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2 Introduction



Perhaps no aspect of modern times is as
pervasive and influential as change, This
century has been marked from its beginning
by far-reaching change -- scientific, tech-
nical, social, political, even cultural,
The synergistic effect of change acting on
change has increased Its rate, so that the
ability to cope with and plan for change has
become a central feature of modern exis-

fence.

The problems that can result from the mobility
fo respond fo change are well illustrated by
the design of many of the world's ports and
harbors. Until recently these facilities could
be designed by looking backward for examples
from the past. But rapid communication and
the economic pressures of world trade have so
shortened the gap between scientific break-
through and technological implementation that
models from antiquity no longer suffice. Con-
tainerization, supersized vessels, oceangoing
barges and new cargo handling techniques are
but few of the most recent developments to
which ports must respond. Another, spawned
by necessity and massive social pressure, is
the need for preserving environmental balance.

Clearly, ports and harbors of the future must
be planned and designed to accommodate
change. The purpose of this report is to aid
those who are involved in and responsible for
port and harbor planning and design. If is
hoped that through the use of the guidelines
presented herein, marine facilities may be de-
veloped which are more rational, more flexible
and thus more functional .

The next section of the report, Part 3, pre-
sents an analysis of present harbor design
features. Part 4 describes step by step re-
quirements in port design and construction.
Important trends in marine and transportation
technology are described in Part 5, and Part
6 suggests planning and design concepts for

ports in different stages of development. Nau-
tical terms, perhaps unusual ta the uninitiated,
are explained in the Glossary, Part 7.



3 Port Analysis



3.1 Types

3.1.1 Geographical

B, Inland expansion. B. Unrestrictive .

3 .1 .1 .1 Coastal Port
Coastal Ports are those which are affected by
tidal ranges and are readily accessible to
open water. They provide the following
advantages:
~ deep water for large vessels
~ expansion capabilities on water and land

maximum accessibility for coasta I and
overseas trade

' desirable locations for industrial develop-
ment,

Reproduced by permission oF the Port of
Wellington, New Zealand
Disadvantages of coastal ports:
~ tidal action

sl I ting
- unprotected.

Coastal port development fol laws two basic
forms:

A . Seaward expansion

3.1.1.2 Inland Port
Inland ports are those which have little or no
tidal effects . These ports are located up rivers
or channels, They provide the following ad-
vantages:

~ protection
~ water access to interior

reduced transportation costs
' limited tidal action.

Reproduced by permission of the Port of Hamburg,
Germany
Disadvantages of inland ports:
- unseasonaI rise and fall of rivers or channels
~ accumulation of sedimentary material

limitsan vessel size.

Inland port development follows two basic
forms:

A . Restrictive



3.1.2 Cargo

3.1.2,1 Conta inerized

The container provides a sound protective
covering for cargo and provides an econom-
ical system for transfer of cargo from one
transportation mode to another.

Containers come in five basic types: reefer,
dry, insulated, vented and special . They
are manufactured in 10 foot increments,
ranging from 10 to 40 feet,and are 8 feet
tall and 8 feet wide.

Advantages of containerization are:
reduced ship turnaround time

' less damage
' less theft

~ transit shed not required
' containers can be stacked,

Disadvantages of containerization are:
' large amount of land area for container

marsha I I ing and storage required
' older vessels not designed to handle such

large units
' expensive handling equipment required

paper work involved not as advanced as
containers, therefore delays occur.

Classification of ocean borne general cargo
suitable for containerization is listed in three

general classifications:
A . Prime � generally commodities of high
value with relatively high shipping rates.
These prime commodities possess physical
attributes which permit them to be effi-
ciently packed in containers. Many of these
commodities are highly susceptible to damage
or pilferage. Examples of prime cargoes are
l iquars, wines, pharmaceutical s and non-
bul ky items.
B. Suitable - generally commodities of
moderate value with shipping rates less than
those for prime commodities. This classifi"
cation has a modest susceptibility to damage
or pilferage. Example of this type include
wood shingles, wire products and bagged
coffee. Other type cargoes that fit in this
category are those that could be contaminated,
such as bagged flour or cargoes that incur
labor penalty charges such as green hides and
carbon black.
C. Marginal - generally low value cargoes
that could be placed in containers. This type
cargo includes pig iron, steel ingots and
unmanufactured wood .



Reproduced by permission of the Port of Brisfol,
England

3.1.2.2 Bulk Cargo
A homogeneous cargo with no form oF pack-
aging and not capable of being handled with
a sling . There are two general classificafions
For bulk cargo:
A. Dry bulk � all commodities which are not
in a liquid or gaseous sfate. Examples: ore,
potash, phosphate, gypsum, limestone, ce-
ment, coal, grain.

'Loading facilities for dry bulk vary from con-
ventional drag line to seaside galleries equip-
ped with elevators, storage bins and convey-
or systems.

8. Wef bulk � all commodities which exist
in a liquid or semi-liquid state. This cargo
is usually pumped. Examples: sulphur, petro-
chemicals, crude, gas, slurried minerals  coal,
ba ux ite, iron ore! .

Loading facilities for wet bulk usually include
a loading dock which supports the various
valves and required hose handling equipmenf.
Tankers and fank barges generally are equip-
ped wifh adequate pumping equipment to dis-
charge fheir cargo.

Advantages of bulk handl ing:
. minimum labor required
' no packing or packaging required
' one bill of loading

usually one port of call
' ability fo haul large volumes over long

distance .

Disadvantages oF bulk handling:
' not all ports can service bulk vessels
' limitecf variety of cargo
.' require large storage facilifies
' many bulk cargoes difficult to dis-

charge
' require extensive clean up of equipment

for differenf fype cargoes using same
discharging equipment .
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3.1.2.3 Hreak Sulk
General cargo that is largely manufactured
items or components of various types anci
quantities that are shipped together. A great
deal of food stuffs and raw materials fat f into
this category. These items generally require
storage or protection offered by transit sheds.

Advantages of break bulk cargo:
~ usually transported by land carriers because

of value  truck ar rail!
~ shipped on regular schedule
~ can be economically stored away from

dockside .

Disadvantages of break bulk cargo:
~ require large open storage space
~ subject to theR and pilferage
~ require transit sheds for sorting and tem-

porary hol ding .

3.1.2.4 Passenger
Ports which are designated For the movement of
people and their personal effects to and from a
vessel .

Characteristics of passenger ports:
. provision oF facilities for passengers: toilets,

lounges, baggage check, etc.
' related to established transocean routes

' usually concentrated at densely-populated
areas .

Existing problems facing passenger service:
decline in passenger volume due to airlines
passenger vessel routes seldom change

~ speed and cost.

Reproduced by permission of the Port of
Bristol, England

Passenger and Freight time schedules for the
Port of Dover, England



3.2 Location

3.1.2.5 Specialized
Ports which handle one material or product
only. All their equipment is geared to maxi-
mize the handling of its particular cargo at
the highest efficiency, Example: coal port,
fishery port.

Fishery ports are of basically two classifi-
cations:

4 . Commercial - port utilized as a place
of discharge for fish product. They require
facilities for fil leting, packing, freezing
and manufacturing fertilizer or fish meal .
B. Small fishing boat operation � catch
sold day by day at the docks.

3.2.1 Physical Factors

3.2.1.1 Land

Parameters to be considered include:

' established trade routes and their relation
to interior fransportafion networks
exist ing adjacent port installations

' accessibility to hinterland and areas of
producf ion .

First and second day rail service

First and second day truck delivery

Source: Port of New Orleans

3.2.1.2 Wafer

A harbor is primarily a sheltered water area af-
fording a natural or artificial haven for ships.
Harbors provide calm water for maneuvering of
and berthing ships as well as providing anchor-
ing space.

Harbors have three general classifications:
A . Natural harbor � an inlet or area of water

protected from storms and wave action by the
natural configuration of the land itself. The
entrance is so formed and located that it pro-
vides safe navigation as well as protection.



10

Fiord harbor exampleRia harbor example

B. Semi-natural harbor "an inlet or river
sheltered on two sides by head lands and re-
quiring artificial protection at the entrance
only�.
C. Artificial harbor " protected from wave
action by means of breakwaters or by dredging .

Types of natura I harbors:
A . Ria harbors � submerged estuaries in a
rejuvenated land surface provide very good
shelter with adequate depths for vessels.
8. Fiords � great length in proportion to
breadth, steep sides, unimportance of rivers
which drain into them, seaward threshold,
have great depths.
C. Fohrden - estuaries in low country of
soft rocks, which have lost the rivers which
once flowed into them.

D. Embayed volcanoes � where an island or
coastal volcano has had its crater walls eroded
and submergence has taken place. The crater
and the eroded gully can form a deep, well-
protected harbor .
E. Coral harbors � coral reefs in the form of
atolls and barrier reefs often act as immense
brea kwaters .

lt is necessary in the selection of a suitable
harbor site to consider..
~ amount of dredging that will be required
~ bottom conditions
~ shore area available for terminal develop-

ment

' size and shape of harbor
' geographic, climatological and geological

information .
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3.2.2 Socio- economic

Location in areas with unexploited resources
and an embryonic industrial development re-
quires an appraisal of basic position of the
port in reference to how it will bast serve tha
hinterland. Factors influencing these deci-
sions include:

~ processing plants utilizing inexpensive
water transportation for raw materials and
finished products

~ fuel types and accessibility
~ export and import potential,

In cleveloping countries, ports ara developed
for usually ona of the fo'Ilowing four reasons:
A . Establishment of new national boundaries.
This process may have eradicated or placed a
port outside of the new boundaries making it
necessary fo establish a new port if the country
is to continua in trade and commerce,
8. Shifts in national growth patterns may
create the need for facilities nearer the hinter-
land previously serviced by remote trade centers.
C . New or ma jor industry requiring a coastal
outlet� .

D. If existing ports ore unable to expand and
have reached their economic limits, it is nec-
essary to establish new adjacent facilities to
efficiently handle the trade.
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3.3.1 Owning Organizations

After close examination, it becomes apparent
that no two ports are administered the same
way. No standard administrative strucfure
has been esfablished. However, most ports
fall into the following classifications:
' self~overning   board, trust, authority,

commi ssion!
private  industry~wned!

~ public /state
~ muni ci pal
~ others  railway-owned, customs~wned,

free ports!.

3.3.1.1 Self-Governing
A self~overning or trust port is one contralled
and operated under the direction of the users,
the port authorities and other interested organi-
zations . This includes local public authorities
and state departments, all of whom are re-
presented on a governing body, usually called
a board. The board is almost invariably made
up of appointed members, presided over by a
chairman. Normally, there is a svbsfantial,
many times a majority, representation of payers
of rates and charges on vessels and goods using
fhe port. The trust ports are non-profit making
with underfakings ordinarily financed by
public subscriptions bearing fixed rates of in-
terest. However, because borrowing can be
made only with governmental consent, funds
available to trusf ports for development are
normally limited to fhe gains realized by success-
ful management. The trust port authorities,
independent and non-political, provide a unity
of administrafion with a considerable fund of
expert bvsiness experience on which the port
can depend. The desires of the members who
are port users are combined with the long ex-
perience and know-how of fhe management and
executive officers. Summing vp, it may be
said that self~overning ports owe their growing
popularity in many ports of the world to;

their power to shoulder the heavy finan-
cial burden which the provision and main-
tenance of port and dock enfails

~ the representation which they offer to those
using the port in the course of business and
to organizations whose interests are affected
by its efficiency and svccess

' their freedom from political considerations
their impartial policy in relation to all forms
of transport wishing to use the port.

3.3.1.2 Private
Privately owned ports are those owned and
managed for the purpose of making a profit,
in the same manner as any other private enter-
prise . They are normally owned by companies
or private individuals operating under statutory
powers conferred on them by government. Within
this category fall those parts of a port owned pri-
vately and run for the particular purpose of dealing
with the specialized cargoes of a company or trad-
Ing group

Originally, many porfs were run as private enter-
prises, but the heavy cost of capitalizing them,
the rapid obsolescence of expensive facilities
caused by the great advance in size of ships, and
the freezing of capital in anticipation of such
developments made fhem unsuitable subjects for
this type of undertaking. They gradually came
under the control of one or the other of the more
financially powerful types of organization. The
ma jor characteristics of privately owned ports
are their:

relative freedom from restrictions

freedom from political considerations
impartial policy in relation to all farms of
transporf .

