
Coastal 
Engineering



Coastal 
Defences 

• Coastal Zones occupy <15% of the Earth’s land 
mass yet accommodate >40% of the global 
population. 

Presenter Notes
Presentation Notes
Migration trends indicate a continuous rise in Low Elevation Coastal Zone density, placing billions in the direct path of oceanic forces. 





Coastal Defences 

1. Reduce risk of flooding by 
holding back waves. 

2. Slow erosion to prevent land 
loss. 

Presenter Notes
Presentation Notes
With climate change and rising sea levels, this is important to protect from more frequent and intense storms.




Coastal 
Defences
They can be categorised as 
HARD and SOFT 
engineering. 

Presenter Notes
Presentation Notes
We’re going to focus on high engineering required for high-density urban zones. 



Wave FormationWave Formation



Wave 
Formation

• Waves are formed by 
wind blowing over the 
surface of water.

• Wave formation is 
dependent on 3 
factors:  

Presenter Notes
Presentation Notes
Air flowing over the sea exerts a tangential stress, leading to formation and growth of waves
Turbulent air flow close to water surface creates varying shear stresses and pressure fluctuations. When in phase with existing waves, they grow further
Once waves are big enough, the force exerted by the wind becomes bigger, causing further growth






Wave Formation

Presenter Notes
Presentation Notes
The wind must be moving faster than the wave crest to transfer energy. 
categorised by the wind speed 10 m above the water surface



Wave Formation

Presenter Notes
Presentation Notes
The distance the wind blows over water with similar speed and direction. 



Wave Formation

Presenter Notes
Presentation Notes
The time for which the wind blows over water without disruption. 



Presenter Notes
Presentation Notes
As waves approach shallower water, they transform. 
There is a limit to the steepness of a wave, beyond which it starts to collapse or break. In deep water,
increased wind energy may initiate local breaking, but generally additional wind energy causes
increased wave length as well as increased wave height, thus maintaining wave steepnesses below
critical breaking values.
In intermediate and shallow water however, the processes of shoaling will reduce local
wave length, and increase wave heights, thus increasing the (local) wave steepness. This processes does
not involve any (significant) loss of energy, and is potentially reversible if the wave travels into deeper
water again.
As this continues, individual waves will reach their steepness limit, and (if shoaling continues) they will
now break.
Neglible movement below half a wavelength



Wave 
Breaking

Eventually they will become so steep they 
can no longer support themselves and 
breaking will occur. 

Presenter Notes
Presentation Notes
As waves move into shallow water, the friction with the seabed slows the movement of the base of the wave. 
The top continues to travel at the same speed, causing the wave to tilt, break and move towards the shore. 
The type of wave breaking is influenced by the beach or structure slope (tan α), and the wave steepness



Wave Characteristics

Presenter Notes
Presentation Notes
Typical wave described as sinusoidal

Crest = Highest point of the wave

Trough = Lowest point of the wave

Wavelength = Distance from one crest/trough to the next (m)

Wave Height = Height from trough to crest (m)

Wave steepness = ratio of wave height to wavelength

Amplitude = distance from the centre of wave to the bottom of the trough (m)

Wave Period = time for one full wavelength to pass a given point (s)



Irregular Waves

Presenter Notes
Presentation Notes
Waves aren’t nice sinusoidal shapes. How do we deal with them?! 
Significant wave height, WVHT, is approximately equal to the average of the highest one-third of the waves, as measured from the trough to the crest of the waves



Zero Crossing Analysis 

Zero Up-
Crossing
10s

Presenter Notes
Presentation Notes
Waves aren’t nice sinusoidal shapes. How do we deal with them?! 
Significant wave height, WVHT, is approximately equal to the average of the highest one-third of the waves, as measured from the trough to the crest of the waves



Zero Up-
Crossing 
10s

Next 
Zero Up-
Crossing 
19s

𝐓𝐓 = 𝟏𝟏𝟏𝟏 − 𝟏𝟏𝟏𝟏 = 𝟗𝟗𝟗𝟗

Presenter Notes
Presentation Notes
Waves aren’t nice sinusoidal shapes. How do we deal with them?! 
Significant wave height, WVHT, is approximately equal to the average of the highest one-third of the waves, as measured from the trough to the crest of the waves



