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The Influence of Ship Characteristics on Port Design.

A ship’s length Ls is the distance between the forward-most and the aft-most structures 
at the loaded water line. I t includes the bulbous bow, if the ship has one.

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

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

The ship’s draft D is the distance from the ship’s water line to the lowest point of the 
bottom of her keel.bottom of her keel.

The ship’s deadweight tonnage (DWT) is the car rying capacity of the ship, including the 
total weight of the cargo, stores, fresh water, fuel, etc. The tonnage is cur rently given in 
metr ic tons. I t is the difference between light displacement and the displacement of the 
ship when she is loaded to the load line. This DWT var ies with the salinity of the water, 
the latitude and the season.

The ship’s gross tonnage (GT) is the entire internal cubic capacity of the ship, expressed 
in cubic meters (m3).



The access of a ship to harbors and channels is dependent on its maneuverability.

A ship’s open sea maneuverability may be very different from its behavior at low speeds 
inside a por t. Therefore, the Permanent International Association of Navigation 
Congresses (PIANC) suggested in 1995 the following guide for the classification of the 
maneuverability of ships:

1) Long slender ships (Ls/B > 6.5) are more directionally stable than shor ter ones, which 
however, are better able to navigate around tight bends.

2) In shallow water (h/T �  1.5) all ships will turn less readily (where h is the water depth 
and T is the height between the design tidal level to the water reference level). and T is the height between the design tidal level to the water reference level). 

3) Low-speed maneuverability 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 exper ience screw 
bias (an offset due to lateral movement of the stern induced by the propeller 
necessitating counter-rudder).



5) Ships with single controllable-pitch screws may exper ience screw bias, even when 
the propeller pitch is set for low or zero thrust.

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

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

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

The character istics of large ships are,

a) Oil tankers, ore car r iers from 100,000 to 200,000 DWT and greater ;
b) L iquid gas car r iers with 125,000 m3 and greater ;
c) Container car r iers longer than 250 m; and
d) Ferr ies and Ro/Ro ships longer than 90 m and heavier than 45,000 DWT.



A) The Access Navigational Channel.

The access channel is a 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 is based on the largest 
and deepest draft vessels.

There is no standard procedure for channel design. Each channel possess site specific 
challenges that must be met with local constraints. The most impor tant design 
documents are:documents are:

1) Permanent International Association of Navigation Congresses (PIANC);
2) The U.S. Army Corps of Engineers Manual EM-1613;
3) The Canadian Coast guard Manual TERMPOL;
4) The United K ingdom’s National Mar itime Institute manual;
5) NAVFAC DM-26.1;
6) PHRI (Technical Standards for Por t and Harbor Facilities in Japan); 



Navigational channels are classified as restricted or unrestricted. 

Restr icted channels are fair ly nar row and bounded by shoreline banks on both sides. 
The unrestr icted channel is a dredged or a naturally deep channel bounded by open 
water.

A semi-restr icted to unrestr icted channel.

A fully restr icted channel.



The Wind Effects on the Channel Design.

The wind upon a ship will cause her to yaw and oscillate (which temporar ily 
increases its draft). 

The cross-wind has a constant force upon a ship, regardless of the ship’s speed, and 
therefore, it has the greatest influence at very low speeds. The wind can cause the 
ship to dr ift sideways, 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 references are PIANC, 1995 and Söhugeu, 1995.two main references are PIANC, 1995 and Söhugeu, 1995.

The Wave Effects on the Channel Design.

When the ship exper iences 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 dr ift forces which in turn diminish the ship’s 
maneuverability (reference: Delft Hydraulics Laboratory, 1984).

Ships in motion exper ience a lower ing 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-cur rents on ships is similar to the effect from wind. The cur rents 
can have significant effects when there is small underkeel conditions. This condition 
produces an adverse effect on the ship’s maneuverability. When the cur rent is very 
strong in a harbor due to the incoming (or out-going) tide, it may completely stop all 
ship operations dur ing cer tain per iods of the day and night. The por t then, operates in 
so called “ current windows” .

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



The Layout of Channels.

Channels are laid out to attain,

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

Channels with the straightest alignment and the deepest troughs are prefer red.

The number of changes in alignment should be minimized. Also, the angle change 
should not be sharp.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 suggests that channel widths must be increased by � B at bends by,
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� is the channel’s deflection angle < 30�

� B is the widening on inside bend

B is the width of the channel

1) Based on the angle of deflection,
� < 25� R = 3Ls

25� < � < 35° R = 5Ls

R is the curve radius

B is the width of the channel

Ls is the length of the largest ship

25� < � < 35° R = 5Ls
� > 35° R = 10Ls

2) Based on the ship length (Ls),

Ls < 150 m             Rmin ~ 1,200 m
Ls = 150 m             Rmin ~ 2,100 m
Ls < 210 m             Rmin ~ 3,000 m

3) Based on ship velocity Vmax ,

Vmax �  5 m/s          R  �   4 Ls

Vmax > 5 m/s          R  = 10 Ls



Channel Depth.