3,3,1 .3 Publ i c/State
Publicly and statemwned ports are both govern"
ment~wned ports,  although there is a distinction
between those that come directly under a govern-
ment deparfment i.e. state-owned port! and those
organized vnder control of some type of govern-
mental agency .

With the state running the port, the national policy
can be expected to be evident. The port may well be
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integrated with rail, road and waterway
services when they too are nationalized.
Subsidies from state sources are nof un-

known, parficularly where major develop-
ments are concerned ~ Fears of absentee

direction, bureaucatic interference and
failure to apprecia te local conditions may
be evident. It should be noted thaf state

ownership in its present form is not ac-
companied by any reducfion in the number
of organizafions operating within the port.
In facf, fhe state rarely seeks to do more
than provide a port, leaving the users to
operate it.

The major characteristics oF state-owned
ports include:

~ ex c e I I en t f ina nc ia I resources
opporfunity for planning on a national
level

impartial attitude to all methods of
fransporf desirous of using the ports.

3.3.1 4 Municipal
Municipal ports are usual ly administered by
a commiffee of the local authorify. This
committee is usually drawn enfirely from
members oF the town council who therefore
rely on re-election at municipal elections
fo continue their membership on the com-
mittee. This system creates incentive for
elected persons to take pride in a smooth
operating port. However, there is litfle
guarantee that a newly elected committee-
man will be well-informed on the problems
peculiar to the porf . Surplus revenue that
should go to port developmenf may prove
too greaf a femptation fo city councilors with
pet schemes for municipal improvemenf .

The major characteristics of municipal port
undertakings are:
- good financial resources
' ability to offset losses against "invisible

assets", such as employment for towns-
peoplee

imparfial policy in relation to all forms
of transport.

3.3,1.5 Others

Railway-ownership has been brought about
in many cases by the practice often followed
by railway companies of acquiring or build-
ing docks for the purpose of feeding their
railway systems or for use as terminals. Such
docks are regarded as independent profit-
earning units. They are part of the service
offered by railway companies to the trading
or traveling communities. Railway companies
have been enabled by their good financial
resources to spend large sums in developing
and improving docks. The major characteris-
tics of railway "owned dock undertaking in-
cludee:

good financial resources
ability to offset losses on docks, against
profits earned over the whole railway
sysf'em
freedom from politica I considerations .

An ancient Form of port managemenf which
still lingers in some parts of the world is thaf
of control by customs administrations of fhe
country concerned. It is understandable that
under primitive conditions the ruler oF a mari-
time state should regard ports as means through
which much needed revenue could be channel-
ed, with the day by day running of the port as
a secondary objective .

The free port is a port area in which goods
liable to import duties can be stored without
payrnenf of duty; this is paid when the goods
go ouf through the dock gate fo their destina-
tion in the surrounding country. The obvious
advantage of fhis system is that foreign goods
can be discharged from ships, put into ware-
houses, processed and exporfed again without
having to pay duty to the national exchequer.



14

3.3.2 Operations

The operation of a port is a complex under-
taking. Due to the overlapping of types of
port ownership and administration, it has been
necessary to establish some sort of operational
format. This has been successfully achieved
in the formation of port authorities. Func-
tions of port authorities vary but usually in-
clude items such as:

devel o pment planning
' tra f fi c promotion
' ca pita l ra i sing

independent terminal development
leasing facilities
operating transportation modes

' operating harbor equipment.

A majority of the port authorities of the &ited
States possess the power of right of eminent
domo ln .

The following examples are the organizational
charts of three selected ports.

Port of London, London, England

Port of New York, New York City world trade

tunnels 8
bridges

Hoard of � Executive

Commissioners Director

termina I s

rail transportation
marine termina l s

aviation
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Admini stra t ion

Division

Port and
Harbor

Bureau

promotion ~ promotion
and research i � research

department

management~ management
operations

port opera-
tions de-

partment

planning 1st planning
department 2nd planning

engineering

Engineering
Division

eng ineering
works de-

partment

design de- ~ 1st designing
partment L. 2nd designing

1st constru- ~ 1st construction
ction office i � 2nd construction

2nd construc-

tion office

1st construction
2nd construction

Rec I a ma t ion

Division
construction designing
department 1st construction

2nd construction

pro ject

department

Mayor Deputy
Mayors

Port of Osaka, Osaka, Japan

genera I
affairs

departm

general affa irs
welfare
1st accounting
2nd accounting
requisition

marine

wharfage
1st port service
2nd port service

engineering
works

inspection
construction

machinery
el ectric
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3.3,2.1 Cusfoms

The primary responsibility of the U.S. Bureau
of Cusfoms is fhe administration of the Traffic

Act of 1930, as amended. Their duties in-
clude:
' assessment and collection of all duties, tax"

es and fees on imported merchandise
' enforcement of customs and related laws

administration of certain navigation laws
and treaties.

As an enforcement organization, it combats
smuggling and fraud and enforces the regula-
tions of numerous other federal agencies.

Criteria for establishing a customs ofFice is
based largely on volume of business in a port.
Size of staff also is "dependent" upon
volume of business. Facility requirements
are dictated by staff size,

3.3.2.2 Physical
The physical functions carried out in a port are
divided into inboard and outboard functions

with fhe transifion point being the ship's rail .

Ship related problems or responsibility of
cargo matters %II into the jurisdiction of
the Cargo Superintendents Department.
Usually one person either on staff of the
company or on contract assumes fhe duties
out lined:

see that all booked or maniFested cargo
is loaded or discharged

' note its condition on receipf
' comply with the requirements of the master

in the mafter of storage
' ensure fhot the stevedore's responsibilities

are satisfactorily discharged.

The number of independently operated organi-
zations involved in executing porf and harbor
functions may vary from suprisingly few fo
many. The following list indicates several
typical types:
4 . Carriers:

~ steamships
barges
ra i I roa ds

mofor trucks

airlines

pi pennines .
B. Storage Agencies:

waterfront general storage agencies
warehouses

grain el evafors
Free trade zones.

C . Shipper and Shipper's Agents:
shippers of freight
receivers of freight
customs brokers

export agents .
D . Freight Handlers:

stevedores

car and truck loaders and unloaders

cooperage firms
termina I corn panies
grain elevators
ore, coal and other bulk handling,

E . Vessel Agents:
steamshi p agents
steamship brokers.
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Temporary storage

Customs StorageTransit

Import

IAIDO 4

F . Vessel Service Agents:
towage firms
vessel stores suppliers
fuel suppliers
repair yards
dry dock firms
supplier of wafer and power.

Diagram of cargo movement from vessel
Source.' Port of Rotterdam

G . Financial tnstitutions:

banks

insurance firms,

H. industry:
waterfront business firms

free trade zones

export subsidiaries of warehousing firms,
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3.4.1 Land

Llladlny IIaLLCSrll& IIII ~ OI
loller aal ~

The main function of the various transpor-
tation modes is the fast, efficient movement
of cargo.

3,4,1, 'l Trucks

Truck characteristics which relate to port
usage and planning include the weights,
sizes and turning radii . The following charts
are an attempt to provide a reference guide
for truck information, but detailed informa-
tion concerning each state's vehicle laws
must be used in the final planning of a parti-
cular port.

Ll

Determining Maneuvering Equipment

A, Draw to scale trailers up against the load-
ing dock at expected minimum spacings.  Use
measurements of longest and widest trailer ex-
pected at dock with rear most axle or tandem
posit ion . !

Extend trailer «2 axle or tandem center line
in direction of turn.

C . Draw chord AA1 from that point on the side
of trailer «2 where the axle or tandem center
line intersects the side of the body, to the nose
corner of the adjacent trailer  «1!. This is a
chord of the curve through which point trailer
«2 must traverse to miss trailer «1.

D. Sisect chord AA1 and extend a perpendi-
cular line until it intersects the extension of

trailer «2 axle or tandem center line at point X.

This is the point about which all points on
trailer «2 must rotate to miss trailer «1.

E. With the compass point on point X, swing
trailer «2's nose around until point A reaches
Ai . Sketch trailer «2 into its position as
shown .

F ~ Through the location of the kingpin p ex-
tend a line back through point X. This line
then represents the center line of the tractor
drive axle or bogie. From this drive axle
center line, draw the tractor with the great-
est turning radius in its proper position with
respect to trailer 2 in its second position.

G. With the compass point on the tractor
front bumper  opposite side from the direction
of the turn! scribe an arc equa'l to the turning
radius of the tractor so that it intersects the

center line of the tractor drive axle at point Y.

H, With the compass set at the turning radius
of the tractor, place the point at Y and scribe
an arc that represents the curve through which
the bumper will travel .

I . Finally, measure that distance from the dock
to that point on the curve just drawn which
represents the greatest distance from the dock,
Hased on a Single Continuous Forward Move-
ment, This Re resents the Absolute Minimum
Distance Awa from the Dock Needed For

Maneuvering Area .

Minimum interference distances may be de-
creased by increasing the minimum spacing
between trailers, by using trailers with the
axle or tandem advance as far forward as

possible, by using tractors with smaller turning
radii and by using a saw-toothed loading plat-
form design. Power steering can be of some
help, for in a practical operation and for a
given turning radius, the less effort required
to turn a tractor, the shorter the distance re-
quired to maneuver the vehicle.

Reproduced by permission of Truck Trailer
Manufacturers Association
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3.4.1.2 Rail
Rail movement of cargo represents a sizeable
volume . The types, sizes and number of
rail cars are many:

general purpose box cars
' bulk head Flat cars

' general and special purpose flat cars
' specially equipped box cars
' auto-veyor and saddleback flat cars
' gondola cars

covered hopper cars
' open-top hopper cars
' refrigerafor cars ~

Each rail line provides their own sizes and
variations to each of the above as well as
many custom and special cars. The only
ifem that remains constant is the wheel

spacing to fit existing tracks.

In 1968, the total U.S. fleet of freight cars
was approximately 8'14,000, of which 70,000
were added in fhat year, The trend has been
to larger cars.

The "piggy back" concept represents 5/o of
all car loading.

In 1968, there were approximately 1,337,000
railway car loadings, which carried 2,179',000
revenue producing units. This figure increases
as more items are containerized.

Problems generated by this increase are pri-
marily ones of congestion. Many shippers
desire late afternoon coll ection and early
morning delivery. To accommodate this,
more trailer parking space is needed at the
port .

Another concept utilized in the rail industry
is the "unit train". This idea, not really
new to the industry, is growing in use.
Hasi cally, the concept is designed for bulk
cargoes, such as coal, pelletized ore, potash,
phosphate, lead, corn, etc., which can be
loaded af one point then delivered uninter-
rupted at the destined port. ThIs owner of
the cargo leases the entire train for his cargo.

Anofher concepf designed to compete with
marine conveyance is the "land bridge".
The land bridge is the utilization of land
transport for part of what would normally
be an acean voyage. Its infent is to move
goods by shortest distance between two
poinfs at the fowesf elapsed fime and cost.
Containerization is the key to bringing
time and cost for land fransport to a com-
petitive position with sea transport. Now"
ever, many experts in transportation believe
it will be difficult for land bridges to com-
pete with Ihe new faster confainer ships
currently coming into service.
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doors

Buildings and sheds Warehouse and High platforms serving
adjacent side tracks engine house doors refrigerator cars
Source: Architectural Graphic Standards

Canopies and awnings

Proposed route of the "Land Bridge"
Source: New Orleans, Centroport

Side t

onl

Low platform High platform
For all cars except refrigerator cars
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3.4.2 Airborne

3.4.2.1 Air Transportation
Presently, in terms of tonnage, air line cargo
movement is relatively small . Air cargo con-
sists of primarily high value, low weight goods.
In 1968, air cargo represented only 438, 900
tons, but its value was 6.2 billion dollars.

New high speed, high capacity air craft, such
as the 747 and C-5A, together with increasing-
ly fast ground handling systems, will improve
air cargo capacity and productivity and will
lead fo lower ton-mile costs and probably
lower freig ht rates .

It is predicted that by the year 2000 air cargo
could absorb 25/o to 35k of ocean borne

general cargo .

3.4.2,2 Future

The effect of  V/STOL! Vertical/Short Take
Off and Landing Aircraft is yet to be Fully
realized. The benefits are unlimited, pro-
viding the aircraft can carry large payloads
economically. This type aircraft will permit
faster, more direct port-to-user delivery to
inland areas.