Zero Crossing Analysis 

Zero Up-
Crossing 
10s

3.2m Next 
Zero Up-
Crossing 
19s

Presenter Notes
Presentation Notes
Waves aren’t nice sinusoidal shapes. How do we deal with them?! 
Significant wave height, WVHT, is approximately equal to the average of the highest one-third of the waves, as measured from the trough to the crest of the waves



Zero Up-
Crossing 
10s

3.2m

-3.9m

𝐇𝐇 = 𝟑𝟑.𝟐𝟐 − −𝟑𝟑.𝟗𝟗 = 𝟕𝟕.𝟏𝟏𝟏𝟏

Next 
Zero Up-
Crossing 
19s

Presenter Notes
Presentation Notes
Waves aren’t nice sinusoidal shapes. How do we deal with them?! 
Significant wave height, WVHT, is approximately equal to the average of the highest one-third of the waves, as measured from the trough to the crest of the waves



Significant Wave 
Height

Significant wave height, Hs, is approximately equal to 
the average of the highest one-third of the waves, as 
measured from the trough to the crest of the waves

Presenter Notes
Presentation Notes
Waves aren’t nice sinusoidal shapes. How do we deal with them?! 
Significant wave height, WVHT, is approximately equal to the average of the highest one-third of the waves, as measured from the trough to the crest of the waves
This is what we design for as engineers. 



Mean Wave 
Period

Mean Wave Period, Tm, is the average period of all 
waves. 





Wave Overtopping



Scour



Coastal 
Structures

Presenter Notes
Presentation Notes
Examples of the principal purposes of coastal or harbour structures may
be considered under two principal headings:
;



Coastal Protection & Sea Defence

• Limit wave action reaching (sections 
of) the shoreline;

• Restrict movement (particularly 
loss) of beach materials;

• Protect areas of "soft" shoreline, 
natural or imported, against erosion;

• Restrict extent and frequency of 
flooding of reclaimed or low-lying 
areas by wave overtopping, or by 
defence breaching;

Coastal Structures

Presenter Notes
Presentation Notes
Protection of harbours, marinas and related facilities:
Limit wave disturbance within harbour or marina areas;
Restrict wave overtopping into working areas in or near harbours;
Limit wave motions in water intakes for power or desalination plants



Coastal Protection & Sea Defence

• Limit wave action reaching (sections 
of) the shoreline;

• Restrict movement (particularly 
loss) of beach materials;

• Protect areas of "soft" shoreline, 
natural or imported, against erosion;

• Restrict extent and frequency of 
flooding of reclaimed or low-lying 
areas by wave overtopping, or by 
defence breaching;

Harbour, Marina & Related Facility 
Protection

• Limit wave disturbance within 
harbour or marina areas;

• Restrict wave overtopping into 
working areas in or near harbours;

• Limit wave motions in water intakes 
for power or desalination plants

Coastal Structures

Presenter Notes
Presentation Notes
Additional purposes may include the use of the structure itself as a platform for amenity, commercial,
industrial, or naval uses. Sea walls in or near urban areas may be required to fulfil a range of amenity
and/or commercial functions, often providing promenade space. Breakwaters in ports must often provide
the basis for mooring berths and cargo transfer facilities. Timber groynes may be adopted by beach
users as windbreaks; sloping seawall revetments may be used for access; rock groynes or revetments are
frequently used as fishing platforms



Structure 
Types

The structures most discussed in design manuals are:
• simple vertical walls or breakwaters;
• impermeable and usually smooth revetment slopes; 
• rubble mound breakwaters or slopes



Vertical 
Walls

• Designed with a vertical or 
near-vertical face and are 
often constructed from 
concrete, stone, or other 
durable materials. 

• These walls are commonly 
used in urban coastal areas 
where space is limited, and 
high levels of protection are 
required.

Presenter Notes
Presentation Notes
Vertical or Near-Vertical Face:
Directly reflects incoming wave energy.
Leads to strong wave forces acting on the structure.
Materials:
Typically constructed from reinforced concrete, precast concrete blocks, or masonry.
Often have a smooth or slightly textured surface.




Vertical Walls
• They are liable to experience intense 

local wave impact pressures, may 
overtop severely, and will often reflect 
much of the incident wave energy. 

• Can require a deep, stable foundation 
to prevent undermining by wave 
action and scouring







Advantages
• High Level of Protection
• Space-Efficient
• Durability
• Reduced Land Loss

Presenter Notes
Presentation Notes
Provides strong defense against wave action, storm surges, and coastal flooding.
Suitable for areas with limited land, such as urban coasts.
Designed to withstand high wave forces and extreme weather events when constructed properly.
Limits encroachment of the sea onto valuable land or infrastructure.




