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The Marine Environment

1.- Wind forces
2.- Wave forces

3.- Currents and tides3.- Currents and tides
4.- Ice

5.- Seismic
6.- Propeller wash, scour, siltation

7.- Bio-chemical attack
8.- Vessel impact (mooring) forces

9.- Crane and cargo loads.
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Environmental Forces on Marine Structures. 



1.  Seawater.

Seawater contains a great number of elements. The concentration of these elements are 
typically given in par ts per million (ppm) which is equivalent to milligrams per liter 
(mg/L).

The combined concentration of these dissolved solids in sea water is defined as its 
salinity. The salinity of seawater ranges from 3.1% to 3.8%, with a mean of about 3.5% 
(or 35 ‰). Por ts typically have smaller salinity due to the inflow of freshwater from 
r ivers and groundwater. Chlor ine (1.9x107 mg/L) and sodium (1.1x107 mg/L) are the 
most abundant elements in seawater. 

Seawater ’s salinity is given by S (‰)  =  0.03 + 1.805 chlor inity (‰).

The density of seawater is slightly higher than freshwater, 64 pcf versus 62.4 pcf (or, 
1025 kg/m3 versus 1000 kg/m3).

The heat capacity of water is among the highest of all liquids and solids. This is the 
reason that oceans help maintain uniform temperatures.



The thermal conductivity of seawater is slightly less than freshwater. Chemical 
reactions are governed by acidity and alkalinity through their pH,

pH = - log10 (H
+)

where H+ is the concentration of the hydrogen ions. Since the H+ concentration of pure 
water is 10-7, its pH = 7. The range for pH is 0 to 14, with values less than 7 being 
acidic and greater than 7 being alkaline. The pH of seawater var ies from 8.0 to 8.4.

The local value of pH determines the level of biological activity and the degree of 
cor rosion on structures.

The levels of oxygen both in the air  and at its seawater inter face determine the degree 
of cor rosion of steel: vessel and por t engines, hulls, cranes, cables, etc.

The levels of carbon dioxide CO2 and hydrogen sulfide H2S that are dissolved in 
seawater tend to lower the pH, and large concentrations of H2S embr ittles steel.

Silts and clays suspended in the water lead to turbidity.



Marine fouling is the accumulation of mar ine plants and animals on immersed 
sur faces. A ship’s hull, for example, not only looses speed but also increases its weight 
with fouling. The drag coefficient CD is usually increased by 20%, although medium 
fouling may increase it by 70%. Fouling also increases the rate of cor rosion of metals.

Fouling in warm seawater from hard mussels may be greater than 300 mm thick. 
Many sea microorganisms grow at rates of 50 mm/year.

Some researchers (Heaf 1979) have studied fouling on Nor th Sea oil platforms, and 
concluded that fouling could be more severe to the structure than wave loads.

The density of fouling var ies from 1.0 to 1.4 tonnes/m3. Tables for the potential The density of fouling var ies from 1.0 to 1.4 tonnes/m3. Tables for the potential 
fouling in specific areas of the Wor ld are published by the U.S. Navy Wor ld Atlas of 
Coastal Biological Fouling.

Special paints are used to reduce fouling (Efird, 1975) and are usually based on 
epoxies and copper.



Ships use water as ballast in order to tr im the vessel. When they release the water in another por t, 
they are also releasing plankton, shellfish and bacter ia. The 2 November, 2000 issue of Nature

repor ted that samples taken at Chesapeake Bay next to vessels ar r iving from overseas revealed 
Vibr io cholerae, the bacter ia that cause cholera, that are only found in Bangladesh. 



2.  The Variation of Water-Levels.

The var iation of the water level upon a structure is an impor tant design factor.

The sea r ises and falls in response to the gravitational attraction of the moon and the 
sun.  When full and new moons (second and four th quar ters of the moon) are in a 
par ticular alignment with the sun give r ise to the high (spring) tides. In contrast, when 
the sun and the moon are 90� apar t (first and third quar ters of the moon) they 
produce much lower (neap) tides.

These tidal cycles move back about 50 minutes each day because the lunar month is 
about 1 day shor ter than the solar month. Extreme r ises and falls for tides occur along about 1 day shor ter than the solar month. Extreme r ises and falls for tides occur along 
ocean coasts because of the mass of water moving around the ear th, and where there is 
shoaling. Thus, the highest tides in the wor ld occur in the Bay of Fundy where they 
have been recorded at 30.5 m. Inland seas have very small tides. For example, the 
Mediter ranean has less than 0.3 m in tides.