Source;

R ional Air rt � 2001

There exist proposals for offshore airports to
eliminate problems of noise and air congestion .
These same air ports could be combined with
deep water ports to further intermodal transportation.

Helicopters can be an effective mode for the
movement of goods, due to their vertical lift
capability.
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3.4.3 Waterborne

19801970 1990 2000

43,50025,500 33,500 50,000
50 930 1 010 050

10 132117 127

4039

8 168 8 583 o43
Ta nke rs Max DWT in

World Fleet 300,000 760,000
1,4 o

1,000,000 1,000,000
1,570Length feet! 1,135

Beam f eet 1

De th feet 9
Draf t feet 72

1, 570
252 2727

142 1 2129

1 o4 10
Average DWT
in World

F lect 39 825 76 225

185 000
l,o4o

94 325

400,000
1,325

90 000

317,000
1, 230

Dry Bulk
Carriers

Max DWT in

World Fleet 105,000
Length  feet 70

183Beam feet! 125
Depth feet! 71
Draft feet

152 19
1099

7157
Average DWT
in World

Fleet 14,750 18,750 23,575 27,350

Projected Vessel Characteristics 1970-2000
Source: V.S, Department of Transportation

Conta incr Max DWT in
Ships/General World Fleet
Cargo Ships Len th feet

Beam  f eet I
De th feet
Dra f t feet!
Average DWT
in World
F lect

"Insof'ar as world pressures are concerned, the
ship appears to be coming first. The growing
sizes of certain types of ships are increasingly
rendering many traditional ports obsolete in
terms of capabilities, and are forcing others
to adopt radically new handling, storage and
distribution techniques. In many cases, vast
cargo volumes are involved which are already
causing the activities of superships to be con-
centrated at new and often more remotely
located deepwater, special ized harbors ."

Source: Harbor and Port Development, A
Problem and an Opportunity. V.S. Army
Corps of Engineers, Ju y 1968,
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3.4,3.1 Container 5hips
Roll-on/roll -off vessels utilize cargoes that
move under their own power. A majority
of heavy cargoes and large items that do not
lend themselves to containerization such as
farm machinery and wheeled vehicles, utilize
the roll~n/roll-off concept. The advantages
of rol I -on/rol I off are:

eliminates loading by sl ing
' guarantees under deck stowage

saves time and money  no packing required!.

Roll-on/roll off requires ramp space to unload
and load.

slip wharfwharf with

landing

Full container ships are being used more and more
because as world wide general cargo trade con-
tinues to grow so do vessel sizes. Container
vessels are replacing traditional break-bulk
vessels due to their faster loading and unloading
capabilities. Factors limiting the size of con-
tainer vessels are:
. harbor orientation

shoreside space
' existing distribution systems.

Containers

Oil, fuel

Water
ballast
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LASM  Lighter Aboard Ship! and SEA BEE are
variations of the containership. These vessels
carry barges instead of containers. The barges
are actually floating containers which are dis-
tributed to inland waferways, loaded at points
of distribution, fhen floated in flotillas to shelter-
ed water where they are lifted by ship cranes
onto the deck of the mother vessel .

Advantages:
' goad where barge trade is heavy from in-

land areas

' could be utilized at developing ports where
little ar no facilities exist.

Disadvantages:
' loss of cargo space in mother vessel by

barge proper
' barges and vessel expensive
' barges do nof totally adapt to intermodal

system .
require calm wafer to load barges aboard
vessel

Dry bulk cargo vessels are expected fo grad-
ually increase in size but not as rapidly as
container vessels.

The 080  Qil -Bulk-Ore! vessel s are oriented
in the same direction as tankers; they also
will confinue to grow until their draft exceeds
the limits of existing harbors. It will then be
necessary to examine new methocls of loading
these vessels.

Loading Barges Onto Lash Vessel
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1945 17 000 dwt

%60 100000 dwt

1966 200 000 dwt

1NO 500000 dwt

Grawth in Tanker Size

3.4,3,2 Tankers
In May 1969, 238 tankers, each in excess
of 150,000 DW1', were under construction
or on order. 50 were in service at that time
and 6 of the 326,000 DWT tankers had also
begun service. In addition to tankers, a
146,000 DWT bulk salt carrier and a '157,000
DWT ore-bulk-oil carrier were under construc-
tion. Plans for a 215,000 DWT 080 were
under consideration .

Tanker fleet now and proIected
Source: Port and Harbor Development, A
Problem and An 0 rtunit

Tanker loading from floating offshore terminal

Incentive for vessel growth has been
strongest for crude oil tankers. Increas-
ing use of offshore terminals and new
deep water harbors located away from
traditional established ports have con-
tributed to this trend ~

Factors influencing tanker size:
. sharp and continued increase in world

petrol eum demand
increased length of haul from sources
of supply to refinery and consumption
centers

comparative economics of tanker trans-
porta t ion

' technological advances in large vessel
construction .

Operational constraints of tankers:
' serious handling problems in restricted

coastal and harbor waters
' threat of oil pollution caused by vessel

casual it i es .

Future Concept - Submarine Tanker:
Designed to bring oil from Arctic regions
under the Artie ice-pack to ice free ports, these
tankers could be loaded from undersea termi-

nals while submerged, then unloaded at ice-
fr ee ports by con vent iona I methods .
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Area served by barge traffic from Port of New Orleans

Submarine Tanker  proposed! loading from
underwater terminal

Source: General Dynamics

3.4 .3 .3 8arges
A barge is an unmanned vessel controlled
by another vessel and generally with no load-
ing or unloading equipment on board. Move-

~ ment of barges is usually done by tug boat.

Methods of barge movement
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Deck Barge sizes
inland offshore

Oil Barges
a  ft. b  ft.! c  ft. ca acit barrels

Standard barge types

72 24 5

100 28 6.5

110 30 7
120 30 7.3

139 32 7.5

150 34 10

170 40 10

180 50 10

205 40 10
383 68 39.4

1, 200
2,600
3,000
3, 250
5,000
6,000
8,700

10,000
11,400

120,000

Seagoing tank barge under tow

Load capacities of seagoing tank barges
range from 25,000 barrels to 165,000
barrels. Tank barges with 240,000 barrels
capacity for products suchas liquid caustic
soda, benzol, toluene, aqua ammonia,
ethylene glycol as we I I as petrol eum pro-
ducts are in the planning stages.

The Alaska Hydro-Train, introduced in
1963, provides a direct rail link between
Seattle and Alaska. The concept is to use
marnrnoth ocean barges as rollmn/roll-off
vessels capable of handling up to 64 loaded
rail cars with various commodities.



Transocean Barges:
The concepf is to develop transocean trans-
portation systems with separable propulsion
units  tugs and barges! to compete with systems
without separable propulsion systems  self-pro-
peI'ted ships!. Ocean barging is o relatively
new mode of large-scale ocean transportafion,
originating in the United States and Canada .

Transocean tug-barge system advantages over
sel f-propel led vessels.
~ manning

utilization

~ cargo-handling equipment
~ operational flexibr I ity .

The major disadvanfage is that it is a low
speed mode of transportation.

Transocean barge sizes

Conta incr Bu Brea Bu
Cargo DWT 1,000 0,000, 0
Length  ff! 450 485 252
Beam ft 85 105 55
De th ft 32 35 18
Draft ft 16 26 14

Proposed Transocean Container barge with
capacity of 910 twenty foof containers
Source: Transocean Tug-Barge Sysfems
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3.5.1 Method

Cargo handling is the preparafion, placing
and positioning of goods to facilitate their
movement or storage. The primary objective
is to promote rapid ship turn around. To
accomplish it several factors play an impor-
tanf parf:
~ planning work in cooperation with ports

and ships before ship actually arrives
~ maintaining close coordination between

ship and shore
~ establishing and quickly impl emenf ing

correcf unloading procedures
~ utilizing ships equipment to maximum
~ having required dock facilities at point

of unloading
securing required dock crews

' following customs procedures
' ensuring that cargo is properly stowed in

sheds.

Several factors which can increase the effi-
ciency of materials handling:
' increasing size of unit being handled
' maximizing equipment efficiency

increasing dock area by using air rights
' practicing safety for ship, cargo and

personnel
' flexibility in equipment
' standardizing equipment and methods of

cargo handling.

Careful planning of stowage in transit sheds
eliminates duplication of efforts and improves
operation efficiency:
~ minimize distance cargo has to move from

transit shed to sh

eliminate traffic congestion and inferference .

Comparison of pal letized unit loads with loose
cargo in a typical shi pmen t
Source: Material s Handling
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Methods of Cargo Mandling by Cargo Types:
A . Weavy and Large Bundles:
' handled on the wharf by forklift or other

equipment with special attachments
' readily loaded or discharged to vessels by

various slings
' confine stowage to machine handling capa-

bil ities for optimum effi ci ency .

8. Unitized and Pre-Falletized Cargo:
' normally handled by forklifts, paper roll

grabs, hydraulic clamping devices or other
attachments for liR trucks as required

' optimum speed attained by machine stowing
cargo up to 8' high permitting easy tiering
with stability and eliminating the need for
dunnage .

C . Loose Packages:
' delivered loose by land transport to transit

shed
' hand-loaded onto pallets � moved about shed

for storage or to ship on same pallets
' unloaded by hand labor in the ships hold.

D. Containers:

~ small items or bulk materials are packed into
larger re-usable containers

' can be transported over land in same con-
tainers as shipped

' large scale container operation requires
special equipment aboard ship or on wharf
entry cranes, straddle trucks, etc.!

' promotes an economical transportation
of cargo
reduces pilferage, damage and labor
handling costs.

Stowage of modular units within a container
Source: Container Services of the Atlantic�
1970

Route of typical container transport system
Source; Auckland Harbor Board, New ealand



3.5.2 Equipment

E . Rol I-on/Rol I off:
This technique requires ships which have side
or end doors through which vehicles may be
driven. For maximum efficiency, a port needs
to be equipped with moveable approach ram~,
such as those used at ferry ships, which are
capable of adjusting to tides and ship sizes.

3.5.2.1 Ships Gear
A ma jority of ship loading is carried out by
ships gear because:
' vessel can discharge goods when unable to

dock at berths
vessel capabilities are often greater than port
ca pabilities, especially in developing
countries

in case of shoreside power failuie, vessel can
unload without being delayed.

Typical cargo vessels from the past are equipped
with a pair of cargo booms over each hatch.
Ouring operation, one is positioned over the
offshore edge of the hatch, the other overhanging
the wharf. Cargo hooks hang from a link to which
both hoisting lines are attached. By joint mani-
pulation of two winches, the operator can drop
the hook into either side of the hold and maneuver
the load vertically or horizontally at high speeds,
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a. Example of two swinging booms doubling up
w i th a trave 1 ing bloc k
b. Example of two swinging booms doubling up
with an equalizing beam
Source: Marine Cargo Operations

New vessels are being constructed with ship
cranes in adieu of conventional ships gear
because:
~ more effective

. manipulate loads over a greater area
' decks are free of rigging
' easier to operate

one crane will replace two pairs of cargo
booms ~ Ship crane unloading lumber
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3 .5 .2 . 2 Port Equipment

Wharfside cranes are used extensive'ly because
of their large area of deposit. These cranes are
generally mounted on tracks. Dock cranes are
grouped into three genera'l categories.

cantilever - mounted on roof of dock shed
with level luffing jib

~ semi~antry - one set of legs supported by a
rail along the face of a pier shed wall; has
revolving capabilities

~ ful I arch gantry - a I I legs supported on wheel s
with track mounted in apron; has revolving
ca pa bil i ties,

The standard two wheeled hand trucks and
four wheeled platform trucks remain an
essential tool in material handling, espec-
ially in areas where labor is inexpensive
and the purchase of mechanized units is not
warranted. Soth are economical only on
short trips and are frequently used inside
ship hol ds.

Reproduced by permission of Cascade Corp.

Fork lifts have done more than any other
single device to revolutionize cargo handling
on the wharf. They can pick up unit loads or
palletized loads off the apron, transfer them
to transit shecls and stack them, 16 to 18 feet
high. Fork lifts are considered efficient for
horizontal movement up to 150 feet, They
have attachments enabling them to handle
a multitude of special cargoes ~

Two examples of two wheeled hand trucks:
a . Western style
b . Eastern style
Source: Marine Cargo 0 rations
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Travel loader, or side carrier, is a combina-
tion fork lift and straddle carrier. It has fhe
ability to carry Iong lengths and very large
loads. It utilizes its own set of forks.

