is expected to stay within the channels.

For more information, please refer to “IALA Maritime Buoyage System Region A”.

MSW Figure — 016: For illustrative purpose only
4.2.9 Speed Limit Zone
The speed limit relevant for the particular area zone should be marked in the buoys. Generally, speeds up

to 12 knots are followed.

Below is an example of a signage that can be marked on buoys:

DMT-MAR-COP-21-06 — Rev:01 Page 160|173



b d llgubg i d_titgclnldgts [fa

— @ DEPARTMENT OF MUNICIPALITIES
}s',\’ ABU DHABI MARITIME AND TRANSPORT

dAsc
KNOTS
MSW Figure — 017

This message should be marked on conical/cylindrical yellow-colored buoys to bound the zone. To be legible
from 50 m, this message should be on buoys (diameter 1.2 m) minimum. Buoy should be installed every 50
m.

4.2.10 Personal Watercraft (PWC) / Jet Ski Area

The PWC / jetskis zone should be marked for safety reasons. This area is marked by yellow buoys along the
inshore side and by yellow buoys at the corners of the outer limits.

Within the Entry and Exit Channel, PWC/ Jetskis are to proceed below 6 knots or at the slowest speed at
which they can be safely operated.

Finally, within the designated Jet Ski area, PWC will operate at high speed. Other water uses should take
care when entering this area.

Below is an example of signage that can be marked on buoys:

(

4ilal) il Al aladin) aday
Personal water craft
 prohibited )

MSW Figure — 018

This message should be marked on spherical yellow-colored buoys to bound the zone. To be legible from 50
m, this message should be on buoys (diameter 1.2 m) minimum. Buoy should be installed every 50 m.
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4.2.11 Rowing / Regatta Area
The Rowing/Regatta area should be marked for safety reasons. Below is an example of signage indicating a
rowing zone that can be marked on buoys:

MSW Figure — 019: For illustrative purpose only

This message should be marked on spherical yellow buoys to bound the zone. To be legible from 50 m, this
message should be on buoys (diameter 1.2 m) minimum. Buoy should be installed every 50 m.

4.2.12 Water Ski Area
The Water Ski area should be marked for safety reasons. Below is an example of signage indicating a water
ski zone that can be marked on buoys:

MSW Figure — 020: For illustrative purpose only

This signage should be marked on spherical yellow buoys to bound the zone. To be legible from 50 m, this
message should be on buoys (diameter 1.2 m) minimum. Buoy should be installed every 50 m.

Chapter 5: Production and Installation Principles

Sign standards and guidelines are reviewed periodically and are subject to change. Although a strict
procedure is followed for the production and installation of new signage. Refer MSW Fig-021.

Firstly, the Department will appoint a consultant to complete the risk assessment of the location and will
include the baseline study, hazards identification report and the risk management plan.

Following the recommendations, the sign content, location and placement will be determined.
Enjoyment of our waterways involves varying degrees of risk. The duties of stakeholders include
alerting potential users to foresee risks at a particular location. Some hazards are easily identified such as

cliff faces and rocky outcrops. Other hazards may be less visible and could include strong currents (rips),
submerged rocks or dangerous marine life.
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After the hazard identification, the appointed contractor shall apply for the Department’s approval to
commence production and installation of the signage.

1. Marine Signage Risk Assessment

T

Determine Sign Content,
Location and Placement )

I

2. Recommendations

3. Production
Production Layouts
J
Hazards Regulations Information
J [ J )
DOT Approval
I >
Production Order
J
Production & Installation
>

MSW Figure — 021

5.1 Standard Colours and Shapes

5.1.1 Permissive / Information Symbols
A permissive symbol is a blue circle. The symbol graphic should always be white. A permissive symbol should
be used to instruct people.

Blue, Pantone 286

5.1.2 Regulatory / Prohibition Symbols
A regulatory symbol is a circle with a red outline. The symbol graphic should always be black.