Mar ine structures use a standard reference plane, which is the mean low water (MLW) 
defined by NAVFAC DM-26.2 as the average height of the low waters over a 19-year 
per iod (the metonic cycle).



Design water levels: tides, storm surges and water level var iations. Tide ranges from 1 
foot (Miami) to 95 feet or more (Bay of Fundy). Nautical char ts use MLW, mean low 

water. The average lowest and highest spr ing tide levels are MLWS and MHWS 
respectively. The United States also uses NGVD (National Geodetic Ver tical Datum) 

which was established in 1929 with that MSL.



The mean lower low water (MLLW) is the average height of the lower low waters over 
a 19-year per iod. Their local values are used by pilots of sur face vessels in navigating 
around nearshore areas, approach channels and harbors. All navigation char ts 
indicate bathymetery (depths) relative to the local MLLW.

In contrast, Admiralty char ts refer to the lowest astronomical tides for soundings, 
which are the lowest predicted tides. A useful reference is the mean sea level (MSL) 
which is defined as the ar ithmetic mean of all hour ly water levels observed dur ing the 
National Tidal Datum Epoch (NTDE). The average lowest and highest spr ing tide 
levels are called the MLW and MHW respectively.

The mean higher high water (MHHW) is the average height of the higher high waters The mean higher high water (MHHW) is the average height of the higher high waters 
over a 19-year per iod that come from the highest water levels recorded from spr ing 
tides on record.

Every por t in the wor ld publishes its Tide Tables, as does the United States Coast and 
Geodetic Survey.

Changes to the sea levels can be caused by storm surges, which are caused by the 
effects of wind over several days. These surges can r ise the sea an additional 1 to 3 m. 
These surge elevations are used for breakwater design.



3.  The Weather.

Weather : rain, fog, spray, snow and iceaffects all por t operations.

Radar and GPS have reduced the danger of heavy rains, fog or snow. However, heavy 
rain still poses the problem of quick drainage, and heavy snowfall may accumulate 
and freeze. All the above, and blowing snow will increase the difficulties of cargo 
handling and compromise the safety of docking operations.

Fog can be summer-type or winter-type. The summer-type fog occurs when warm air 
passes over colder water in the ocean or the por t. The warm air condenses into low passes over colder water in the ocean or the por t. The warm air condenses into low 
stratus clouds. The winter-type fog is the steam fog which occurs when cold air  travels 
over warmer water, and is usually formed at the water sur face. Fog can also hamper 
the safe cargo handling operations.

Spray occurs when waves break against a por t structure or a vessel. Although many 
tonnes of water are loaded on to the vessel or the structure, drainage can be designed 
to handle it, provided the water does not freeze. In cold climates, spray can build up 
as a frozen layer 0.3 m to 1 m thick in a few minutes. The density of ice is 890 - 920 
kg/m3.

L ightning can damage sensitive electronics on cranes, set fire to cargo, etc.



4.  Wind.

Wind is the most impor tant environmental factor that affects por t operations. The 
effect of wind loads upon piers and wharves is negligible, but it is very impor tant upon 
vessels, por t buildings, tall cranes, offshore structures, etc.

Ocean winds circulate clockwise around a permanent high-pressure area in the 
Nor thern Hemisphere and counter-clockwise in the Southern Hemisphere. In the 
tropical and sub-tropical zones the high temperatures and the inter face between the 
atmosphere and the oceans create deep low pressures. This results in violent storms 
known as hurricanes (in the US and Car ibbean), cyclones or typhoons (in the Pacific).

Local topography modify prevailing winds, and result in localized wind jets. Canyons 
created by mountains or tall buildings will impose high velocities upon por t structures, 
cargo handling equipment and vessels, especially those sailing high in ballast 
conditions. Some vessels are abnormally high, such as fer r ies, cruise and container 
ships.

Every por t has a condition of prevailing winds, where there is a usual direction of the 
wind for most of the year. The plot of prevailing winds is called a wind rose, which 
includes direction, frequency and intensity dur ing the average year.



In mar ine terms, a nor th wind means that the wind is blowing from the nor th. An 
onshoreor offshore wind means that the wind is blowing respectively from the sea 
toward the land, or from the land toward the sea. A vessel or structure will have a side 
facing the wind, called the windward side. The opposite side is called the leeward side 
(or sheltered side). A lee shore however, is the shore towards which the wind blows, and 
hence is a dangerous shore.