Overhead manorail sysfems keep the deck
clear of moving vehicles. They have been
used successfully for many years, but pri-
marily in specialized applicafians where
only one commodify is continually handled
over a short, fixed route .

Straddle carrier positioning above a container Portable belt conveyars presently in use

Mobile cranes perform a similar function to
that of a fork lift, but they possess a boom
and sling fhat extends 3 to 4 Feet above the
load which does not allow them to stack

material or operate close to the underside
of ceiling structures . The prime advantages
of mobile cranes are:

better handling of Iong and awkward
objects

' designed to operate in close quarters
relatively small and easy fo maneuver.

Tractor trains are used where the distance

between shipside and storage is too great for
the efficient use of fork lifts. This sysfern
consists of tractor drawn trains and low-bed,
small wheeled trucks which are generally
loaded From ship by ships gear and unloaded
by fork lifts.

Straddle carriers were originally developed .
for the efficient handling of lumber. They
are now used for items such as lengths of
pipe, steel rails, steel plates, multiple pal-
let loads and containers. The load is built

upon bolsfers and the carrier runs over it.
The flanges of the hoisting arms are position-
ed under the bolsters and the load is hoisted.
The load can be picked up and released in
30 seconds. It can be gripped to prevent
displacement while traveling up to 35 mph.

Conveyors are used for loading and unload-
ing ships from side ports, trucks, rail cars
and for moving cargo within the wings of a
ship. There are two general types of con-
veyors:

gravity conveyars - which are wooden or
steel chutes fitfed with steel rollers or
wheels; generally used for light loads
power conveyors - used For various types
of cargo; kinds include endless belt, end-
less pocket or bucket, screw and pneu-
matic elevators or air conveyors.
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3.5.2.3 Floating Equipment

Types of pal lets
Source: Marine Cargo Operations

A floating pneumatic elevator used for
loading and unloading barges and buik ships
Source: Materials Handling

Pallets are double platforms separated a
few inches by batten strips to permit the
insertion of fork lift forks. The top plat-
form supports the load and the bottom one
provides a flat surface for stacking. Gen-
erallyy pal lets are of woad construction.

Pneumatic or vacuum pumps are used in
handling bulk commodities such as oil and
grains, These are incorporated in grain
elevators, oil tanks and floating grain
elevators. The cargo is discharged from
the ship by flexible pipes inserted into
the hold.

Pinwheel Brick
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A tug boat's primary Iob is to meet ships at
the harbor entrance and guide them to the
berth. Tugs push or pull f.he ship into a cor-
rect course to speed up the docking proce-
dure. The movement of barges and many
items of floating equipment are provided by
tug power . Generally tugs are privately
owned and are contracted for service.

Floating drydocks can be used as graving
docks. By flooding tanks which form part
of its hull, if can be submerged to a sufficient
depth to allow ships to be floated into it.
When the ship is in position the dock is
pumped dry, leaving the ship sitting on
blacks. Advantages of floating dry docks:
~ do not require space on land
~ can be relocated

~ can be altered to meet. increasing ship
s'I ze

' does not affect main stream of traffic,

Dredges are the means by which harbors
and channels are deepened or maintained.

Examples of types of dredges;
1. grab dredges
2. cutter suction dredges
3, cutler suction dredges
4. trailing suction dredges.
Source: Costain - Blankevoot Int'I .
Dredging Co . Ltd .

Grab dredger at Port of New Orleans
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Fire boats are used to combat fires aboard

ships and on piers, wharfs and water-
front Facilities in support of land based
Fire Fighting equipment.



3.6 Labor

3.6.1 Type

"Lod brok" largest floating crane in the Port
of Stockholm, has a maximum lifting power of
260 tons and maximum lifting height of 35
meters. It contains ifs own propulsion ma-
chinery with a speed of 5 knots .
Source: Port of Sfockholm, Sweden

Floating cranes have become a standard faci-
lity in most modern ports. They have several
advantages over land-based cranes:
~ self propelled or havled by tvgs

easily moved to sife of lift
' can serve other functions besides ship

loading .

The primary function of labor is to assist vessel
loading and unloading . Labor is involved in the
transfer of cargo from fransportation mode to
storage and vise versa . It is their endeavor to
move cargo as fast, safe and efficient as possible
fo aid vessel turnarovnd time.

3.6,1 .1 Casual Employment
In port personnel, fhere is a line between ap-
pointed staff and casual labor, fhe former gen-
erally being employed regularly and paid a fixed
salary and fhe latter hired as needed on a per
hour per day basis or on a performance basis
measured by physical units of cargo handled.

Waterfront employment is casual in nature because
it is dependent upon the time a ship in in port.
Due to ship schedule fluctuations the following
list of problem areas occur:

It is difficult fo maintain a regular work force
It is difficult for dock worker to anttcipate
increase due to irregular work periods
Problem in esfablishing an employee/employer
relationship because labor is hired by multiple
employers for short duration
lf is difficult for labor to plan acfivities ahead
due to ship schedule fluctuations and long
working hours when ship is in port
Dock work is generally hard, unpleasant and
subject to changing weather conditions,
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3.6.2 Structure / Organization

The port labor force is organized in a closed
shop structure composed of registered dock
workers. A laborer generally wil I not be em-
ployed unless he is registered with a local board
run by the union. The union serves as an agent
for port labor. They obtain jobs from em-
ployers  stevedores! and distribute them among
the membership. The union maintains and
controls the size of the permanent registered
dock worker supply.

The union negotiates contracts, sti pulating
base rates of pay, overtime periods and
numerous working conditions, including
grievances and disciplinary procedures. The
union is charged with administration of sums
provided by employers for labor welfare
amenities as well as for minimal job train-
ing programs.

Network used to get dock labor for a vessel

Cl I
a

o a
E Z

0
o

Comparison of 8 Australian ports �965! of
percent of labor force; Also compares the
regular vs. irregular percent of total regis-
tered labor force

Source: Sea Gateway of Australia
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3.6.4 Aie
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3.6. 3 Occupational Structure

The estimated major difference in the occupa"
tionaI structure between the ports, transport
industry and the labor force as a whole is in
fhe percentage of unskilled labor employed.

Occupational strucfure of port transport in-
dustry compared with British industry as a
whol e

Source; British National Ports Council

According fo the above chart, it can be assum-
ed that the occupations in the upper one/third
of the charts will tend to increase in the port
industry fo match fhe national labor Force.
Mowever, fhe projection oF port labor over
the next twenty years indicates that the pro-
porfion of labor will remain relatively con-
sfanf .

A breakdown uf percentages of people per-
manently employed in 11 major British
ports indicated that 5O/o of the total labor
force are regisfered dock workers and the
remaining 5 P/o are made up of operational
staff such as: shunfers, Iockmen, launchmen,
watchmen and maintenance personnel, etc .

According to a 1968 census, dock labor has
remained fairly constant. Recruitmenf has
compensafed for vacancies, but an inbalance
may be created if:
~ a move from manual skills to highly skilled

and professionally trained labor comes about
which wilt generate a retraining problem for
prese n t personn e I

- recruitment does nof balance vacancies
cargo handling methods change.

The dock labor force is substantially older
than other industries. There is a much smaller
proportion of young employees and nearly
double the national proportion of men over
the age of 64. It is becoming apparent that
fhe age structure of the industries labor force
wiII present serious replacemenf and recruit-
ment problems just to maintain present condi-
tions.

Estimated percent reduction import labor
force fhrough retiremenf only
Source: British National Ports Council
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3.8.5 Mechanization

A comparison of age structureSource: British National Ports Council From the above chart two conclusions can be
del ermined:

' when bulk cargo is handled by labor, the dock
workers are responsible for only 5 P%%d of the
turn around rate of vessels in a port; the other
50%%d can usualIy be attributed to waiting on
facil ities

' when labor is engaged in handling non-bulk
cargo the workers are almost solely responsi-
ble for the turn around rate of vessels in port.

Estimated reduction in British dock labor force

assuming no recruitment
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3.6.6 Safety

1/0
Ton/ho r
Cost/h our

Cost/Ton

The following figure compares the efficiency
in a loading and discharging operation over
an 8 hour shift for three different cargo types.
It becomes obvious that efficiency of cargo
handling in terms of tons per man increases
with the Ievel of mechanization employed.

Source: British National Ports Council

Port development is turning more and more
to mechanized systems of cargo handling
which is creating a great deal of concern
in port labor forces. They fear elimination
of the demand for port labor. But there are
advantages for port tabor as well; systems will:
' create the need for skilled workmen

' create speciaHzed tasks demanding higher
pay scales
eliminate much of the unpleasant factors
of dock work.

Source: Pacific Maritime Association

Dock work is a hazardous occupation.
attention has fo be focused on safety. It is
important that labor and management work
carefully together to eliminate conditions or
practices conducive to accidents. The follow-
ing are minimums for the reduction of accidents:

establish new injury classifications for statis-
tical and control purposes
introduction of newly developed, safe
mechanical aids

' extensive training in accident prevention
adequate lighting for night work
first aid facilities

periodic medical examinations for workers
frequent inspection of winches and mechan-
ical equipment
proper ventilation of enclosed spaces to keep
carbon monoxide below .019o

' strict observance and application of pre-
vailing rules and regulations concerning fire,
intoxication, hazardous areas, etc .

Reported accidents and fatalities at the docks
of the British Port Industry

Source; British Ministry of Transport
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3.6.8 Wages3.6.7 Work Hours

Advantages:
more money for labor.

The regular work hours during which basic pay
is earned are generally fixed, 8uf it is often
difficult to match ship discharge and loading
operations to regular working shifts. ln order
to accomplish prompt dispatch of ships and
maximize shore efforts, work beyond normal
hours is often required.

3.6.7.1 Overtime
This is the most common method for extending
normal working hours. Disadvantages of
overtime:

' physical exhaustion of labor force due to
long and hard hours

' reduced output of tired labor increases
cost per ton of cargo handled

' accident potential increases

3.6.7,2 Shift
This is an incentive method for ports that
permits higher utilization of port facilities,
reduces the need for capital expenditures,
and facilitates more rapid turnover of ships.

Disadvantages of shift method:
. requires increase in the number of register-

ed dock workers which creates an unecono-

mical increase in pensionable stafF
shifts conflict with maintenance and repair
work of port equipment which is generally
carried on during non-working hours.

The wages paid to the dock worker are usually
paid upon either an hourly basis or on piece
rate,' paid per ton, sack, bale or other unit of
measurement. The hourly system is usually
based upon an agreed hour related to the work-
ing unit. Three rates apply depending on time
in vol ved:
~ standard time  regular rate!

overtime  usually 5 P!o higher than standard
time!
double time  double standard time rate!.

Piece rates are generally most useful in stimu-
lating output when applied to a consistent
volume of standardized cargo. To achieve the
most effective use of the unit rate, it must be
classified according to the following conditions:
~ weight
~ stowage conditions

handl ing procedures
condition of cargo  hazardous, sticky, cracked! .



3.6.9 Amenities and Welfare 3.6.10 Manpower

In but a few ports do adequate amenities
for dock labor exist. The facilities pro-
vided should include:

. sanitary accommodations

. washing facilities and changing rooms
eating Facilities
first aid facilities .

Labor does not qualify for the Financial
security measures provided by the port
authorities for appointed staff, however,
the labor unions have undertaken to com-

pensate ~embers by providing Fringe bene-
fif' payments. In recent years, pension
plans have been introduced together with
planned compulsory retirement .

Many schemes and plans have been initiated
in an attempt to solve labor problems, enhance
dock worker status and increase the efficiency
of dock labor. Decasualization is a scheme
with many favorable merits:

reduction of fluctuation of employment by
reducing the number of labor contractors

' increase security of employment by pro-
viding a steady income level
increase the efficiency of employees

. provicfe a way to control the number of
employees in a port.
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3.6.11 Training

process .

The objective of a training program is to esta-
blish a permanent, qualified labor force capa-
ble of handling multiple situations. This is
achieved by:

understanding mechanization procedures
stimulating pride in workmanshi p

' promoting safety and team work
introducing an apprentice program with suf-
ficient salary to recruit  young! trainee
workers

establishing performance criteria to evaluate
workers.

