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Lecture #02

The Marine Environment

1.- Wind forces
2.- Wave forces
3.- Currents and tides
4.-|ce
5.- Seismic
6.- Propeller wash, scour, siltation
/.- Bio-chemical attack
8.- Vessal impact (mooring) forces
9.- Crane and cargo loads.
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Environmental Forces on Marine Structures.




1. Seawater.

Seawater containsa great number of elements. The concentration of these elementsare
typically given in parts per million (ppm) which isequivalent to milligrams per liter
(mg/L).

The combined concentration of these dissolved solidsin sea water isdefined asits
salinity. The salinity of seawater rangesfrom 3.1% to 3.8%, with a mean of about 3.5%
(or 35 %o0). Portstypically have smaller salinity dueto theinflow of freshwater from
riversand groundwater. Chlorine (1.9x10” mg/L) and sodium (1.1x10” mg/L) arethe
most abundant elementsin seawater.

Seawater’ssalinity isgiven by S (%0) = 0.03 + 1.805 chlorinity (%o).

Thedensity of seawater isdightly higher than freshwater, 64 pcf versus 62.4 pcf (or,
1025 kg/ms3 ver sus 1000 kg/m3).

The heat capacity of water isamong the highest of all liquids and solids. Thisisthe
reason that oceans help maintain uniform temperatures.



Thethermal conductivity of seawater isdightly lessthan freshwater. Chemical
reactions are gover ned by acidity and alkalinity through their pH,

pH = - IoglO(H+)

where H* isthe concentration of the hydrogen ions. Sincethe H* concentration of pure
water is107, itspH = 7. Therangefor pH is0to 14, with valueslessthan 7 being
acidic and greater than 7 being alkaline. The pH of seawater variesfrom 8.0 to 8.4.

Thelocal value of pH determinesthe level of biological activity and the degree of
Corrosion on structures.

Thelevels of oxygen both in theair and at its seawater interface deter mine the degree
of corrosion of steel: vessel and port engines, hulls, cranes, cables, etc.

Thelevelsof carbon dioxide CO2 and hydrogen sulfide HoS that are dissolved in
seawater tend to lower the pH, and lar ge concentrations of H>S embrittles steel.

Siltsand clays suspended in the water lead to turbidity.



Marine fouling isthe accumulation of marine plants and animals on immer sed
surfaces. A ship’s hull, for example, not only looses speed but also increasesits weight
with fouling. The drag coefficient Cp is usually increased by 20%, although medium
fouling may increaseit by 70%. Fouling also increases the rate of corrosion 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 North Sea oil platforms, and
concluded that fouling could be more severeto the structure than wave loads.

Thedensity of fouling variesfrom 1.0 to 1.4 tonnes/m3. Tablesfor the potential
fouling in specific areas of the World are published by the U.S. Navy World Atlas of
Coastal Biological Fouling.

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



Shipsuse water asballast in order to trim the vessel. When they release the water in another port,
they arealso releasing plankton, shellfish and bacteria. The 2 November, 2000 issue of Nature
reported that samples taken at Chesapeake Bay next to vessels arriving from over seas revealed
Vibrio cholerae, the bacteria that cause cholera, that are only found in Bangladesh.



2. The Variation of Water-L evels.

Thevariation of the water level upon a structureisan important design factor.

Thesearisesand fallsin response to the gravitational attraction of the moon and the
sun. When full and new moons (second and fourth quartersof the moon) arein a
particular alignment with the sun giveriseto the high (spring) tides. In contrast, when
the sun and the moon are 90 apart (first and third quarters of the moon) they
produce much lower (neap) tides.

Thesetidal cyclesmove back about 50 minutes each day because the lunar month is
about 1 day shorter than the solar month. Extremerisesand fallsfor tides occur along
ocean coasts because of the mass of water moving around the earth, and wherethereis
shoaling. Thus, the highest tidesin the world occur in the Bay of Fundy wherethey
have been recorded at 30.5 m. Inland seas have very small tides. For example, the
Mediterranean haslessthan 0.3 m in tides.

Marinestructuresuse a standard reference plane, which isthe mean low water (M LW)
defined by NAVFAC DM-26.2 asthe average height of the low waters over a 19-year
period (the metonic cycle).




Design water levels: tides, storm surges and water level variations. Tiderangesfrom 1
foot (Miami) to 95 feet or more (Bay of Fundy). Nautical chartsuse MLW, mean low
water. The average lowest and highest spring tidelevelsare MLWSand MHWS
respectively. The United States also uses NGVD (National Geodetic Vertical Datum)
which was established in 1929 with that M SL.




