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The whar f wall, or quay, at left is different than the finger pier at the r ight. What is the 
difference between these two?

In essence, a pier provides a minimal whar f facility at a depth where vessels can dock. 
A quay provides many impor tant facilities to unload and load cargo and passengers.



Some finger piers do not serve vessels, such as this tour ist and fishing pier shown above. 
The basic structure is the same as a cargo pier, but the magnitudes of the forces involved 

are at different scales.



Por t of Miami’s container quay.



A view west of the Por t of Miami.



This new pre-fabr icated concrete 
pier  was developed by the US 
Navy to serve as a temporary 
por t anywhere in the wor ld.



One of the most extraordinary por ts ever built was the Mulberry Por t. I t was built in 
secrecy by Br itish civil engineers dur ing the beginning of 1944. I t consisted in dozens of 
these pre-fabr icated concrete caissons. Dur ing the invasion of France on the 6th of June, 

1944, they were towed across the English Channel and sunk on the shores of 
Normandy. They created a large por t in a matter of hours!



1. Port capacity factors.

a) Cargo off-loading and loading methods.
b) Port inter-modal connections.
c) Cargo organization and distribution methods.

1a) Cargo off-loading and loading methods.

A RTG (rubber tire gantry) at left versus a rail mounted gantry crane at r ight.



Por t capacity factors 

Rail-mounted gantry 
cranes.



A gantry crane rail.





The south quay of the Por t of Miami has a dozen large gantry crane.



Por t capacity factors: 

Roll-on/Roll-off.



1b. Port inter-modal connections.

Secur ity gates.
Container quay.
Twin-tube double-lanes truck tunnel.
Cruise ship quay and terminals.
Por t central six-lane boulevard.
Four-lane truck-car br idge.
Rail-road br idge.
Power sub-station



1c) Cargo organization and distribution methods.

a) Stacked container cargo,
b) Pallet cargo,
c) Reefer areas, and
d) Tank farms and storage silos.

a) Stacked container cargo.



2. Design criteria.

2a. Minimum width of the 
working quay.

2b. Minimum required depth 
below mean low water.

Minimum width of a working quay

The minimum depth 
below the mean low 
water levels of a por t. 



3. Types of wharf systems.

1) Quay systems,
2) Square-pier systems,
3) Off-shore marginal whar f systems,
4) Pier-and-slip systems,
5) Angled pier-and-slip systems, and
6) Finger-pier systems.









Dry-docks.

This is a photo of the building of the Voyager of 
the Seas in Helsinki, Finland.

The dry dock is essentially a four-sided box, with 
one side that is movable (can open or shut the 
dock). The ship is built in a dry box, until its hull 
can float free. The dock is then flooded, and the 
gate is opened to permit the ship to sail free.



4. Seawall (Bulkhead) Construction.

a) Pile capacities for,
1) Ver tical loads,
2) Lateral loads.

b) Pile types:
1) Steel sheet-piles,
2) Steel-concrete circular piles,
3) Concrete piles, and 
4) Timber piles.4) Timber piles.

c) Anchored sheet-pile seawalls,
1) steel,
2) plastic,
3) concrete and timber sheeting.

d) Gantry crane support grade-beams and support piles.



Bullhead Definition.

A bulkhead is a water front structure provided to permit an abrupt changer change in 
ground elevation so that the ground level on one side is substantially higher than the 
ground or seabed level on the other side.

Types of bulkhead.

Most of the whar f or quays structures and piers can be classified as bulkheads.  In the 
past, timber was used extensively for bulkheads. However, it is expected that timber 
bulkheads will not be widely used in the future because of their  much higher cost. 

Tied-back steel sheet-pile bulkheads are the most widely used. Steel sheet piles are 
readily available in a wide range of shapes and weight, and they can be combined 
readily with H-piles or pipe piles for deepwater applications where greater bending 
strength is required. Reinforced concrete sheet piles, either pre-stressed or not, are 
also used. Although concrete sheet piles are more difficult to handle and install than 
steel sheet piles, they are relatively maintenance free nature of good-quality concrete 
can make them an attractive alternative.



Design Loads.
To ensure safe and effective operation of por t-related mar ine structures, it is necessary 
to reliably define the loading that the structure will be subjected dur ing their service 
life. For these types of structures the var ious loadings are usually categor ized as:

1. Dead Loads.
Dead loads consist of the weight of all the components of the structure as well as the 
weight of all permanents attachments, such as piping, moor ing equipments, gangway 
structures, light poles, railings, shed and stationary cargo transfer equipment.

2. Vertical Live Loads.
Ver tical live loads consist of the weight of all movable equipment, cargo stored on or Ver tical live loads consist of the weight of all movable equipment, cargo stored on or 
moving across the structure, wheel loads of trucks, mobile cranes and any other 
moveable equipment for the facility.

3. Mooring Loads.
Moor ing loads are the forces acting on a moored vessel ar ising from the 
following sources: winds, cur rents, wind waves, waves from passing vessels, 
tidal var iations and seiche (the resonant oscillation of the water ).



4. Berthing Loads.
Ber thing Loads are quantified in terms of energy transfer from the kinetic 

energy of the vessel into potential energy dissipated by the fender system. 
The reaction generated by the fender system usually imposes a 
substantial hor izontal load on the structure.

5. Earthquake Loads.
Por t structures located at in seismically active areas should be designed to 

resist ear thquake motions. In the absence of a site-specific response 
spectrum, the seismic forces should be calculated in accordance with the 
requirements of the AASHTO, 1996.

6. Earth Pressure.
The lateral active and passive ear th pressure on the por t structure should be 

evaluated in accordance with standard geotechnical engineer ing 
procedures. In determining lateral ear th pressures, the effects of seismic 
events and the pressures due to water-level differentials should be 
considered.

7. Ice Forces.
In addition to the weight of accumulated ice on the structure, the forces 

exer ted by floating ice should be considered.



The elements of an anchored steel sheet-pile seawall.



Vibratory attachment dr iver.





This “ MKT”  
vibration sheet pile 
dr iver is installing a 

new bulkhead wall at 
the Por t of Miami.

Tracked sheet-pile hammer.



Timber  piles are not very popular  any more 
in mar ine construction, because they decay 
very quickly. Steel pipes filled with concrete 
are an excellent choice that car ry very high 
loads (photo from the Por t of Miami).





A large steel sheet-piling coffer-dam.



This cofferdam is built from Z-type steel sheet-piles and stiffened every 6 feet with a 
cellular shaped box to add r igidity to the wall.









A steel sheet-pile wall with its concrete head beam. Note the battered piles at left, the 
lighting facility and the main users sunning themselves on the new facility. 





Concrete bulkheads. Bulkheads are simply water front structures that permit an abrupt 
change in ground elevation so that the ground level on one side is substantially higher 
than the ground level or seabed level on the other side.







A single horn bollard being prepared to be embedded into the bulkhead structure.
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