Seasonal winds which blow in one direction over par t of the year (and opposite 
direction the remainder of the year) are termed monsoons. These winds are common in 
the Indian and Pacific oceans.



The wind rose.

Reading a Wind Rose:



The wind rose.



Any moving fluid (such as wind or an ocean cur rent) exer ts a drag force FD upon any 
structure in its flow path that can be determined from the equation,

FD = (� / 2g) CD V2 Ap

where � is the fluid’s unit weight, g is the acceleration of gravity, CD is the drag 
coefficient, V is the velocity of the fluid relative to the object, and Ap is the projected 
area normal to the direction of flow. 

Specifically for wind, the equation for the force from wind Fwind reduces to,

Fwind = 0.0034 CD V2
wind ApFwind = 0.0034 CD V2
wind Ap

where Fwind is in pounds, Vwind is in knots (1 knot = 1.151 miles/hour = 0.515 m/sec), 
and Ap is the area of the structure perpendicular to the direction of the wind in square 
feet and  � = 0.0765 pcf is the unit weight of air  at the standard temperature of 59ºF at 
sea level.



Example.

What is the force exer ted by a 146 mph wind upon a large container crane in the Por t 
of Miami?

The equivalent lateral area of a large container crane is Ap = 6,400 sf  and it has a 
drag coefficient CD = 0.85.

The wind velocity Vwind = 146 mph = 127 knots 

Therefore,   

Fwind = 0.0034 CD V2
wind Ap = 0.0034 (0.85) (127)2 (6,400) =  300 kips



Drag Shape Coefficient CD.

The force of the wind upon a structure depends of the shape and or ientation of the 
structure. This is expressed as a drag coefficient CD, which var ies with the aspect 
ratio, that is, the ratio of width to length, and Reynolds number NR,

NR = V D / ����

where V is the wind velocity, D is the structures equivalent diameter and ���� is the 
kinematic viscosity. 

Typical values for CD are:Typical values for CD are:

(a) ships and most vessels CD = 1.0;  
(b) for flat sides of houses and br idges CD = 1.2;  
(c) for crane booms, and r igging CD = 0.8 to 0.9; 
(d) commonly use CD = 1.3 to account for both drag and suction increase on the 

leeward side.



Wind Parameters (its speed, the gust factor and the wind force).

Wind Speed. 
The ideal data base is 30 years, because the highest speeds must be selected to extend 
over the length of the overall por t structure, and discount any peak velocities that are 
of a shor ter duration than the structure’s response time. In the US, wind speed 
distr ibutions are repor ted for 10, 20, 25, 50 and 100 year returns, depending on the 
cr itical nature of the structure. 

The maximum sustained wind is defined as the average of the maximum measured 
wind speeds over a 1-minute interval. In por ts, wind speeds are less than those shown 
in this slide. The Beaufor t scale is shown on the next slide.in this slide. The Beaufor t scale is shown on the next slide.

Gust Factor.  
A “ gust”  is a shor ter averaging per iod of wind speed, and commonly used for per iods 
of only a few seconds. Another shor t wind per iod is a “ squall” , which is usually used 
for mean wind speeds of 1 to 5 minutes. The gust factor Cz is defined as the ratio of 
shor t-per iod wind speed to the mean wind speed:                

Cz / C10 =  ( Z / 10)0.083

where Cz is the gust speed at an elevation of Z meters and C10 is the gust speed at an 
elevation of 10 meters.







A waterspout seen 3 nautical miles away, indicating the passing of a storm front.



Broaching of a 36 foot racer. The boat is about to capsize due to unbalanced wind forces 
between the spinnaker and mainsail. The rudder has become ineffective for recovery 

(from A.. Coles “ Heavy Weather Sailing” , 1999).



Example of a Beaufor t Scale Force 10 wind (50 knots) on a racing sailing boat (Enza).



A feel for 50 knot winds on a racing sloop.



Mean wind speed of 65 knots.

Fishing boat Lynnmore is in distress, 
still “ dodging”  seas that have waves 
50 feet high.

Dodging means trying to keep the 
bow into the waves bow into the waves (from A.. Coles “ Heavy 
Weather Sailing” , 1999).



38 foot catamaran Ramtha in distress from 55 knot winds. The significant wave height 
was 33 feet (from A.. Coles “ Heavy Weather Sailing” , 1999).