A prohibition symbol is a circle with a red outline and negation bar, and the symbol graphic should always
be black. A prohibition symbol should be used to tell people that specific behaviour is forbidden for safety

reasons.

Red, Pantone 185 C
Black, Pantone Process black C
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Permissive / Information Symbols
Code Sign Meaning
O
1101 Anchorage
1102 Jiﬁﬁ Tow-in surfing
1103 g Personal Water Craft
B o
1105 Swimming
1106 / Kite-boarding
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Code Meaning
1107 Power boating
1108 Boating permitted
1109 Board sailing permitted
1110 Diving permitted
1111 Rowing permitted
1112 Water-skiing permitted
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Regulatory / Prohibition Symbols

Code Sign Meaning

——— -,

R113 Speed: 4 knots

R114 @ Speed: 8 knots

SPEED LIMIT
IN KNOTS

R115 Speed: 5 knots

R116 @ Speed: 10 knots

R117 Speed: 20 knots

R118 No tow-in surfing

TOW-IN
SURFING
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Code (M EELTLT
R119 Prohibited Area

PROHIBITED

AREA
ol \FS BN |

R120 @ Personal water craft prohibited
R121 No Swimming
R122 ® No kite boarding
R123 @ Vessels prohibited

e
R124 No Power-Driven Vessels

NO
POWER-DAIVEN
VESIELS
- o
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Code Meaning
R125 @ Board Sailing prohibited
R126 @ Diving prohibited
R127 ® No fishing
r—
R128 PFD must be worn
PFD MUST
umJ
ro—
R129 Waterway closed
WATERWAY
R130 No wash
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Code Sign Meaning
R131 ® No water-skiing
R132 @ Clockwise direction of travel
R133 Anti-clockwise direction of

travel

R134 @ No rowing
R135 @ Anchorage prohibited
R136 Narrow channel keep to right
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Code Meaning
R137 Sailing prohibited
EPIRB required more than
R138
2NM
EPIRB
REQUIRED MORE
THAN 2 NM

Summary

A well-managed signage program is vital to the look and function of the Emirate’s Waterways. The
application of these standards will help to ensure a unified direction for facility planning. The information in
this standards manual is indented to be a resource for all stakeholders. We have tried to address the most
common signs and their usage, however these standards may not provide an immediate solution to every
informational signage need. Signage standards and methods of manufacture are continually changing and
will be monitored and the standards updated to take advantage of new technologies the industry has to
offer. Building code revisions and their impact on the signage program will also be continually monitored
and sign layouts updated to comply with the latest regulations.
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Appendix B: New Symbol Approval Form

NEW SYMBOL .
Interim approval to use new symbol

APPROVAL FORM

Name

Organization

Phone

Email

PLEASE NOTE
If a suitable symbol is not in this document there is opportunity to further investigate, develop and test new
symbols.
e Direct all enquiries to the Department of Municipalities and Transport — Department of Maritime
Transport
e Any interim use of new symbols must be endorsed by the Department of Municipalities and
Transport — Department of Maritime Transport

SYMBOL TYPE PROPOSED WORDS (2 VERSIONS)
Prohibitory

Regulatory

Advisory

Information

Safety

o|oiggio|g

Mandatory

REPORT INDICATION WHY NEW SYMBOL IS REQUIRED
1. Background

2. Details why an existing symbol cannot be used

3. Attach artwork for new symbol - preferably electronic, encapsulated post script (.eps) if possible
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Forward this form to:
The Director, Waterways Management, Abu Dhabi Maritime and apply through online portal

Appendix C: Contact Details — Department

Name of Authority Contact Details

Emergency No.: 800 555

Department of Municipalities and Transport ;
P P P Website: https://www.dmt.gov.ae/en

Emergency No.: 800 112

Abu Dhabi Ports Group Website: https://www.adports.ae/
Email: customerservice@adports.ae

Emergency No.: 800 112
Mobile No: 050 447 3187

Abu Dhabi Maritime Enquiry and Information: 800 10 20 30
Website: https://www.admaritime.ae/
Email: info@admaritime.ae
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END
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