The channel depth must permit the passage of the largest “ design”  draft ship dur ing 
high tide. There should not be (1) any accidental grounding of the ship, that reduces 
maneuverability due to underkeel clearance, and (2) the ship should never hit the 
bottom and run the r isk of grounding or contaminating the environment.

The symbols mean:
- D.T.L. is design tidal level;
- W.R.L. is the water reference level;
- N.C.B.L. is the nominal channel bed level;
- C.D.L. is the channel dredge level;
- T is the tidal change dur ing ship transit;- T1 is the tidal change dur ing ship transit;
- T2 is allowance for unfavorable conditions;
- D is the ship’s static draft;
- z1 is the static draft uncer tainties;
- z2 is the change in the water density;
- z3 is the squat;
- z4 is the wave response allowance;
- z5 is the net underkeel clearance;
- z6 allowance for bed-level uncer tainties;
- z7 bottom change between dredgings;
- z8 dredging execution tolerance.



Channel Width.

The channel width is measured across the nominal 
channel depth. This width is designed with the 
largest “ design”  ship’s beam and maneuver ing 
character istics, the traffic volume and the nature 
of this traffic. The width of the lane Bm is 
determined by,

where Ls is the largest ship length; Bmax is the 

m s maxB L sin B cosb b ab b ab b ab b a= + +

where Ls is the largest ship length; Bmax is the 
beam of the largest ship; � is the maximum dr ift 
angle due to cur rent and wind (5� �  � � 10� ) and a
is the allowance for yaw due to wind,

where t is the yawing time, � is the angle of yawing and Vmax is the maximum speed of 
the ship; for good maneuverability Bm ~ 1.8 Bmax, and a good channel width should be 
about 3.0 Bmax. The bank clearance Bbc is provided to reduce the bank suction effect 
from ships. The propeller draws water between the ship and the bank producing a 
lateral asymmetr ical hydrodynamic force which dr ifts the stern towards the bank. I t is 
best to have Bbc = 1.5 Bmax.

maxa t(sin )Vaaaa=



This figure shows the change in the channel profile in time due to its long-term 
instability, assuming that A1 = A2, where the line 1 is the dredged profile whereas the 

line 2 is the long-term final slope.



Ships passing each other along  a 
restr icted channel will encounter these 
three situations:

1) When the two bows come abreast 
they tend to spread apar t because of the 
built up hydraulic pressure;

2) When the bow of one ship approaches 
the other ship’s stern, the lowered water 
from the stern draws the bow towards 
it. The bank suction will reinforce this it. The bank suction will reinforce this 
yaw of the bows towards the por t of 
each ship.

3) When the two sterns approach each 
other, the ships will both yaw to por t.

PIANC recommends that a two-way 
channel is safe of these tendencies if the 
separation of the ships is at least twice
the largest ship’s beam.



These are the typical sections for navigation channels, in (a) in a one-way channel and 
in (b) in a two-way channel.



Designing the Harbor Entrance.

Most por ts have only one entrance. The entrance is ideally located on the lee side of 
the por t. In practice however, the entrance must be placed wherever it is possible, 
including the windward side. The por t entrance is formed by shore-connected or off-
shore breakwaters, although in many cases, the entrance is formed by two or more 
breakwaters. Thoresen (1988) recommended the entrance width to be 0.7 to 1.0 times 
the length of the largest ship expected to use the por t. Quinn (1972) had recommended 
widths of 90 m for small harbors, 120 – 150 m for medium harbors and 150 – 240 m 
for large harbors.

The Smirnov (1979) equation for the harbor entrance B is given by,The Smirnov (1979) equation for the harbor entrance BE is given by,

where Bmax is the beam of the largest ship in meters; V� is the normal component of the 
speed dr ifting out of course under the action of cur rents and wind in meters/second; 
Vmin is the minimum speed of the ship travel when she enters the por t protected area in 
m/s; Ls is the length of the design ship in m; t is the time of the ship yaw (usually 60 s); 
� is the yaw angle (between 3� to 10� ) depending on the cur rent and wind effect; and 
� BE is the width allowance to prevent the ship from colliding with a breakwater or the 
channel lateral slopes, in meters.
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The value of � BE depends on the amount of entrance protection, and ranges from Bmax

for well-protected entrances to 2Bmax for the less protected ones.

The dr ifting speed of the ship due to the wind and cur rents is,
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where,

V  is the normal component of the cross-current acting on the ship (m/s); and

V  is the speed of the ship©s drift under the normal component of the

aaaa = +

wV  is the speed of the ship©s drift under the normal component of the

strongest wind acting on the windward side (m/s).



Example.