The mean lower low water (M LLW) isthe average height of the lower low watersover
a 19-year period. Their local values are used by pilots of surface vesselsin navigating
around near shore areas, approach channels and harbors. All navigation charts
indicate bathymetery (depths) relativeto thelocal ML LW.

In contrast, Admiralty chartsrefer to the lowest astronomical tidesfor soundings,
which arethelowest predicted tides. A useful referenceisthe mean sea level (MSL)
which isdefined asthe arithmetic mean of all hourly water levels observed during the
National Tidal Datum Epoch (NTDE). The average lowest and highest spring tide
levelsare called the MLW and M HW respectively.

The mean higher high water (MHHW) isthe average height of the higher high waters
over a 19-year period that come from the highest water levelsrecorded from spring
tideson record.

Every port in theworld publisnesits Tide Tables, as doesthe United States Coast and
Geodetic Survey.

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




3. The\Weather.

Weather: rain, fog, spray, snow and ice affects all port operations.

Radar and GPS have reduced the danger of heavy rains, fog or snow. However, heavy
rain still posesthe 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 oper ations.

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 port. Thewarm air condensesinto low
stratus clouds. The winter-typefog isthe steam fog which occurswhen cold air travels
over warmer water, and isusually formed at the water surface. Fog can also hamper
the safe cargo handling operations.

Spray occurswhen waves break against a port structure or a vessel. Although many
tonnes of water areloaded on to the vessel or the structure, drainage can be designed
to handleit, provided the water does not freeze. In cold climates, spray can build up
asafrozen layer 0.3 mto 1 m thick in afew minutes. The density of iceis 890 - 920
kg/ms,

Lightning can damage sensitive electronics on cranes, set fireto cargo, etc.



4. Wind.

Wind isthe most important environmental factor that affects port operations. The
effect of wind loads upon piersand wharvesisnegligible, but it isvery important upon
vessels, port buildings, tall cranes, offshore structures, etc.

Ocean winds circulate clockwise around a per manent high-pressure areain the
Northern Hemisphere and counter-clockwisein the Southern Hemisphere. In the
tropical and sub-tropical zones the high temperatures and the interface between the
atmosphere and the oceans create deep low pressures. Thisresultsin violent storms
known as hurricanes (in the US and Caribbean), cyclones or typhoons (in the Pacific).

L ocal topography modify prevailing winds, and result in localized wind jets. Canyons
created by mountainsor tall buildings will impose high velocities upon port structures,
car go handling equipment and vessels, especially those sailing high in ballast
conditions. Some vessels are abnormally high, such asferries, cruise and container
ships.

Every port has a condition of prevailing winds, wherethereisausual direction of the
wind for most of the year. The plot of prevailing windsis called a wind rose, which
includesdirection, frequency and intensity during the average year.




In marineterms, a north wind meansthat the wind is blowing from the north. An
onshore or offshore wind meansthat the wind is blowing respectively from the sea
toward theland, or from theland toward the sea. A vessel or structure will have a side
facing the wind, called the windward side. The opposite sideis called the leeward side
(or sheltered side). A lee shore however, is the shore towards which the wind blows, and
henceisa dangerous shore.

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




Reading a Wind Rose:

Thewind rose.



Thewind rose.



Any moving fluid (such aswind or an ocean current) exertsa drag force Fp upon any
structurein itsflow path that can be deter mined from the equation,

Fo=( /29) CDVZAp

where isthefluid’sunit weight, g isthe acceleration of gravity, Cp isthedrag
coefficient, V isthe velocity of the fluid relativeto the object, and A isthe projected
area normal to the direction of flow.

Specifically for wind, the equation for the force from wind Fwing reducesto,
Fwind - 00034 CD Vzwind Ap

where Fuing ISin pounds, Vuing isin knots (1 knot = 1.151 miles/hour = 0.515 m/sec),
and Ap isthe area of the structure perpendicular to the direction of thewind in square
feet and = 0.0765 pcf isthe unit weight of air at the standard temper ature of 59°F at
sea level.



Example.

What isthe force exerted by a 146 mph wind upon a large container cranein the Port
of Miami?

Theequivalent lateral area of alarge container craneis A, = 6,400 f and it hasa
drag coefficient Cp = 0.85.

Thewind velocity Vwing = 146 mph = 127 knots
Therefore,

Fuind = 0.0034 Cp VZ2ind Ap = 0.0034 (0.85) (127)%(6,400) = 300 kips



Drag Shape Coefficient Cp.