Disadvantages
• Wave Reflection
• High Cost
• Environmental Impact
• Structural Vulnerability

Presenter Notes
Presentation Notes
Reflects wave energy, which can:
Increase turbulence and erosion at the base (scour).
Create strong standing waves that may impact nearby areas.
Expensive to design, construct, and maintain.
Disrupts natural sediment transport processes, leading to beach erosion and habitat loss.
Subject to significant force from breaking waves, requiring robust design to prevent failure.




Wave 
Interaction
• Wave Reflection
• Scouring
• Overtopping

Presenter Notes
Presentation Notes
Reflects most of the wave energy, increasing wave height in front of the wall. 
Erosion of the seabed near the wall’s base due to wave-induced turbulence.
During high-energy wave events, water may splash or flow over the wall, necessitating proper drainage systems




Design Considerations 

Wave Forces:

Must withstand 
dynamic and static 
forces from breaking 
waves.
.

Foundation Stability:

Requires deep 
foundations and 
sometimes 
additional scour 
protection 

Crest Height:

Determined based 
on expected wave 
run-up and 
overtopping levels.

Drainage:

Includes features to 
allow water behind 
the wall to drain 

Presenter Notes
Presentation Notes
Designed for maximum wave height and storm surge levels
(e.g., riprap or concrete aprons). 
and prevent hydrostatic pressure buildup.



Applications
• Urban Coastlines
• Harbours and Ports
• Tourist Beaches

Presenter Notes
Presentation Notes
Common in cities like Monaco, Hong Kong, or areas with high-value coastal infrastructure. 
Protects against wave action in confined spaces.
Preserves beaches and promenades by preventing erosion.




Revetments

• An impermeable coastal 
revetment is a sloped 
structure constructed 
along coastlines to 
protect the shore from 
erosion and wave attack

• Designed with materials 
that do not allow water to 
pass through, such as 
concrete, asphalt, or 
large stone slabs sealed 
together. 



Revetments

• Built at an angle to dissipate wave energy gradually, 
reducing wave impact.

• Often includes a smooth surface to prevent water 
infiltration and reduce structural degradation.

• Reinforced toe to prevent undermining by wave-induced 
scour.



Advantages

• Strong Protection
• Durability
• Low Maintenance
• Space-Efficient

Presenter Notes
Presentation Notes
Provides robust defense against wave attack and coastal erosion.
Long-lasting when designed and maintained properly.
Requires less frequent repair compared to permeable structures.
Suitable for areas where land availability is limited, such as urban coastlines.




Disadvantages

• Wave Reflection
• High Construction Costs
• Environmental Impact
• Aesthetic Concerns

Presenter Notes
Presentation Notes
Reflects wave energy instead of dissipating it, leading to Increased turbulence.
Scouring at the toe of the structure.
Use of heavy and durable materials makes initial construction expensive.
Disrupts natural sediment transport processes, leading to downdrift erosion.
May negatively impact the natural appearance of the coastline.




Wave Interaction

• Wave Energy Interaction
• Reflection and Scour
• Overtopping Protection

Presenter Notes
Presentation Notes
Waves strike the sloped surface, and the energy is redirected or dissipated to reduce erosive forces on the shore.
Reflective surfaces can intensify erosion at the base of the revetment, requiring additional scour protection, such as riprap or concrete aprons.
Crest height is designed to limit overtopping during extreme wave events or storm surges.




Design Considerations 

Wave Forces:

Designed for 
maximum expected 
wave height, period, 
and energy
.

Toe & Scour 
Protection:
Requires robust toe 
design to prevent 
undermining

Crest Height:

Must account for 
wave overtopping 
potential.

Durability:

Materials must 
withstand repeated 
wave impact and 
exposure to 
seawater.

Presenter Notes
Presentation Notes
Designed for maximum wave height and storm surge levels
(e.g., riprap or concrete aprons). 
and prevent hydrostatic pressure buildup.



Applications
• Urban Coastlines
• Harbours and Ports
• Road and Railway Defence 

Presenter Notes
Presentation Notes
Protects infrastructure and developments in densely populated areas.
Shields port facilities from wave action
Commonly used along coastal roads and railway lines to prevent erosion.




