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The lnfluence of Ship Characteristics on Port Design.

A ship’slength Lsisthe distance between the forwar d-most and the aft-most structures
at theloaded waterline. It includes the bulbous bow, if the ship has one.

A ship’s beam B isthe maximum width of the ship’s hull.

The ship’s depth of hull isthe depth at mid-ship from the bottom of the keel to the top
of the main deck.

Theship'sdraft D isthedistance from the ship’swaterlineto the lowest point of the
bottom of her keel.

The ship’s deadweight tonnage (DWT) isthe carrying capacity of the ship, including the
total weight of the cargo, stores, fresn water, fuel, etc. Thetonnageiscurrently given in
metric tons. It isthe difference between light displacement and the displacement of the
ship when sheisloaded to theload line. This DWT varieswith the salinity of the water,
thelatitude and the season.

Theship’s gross tonnage (Gr) isthe entireinternal cubic capacity of the ship, expressed
in cubic meters (m?3).




The access of a ship to harborsand channelsis dependent on its maneuverability.

A ship’s open sea maneuver ability may be very different from its behavior at low speeds
inside a port. Therefore, the Permanent I nter national Association of Navigation
Congresses (PIANC) suggested in 1995 the following guide for the classification of the
maneuver ability of ships:

1) Long dender ships (L¢/B > 6.5) are more directionally stable than shorter ones, which
however, are better able to navigate around tight bends.

2) In shallow water (h/T 1.5) all shipswill turn lessreadily (whereh isthewater depth
and T isthe height between the design tidal level to the water reference level).

3) Low-speed maneuver ability may be quite different from that at the service speed for
which the ship was designed.

4) Single-screw/single-rudder ships will maneuver quite well, but will experience screw
bias (an offset dueto lateral movement of the stern induced by the propeller
necessitating counter-rudder).



5) Shipswith single controllable-pitch screws may experience screw bias, even when
the propeller pitch isset for low or zero thrust.

6) Twin-screw/twin-rudder ship generally have good maneuver ability and control at
all speeds.

7) Twin-screw-twin-rudder ships may have good maneuver ability at service speeds,
but poor maneuver ability at low speeds.

8) Ship fitted with Omni-directional thrusters (azi-pods) will generally have excellent
low-speed maneuver ability.

Thecharacteristicsof large shipsare,

a) Oil tankers, orecarriersfrom 100,000 to 200,000 DWT and greater;

b) Liquid gascarrierswith 125,000 m3 and greater;

c) Container carrierslonger than 250 m; and

d) Ferriesand Ro/Ro shipslonger than 90 m and heavier than 45,000 DWT.



A) The Access Navigational Channdl.

The access channel isa buoyed unobstructed waterway with sufficient depth, width and
alignment to provide safe and convenient navigation into and out off a harbor.

Some channels are built for two-way traffic, and their design isbased on the lar gest
and deepest draft vessels.

Thereisno standard procedure for channel design. Each channel possess site specific
challengesthat must be met with local constraints. The most important design
documents are:

1) Permanent International Association of Navigation Congresses (PIANC);
2) The U.S. Army Corpsof Engineers Manual EM-1613;

3) The Canadian Coast guard Manual TERMPOL;

4) The United Kingdom’s National Maritime Institute manual;

5) NAVFAC DM-26.1;

6) PHRI (Technical Standardsfor Port and Harbor Facilitiesin Japan);



Navigational channels are classified asrestricted or unrestricted.

Restricted channelsarefairly narrow and bounded by shoreline banks on both sides.
Theunrestricted channel isa dredged or a naturally deep channel bounded by open

water.

A semi-restricted to unrestricted channel.

A fully restricted channel.



The Wind Effects on the Channel Design.

Thewind upon a ship will cause her to yaw and oscillate (which temporarily
increasesits draft).

The cross-wind has a constant force upon a ship, regardless of the ship’s speed, and
therefore, it hasthe greatest influence at very low speeds. The wind can cause the
ship to drift sscdeways, or to head off at an angle to leeway. These tendencies mean
that the channel may require a greater width.

The design of the channel will require data on the prevalent winds and speeds. The
two main referencesare PIANC, 1995 and S6hugeu, 1995.

The Wave Effects on the Channel Design.

When the ship experiences waves, its under-keel clearance becomes smaller. In some
cases, the propeller and the keel actually hit the channel bottom. The collision may
last a few seconds. The waves generate drift forces which in turn diminish the ship’s
maneuver ability (reference: Delft Hydraulics Laboratory, 1984).

