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Harbor Hydraulics
- Tides.- Tides.
- Waves

- Currents.
- Scour.
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Can you design something “ cheap”  
to deal with this every day.



• Encompasses all movement of water 
within a particular port or harbor

• Currents within a port can both help 
and hurt its structural and 
environmental integrity (e.g., 
sedimentation, pollutants)

Surface current velocities, San Pedro de Sula, Honduras.

sedimentation, pollutants)

• Wave action versus navigability issues 
(harbor entrance, breakwaters, jetties)
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Wave Action.

- Waves created can be of short or long-period;

- Many probabilistic models have been developed for different wave 
frequencies and amplitudes;

- Pr ior to design, storm surges and tidal effects must be considered; and

- Waves can be diffracted, reflected, or transmitted.





Diffracted waves generated inside a harbor from its entrance.



The diffraction of waves:

Hd = diffracted wave height;
Hi =  incident wave height;
r =  radial distance to diffracted wave;
� =  angle between breakwater and the radial;
q =  incident wave direction; and
L =  wave-length.



Example.

Find the wave height in the lee of the breakwater, if � = 30º; radial distance r = 100 
m; per iod T = 6 seconds; the wave height Hi = 2 m; � = 60º; lee-water depth = 10 m; 
wave length L = 48 m.

Solution:
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2) From figure on the next slide, for  = 30º and  = 2.08 yields '= 0.28

3) The diffracted wave height  ' 0.52 0.28  6 d i
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Wave diffraction diagram:



The Transmission and Reflection of Waves.

When a wave hits a breakwater it will be par tially reflected, par tially absorbed, and 
some wave energy will be transmitted.

The most cr itical wave energy comes from the reflected waves within the harbor 
boundar ies, because the create harbor wave oscillations.

Structures within the harbor have different reflection coefficients which govern their 
designs.

Harbor Oscillations.

Ver tical motions from waves within a harbor may be small, yet their  hor izontal 
motions can be very large. The por t engineer must try to prevent the waves and 
cur rents from matching their natural resonant per iods with that of the harbor. For 
this reason, sources of fr iction for the waves within a harbor is good factor for design.



Wave reflections within the confines of a harbor.



Waves Impacting Por t Structures



Harbor Currents.

Hydrodynamic forces acting on a ship include its iner tial mass, propeller, rudder, 
and crosscurrent forces (among many others).

Currents can be freshwater (r iver ), or tidal.

Currents cause toe scour of quay walls and bulkheads, which lead to structural 
failure.

Currents serve an impor tant role in flushing waste from the harbor basin.



The stability of port infrastructure under the action of waves and currents.

Harbor structures can be either large monolithic masses or aggregations of smaller 
ordered units (e.g. concrete seawalls or concrete-block/r iprap revetments).

The larger structures provide greater initial strength, but are more susceptible to 
failure due to toe scour and lack of flexibility (differential settlement).

The random placement of smaller rocks or concrete units will exper ience some 
settling and readjusting, and yet will not fail catastrophically.



The figure below shows an example of a typical armored revetment to protect a 
por tion of a harbor basin. This is an example of smaller and flexible protective 
structures.



These are examples of larger (and more r igid) concrete bulkheads or seawall.



In anticipation of the invasion of Normandy in June 1944, the Allied forces had built a 
temporary por t made from these reinforced concrete docks in sections, called 

“ Mulberr ies” . Dur ing the invasion they floated them across the English Channel to 
create a por t in a matter of two days! A hundred thousand soldiers used them.



A flexible steel sheet-pile wall is more commonly used for 
quays and piers than protective revetments.



Toe and overtopping scour.

When designing against scour, many factors must be considered, such as breaking 
waves, harbor cur rents, and soil grain-size distr ibution.



The scour of a common reinforced concrete seawall.











Other Geotechnical Considerations.

The generation of dynamic forces on a structure (for example, upon a steel sheet-pile 
wall) are the result of the wave action and the seepage flow within a soil. The engineer 
must be able to predict how these forces will act throughout the structure’s life-cycle. 
Waves impacting a wall increases the active soil pressures and require greater 
designed passive pressures and tie-backs to insure stability.

- L iquefaction induced subsidence of the r ip-rap or concrete blocks;
- Wash-out of fines from the protection works;
- Rotational slip failures of the embankments;- Rotational slip failures of the embankments;
- Sliding of gravity walls into the harbor ;
- Instability of r ip-rap toes when placed on hard bottoms (rock shelves);
- Scour ing of pilings from vessels, cur rents and waves;













Safety cr iter ia for over topping



Scour is commonly exper ienced dur ing storms and seasonal heavy wave action. 



Timber, steel and concrete piling in a harbor is immediately subjected to scour ing 
by cur rents, waves and hydrodynamic flows from passing vessels.



Many ship landings and harbors are located at tidal r ivers, where sediment transpor t 
and deposition of very fine (silt) and coarser sediments (sand) are major factors for 
maintenance of harbors and approaching channels. The types of harbors to be 
discussed are (1) River-Channel harbors, (2) Off-River harbors, (3) Fall-L ine harbors, 
(4) Off-Channel harbors in tidal estuar ies, and (5) Shoreline harbors.