The 38 foot catamaran Ramtha sinks, and the destroyer HMNZS Monowai rescues  two 
crew members (from A.. Coles “ Heavy Weather Sailing” , 1999).



An 850 m long 
breakwater 
built in 12 m of 
depth of the 
Mediter ranean 
Sea, 50 km east 
of Alexandr ia, 
Egypt.

The concrete 
armor units are 
core-loc types, 
each weighing 
30 tons.30 tons.

The design 
needed to 
consider 11 m 
high waves, 
seismic 
conditions and 
poor soils with 
up to 15 m of 
soft clays.



5.  Currents.

Currents are the motion of water, usually in the hor izontal direction. They can have 
impor tant influence in the design of por t structures. They not only provide loads upon 
structures, but also can also scour the bottom of walls and piles, or deposit sediments. 

There are (1) large-scale ocean currents (such as the Gulf Stream currents that pass 
by Flor ida on their way to Europe) caused by major wind systems, (2) deep-running 
sea bottom currents due to oceanic circulations, and (3) local currents due to tides, 
storms, wave patterns, r iver discharges, etc. Large r ivers, such as the Amazon or the 
Mississippi extend their freshwater flow over 100 km into the ocean.

Currents range from the barely measurable (0.1 knots) to 5 knots in localized areas. 
The designer of a por t needs to know the directions and magnitudes of the cur rents in 
the area. This data is published by the National Oceanic and Atmospher ic 
Administration (NOAA).

The interest of por t designers is in the third type of cur rent: the local currents. Tidal 
currentsare due to the ver tical r ise and fall of the tides. These can be stratified, with 
the top cur rents leaving the harbor and the bottom one enter ing at the same time. 
These tidal cur rents obviously change four times a day, and so there is a constant 
change in the cur rents of the por t.



The direction of the cur rent is called the set, and its average speed is the drift. An 
extreme case for cur rents is observed when a harbor is connected to an ocean through 
a nar row str ip of water. The speed of the cur rent can then be very high and become a 
problem for the por t designer.

Wind-stress currents are due to the wind blowing across a body of water (such as in a 
harbor). Bruun (1989) repor ted that this type of cur rent can be as high as 5% of the 
wind speed.

Littoral currents and longshorecurrents run parallel to the shoreline. This is seen in 
the Miami Beach area where the littoral cur rent runs south along the beaches, in 
opposition to the Gulf Stream running nor th fur ther out to sea. L ittoral cur rents opposition to the Gulf Stream running nor th fur ther out to sea. L ittoral cur rents 
car ry substantial amounts of sediment, which causes beach erosion. When they cross 
the mouth of a por t, this sediment can cause major obstructions to deep draft vessels. 
This topic is treated in U.S. Army Shore Protection Manual (1984).

Maneuver ing large vessels have large time delays. Therefore, vessels subject to cross-
cur rents in a nar row harbor may cause anxious moments to their  pilots. Docking 
structures are usually placed parallel to the cur rent flows to help maneuver the vessels 
into their  ber ths.



6.  Waves.

A wave is defined as a r idge, deformation or undulation of the sur face of a fluid.

Gravity wavesare the product of light wind over large distances. The wave size depends 
on the fetch (distance over which the wind blows), the wind velocity and the duration of 
time for the wind blowing. 

Gravity waves in the area of the wind are called seas, whereas, in the area beyond the 
wind they are called swells. These swells can travel thousands of kilometers (for 
example, tropical hur r icanes in the South Pacific will be felt as swells in the coast of 
Los Angeles, California). The energy of a swell is propor tional to their  length, so even Los Angeles, California). The energy of a swell is propor tional to their  length, so even 
small wave heights can cause major damage in an open por t area. 

Gravity waves will impose highly var iable loads upon mar ine structures, and can cause 
fatigue-type cyclic loading, induce impact dynamic loads, cause scour ing and erosion 
around the structures. Their per iods range from 1 to 30 seconds. 

Other types of waves are ship generated waves, astronomical tidal waves, storm surges, 
harbor seiches, tsunamis, capillary waves and interval waves.



Currents and waves may clash and lead to complex waves and confused seas which 
may cause hazardous navigational operations in por ts.

Waves in shallow waters are affected by the bottom fr iction. The definition of deep 
water is when the depth d is greater than L/2, where L is the wavelength of the waves.
Shallow water is when d < L/2.