Existing training programs have two levels:
basic and advanced. The basic training program
is composed of practica'1 and theoretical sessions
involving familiarization with the harbor, with
procedures in the arrival and departure of vessels,
w]th ship layout, the nature of port business,
cargo gear, machinery, safety, first aid and
with hygiene. Practical instructions are given
in lifting, hoisting, tallying, shed and cargo
wark, stowage and dunnaging of goods in
vessels, driving fork lifts and handling of bulk
cargoes. This program is offered to selected
staff and employees involved in:

loading and unloading which requires the
knowledge of the operation of not on] y
mechanical lifts but transport equipment
as well

~ supervision so they can understand how to
read ship stowage plans and cargo place-
ment in transit sheds and warehouses, proper
tal]ying and record keeping, as well as organi-
zing labor gangs

~ crews involved in maintenance of port
equipment, structures and facilities.

Advanced training is offered for tally men and
weighers to qualify them for certification as a
weigher and measurer. Advanced training may
be offered to supervisors and checkers. This
level is primarily theoretical designed for
the general education level of the trainees.

Some ports have attempted to introduce teenage
students into apprenticeship programs where
they receive part-time instruction, general
education, on a partly paid basis.

Problems connected with training programs:
~ recruitment of qualified instructors
' provision of adequate training faci]ities

attitude of older workers towards education

A suggested pattern for manpower planning
Source: 8ritish National Ports Council



3.7 Support Industry 49

Supporting industries are natural products
of porfs. They use fhe raw maferials accessible
at a port and utilize the transportation modes
for distribution of their products. Many in-
dustries need waterfront locations because of:

availability of barge service
considerable amounts of water

' waste disposal
imported raw materials

' close proximify to primary economical
transportafion for foreign markets.

Industry is selected For location at a port
based on "desirability criteria":

environmental capability
' employment density
' demonstrated growth, locally and

nafional ly
potential for generating port cargo.

Criteria for industry fo locate at ports are:
proximity to local and export markets
availability of labor

' availabilify of ship, rail, barge and
truck transportation
proximity to production materials

' availability of low cosf utilifies  water,
power and fuel!

' availability of special port services.

The following selected examples indicate the
wide cross section of supporting industries af
a typical port:

4 . Genera I Industry:
sugar refinery

' pulp and paper mill
corrugated shipping container plant

. methanol plant
butyl rubber plant

~ mixed fertilizer planf
' plastic products plant

flat glass plant
' portland cement plant

clay soil pipe plant

abrasives plant - mineral wool insulation plant
basic oxygen steel plant and hot rolling mill
steel pipe plant
aluminum reduction plant
aluminum rolling and drawing mill
metal cans plant, hardware plant
valves and pipefittings plant, metal sfampings
plant
marine.and traction diesel engine plant
tractor and farm equipment plant
oilfield machinery and equipment plant
bulldozer and crane plant
pump and compressor plant, refrigeration and
air conditioning plant
electrical motor and generator plant
electrical control s planf
truck and bus bodies plant
truck trailors plank
shipyard, boat building and repair plant
railroad car plant
trailer coach plant,

B. Marine Related Industry:
boats, amphibious vehicles
marine and land geophysicat survey

' oceanic instrumentation manufacturers

' tug and barge transport
drilling rigs and associated equipment manu-
facturer

marine constr uct ion

ship brokers and chartering
electronic equipment fabricators and manu"
facturers

fishing
tourist and recreation

develop and manufacture heavy duty main-
fenance coatings
chemical recovery from seawafer
pipe manufacturer
shi p buil ding
diving and sal vage
ship repair
oyster shel I
concrete manufacture

sales and service oF marine craft

engineering, manufacturing, equipment and
vehicles .
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3.8.1 Types of Fires

3.8.1.'i Class A
Fires in ordinary combustible materials such as
mattresses, dunnage, piles of wood and shav-
ings, canvas, etc. These fires are best ex-
tinguished by the quenching and cooling effects
of quantities of wafer or water fog .

3,8.1.2 Class B
Fires in substances like gasoline, oil, diesel
oil, lubricating oil, tar, grease, etc. This
type of fire requires a blanketing or smother-
ing effect produced by an extinguishing agent.

3.8.1.3 Class C
Fires in live electrical equipment such as
switch board insulation, transformer terminalsr
etc. The extinguishing agent must be non-
conductive to eliminate the hazard of electrical
shock to the fire fighter.

3.8.1 4 Class D
Fires in combustible metals such as-magnesium,
sodium, titanium, lithium, etc.

3.8.2 Firefighting Agents

3.8.2.1 Fire Main System
The Fire main system aboard a vessel is a
system of permanent piping which receives
water pumped from the sea and delivers it
to fire hydrants strategically located through-
out the ship.

Fire hydrant � outside station

3.8.2.2 Water
Water as a cooling agent is the most common
method of fighting fires. Generally water is
superior to other agents and is usually avail-
able in ample quantities at low cost. Water,
in the form of 6g, has the greatest capacity
for heat absorption of all the extinguishing
agents presently in use. Fog also has the capa-
bility to dilute combustible vapors as the fog
turns to steam by the heat of the fire. lt also
forces air away from the fire, thereby removing
the oxygen needed to support combustion.

3.8.2,3 Foam
Foam is an effective agent for Class B fires and
some Class A fires. Foam has a few disadvan-

tages, namely: it conducts electricity, it's not
always effective on Rowing liquids and it's not
effective at extremely low temperatures  under
10 F.!.
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Operation of mechanical foam pickup unit

Foam For fire-extinguishing pur poses onboard
tank vessels is of two types: chemical and
mechanical. The characteristic difference is
in the equipment for producing the Foam. The
nozzel used for mechanical Foam adds air to
the chemical bearing sfream ofter the chemi-
cals have been dissolved in if, whereas the
nozzle for chemical foam does not add air.

3.8.2.4 Carbon Dioxide  CO2!
This agent is an excellenf smothering agent
for exfinguishing Class 8 and C fires in lo-
cations where it can nof be widely diffused
or, if the Fire is beyond the incipienf stage,
where it is not blown away by drafts. Carbon
dioxide is most effecfive when applied in an
area where it will remain as a cover lang
enough to reduce the oxygen level below the
point of combustion.  Caution � if oxygen is
made available to fires extinguished by CO2
it is possible to rekindle them. !

3.8.2.5 Steam
The steam smothering system is one of the oldest
types oF fire-fighting methods used aboard tank
vessels. Its primary purpose is to smother fires
in enclosed or confined spaces. Steam also
cools the fire and dilutes vaporm ir mixtures to
a point below combustion. This system is not
installed on vessels constructed today.

3.8.2.6 Dry Chemical
Dry chemical extinguishers are effective on
all Class B and C fires. On Class C fires,fhe
residue, a powder, renders electrical contacts
and relays inoperative which is a minor dis-
advantage. However, there are several ad-
vantages the dry chemical has over CO2:
~ greater range

stream provides excellent shield for the
fire-fighter .

"30 pound" dry chemical extinguisher
 sectiona I view!
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3.8.3 Fire Prevention 3.8.4 Medical

Ma jor areas of concern contributing to the
difficulties of fire fighting in marine facili-
ties are:

large undivided areas of transit sheds and
warehouses
inaccessibility of piers to fire fighting team

~ the variafion in types of quantities of
cargoes stored.

The following items are presently used in the
prevention oF fires:

marine terminals constructed of incombust-
ible materials desirable fire resistive con-
struction!

' pier and wharf substructure of incombustible
material
dock openings for hose nozzles to substruc-
tures or sprinkler system
fire-st'ops and Fire-walls

' storage structures with sprinkler systems
and standpipe systems

' interior fire alarm boxes provided af Standard
Insurance Underwriters specified minimum

' spacing for use by pier personnel
. ready access to site by local fire department.

View of typical warehouse location of fire
extinguishers

Genera'I practices required for safe operation
concerning dock personnel:
~ care and maintenance of cargo handling

equipment
use of proper handling gear

' maintaining high degree of light without
glare

' clear understandab! e work assignments
' constant awareness of safe procedures.

3.8.4,1 Medical Centers
Some major ports provide medical centers for
maritime personnel . Generally these centers
are used for people involved in international
shipping . They provide:
' presign-on physical examinations

diagnosis and treatment at clinic
' ambulance service

innocul at ion s
ship calls to administer treatment
inventory of medical stores aboard ship
personnel to treat victims of accidents
on the open sea .

3.8.4.2 Quarantine Regulations
Quarantine regulations are necessary to pre-
vent the spread of an infectious disease from
an incoming vessel to the country in which
the port is located. Most national regulations
are based on the International Sanitary Con-
vention with reference to the following diseases:
plague, yel low fever, cholera, sma1 I pox  Variola
ma jor! and alastrirn  Variola minor!, fyphus fever
 Exanthematic! and febris reccurrens  relapsing
fever!. If there is a patient suffering from any
infectious disease on ship, or if a member of fhe
crew or passenger has suffered or died in conse-
quence of an infectious disease, the master of
fhe vessel is obliged to inform fhe harbor master
of the port of entry. The vessel will be kept
out of communication with shore or craft until
necessary measures have been taken by health
official s .
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Spherical BuoyNun Buoy Can Buoy

3.8.5 Navigation Alcts

Navigation aids function to warn vessels
of hidden dangers and to provide direction
in safe waters. The types of aids vary with
the waterways ond the functions they serve.

There are two basic types of navigational
aids, floating and fixed, which include..
' floating buoys
' fixed structure channel markers

' navigational lights on piers, wharves
and dol phins

' fixed-structure light beacons on shore
and breakwaters

' lighthouses
light ships

' range I ight installations on framed struc-
tures on shore.

l.ighted Buoy Spar Buoy Lighted Buoy with
Radar Reflector

Selected buoy types
Source: Design and Construction of Ports
and Marine Structures

Fixed structure channel markers possess:
~ lights
. anchored to bottom

' radar reflectors.

Fixed-structure beacon lights are located on
projecting ends of breakwaters and on the salient
points of land projecting into the navigationaI
waters at harbor entrances.

Lighthouses are tower structures  fixed! with
marine beacons lights, fog signals, sound de-
vices and radio stations. They are located
on points along the shore to guide vessels
safely to port and require durable structure to
withstand heavy wave action . Lighthouses
require long visibility to be effective.

Light ships serve the same Functions as light
houses and may be manned or unmanned.

Radar light installations are used to guicte
shi pping through hazardous, narrow or
twisting port entrances and channels. The
structure is generally a metal frame with
a unidirectional marine range light lantern
on top. They are powered by shore electricity.
Critical factors include the distance between
lights, the height of the lights and the
candl e-I ight sensitivity of the I ight .
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Radar reflectors reflect an echo back to
the transmitting vessel to warn ships of
their presence or to mark a particular
location .

Properties of marine beacon � light lanterns:
~ type of lanterns
~ type of lenses
~ sun-controlled switches
' flasher mechanisms
~ automatic lamp changes.

International buoyage system
Source: The Port Management of Amsterdam

Location and purpose of various navigational
a I cls .
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3.9.1 Objectives3.8.6 Marine Safety

Some oF the worst ship accidents have oc-
curred in harbors or inland waterways. The
causes have been attributed to poor vessel
design, improper maintenance, over-load-
ing, poor navigation, weather and bad
judgement on the part oF the ships officers.
The majority of these, after careful analysis,
were found to have been preventable.

The Coast Guard is concerned with merchant

marine safety, aids to navigation, search
and rescue.

The Merchant Marine inspection office has
the task of inspecting ship construction and
structural alterations from the drawing board
to actual launching . They also inspect cargo
handling equipment, life boats and other
safety equipment aboard ship.

The captain oF a port's own vessel is charged
with the responsibility oF inspecting vessels
and waterfront facilities for proper stowage
of dangerous cargo. His personnel provide
supervision of fhe loading of explosives and
radioactive materials. They then provide
escort away from the port proper.

Port warehouse fire

Reproduced by permission of U.S. Coast Guard

Ports usually do not have any direct stimulus
other than their financial performance and
therefore must establish goals in financial
terms. They must take into account statutory
obligations and other special circumstances
appropriated to the individual port.

The Rochdale Committee oF England establish-
ed several financial objectives that a port
should attempt to achieve:
~ depreciation at replacement cost
' working expenses

interest on loans
' taxation

a reserve to meet contingencies to assist
in financing minor improvements.