Determine the width of a por t’s entrance BE with the following conditions:
1) The “ design”  ship length Ls = 220 m and a beam Bmax = 30 m;
2) The natural cur rent and wind velocities are,
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The normal component of the current at the entrance is,

V .  knots (0.75 m/s)

The normal component of the ship drift under the wind is,

V .  knot (0.5 m/s), therefore,

V . . . m / saaaa

=

=

= + =

3) The ship’s yawing condition is,  t = 60 s and � = 10°
4) The width allowance � BE = 1.5 Bmax =  45 m
5) The ship travels at Vmin = 3 knots (1.5 m/s)

Therefore,
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Consider the first case, when the entrance is not constr ictive, so that the basin is 
roughly the same size as the entrance.



a) For the non-restr ictive entrance, the basin is relatively shor t and deep, where

where Lb is the basin length in meters; d is the average basin depth in meters; g is 
the acceleration of gravity in 9.81 m/s2, and T is the tidal per iod in seconds.

b) The basin water area is relatively constant, 
c) The in-flow of freshwater is minimal, and
d) The ocean tide is approximately sinusoidal.
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For these conditions, the cur rent velocity is,

where Vc is the average cross-section velocity at the maximum tidal flow in m/s; T is 
the tidal per iod in seconds; Ab is the sur face area of the basin in m2; Ac is the cross-
sectional area of the entrance at mean tide level in m2; and as is one-half the range of 
the ocean tide in meters.
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I f the entrance is constr ictive, as shown below, the tidal range is reduced, and the tidal 
cur rents tend to be overestimated.







The or ientation of the por t 
entrance is given by,

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



The entrance to por ts,

(a) and (b) are entrances formed 
by ver tical wall breakwaters;

(c) is a dredged entrance 
protected by ver tical wall break-
waters, and

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



Basin Sizes.

The components of a typical basin are shown below,

The symbols are, (1) the access channel, (2) the inter ior channel (stopping area), (3) the 
turning basin, (4) the anchorage area, (5) ber thing areas, (6) special, (7) breakwaters.



The turning basin in an unrestr icted por t, with the symbols: Lst is the 
ship stopping area, (1) is the turning basin, (2) is the maneuver ing lane, 
(3) are breakwaters, and (4) is a ship.





A typical off-shore moor ing 
system consists of the 
following,

(1) The moor ing r ing;
(2) The chain shackle;
(3) The peg-type buoy;
(4) The br idle chain;
(5) The main chain;
(6) The swivel;
(7) The ground chain;(7) The ground chain;
(8) The sinker chain
(9) The anchor, and
(10) the sinker.



Harbor Entrances.

A harbor is a naturally 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 a temporary haven for ships in 
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.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. Improved 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 Afr ica’s Por t of Durban before and after the widening of the entrance channel.



Entrance and breakwater at Por t of Genoa, I taly.



The harbor entrance to 
the Fairpor t harbor 
from Lake Er ie is 
through a dredged 
channel marked with 
lighted buoys, with a 
length of approximately 
3.5 kilometers and a 
width of BE = 225 m.



The Fairpor t harbor ’s breakwaters: the left is a shore-bound breakwater, whereas the 
one at center is an offshore breakwater. Note that this recreational por t has an outer 
basin (shown in the left photo) and an inner basin (shown in the r ight photo).



Packery channel of Por t of Aransas, Corpus Chr isti, Texas.
.







The entrance to Taij i Harbor.



Entrance for the Port of Holland.Entrance for the Port of Holland.



The “ Norma”  mar ine crane placing 43-ton concrete blocks at the entrance of Rotterdam.



Por t of La Ceiba, Honduras.



Halls Harbor entrance from the Bay of Fundy at low tide.



Entrance to the Por t of Gydnia, NL with a view towards the NNW.  U.S. Navy ships 
typically moor alongside the Francuskie pier.



Entrance at I jmuiden, NL. 



Entrance to Por t of Rostock.





Entrance , channel and 
turning basin for Por t 
Everglades.



Entrance and turning basin for Por t Hueneme, California.



The Port of Palm Beach.
The entrance is through an inlet channel 
300 feet wide leading into Lake Wor th (the 
Inter-coastal).



The Por t of Jacksonville has its 
main entrance channel 
maintained at a depth of 38 
feet.



The Port of Jacksonville.



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



The harbor entrance at Biloxi, Mississippi.



Turning Basins



Computer simulation study for 
a turning basin. 



Turning basin of Por t of Lake Char les.



The turning channel at Lake Char les Terminal in Louisiana, is connected to the Gulf of 
Mexico by a 48-mile (80 km) ship channel. The channel is dredged to a depth of 40 feet 

(12 m) and is 400 feet (120 m) wide with no overhead navigational obstructions. 





Por t Canaveral Turning Basin 



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 a result, congestion in the Entrance 
Channel is a major 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 (MSC) 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 is typically about 1.5 hours and varies only arrival at buoys 3 and 4 to first line over is typically about 1.5 hours and varies only 
slightly 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 is restricted to 
less than one-half mile. 

There is 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 Por t of Br idgetown





Channel of the Por t of Rotterdam.



Docks and turning basin at Rotterdam.



Turning basin for the Por t of Los Angeles.



Channels



Channel for the Por t of Por tland.



Por t of Rotterdam Restr icted Channel 



Rambler channel showing the Stonecutter ’s br idge spanning the entrance to Kwai-Chung 
Por t in Hong Kong.



Osaka, Japan 