Rubble 
mound

• A rubble mound wall is a 
coastal structure 
composed of layers of 
loose, interlocking stones 
or rock fragments 
(commonly called 
"rubble") designed to 
protect shorelines, 
harbours, and other 
coastal areas from wave 
action and erosion. 

Presenter Notes
Presentation Notes
These walls are often used in breakwaters, revetments, or seawalls due to their ability to absorb and dissipate wave energy effectively.



Rubble 
mound

Presenter Notes
Presentation Notes
Porous Structure:
Allows water to flow through the gaps between rocks, reducing wave energy by friction and turbulence.
Layered Design:
Typically consists of three main layers:
Armor Layer: Large, durable stones on the outer surface to resist wave impact.
Filter Layer: Smaller stones or gravel underneath to prevent erosion of the core material.
Core Layer: The innermost layer, made of smaller, cheaper materials (e.g., quarry run).

The type of material available to form the inner mound, or core, will also influence the side slopes
that can be made stable. The main elements in a rubble mound (see Fig 2.1) may be summarised:
• Seaward face armour, on upper part of the seaward slope, and sometimes over the crest;
• Crest armour;
• Rear face armour;
• Crest roadway and/or wave wall;
• Underlayers (acting as support and filter layers);
• Core materials;
• Toe armour;
• Scour protection armour;
• Bedding layers;
• Foundation replacement materials, if required, often imported sand.
Under-layers of rock support armour layers and separate them from the finer core or foundation
materials. Rubble underlayers often dissipate a significant proportion of the incident wave energy in
breaking and friction, allowing reduced armour sizes.



Advantages

• Wave Energy Dissipation
• Durability
• Flexibility
• Environmental Benefits

Presenter Notes
Presentation Notes
Absorbs and dissipates wave energy effectively, minimising reflection
Resistant to wave impact
Accommodates slight settlements or shifting without losing effectiveness
Provides habitat for marine life due to porous and uneven surface




Disadvantages

• Space Requirements
• Material and Transport Costs
• Maintenance
• Aesthetic Impact

Presenter Notes
Presentation Notes
Requires a larger footprint compared to vertical walls.
Not suitable for areas with limited land availability.
Relies on sourcing and transporting large quantities of durable rock or stone.
May require periodic replenishment due to stone displacement from wave action.
Can look unnatural in certain coastal settings.




Wave Interaction

• Energy Loss
• Erosion Prevention

Presenter Notes
Presentation Notes
Waves lose energy as they pass through the porous structure, reducing their impact on the shoreline.
The multi-layer design absorbs wave energy by creating turbulence and friction within the gaps.
Protects the landward side by reducing wave force and preventing sediment removal.




Design Considerations 

Wave Forces:

Armour stones must 
be sized based on 
maximum expected 
wave height and 
energy
.

Slope:

Gentle slops are 
preferred for stability

Material 
Durability:
Stones must resist 
weathering, 
abrasion, and 
movement under 
high-energy waves.

Foundations:

Seabed must be 
stabilised to prevent 
settlement or sliding.

Presenter Notes
Presentation Notes
1:1.5 or 1:2 




Applications
• Breakwaters
• Seawalls
• Detached Breakwaters

Presenter Notes
Presentation Notes
Protects harbors and shorelines by reducing wave action.




Armour Units

• When obtained rock large enough to 
withstand the wave climate is difficult 
or expensive, armour units can be 
used. 

• These are specially designed, man-
made concrete blocks which serve as 
the outermost layer. 



Armour Units

• Unique Geometric Shapes
• High Stability
• Cost Efficiency

Presenter Notes
Presentation Notes
Designed to interlock or create voids that enhance wave energy dissipation and stability
Their shapes and weight prevent displacement during strong wave action.
Allows for more efficient material usage compared to sourcing large natural stones.




Armour Units

Presenter Notes
Presentation Notes
d Tetrapod:
Four-armed unit designed to interlock and resist movement under wave action.
e. Dolos:H-shaped unit with a twisted design for high stability and energy dissipation
h. Accropode:
Single-layer interlocking unit offering high stability and reduced construction time.
i. Xbloc:
Compact, interlocking unit designed to minimize concrete usage and improve placement efficiency.
g. Core-Loc:
Optimized interlocking unit with reduced weight for easier handling and placement.






Comparison

Feature Vertical Seawall Revetment Rubble Mound Wall

Wave Energy Dissipation Low Medium High

Durability High Medium Medium

Cost High Medium High

Environmental Impact Positive Negative Neutral to Negative
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