If financiaJ objectives are not met then pro-
blems arise for ports such as.

insufFicient resources available to modern-
ize and develop as required

' cannot combat trade pattern Fluctuations
' cannot offset high cost ot' labor with the

economics of mechanization

' replacement costs exceed original costs
and differences have not been properly
pre pa red for

' new loans at higher interest replace old
loans at much lower interest rates
premature obsolescence of port facilities
brought about by advanced ship and trans-
portation technology.



3.9.2 Revenue

3,9.2,1 Charges
Charges are designed to insure enough revenue
to meet the financial objectives of the port.
They should be based on the need of a port
with respect to the particular services the port
provides.

A difficult problem in determining a standard
charge structure based on cost, arises from the
variations of unit costs at different cost centers
offering similar facilities to users. The fol-
lowing chart indicates the percentage varia-
tion in the charge level of major English ports.

Source: British Ministry of Transport

ln assessing charges in a new facility which
is in the building up stage of its development
and has not established itself, it would be pro-
hibitive to calculate charges based on actual
costs. In this case, charges are usually based
on estimate'd average cost. This type of charge
requires a continual review in order to avoid
undercharging .

Port operating revenues are generally derived
from:

~ charges against vessels
~ charges against cargo
. rental of space within port limits
~ passenger dues where applicable

' charges for handling
~ charges for other services and facilities.

Dues on vessels consist of harbor dues, sovereign-
ty, and stay within the port area, as well as
dockage charges  wharf, buoys, anchorage!,
pilotage, towage, mooring, line handling,
etc. Dues are charged to a ship owner on the
basis of the net registered tonnage of the ship
with respect to these variables:

nature of voyage
' reason for anchorage  storm, repair, etc.!.

Dues on goods are more commonly referred to
as port rates, dock rates, wharfage rates, quay
rates, etc. They are levied on all goods ship-
ped or received at port and are chargeable based
on unit weight, volume or number. Dues are
paid to the port authority.

To apportion charges between vessel and cargo
is a difficult task. In practice, charges are
usually based upon one or the other, separately .
Vessel charge:
~ waterway and berthing areas
~ 5 Pk of open wharFs and included land

aprons

' all of land supporting aprons and 5 F/o of land
supporting aprons with tracks
aisle space within the shed used by vessel or
its agents in receiving cargo or de! ivering it to
a point of storage, together with a proportionate
share of the supporting land
services covered by "Service Charge"
office and other space used by vessels clerical
Forces .

Cargo charges:
all land not previously covered

' all trackage and its supporting structure
' 50% of open wharfs
' aisle space not covered in vessel charge

all cargo areas within sheds
all other trackage, roadway, etc.
any services rendered for the benefit of cargo.



Charges for other services and Facilities cover
a wide range of items such as cranes, grabs,
weighing rnachine, graving docks, supply of
fresh wafer, warehousing, electricity, fuel,
etc .

There has been a good deal of talk concern-
ing standardization of port charges, but each
port has its own inherent problems that make
such charges difficult to ascertain.

Percent distribution of 1965/66 Revenue

Percent distribution of 196'/65 Expenditure

Port of Los Angeles Income Distribution 1969
Source: Port of Los Angeles, California

Source: Port of 8ombay, India
Source: American Association of Port
Authorities
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4.1.1 Decision 4.1.2 Preliminary

Decision Matrix

4.1 Design and Construction

Factors affecting the decision to build a port:

4.1.1.1 Need and Economic Justification

to serve a growing inland metropolis
' to serve as a shipping terminal for private

industry
' to serve as a military terminal or naval

base .

A private port will have to show economic
feasibility whereas a municipal or military
port will tend to grow out of necessity.

4.1.! .2 Traffic Volume

A survey of anticipated future commerce
 type and quantity! will be required for muni-
cipal ports. A private port must have a guar-
anteed tonnage.

4.1.1.3 Inland Communication
The inland transportation routes require study
to determine feasible locations for road, rail,
water and airways to service the port .

After establishing the general requirements
for a port it is necessary to make a preliminary
site study supplemented with cost estimate
based on assumptions that will require verifi-
cation in the final analysis.

4.1 .2.1 Prel iminary Site Information
Information From several proposed sites fo be
compared will be derived from:
Marine Data:

depth of water
general character of bottom
range of tides and current

Met coro i og i ca I Da ta:
w ind

tern pera ture
ra infa I I

Topographical Data:
~ shoals
~ reefs

~ mouths of rivers
~ shore I ine

Geographical Information:
~ depth and presence of rock
~ depth of overburden
~ soils.

4.1.2.2 Selection Criteria

The following factors will play an important
role in the final selection:

' amount of dredging  minimize!
' most favorable bottom conditions

' most suitable shore area for terminal develop-
ment

transportation accessibility
development future of area
depth of water
exposure of coast

' orientation.

In areas where tide is 2 to 3 feet, the adjacent
land area should be approximately 15 to 20 feet
higher. If tides are higher or the area is subject
to tidal waves, then even higher elevation is
desirable. River locations where flood conditions

exist may require higher elevation also.
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converging two arms

overlapping twa arms

4.1 .2.3 Harbor Layout Considerations
A. Harbor and turning bas in
8. Berthing and anchor area
C. Breakwaters

D, Entrance and exit

E. Channel and harbor depth
F. Installations, facilities and services.

A, Harbor and turning basin - The size and
shape of harbors are determined by:
' number of ships anticipated
' size of ships

type of cargo
' tonnage of cargo

services fo be provided
' existing site conditions

wiII tugs be utilized to assist maneuvering .

Unless the harbor is natural, fhe size of the
harbor will be minimized to safe and reason-

able operational dimensions. A minimum harbor
area is the space required for dacks plus a turn-
ing basin. The larger fhe harbor the greater the
opportunity for wave generation by wind.

B. Berthing and anchor area � ln general, winds
and currents are more of a problem when dock-
ing a vessel that is empfy, than small waves
generated in a harbor. For comfortable berthing,
wave height should not exceed 2' feet nor wind
velocity 15 mph.

In handling bulk cargo, wave height up to 4
feet is permissable, provided there is wind
protection .

The anchor area should provide:
prot ection from wea the r

' waiting area for ships
' turn around area for ships.

C. Breakwafers � The location and extent of
breakwaters are determined by:

direction of maximum waves

configurafion of shoreline
minimum size of harbor required for anti-
cipated traffic .

The selection of the type of breakwater depends
on:

direction of maximum wave

' the eFfectiveness of quieting waves.

Basic breakwater configurations:

two arms plus single parallel

single arm where wave is mainly unidirecfional

D. Entrance and exif - The purpose of the
entrance is to provide a safe navigational access
to the harbor and prevenf tides and currents.

In designing an entrance, careful consideration
should be given to reduction of wave height
within the port. It is preferable to locate the
entrance on the lee side of the harbor. In cases
where the entrance must be located on the wind-

ward end, the breakwafer must overlap. It is
also desirable to have an exit to each harbor.
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The Stevenson equation computes the height
of a reduced wave at any poinf in the harbor
as a result of the enfrance. All dimensions
are in feet.

bqp-H � -a.m D  s+ � !
B B

hp = height of reduced wave at any point
in the harbor

H = height of wave at the entrance
b = breacfth of entrance
B = breadth of harbor at point p
D = distance from entrance to point of

observation

The fype of entrance depends upon:
' depfh of water
' size of harbor

' ship characteristics ~

Three basic harbor entrance sizes are:
' small harbor entrance � 300 feet
' medium harbor enhance � 400-500 feet

' large harbor entrance - 500-800 feet.

E. Channel and harbor depth � These depths
should permit navigation at low tide when a
ship is fully loaded.  Surge of a ship is cal-
culated af one half maximum wave height.!

Depth Iacfors:
. botfom conditions

the maximum wave height.

When waves in a harbor do not exceed 2 feet,
a depth of surge plus 4 feet is required for a
soft bottom. For a hard bottom, a surge plus

6 feet is required. In areas where ships ar-
rive empty and leave loaded,two depths of
channel could be provided.

In the past, the loaded draft of ships has been
limited to not over 40 feet so as nof to exceed
the principal harbor and channel depths of the
major world ports. The current trend in deep
draft vessels is presenfly being handled by:
' use of submarine lines with offshore anchor-

age in deep water
' lightening by transferring part of the load

to another vessel then finishing loading in
deep wafer

' construction of special deep water terminals.

F. Installations, Iacllities and services-
' shore facilities for marine terminals
~ docks - The number of docks vary according

to fhe anticipated number of vessels, loading
time involved and cargo types.

The Elements that determine dock types are:
' special requirements or local customs and

practices
site conditions

availability of materials
permanency of construction

. economy of construction
' size and weight of ships using port

method of construction  time factor!.

Dredging may not be done until docks are built.
Wharfs and piers should be located in the most
sheltered part of the harbor and along the lee
side of the breakwaters.
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dredged

wind waves

waves win

Examples of harbor layouts:
sma l I artificial harbor

an artificial harbor restricted in area

medium size artificial harbor

A small harbor with a single pier and turning
basin and a long approach channel from the
open sea. This harbor requires the minimum
amount of space and can accommodate two
vessels. The artificial harbor is constructed
by dredging a channel through the shallow
water protected by natural barriers  off-shore
reefs, islands, etc.! and enlarging the in-
shore and to provide a minimum harbor. To
eliminate backing out of the harbor a vessel
must warp itself around the end of a pier.

An artificial harbor restricted in area because
of deep water. The prevailing wind and waves
are from one direction, and smooth water is
obta ined in the harbor by using a curved break-
water parallel to the shore and connected at
one end. Due to a rapid increase in the depth
of water off the shore, it is necessary to restrict
the width of the harbor and use of breakwater
pier or wharf type construction. Two warping
dolphins are used to turn a ship for exiting.

An artificial harbor of medium size with separ-
ate openings for entering and leaving. This type
of harbor is less restrict'ed and generally long and
narrow with openings at each end which provide
the opportunity to establish a one way traffic
pattern for vessels. Also provided near the break-
water is a place for waiting vessels to anchor.
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medium size artificial harbor with turning
basin

wavea windA medium size artificial harbor with a full
turning basin, protected by fwo breakwater
arms. The radius of the turning basin is
twice the length of the largest anticipated
vessel .  this is the smallest radius a ship
can comfortably turn on, under continuous
headway without the assistance of a tug.!

large artificial harbor
A very large artificial harbor with anch-
orage area, several berths, turning basin
and several service Facilities.

bra
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4.1.3 Site Inveatigation

Prior to initiating the final design phase
it is necessary to obtain detailed site in-
formation which will consist of:

A. Hydrographic survey of harbor and
channel area

8. Topographic survey of marine terminal
area

C. Soil survey and analysis
D. Tide and current observation

E . Miscellaneous  meteorological, geo-
logical, etc.!.

A . Hydrogra phic survey is to determine:
elevation of the body of water in question

' location of shoreland during high and low
water

location and size of submerged obstacles.

B. Topographic survey is required where al I
proposed structures will be.

C. Soil survey and analysis consists of pene-
tration below water I eve l to an area of rock

or suitable bearing strata that will support pile
or caisson foundations. Generally penetrations
of about forty feet into firm material will in-
sure adequate support for marine structures.
Soil analysis includes:
' soil classification

' water content determination

' specific gravity determination
' void ratio

unconfined compression test  cohesiveness
and shear!

' triosial shear test

' consolidation tests  settlement!.

D. Tide and current observations determine:

~ general direction
~ velocity in currents

average intervals between successive high
tides

range of tides which depend upon:
secondary tidal waves
depth of water
configuration of coast .

Tidal Ranges for Selected Ma jar World Ports

Buenos Aires Ar entina

Callao, Peru
Canal Zone, Atlantic side
Canal Zone, Pacific side
Capetown, Union of South
Africa

E. Miscel laneous information concerning:
winds

waves

ear thqua kes
availability and cost of materials
labor

local ordinances and buil din codes ~

0 Calm 0-1

Li ht air 1-3

2 S li ht breeze 4-7

3 Gentle breeze 8-'I2

4 Moderate breeze 13-18

5 Fresh breeze 19-24

6 Stron breeze 25-31

7 Moderate a le 32-38

8 Fresh ale 39-46
9 S tron a le 47-54

10 Whole le 55-63
Storm 64-75

12 Hurri cane Above 75
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~ di rect'

p indi rect

Waves are classified as deep water waves or
sha I I ow water waves:

Deep water waves are those which occur in
water having a depth which is larger than half
the wave length, a depth where the bottom
does not have any significant influence upon
the molion of water particles. The amplitude
of waves in deep water decreases rapidly with
the depth, but the wave length remains the
same ~
' Shallow water waves are those on which the
influence of the bottom changes the form oF
orbital motion of the water particles from cir-
cular to elliptical .