Theforce of thewind upon a structure depends of the shape and orientation of the
structure. Thisisexpressed as a drag coefficient Cp, which varieswith the aspect
ratio, that is, theratio of width to length, and Reynolds number Ng,

Nr=VD/

whereV isthewind velocity, D isthe structures equivalent diameter and  isthe
Kinematic viscosity.

Typical valuesfor Cp are:

(a) shipsand most vessels Cp = 1.0;
(b) for flat sides of housesand bridgesCp = 1.2,
(c) for crane booms, and rigging Cp = 0.81t0 0.9;

(d) commonly use Cp = 1.3to account for both drag and suction increase on the
leeward side.



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

Wind Speed.

Theideal data baseis 30 years, because the highest speeds must be selected to extend
over thelength of the overall port structure, and discount any peak velocitiesthat are
of a shorter duration than the structure' sresponse time. I|n the US, wind speed
distributionsarereported for 10, 20, 25, 50 and 100 year returns, depending on the
critical nature of the structure.

The maximum sustained wind is defined as the aver age of the maximum measured
wind speedsover a 1-minuteinterval. In ports, wind speeds are less than those shown
in thisdlide. The Beaufort scaleis shown on the next dlide.

Gust Factor.

A “gust” isashorter averaging period of wind speed, and commonly used for periods
of only a few seconds. Another short wind period isa “sguall”, which isusually used
for mean wind speeds of 1to 5 minutes. The gust factor C;isdefined astheratio of
short-period wind speed to the mean wind speed:

Cz/ Clo - (Z /10 0.083

where C;isthe gust speed at an elevation of Z metersand Cip isthe gust speed at an
elevation of 10 meters.









A water spout 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. Therudder has become ineffective for recovery
(from A.. Coles “ Heavy Weather Sailing”, 1999).



Example of a Beaufort Scale Force 10 wind (50 knots) on aracing sailing boat (Enza).






Mean wind speed of 65 knots.

Fishing boat Lynnmoreisin distress,
still “dodging” seasthat have waves
50 feet high.

Dodging meanstrying to keep the

bow into the waves (from A.. Coles“ Heavy
Weather Sailing”, 1999).



38 foot catamar an 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

M editerranean
Sea, 50 km east
of Alexandria,

Egypt.

Theconcrete
armor unitsare
core-loc types,
each weighing
30 tons.

Thedesign
needed to
consider 11 m
high waves,
seismic
conditions and
poor soilswith
up to 15 m of
soft clays.



5. Currents.

Currentsarethe motion of water, usually in the horizontal direction. They can have
important influencein the design of port structures. They not only provide loads upon
structures, but also can also scour the bottom of wallsand piles, or deposit sediments.

Thereare (1) large-scale ocean currents (such asthe Gulf Stream currentsthat pass
by Florida on their way to Europe) caused by major wind systems, (2) degp-running
sea bottom currents due to oceanic circulations, and (3) local currents dueto tides,
storms, wave patterns, river discharges, etc. Largerivers, such asthe Amazon or the
Mississippi extend their freshwater flow over 100 km into the ocean.

Currentsrange from the barely measurable (0.1 knots) to 5 knotsin localized areas.
Thedesigner of a port needsto know the directions and magnitudes of the currentsin
thearea. Thisdata is published by the National Oceanic and Atmospheric
Administration (NOAA).

Theinterest of port designersisin thethird type of current: thelocal currents. Tidal
currentsaredueto thevertical rise and fall of the tides. These can be stratified, with
thetop currentsleaving the harbor and the bottom one entering at the sametime.
Thesetidal currents obviously change four timesa day, and so thereisa constant
changein the currentsof the port.




Thedirection of the current iscalled the set, and its average speed isthe drift. An
extreme case for currentsisobserved when a harbor is connected to an ocean through
anarrow strip of water. The speed of the current can then be very high and become a
problem for the port designer.

Wind-stress currents are due to the wind blowing across a body of water (such asin a
harbor). Bruun (1989) reported that thistype of current can be ashigh as 5% of the
wind speed.

Littoral currents and longshore currentsrun parallel tothe shoreline. Thisisseen in
the Miami Beach area wherethelittoral current runs south along the beaches, in
opposition to the Gulf Stream running north further out to sea. Littoral currents
carry substantial amounts of sediment, which causes beach erosion. When they cross
the mouth of a port, this sediment can cause major obstructionsto deep draft vessels.
Thistopicistreated in U.S. Army Shore Protection Manual (1984).