Shipsin motion experience a lowering of the water level around the hull. The higher
the speed, the greater the decrease in the water depth.



The Current Effects on the Channel Design.

The effect of cross-currentson shipsissimilar to the effect from wind. The currents
can have significant effects when thereis small underkeel conditions. This condition
produces an adver se effect on the ship’s maneuver ability. When the current isvery
strong in a harbor dueto theincoming (or out-going) tide, it may completely stop all
Ship operationsduring certain periods of the day and night. The port then, operatesin
so called “ current windows” .

Other issues are the effect upon the ship when entering a fresh water channel. The
decreased salinity meansthat the ship will increase its squat. Since the density of
freshwater is 1,000 kg/m3 versus saltwater 1,025 kg/m3, the draft will increase by about
3% when entering freshwater channels. For example, a ship with a draft of 15.0 m will
experience an additional squat of 0.45 m; therefore, the ship now draw 15.45 m of
draft.



The Layout of Channels.

Channelsarelaid out to attain,

a) easiest and most stable navigation conditions, and
b) the most economical solution that satisfies the above conditions.

Channelswith the straightest alignment and the deepest troughs are preferred.

The number of changesin alignment should be minimized. Also, the angle change
should not be sharp.

The edges of the channel should be greater than 2.5 times the beam of the design ship
from any moored vessel (or the edge of the swinging circle of a ship at anchor).

PIANC suggeststhat channel widths must beincreased by B at bends by,
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isthe channd’s deflection angle < 30

B isthewidening on inside bend

B isthewidth of the channel

Lsisthelength of the largest ship

R isthecurveradius

1) Based on the angle of deflection,

<25 R =3Ls
25 < <35° R=05Ls
> 35° R =10Ls

2) Based on the ship length (L),

Ls<150 m Rmin ~ 1,200 m
Ls=150 m Rmin ~ 2,100 m

3) Based on ship velocity Vmax ,

Vimax 5 m/s R 4L,
Vimax >5m/s R =10 L



Channel Depth.

The channel depth must permit the passage of the largest “design” draft ship during
high tide. There should not be (1) any accidental grounding of the ship, that reduces
maneuver ability dueto underkeel clearance, and (2) the ship should never hit the
bottom and run therisk of grounding or contaminating the environment.

The symbols mean:

-D.T.L.isdesign tidal level;
-W.R.L.isthewater referencelevel;

- N.C.B.L. isthe nominal channel bed levdl,
- C.D.L.isthechannel dredgelevdl;

- T1isthetidal change during ship transit;
- T2 isallowance for unfavor able conditions;
- D isthe ship’s static draft;

- 71 iIsthe static draft uncertainties,

- 2z isthe changein the water density;

- zzisthe squat;

- 24 iIsthe wave response allowance;

- zs iIsthe net underkeel clearance;

- zs allowance for bed-level uncertainties;

- z7 bottom change between dredgings;

- zg dredging execution toler ance.



Channel Width.

The channel width is measured across the nominal
channel depth. Thiswidth isdesigned with the
largest “ design” ship’s beam and maneuvering
characteristics, the traffic volume and the nature
of thistraffic. Thewidth of thelane B is

deter mined by,

B,=L.snb+B__ cosb+a

whereL:isthelargest ship length; Bmax iSthe
beam of thelargest ship; isthe maximum drift

angle dueto current and wind (5 10 )and a
Isthe allowance for yaw due to wind,

a=t(sna )V,

wheret istheyawing time, istheangleof yawing and Vmax isthe maximum speed of
the ship; for good maneuver ability Bm ~ 1.8 Bmax, and a good channel width should be
about 3.0 Bmax. The bank clearance By is provided to reduce the bank suction effect
from ships. The propeller drawswater between the ship and the bank producing a
lateral asymmetrical hydrodynamic force which driftsthe stern towardsthe bank. It is

best to have By = 1.5 Bmax.



Thisfigure showsthe changein the channel profilein timeduetoitsiong-term
instability, assuming that A1 = Ay, wheretheline 1 isthe dredged profile whereasthe
line2isthelong-term final slope.



Ships passing each other along a
restricted channel will encounter these
three situations;

1) When the two bows come abr east
they tend to spread apart because of the
built up hydraulic pressure;

2) When the bow of one ship approaches
the other ship’sstern, the lowered water
from the stern drawsthe bow towards
it. The bank suction will reinforcethis
yaw of the bowstowardsthe port of
each ship.

3) When the two sterns approach each
other, the shipswill both yaw to port.