Depth of Water
Conf i urat ion of Coast
Rock loca t ion s- size!

Ran e
Time interval duration

Prob'!ems involving wave action:
. forecasting wave height and length
' wave action on mound breakwaters

wa ve run -up on slo pes
' wave action on vertical walls, particularly

breakwaters
' wave action on piles, cylinders and caissons.

Wave size for a particular location depends
upon:

~ wind velocity
. duration of wind
' wind direction
~ greatest continuous distance over which wind

can act

' water aepth.



67

8, Environment:

' impact on ecology
' impact on human

~ advantages

4.1.4 General Review

Before initiating the defail design phase, it is
extremely advisable to review and reevaluate
the preliminary phases. Areas to be consider-
ed are:

A, Access'.

proximity to user
for all transportation modes

C. Site:

land availabilify
' land cosf

real estate value of surrounding area
' alternate uses of selected site

D. Location - if selecfed site is not feasible
then process repeats itself for new location.

4.1.5 Harbor and Channel

Final design of fhe harbor and channel must
include:

' navigabil ify of harbor and channel  depth
to meet anticipated shipping development!

' information for fuming basin dimensions
required

' projection of immediafe and fufure charac-
feristics as well as directional flow of vessels
amount of waterfront area required fo al low
proper functioning of port

' provide protection and anchorage
requirement for a closed harbor.

An enclosed harbor is one which artificially
separates its facilities from fhe open sea, lake
or river. The reason to enclose a harbor is to
maintain a constant water level in the harbor
during tide fluctuations . Determining factors:
~ wafer depth at all sfates of fides

channel depfh at all states of tides
' vessel size

range af tides
' other conditions  currents, type of seas!.

Comparison between open and enclosed harbors

Enclosed harbors require:
~ ca issons

gates
locks

~ pumping machinery and equipment .

Size of entrance locks depends on ship charac-
teristics, present and future, as well as tidal
depth at all sfages.
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4.1.B Breakwaters

Breakwaters are the structures  artificial! that
provide the shelter for a harbor.

Types of breakwaters:
4.1.6. 'I Mound

4.1 .6.2 Wa I I
4.1.6.3 Pneumatic and hydraulic
4,'1.6.4 Floating.

Factors to be considered in the selection of a
breakwater:
~ availability of materials
~ water depth
' sea bottom conditions
~ function or use

availability of construction equipment,

Breakwater stability depends upon:
' specific weight of individual cap rock
' coefficient of friction

' wave height
slope of breakwater  A flat slope is de-

sirable from a stand point of stability, however,
such specifications would increase the volume
of the core and bedding material to such a point
that it would not be economically feasible to
construct. A steep slope permits a narrow pro-
tection to the harbor proper.}

Comparison of breakwater types

~ advantages
Source; Design and Construction of Ports
and Marine Structures
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arraor rock

Irr
la

The Oelaware 8reakwater

Marine Strucfvres

4. ].6. I Mound type breakwafer - This type
is used when unfavorable foundation condi-

tions exist because it will most readily adapt
to the effects creafed by settling,

Natural rock

Type 1 � a rock mound in which the core ma-
terial extends above the water level and is

covered by one or more intermediate layers
with on envelope of armor rock.

Type 2 - a rock mound in which the core fill
sfops at a given depth below water level, then
covered by a medium-weight rock, and capped
wirth heavy armor rock.

Far maximum protection, the top of a rock
mound breakwater should reach the maximum

height of the wave before breaking. It also
should extend above the level of the highest
tides. It is important to have the crest at an
elevation which will prevent serious overtop-
pirtge

The minimum width of the top of a breakwater
should equal the approximate height of the
maximum wave. One defermining factor for
controlling the width of the top is ample pro-
vision for the accommodation oF construction

equipment and vehicles.

In natural rock breakwater construction,a 20
ton rock is the largest size to handle or trans-
port economically.

La Guaira, Venerrrela Breakwater

Source: Oesign and Construction oF Ports and
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Pell Mell
crown well

QeelSne4 Pattern

Newel Air Station, Coco Solo, Peneme

Source: Desi n and Construction of Ports
and Marine trucfure

B. Concrete Block � generally cubic or
rectangular in shape. Used in areas where
natural rock vnavailable,

Concrete block is placed on breakwaters in
either:

~ pell mel I {random!
' designed pattern.

C. Combination  rock and concrete block!

D. Concrete tetrapods and tribars
~ tetra pod  foorl egged, truncated-cone sha pe,

precast concrete unit!
~ tribar  special, 3 legged, precast concrete

unit!.

Tetrapods and tribars have design advantages
over standard concrete blocks due to their
shape. They have a superior ability to absorb
wave energy. They are produced up to 40 tons
in weight.

Tetrapods are placed two layers deep in equal
numbers .
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Tribar

elevation plan

~ advantages

Placing first layer of tetrapods on rock embank-
ment for a breakwater
Source: Desi n and Construction of Ports
and Marine Structures

One construction technique used pell mell,
combination  rock and concrete block! break-
water at Rotterdam, Europort. The constructions
phases were:

dredging
2. laying sea gravel
3. laying river gravel and rubble
4. laying rubble of 1 to 6 tons
5. laying 43 ton concrete blocks
6. final Filling with rubble ~
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4.1.6.2 Wall type breakwater  Vertical!;
This type breakwater differs from fhe sloping
mound type in the manner it resists wave ac-
tion. Vertical walls reflect fhe waves with-
ouf reducing any of the destructive energy of
the wave, producing stationary undulation,
Whereas; a sloping mound type dissipates kine-
f ic energy through run-up on the topping sur-
face and through friction caused by the ir-
regularity of the surface.

Design considerations for vertical wall break-
wa ters include:
' Stability � the design For maximum wave
height must include a safety factor. The
height of the breakwater above fhe highest
tide should be no less fhan 1.5 fimes the
height of the maximum wave. The depth be-
low the lowest water level to the bottom of
the wall should not be less than 2 times the
height of the rnaximurn wave and nof exceed-
ing 60 feet. The width should be no less than
.75 the height

Height � must be sufficient fo permit com-
plete obstruction of waves

Foundation � should extend a sufficient dis-
tance below sea bottom to prevent erosion be-
neath fhe toe  extension equal .25 oF wave
length!.

A. Concrete-block gravity wal I

8, Concrete caissons - reduce construction
time on the water. The concrete caissons are
box -like structures with closed bottoms and

diaphragm walls which divide the box into sev-
eral compartments the side walls of which may
be sloping or vertical . They are often used in
dry-dock construction
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C. Rock-filled cellular sheet piles � consist
oF cell construction that is stable and self-
supporting when filled with rock or other
suitable material

D. Rock-fil led timber crib � constructed of
cribs of 30 to 35 square feet, divided into
compartments by transverse and horizontal
walls which are filled with rock and sub-
merged end to end along the line of the
brea kwa ter

E . Concrete or steel sheet pilewalls � con-
structed of concrete sheet piling and concrete
batter piles driven through a soft bottom
material to the underlying firm strata, These
are capped above the low water level with
poured-in-place wal ls, generally used where
height of waves do not exceed 10 feet or where
the bottom is of soft material which extends to
a great depth.

Source: Design and Construction of Ports
and Marine Structures

~ advantages

Wal I Type Breakwaters
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Operation procedure:

4.1.6.3 Pneumatic and Hydraulic type break-
waters - Uses for pneumatic and hydraulic
breakwaters,'
' quieting the water at the entrance of

harbors
improving conditions inside a harbor
use on off shore loading conditions

~ creating of temporary sheltered water areas.

A. Pneumatic breakwater - a method of re-
ducing wave height by the use of compressed
air. This system is in the experimental stage
and has several drawbacks:
' prohibitive amount of power required

high degree of inconsistency for volume of
air required

' can obtain 5PYo reduction in the height of
steep waves, however negligible reduction
in flat waves.

Rising air bubbles entrain wafer upward
Loss of wafer flowing off is compensated
by inflows af the bottom Forming vortexes
If the vortex speed is high enough and
the wave deep enough, the waves running
up against the surface flow of the vortex
will break.

B. Hydraulic breakwater � reduces wave
height by water jet action.

Operation procedure:
Water forced through a perforated pipe
The discharged water induces a current
which causes waves to break

The result is loss of wave energy through
turbulence .

4.1.6.4 Floating type breakwaters
Characteristics:

' unaffected by water depth
~ mobile

limited influence on local quality of water
and on the hydro-biological environment

' minimal construction cost.

A. Rigid type - pontoon or barrier

B, Flexible type- pontoon, barrier, sheet,
mattress
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4.1.l Terminals

Terminals are the specialized areas of a port
where points for discharging and receiving
cargo are provided for rail, highway, pipe-
lines, inland waterway carriers and ocean
going vessels. The controlling factors for
terminal layout are:
' characteristics of cargo to be handled

handling equipment to be used
number of outlets For cargo

' vessel types
' cargo handling efficiency.

4.1.7.1 General Cargo Terminals' .For
generat cargo a facility has to be equipped
to handle many different types of cargo. In
designing a general cargo terminal the fo'I-
lowing must be considered:
' type oF equipment required

method of cargo handling
' fype of transportation vehicles used

open and closed storage space required
vessel characteristics.

Terminal

ty pes.
4.'I .7.1

4.1.7.2

4.1.7.3

4.1.7.4

4.1.7.5

4.1.7.6

4.1.7.7

s are generally classified by cargo

General Cargo Terminals
Container Terminals

Bulk Cargo Terminals
Passenger Terminal s
Military Terminals
Free Port Terminals

Fishing Terminals

4.1.7.2 Container Terminals: Containeriza-
tion techniques provide the designer the oppor-
tunity to design terminal facilities fhat will
minimize individual cargo handling thereby
speeding up ship tummround time.

Control I ing design factors:
~ need for vast land area

~ circulation and parking area for vehicles
' shoreside equipment
' vessel characteristics, LASH, Roll-on/Roll-

off, etc.

Source: Jahrbuch der Hafenbautechnischen
Gese I I scha ft

4.1.7.3 Bulk Cargo Terminal: These facilities
are usually designed for a single Function, the
handling oF loose cargo such as grain, coat,
cemenf, sugar, ores, etc.

Basic reqviremenl s:
~ storage facilities which may be open or of

etevafor type
~ cargo handling equipment for loading and un-

loading which generally includes pressure
pipes, conveyors, buckefs, weighing equip-
ment, etc,

Bulk cargo terminals vary according to:
site  less requirement for still water!

' characteristics of material handled  dry,
liquid, powdered, granulafed, etc.!

' quantity requirements
' avaitability and type of transportation mode
' type of berthing
' proximity to urban areas.
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An essential part of bulk cargo operations is
the existence of adjacent industrial users such
as flour and lumber mills, refineries, iron and
steel mills. They require water front access
to export their products, therefore the distance
from the water to their plant location depends
upon the handling techniques involved:

liquid - piped commodities may be located
several miles from water front

~ bulk cargo � handled by conveyors, or similar
apparatus may be located several yards from
the water front.

8ulk terminals generally require deeper chan-
nels and larger turning basins than other types
of terminals.

A. Liquid terminals utilize wharf, piers and
offshore mooring depending on water depth,
bottom conditions and the rate of unloading .

The only requirement for pier or wharf is a
light open structure capable of carrying the
weight of the pipes and valves and withstanding
the pressure of the ships. A common policy is
ta construct ail terminals on the seaward side
away from commercia'l docking areas.

Offshore mooring generally consists of either
a hose handling platForm or a floating buoy,
These facilities do not require heavily pro-
tected waters and are constructed in deep
water to facilitate deep draft vessels.

Loading apparatus for offshore terminals:
~ submarine hose lying on bottom, used for

hard bottom conditions
' Hartley hoister, used where sea bottom is

soft and a high unloading rate is required.