In River-Channel harbors, the fresh r iver waters keep the clays moving, and therefore 
the pr incipal sedimentation problem becomes one of sand.  Dredging, training walls 
and diversion of the r iver are the usual cor rective measures in such harbors. 

Off-River harbors have a little difficulty with sand and gravel, but do often have Off-River harbors have a little difficulty with sand and gravel, but do often have 
problems with silts and clays. The solution to shoaling is dredging, training walls and 
dikes, and use of locks or floodgates. Shoaling is usually due to suspended silt and 
clay. Improvement is the same as for Off-Channel r iver harbors. The problem at 
Shoreline Harbors is the deposition of sand moved into the harbor by the littoral 
cur rents. Maintenance of such harbors usually involves a sand bypassing operation.



Re-sedimentation of sand banks are mitigated by training walls.



Re-sedimentation of sand banks here are mitigated by piers and training walls.



To understand the process of harbor sedimentation, it is impor tant to know the dynamic 
behaviour of the tidal environment and resulting hydrodynamics, also influenced by 
varying discharges from the r iver systems, drainage canals and some other sources. 
Tidal harbors with their mostly rather complicated geometr ical structure of basins and 
channels act as sinks and sources for sediments, i.e. transpor t of suspended mater ial and 
bed load. Sedimentation problems generally result from sand and gravel deposits. 
Solutions usually consist of dredging, training walls, or the creation of and off-channel 
harbor. Dredging activities to keep harbors and r ivers navigable result in large amounts 
of often contaminated mate-r ials, which are difficult and costly to dispose.

Dredged mater ial is a term used to descr ibe the mater ial excavated from a r iver, harbor 
or lake by a dredge. In maintenance dredging, it is the sediment that has accumulated in or lake by a dredge. In maintenance dredging, it is the sediment that has accumulated in 
the channel bottom since the last time it was dredged. In r ivers, these sediments are soils 
that have been eroded from farmlands, forests, and gardens or washed off city streets 
and carr ied by the water before being deposited in a deepened channel. In the harbors 
and entrance channels that extend out into the lakes, the sediments are sand and silts 
that have been carr ied along the lake shoreline by littoral currents and deposited in the 
deepened channel. Over 90% of the dredged mater ial is a clean soil that is physically and 
chemically the same as the soil on a field or in the park. The other ten percent may have 
contaminants that came from a number of possible sources including urban runoff and 
sewer over flows. Dredging of accumulated bottom sediments in shallow draft harbors is 
required on a per iodic basis to provide recreational boats access to deeper water and 
allow for safe passage.



Dredges removing sediments in Boston’s harbor.



This clamshell bucket is also used for dredging; in this photo it is being is held for a few 
minutes to permit draining



Sand bypassing.
Sand-bypassing requires that sand trapped by the jetties be transfer red to area 
beaches.  The sand disposal operation would result in highly ar tificial beach conditions 
and disposal areas would resemble construction zones dur ing bypassing operations. 
The jetties would eliminate sediment inputs and reduce the area of impor tant habitats 
(e.g., tidal marshes, tidal mudflats, sea grass beds) that depend on sediment passing 
through the inlet to counteract natural erosion.

Reasons for Sedimentation.
The result of waves breaking at an angle to a shoreline is generation of and alongshore 
or littoral cur rent. I t is this cur rent, combined with the agitating action of the breaking 
waves, that is the pr imary factor causing the movement of sand along a coastline. This waves, that is the pr imary factor causing the movement of sand along a coastline. This 
movement takes place in two manners (1) in suspension and (2) by rolling in a zigzag 
motion along the beach face. For a beach with an equilibr ium profile formed by waves 
of relatively large steepness, which is character istic of storm conditions, the sediment 
movement is mainly in suspension. In the case of an equilibr ium beach profile formed 
by waves of low steepness, the transpor t appears to be the result of rolling and 
skipping along the beach face. 

There are two reasons for heavy sedimentation. The first but only minor sediment 
intrusion or iginates from the flow induced water exchange and from this resulting 
vor tex generation in the harbor entrance.



Flow induced vor tex generation in a harbor entrance and the tide effect.



The second and more sediment producing effect comes from the continuous exchange 
of sediment laden waters from the r iver due to r ising tides, the so called tide effect. 

Solutions for reductions in maintenance dredging therefore can only come from a 
reduction in flow induced water exchanges between r iver and harbor and a concept for 
guidance of inflows and sedimentation so that access to ber thing areas is secured.

Sedimentation in harbours cannot be avoided. But even limited reductions can reduce 
maintenance, dredging costs and in case of contamination also reduce cost for 
deposition or processing to avoid environmental hazards. Por ts and harbors are often 
dredged to deepen channels, improve navigation and increase capacity, but expansions 
may threaten adjacent fragile wetlands or compete with fishing, development and may threaten adjacent fragile wetlands or compete with fishing, development and 
community needs. While clean sediments may be beneficial for beach nour ishment and 
coastal development, a greater challenge is disposal of sediments containing metals, 
PCBs, DDT, and petroleum-der ived hydrocarbons.
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