PIANC recommendsthat a two-way
channel is safe of these tendenciesif the
separ ation of the shipsisat least twice
thelargest ship’s beam.



These arethetypical sectionsfor navigation channels, in (a) in a one-way channel and
in (b) in a two-way channel.



Designing the Harbor Entrance.

Most ports have only one entrance. The entranceisideally located on the lee side of
the port. In practice however, the entrance must be placed wherever it ispossible,
including the windward side. The port entranceisformed by shore-connected or off-
shore breakwater s, although in many cases, the entrance isformed by two or more
breakwaters. Thoresen (1988) recommended the entrance width to be 0.7 to 1.0 times
thelength of the largest ship expected to use the port. Quinn (1972) had recommended
widths of 90 m for small harbors, 120 — 150 m for medium harborsand 150 — 240 m
for large harbors.

The Smirnov (1979) equation for the harbor entrance Be isgiven by,

A .
Be =By, + & Lg+Vy, tsinb+DB,

where Bmax iSthe beam of the largest ship in meters; V isthe normal component of the
speed drifting out of course under the action of currentsand wind in meter s/second;
Vmin iSthe minimum speed of the ship travel when she entersthe port protected areain
m/s, Lsisthelength of the design ship in m; tisthetime of the ship yaw (usually 60 s);
isthe yaw angle (between 3 to 10 ) depending on the current and wind effect; and
Be isthe width allowanceto prevent the ship from colliding with a breakwater or the
channel lateral slopes, in meters.

min



Thevalueof Bg dependson the amount of entrance protection, and ranges from Bmax
for well-protected entrancesto 2Bmax for the less protected ones.

Thedrifting speed of the ship dueto thewind and currentsis,
AEARS

where,
V" isthenormal component of the cross-current acting on the ship (m/s); and

V,' isthe speed of the ship@ drift under the normal component of the
strongest wind acting on the windward side (m/s).



Example.

Deter mine the width of a port’s entrance Be with the following conditions:
1) The“design” ship length Ls =220 m and a beam Bmax = 30 m;
2) Thenatural current and wind velocitiesare,

The normal component of the current at the entrance s,

V' =1.5 knots (0.75 m/s)
The normal component of the ship drift under thewind s,
V, =1.0 knot (0.5 m/s), therefore,

V" =075+05=1.25m/s

3) The ship’syawing conditionis, t=60sand =10°
4) Thewidth allowance Be =1.5Bmax= 45m
5) The ship travelsat Vmin = 3 knots (1.5 m/s)

Therefore,
B =Bt % Lot LS+ DB, =(20)+ T 20+(15)(60)(sn107) (49

min

B, =274m



Consider thefirst case, when the entranceis not constrictive, so that thebasin is
roughly the same size asthe entrance.



a) For the non-restrictive entrance, the basin isrelatively short and deep, where
L,

£ 0.05
( gd )0.5 T

whereLpisthe basin length in meters; disthe average basin depth in meters; gis
the acceleration of gravity in 9.81 m/s?, and T isthetidal period in seconds.

b) The basin water areaisrelatively constant,
¢) Thein-flow of freshwater isminimal, and
d) The ocean tide isapproximately sinusoidal.

For these conditions, the current velocity is,
V. = Z2pa. A,
C
AT
where V. isthe average cross-section velocity at the maximum tidal flow in m/s; T is
thetidal period in seconds; Ay isthe surface area of the basin in m?; A¢ isthe cross-

sectional area of the entrance at mean tide level in m?; and as is one-half the range of
the ocean tidein meters.




If the entranceisconstrictive, as shown below, thetidal rangeisreduced, and thetidal
currentstend to be overestimated.









Theorientation of the port
entranceisgiven by,

(a) an entrance formed by two
shor e-connected breakwaters,
and

(b) An entrance formed by two
shore-connected breakwaters
and an offshore breakwater.



Theentranceto ports,

(a) and (b) are entrancesformed
by vertical wall breakwaters;

(c) isadredged entrance
protected by vertical wall break-
waters, and

(d) isan entrance formed by the
sloped rubble-mound
breakwaters.



Basin Sizes.

The components of atypical basin are shown below,

Thesymbolsare, (1) the access channel, (2) theinterior channel (stopping area), (3) the
turning basin, (4) the anchorage area, (5) berthing areas, (6) special, (7) breakwaters.



Theturning basin in an unrestricted port, with the symbols: L isthe
ship stopping area, (1) istheturning basin, (2) isthe maneuvering lane,
(3) are breakwaters, and (4) isa ship.