Waves break when their steepness (H/L) is between 1/17 and 1/10, where H is the wave 
height. The theoretical limit for a wave steepness is 1/7. This break occurs dur ing the 
transition from deep to shallow waters, and is called the breaking zone.

Breaking waves exhibit a rapid forward motion of their  crest (typically shown on Breaking waves exhibit a rapid forward motion of their  crest (typically shown on 
Japanese ar t pr ints) while the lower par t of the wave moves slowly in the opposite 
direction. The impact of a breaking wave upon a por t structure or a vessel will exer t 
pressures of about 0.3 Mpa (6.3 ksf), albeit for very shor t durations. This shock 
(impact stress) is especially violent when the water depth in front of the breaker wall 
is about equal to the breaking wave depth. The resulting shock can eventually destroy 
a sea wall.

Numerous researchers have investigated this area of wave loads upon por t structures 
using measurements directly upon prototype structures and laboratory models.





Waves and cur rents erode the sea bottom, especially in shallow waters. Beach erosion 
and the scouring (erosion) of por t structures will be aggravated fur ther when the wave-
induced cur rents are super imposed on the natural cur rents of the beach or por t areas.

Por t structures must be designed with protection against scour. For example, the toe 
protection of steel sheetpiling bulkheads may be eroded from wave action, cur rents and 
the propellers of the vessels docking at that location. Eventually, the structural 
integr ity of the bulkhead will be compromised. Anti-scour concrete slabs are commonly 
used to protect the underwater sections of the mar ine structures.

Ship-induced waves in harbors and channels can cause damage to structures (and even 
other vessels). The waves generated by vessels are a function of its speed, draft, the 
shape of the hull, the depth of the water, and the blockage ratio of the ship to the shape of the hull, the depth of the water, and the blockage ratio of the ship to the 
channel cross-section. A rule-of-thumb is that a vessel will produce a wave twice the 
height of the vessel’s squat. Squat is defined as the supplementary sinkage of a ship 
caused by the ship movement at a given speed.

The ship-induced waves are (1) the bow waves, (2) the transverse stern waves, and (3) 
the secondary waves. These waves behave in the same way as other waves. The stern 
wave is usually larger than the bow wave, and if they super impose on each other, they 
create a secondary wave.



Sixty foot following waves in the Nor th Atlantic.



Fifty foot waves at harbor entrance. Note the danger that the breakwater
poses to the ship trying to leave the harbor.



Fifteen-foot waves impacting an open pier. The pressure from the breaking wave can be 
as high as 0.3 MPa (6.3 ksf).



Winds against an offshore oil platform.



Turbines can capture the energy of cur rents and tides.



Sea Wave Parameters.

The common wave parameters are height H, wavelength L and per iod T. 

A simple rule-of-thumb is that the highest waves in feet will be approximately 80% of 
the wind speed in knots. For example, if the wind has a Beaufor t scale of 10 (50 
knots) the wave height will be around 40 feet! (See slide #18).

Another rule-of-thumb is that a swell will lose approximately �  of its height each 
time it travels a distance in miles equal to its length in feet.

Another parameter is the wave celerity C (or phase velocity) = L / T.Another parameter is the wave celerity C (or phase velocity) = L / T.
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Wave definition sketch: the wave height H is from trough to crest. The length L is the 
hor izontal  distance between crests. The per iod T is the length of time elapsed between 

the passage of  successive crests. The wave crest elevation above the still water level 
SWL is hc. The depth of water is d, and the wave phase velocity, or celer ity C = L / T is 

the speed at which the wave form propagates.

depth
trough

bottom z = - d



When designing dock elevations it should be pointed out that the wave amplitude a is 
usually greater above the SWL than below it;  in fact, it is about 0.55H to 0.75H.

Waves travel in groups with a wave group velocity Cg.



Ver tical zones of deter ioration due to the tidal and splash zones.



This is a demonstration of the formation of wave groups by the addition of similar 
waves. In this example, there are two basic waves: one of length 54 m crest-to-crest 
(dotted) and the other 60 m (dashed); they are both 2 m high crest-to-trough. The 

height of the resulting wave (solid) var ies between 4 m crest-to-trough and zero. I t is 
made up of waves of the average length of the two waves (57 m) wrapped in an envelope 

whose length depends on the difference between the basic waves: the smaller the 
difference, the longer the groups made by the envelope.













Are you a bit confused about these mar ine forces?
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