Maneuvering lar ge vessels have large time delays. Therefore, vessels subject to cross
currentsin anarrow harbor may cause anxious momentsto their pilots. Docking
structures are usually placed parallel to the current flowsto help maneuver the vessels
into their berths.



6. \Waves.

A waveis defined asaridge, deformation or undulation of the surface of a fluid.

Gravity waves are 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
timefor the wind blowing.

Gravity wavesin the area of thewind are called seas, whereas, in the area beyond the
wind they are called swells. These swells can travel thousands of kilometers (for
example, tropical hurricanesin the South Pacific will be felt as swellsin the coast of
LosAngeles, California). The energy of a swell isproportional to their length, so even
small wave heights can cause major damage in an open port area.

Gravity waveswill impose highly variable loads upon marine structures, and can cause
fatigue-type cyclic loading, induce impact dynamic loads, cause scouring and erosion
around the structures. Their periodsrange from 1 to 30 seconds.

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



Currentsand waves may clash and lead to complex waves and confused seas which
may cause hazar dous navigational operationsin ports.

Wavesin shallow waters are affected by the bottom friction. The definition of deep
water iswhen the depth disgreater than L/2, whereL isthe wavelength of the waves.
Shallow water iswhend < L/2.

Waves break when their steepness (H/L) is between 1/17 and 1/10, where H isthe wave
height. Thetheoretical limit for a wave steepnessis 1/7. Thisbreak occursduring 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
Japanese art prints) whilethe lower part of the wave moves dowly in the opposite
direction. The impact of a breaking wave upon a port structure or a vessel will exert
pressures of about 0.3 Mpa (6.3 ksf), albeit for very short durations. This shock
(impact stress) is especially violent when the water depth in front of the breaker wall
isabout equal to the breaking wave depth. The resulting shock can eventually destroy
aseawall.

Numerous resear cher s have investigated this area of wave loads upon port structures
using measurements directly upon prototype structures and laboratory models.






Waves and currents erode the sea bottom, especially in shallow waters. Beach erosion
and the scouring (erosion) of port structureswill be aggravated further when the wave-
induced currentsare superimposed on the natural currentsof the beach or port areas.

Port structures must be designed with protection against scour. For example, the toe
protection of steel sheetpiling bulkheads may be eroded from wave action, currentsand
the propellersof the vessels docking at that location. Eventually, the structural
integrity of the bulkhead will be compromised. Anti-scour concrete slabs are commonly
used to protect the underwater sections of the marine structures.

Ship-induced wavesin harbor s 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
channel cross-section. A rule-of-thumb isthat a vessel will produce a wave twicethe
height of the vessel’s squat. Squat is defined asthe supplementary sinkage of a ship
caused by the ship movement at a given speed.

The ship-induced wavesare (1) the bow waves, (2) the transver se stern waves, and (3)
the secondary waves. These waves behave in the same way as other waves. The stern
waveis usually larger than the bow wave, and if they superimpose on each other, they
create a secondary wave.



Sixty foot following wavesin the North Atlantic.



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



Fifteen-foot wavesimpacting an open pier. The pressure from the breaking wave can be
ashigh as0.3 MPa (6.3 ksf).



Winds against an offshore oil platform.






Sea \Wave Parameters.

The common wave parametersare height H, wavelength L and period T.

A simplerule-of-thumb isthat the highest wavesin feet will be approximately 80% of
thewind speed in knots. For example, if thewind has a Beaufort scale of 10 (50
knots) the wave height will be around 40 feet! (See slide #18).

Another rule-of-thumb isthat a swell will lose approximately of itsheight each
timeit travelsa distance in milesequal toitslength in feet.

Another parameter isthe wave celerity C (or phase velocity) =L /T,
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wavelength crest

amplitude wave height

\ trough

still water level

depth

bottom z=-d
/

Wave definition sketch: thewave height H isfrom trough to crest. Thelength L isthe
horizontal distance between crests. Theperiod T isthelength of time elapsed between
the passage of successive crests. The wave crest elevation above the still water level
SWL ish¢. The depth of water isd, and the wave phase velocity, or celerity C=L/Tis
the speed at which the wave form propagates.



When designing dock elevationsit should be pointed out that the wave amplitude ais
usually greater above the SWL than below it; in fact, it isabout 0.55H to 0.75H.

Wavestravel in groups with a wave group velocity Cq.




Vertical zones of deterioration dueto thetidal and splash zones.



Thisisa demonstration of the formation of wave groups by the addition of similar
waves. In thisexample, 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 theresulting wave (solid) varies between 4 m crest-to-trough and zero. It 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.
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