A typical off-shore mooring
system consists of the
following,

(1) Themooring ring;
(2) Thechain shackle;
(3) The peg-type buoy;
(4) Thebridlechain;
(5 Themain chain;
(6) Theswivel;

(7) Theground chain;
(8) Thesinker chain
(9) Theanchor, and
(10) the sinker.



Harbor Entrances.

A harbor isanaturally or artificially protected basin on an ocean, lake, or river where ships
may anchor or dock without being at danger from waves or high winds. A harbour generally
includes protective breakwaters, jetties in addition to piers and docks. Harbors can be
classified into three types based on their usage:

(1) Harbors of refuge: these are harbors created solely as atemporary haven for shipsin
storms.

(2) Commercial harbors: these harbors are equipped with docks or other facilities for the
loading and unloading of cargo. Usually, they also have installations for the refueling and
repair of ships.

(3) Naval harbors. Naval harbors are commercial harbors, but have in addition buildings and
equipment for the storage and handling of munitions.

Another Classification of Harbors may be based on the way they are protected, and this
classification includes three categories:

1. Natural harbors. Harbors having the protection of natural bays, peninsulas, headlands, or
offshore islands;

2. |mproved harbors: Those are harbors originally having natural features but have been
improved by adding breakwaters and other works.

3. Artificial harbors: Are entirely protected manmade fabricated structures.




Harbor Entrances









Harbor entrance to the Port of Helsinki, Finland.



South Africa’'s Port of Durban before and after the widening of the entrance channel.



Entrance and breakwater at Port of Genoa, Italy.



Theharbor entranceto
the Fairport harbor
from Lake Erieis
through a dredged
channel marked with
lighted buoys, with a
length of approximately
3.5 kilometersand a
width of Be =225 m.



The Fairport harbor’s breakwaters: theleft isa shore-bound breakwater, whereasthe
one at center isan offshore breakwater. Note that thisrecreational port has an outer
basin (shown in theleft photo) and an inner basin (shown in theright photo).


















The“Norma’ marine crane placing 43-ton concrete blocks at the entrance of Rotter dam.






HallsHarbor entrance from the Bay of Fundy at low tide.



Entranceto the Port of Gydnia, NL with a view towardsthe NNW. U.S. Navy ships
typically moor alongside the Francuskie pier.



Entranceat |jmuiden, NL.



Entranceto Port of Rostock.






Entrance, channel and
turning basin for Port
Everglades.






The Port of Palm Beach.
Theentranceisthrough an inlet channel
300 feet wide leading into L ake Worth (the
| nter-coastal).



The Port of Jacksonville hasits
main entrance channel
maintained at a depth of 38
feet.



The Port of Jacksonville.




Port entrance to the Jawaharlal Nehru Port of Mumbai, India.



Theharbor entrance at Biloxi, Mississippi.



Turning Basins



Computer ssmulation study for
aturning basin.



Turning basin of Port of Lake Charles.



Theturning channel at Lake Charles Terminal in Louisiana, is connected to the Gulf of
Mexico by a 48-mile (80 km) ship channel. The channel isdredged to a depth of 40 feet
(12 m) and is 400 feet (120 m) wide with no over head navigational obstructions.









Port Canaveral’s turning basin.



Port Canaveral Entrance Channel becomes the Canaveral Barge Canal west of the \West
Turning Basin. Pleasure craft and other small boat traffic use Canaveral Barge Canal to
reach the Banana River Safe Haven for small craft. As aresult, congestion in the Entrance
Channel isamaor consideration whenever hazardous weather threatens the port. In a
storm threat scenario, the small boat traffic and commercial and Cruise Terminal traffic, in
addition to U.S. Navy and Military Sealift Command (M SC) traffic, could easily cause a
delay in exiting the port.

The maximum speed limit in the channel is 6 knots. It is unlawful to proceed at a speed
which will endanger other vessels or structures or cause wake damage. Transit time from
arrival at buoys 3 and 4 to first line over istypically about 1.5 hours and varies only
dightly for all berths. Departure takes |less than one hour from last line in to debarking the
pilot. Ships may not commence transit in the channels or basins if visibility isrestricted to
less than one-half mile,

Thereis heavy small craft traffic at the port during early morning and late afternoon hours
(1530 to 1700) as fishing vessels leave and return to the port.



Turning basin of the Port of Bridgetown












Turning basin for the Port of LosAngeles.



Channels



Channdl for the Port of Portland.









Osaka, Japan