Source: Design and Construction oF Ports
and Marine Structures
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Additional design considerations:
~ pipelines and pumping equipment
~ tank storage facilities
~ fire and explosive hazards.

B. Grain terminals utilize wharf loading
with direct delivery of grain from storage fo
the vessel. Necessary facilities include:
. storage bins

pneumatic suet'ion devices
' car and frack unloading facilities

weighing facilities
elevators.

Source: Seeverkehrswassebau

C. Ore and Coal terminals

Careful consideration should be given for:
' ground. storage and stockpile areas

loading and unloading equipment  tower
unloaders, grabbing equipment, floating
cranes, efc.!

' vehicle circulation .

4.1.7.4 Passenger Terminals generally separate
passenger fraffic and cargo traffic to eliminafe
congestion . The traditional method of accom-
plishing this has been to locate passenger facil-
ities on a second level over a cargo area . Since
the passenger levels of ships are generally at
upper decks, this separation works very well .

Design considerations:
~ peak flow of passengers
' baggage requirements
' cusfoms requirements
~ vehicle access
' parking and storage of vehicles
' office space for port administrators and

service facilities

waiting and recreation fa cilif ies,

Plan of passenger facility

4.1.7.5 Military Terminals provide military
vessels with berthing, maintenance, storage
and supply facilities. ln developing countries,
it is not uncommon to find joint use of a port
with the military.

4.1.7.6 Free Port Terminals represent the de-
signation of a port or portion of a port as a "free
zone" where goods may be transshipped, manu-
factured and packaged, duty free.

4.1.7.7 Fishing Terminals are designed to pro-
vide profecfion in time of storms and a place to
process and market the catch.
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fixed, tended
fiaed, aeli-conialned
mobile, aubmoraibk

ii ~ i ~ moblk, ekvatlh9

elevatian

Source: Le Tourneau

Offshore, Inc .

plan

and Marine Structures

4.1.B Offshore Structures

Offshore structures may be classified in three
general categories:
4.'1,8,1 Mobile Wharves
4.1.8.2 Radar and Lighthouse Platforms
4.1.8.3 Offshore Drilling Structures

4,1.8.'1 Mobile Wharves were developed to be
used in areas where construction equipment and
materials are not readily available and where
on-site construction time is limited. Major
characteristics are:

~ prefabricated
~ temporary
~ portable.

4.8.1.2 Radar and Lighthouse Platforms are used
in navigation and as early warning stations for
national defense . They are permanent structures .

Source. Desi n and Construction of Ports

4.'1.8.3 Offshore Drilling Structures are of
several types:

tended, permanent drilling platforms
mobile submersibl e drilling structures
drilling barges or vessels
mobile, elevating drilling platforms.

Types of drilling rigs used in the Gulf of
Mexico

Mobile drilling platform in various stages
of erection



4.1.9 Suildlngs

Pier with transit sheds

Relationship mafrix for port buildings

4.1.9.1 Transit Shed

Transit sheds function to provide temporary
storage for goods discharged from vessels
or goods waiting to be loaded, They vary in
each port according to:

type of cargo handled
' climate

local labor practices
available building materia Is
type of land transportation servicing the
facil if y .

Operations involved in a transit shed:
' loading

sfacking
discharging

' sorting
inspection

~ tfansferr ing .

Functional areas:
' storage space
' circulation space
' lockable area for valuable cargo

separate area for "dirty" cargo
' labor facilities  washroom and toilefs!

labor storage  dressing rooms and lockers!
' office space.

Oesign ob,jecf ives:
' efficient cargo handling within shed
' economy of construction
' maintenance  low!.

Wharf with transit shed
Source: Port Desi n and Construcfion
Requirements in shed design:
. sufficient floor area for storage

maximum access  wide and tall openings!
minimum number of columns

' smooth, hard wearing floor surface
' nafural and arfificial lighting

loading platforms with depressed railroad
tracks

' ample height inside facility for mechanical
handling and stacking
adequate dra inage

' length oF shed proportional fo berth and
apron widfh

' number of stories  vertical!
' available building materials.
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Recenf trends in shed construction are

toward multisfory transit sheds  up to 6
stories! .

Advanfages:
' provide long time storage space
' minimize land requirements
' segregate import-export operations
' reduce roof area

' distribute work area over several floors

' facilitate customs clearance.

Disa dvanfages.
~ require vertical delivery facilities
' require stronger, heavier foundations

increase construction costs

. require more columns
' require more circulation space.

Section and detail of multistory warehouse
Source: Port of Stockholm, Sweden

Cargo flow in a fwo story transit shed
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Mul ti story Warehouses

4.1.9.2 Warehouse
The primary Function of a warehouse is
lang time storage.

Factors to be considered in designing a
warehouse:

~ temperature

~ humidity
~ air movement

~ equipment dimensions and clearances
- distance from berth ar transit shed

~ optimal column spacing For longer spans
~ loading platforms
~ ra ilroa d ca pabil ities
~ covered loading areas
' wall cranes or travelling cranes.

Dimensional criteria:

' availability of space
~ use of warehouse

' for fire protection structure should be
corn par tmenta I ized

' provide minimum of 2 feet clearance
between top of cargo and ceiling.

Advantages of constructing warehouse above
transit sheds:

cargo can be transferred from transit shed
to warehouse regardless of weather conditions

' provides minimum distance for cargo move-
ment

' reduces external traffic congestion.

Typical Warehouse Layout
Source: Jahrbuch der Hafenbautechnischen
Gesel lschaft
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Dair roducts;
1-6 months

1-2 ears

6-10 months
1-6 mon ths

2-3 months0 5Fis

Fruit:
36 31

32 30
32 3'I

1-6 mont s
1-4 months

1% months

A les

1-3 mont sRoot

~ adva nta ges

4.1 .9.3 Cold Storage
Function: refrigeration of perishable goods,
Requirements:
~ close temperature control

control I ed humi dity
' location near or in transit shed.

Meat; storage tern . critica tern

Chilled 30 28 10-'l5 da s
Frozen 15 10 1-10 months

Butter 15 5
Frozen e s 5 0

She I I e s 31 30
Cheese 40 35

Ve eta es:
Green 5 32 10-20 days

Source: Design and Construction of Ports
and Marine Structures

4.1 .9.4 Administration
Function: to handle necessary office and
clerical work For cargo movement. Customs
and immigration Iacilities may be inc'luded
depending on location and size of port.

General requirements are:
' office space

toilet facilities

' waiting room
' passenger and baggage space if customs

included.

4.1.9.5 General Criteria
A . Structural Framing:

steel frames:

pre-fabricated
rapid erection time
provide Iong spans  trusses!
low maintenance ~

' timber frames:
used for roof and wall structures
can get long spans  laminated beams!
generally an available material .

' masonry frames and reinforced
concrete:

poured in place construction
tilt up construction
prefabricated
long spans
low maintenance

fire proof construction.

B Wall construction types.
' reinforced concrete

' concrete block/brick
metal siding
corrugated plastic siding
glass

~ aluminum or porcelain enameled steel
' combinations of the above.
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~ advantages

Comparison of wall types

C. Roof construction: To achieve the de-

sired long spans it is necessary to use trusses,
prestressed or laminated members.

In selection of roof types the following must
be considered:

~ site condition s

initial costs

maintenance costs

~ availability of materials
. weight and strength properties

life expectancy

Roof types.
. corrugated metal

metal

buil t-up composi tion

D . Floor construction
sel fwupporting

~ on fill

hAate ria I s:

' portland cement concrete
asphaltic cement concrete
l a mina te d treated floor .

~ advantages
Comparison of floor types

Ftoor finishes should be hard smooth surfaces
with anti -skid properties .

E. Door types:
rolling steel doors
sectional vertical lift doors

horizontal sliding doors .

Door sel ection is governed by;
size and type of equipment used

cargo
frequency of use .

Cbor spacing:
minimum spacing would be every other bay
for the length of the shed  both sides!

maximum spacing every bay

end doors may also be provided



F . Ventilation systems

H, Securitv enclosure

Types of transit shed doors
Source: Desi n and Construction of Ports
and hharine Structures

Types of ventilators:
' gravity
' rotary

continuous ridge
mechanica I .

The size, location and type of ventilatars
are determined by the number of air changes
required per hour  common practice is 1.5
air changes per hour!.

G. Offices and washrooms

The determining factors for size, location
and number are:
' proximity to personnel activities

size of worker population
~ local health and sanitation codes

' need.

Designed for the protection of valuable cargoes fram
theft, pilferage and damage. Size, location
and number are governed by:

size of cargo anticipated
' value of cargo
~ request by owner of cargo
' volume of cargo.

I, hhethods to protect against physical
damage to building include:

highway beam guard rails
~ concrete curbs

' pipe hand rails
' depressed areas

driving ramps
' pipe guards for buildings
' guard frames for utilities and services.

J. Painting decisions.
. color coding
. direcfian indicators

protection from weather
' aesthetics

improve lighting conditions .
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M, Electr i ca I suppl y
standard 110/220 volt 3 way system
208/120 volt 3 phase system
480/277 4 wire system .

4 4 4

mercury vapor

35 feet!,

~ advantages

Chart to determine length or width of shed
or warehouse based on desired square footage

lc,, Fire protection systems
~ automatic sprinklers
~ supervisory fire alarms
~ fire walls

. auxiliary fire fighting equipment  hose
racks, chemical fire extinguishers, etc.!.

L. Lighting' .general requirements for a
lighting system are for it to produce diffused
light without harsh shadows or glare.

available light  natural! provided by:
roof lighting  skylights, cleorstory, etc.!
side wall lighting  glazing, translucent
panels, etc,!
artificial light for night operations or fo
supplement natural light ..

Types of artificial light:
~ incandescent

fluorescent

 minimum vertical distance

The general practice has been to provide 10
foot candle illumination indoors and 1 foot
candle iflumination outdoors for transit sheds

and warehouses,

Comparison of type of f ixtures

4- 4- 4-

g o o

OO Q
OOO
OOO

Length
ft.

8 F8
oso
OOO
O lO 0
O R EC!
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4.1.10 Dock Types

Marginal wharf

Pier 90o to channelPier at angle to
channel

T-head pier
Opier
~ wharfL-shaped pier

The most' basic part of port facilities are the
docking facilities for the vessels.

Types of berthing facilities:
4,1.10,1 Pier
4.1.10.2 Marginal Wharf
4.'l .10.3 Specialized Berthing

Controlling factors for dock selection are:
. type of cargo
' vessel types and sizes

life expectancy of facility
' direction of wind and waves

bottom conditions

construction costs

' ownership.

4.'l. l0.1 Pier: a structure extending outward
at an angle from the shore into the navigable
waters of the harbor, permitting vessel berth-
ing on both sides.

Piers are constructed because they provide more
berths per linear length of channel than wharves
do ~

T-head and L-shaped piers are economical ways
to provide docking facilities in deep water which
eliminate dredging .

4.1.10.2 Marginal Wharf: wharves extending
parallel with the shore line and connected to the
shore at more than one point which allow berth-
ing to take place on only one side.

Wharves generally permit:
construction of terminal facilities on the land
side of the bulkhead line

' high degree of design flexibility
provision of loop rail and highway connections
reduced distance for land carriers to transit

sheds
easier in docking vessels

' less maintenance
more adaptability to changing requirements
brought about by new developments in vessel
technology, cargo handling systems, trans-
portation techniques, etc .

Site conditions determine pier or wharf
se'lection .

Factors governing the size and shape of pier
or wharf layout:
~ age and development of the port
~ size, shape and dollar value of available land
~ vessel characteristics
~ trade requirements
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Evolution of an apron
Source: Jahrbuch de Hafenbautechnischen Gesellschaft

amount of dredging necessary for maintenance
depth of wafer

' type of cargo
~ cargo handling methods

codes and regulations
' types of equipment used for cargo,

Water depth required:
open docks  one foot more than maximum
vessel draft!
enclosed docks  not less than entrance sill!.

Vehicle use on dock facilities depends on:
strength of structure

~ equipment used
' cargo handling method

available space
~ volume of shipping
' number of berths.

General requirements for land vehicles:
road and rail should serve parallel to berth

- minimum tracks 2 but not more than 5
maximum

berth railroad tracks should be shunted
independently fram neighboring sheds

' one rail track should be located near the
edge of the apron .

General requirements for piers and wharves:
elevation of surface should be a minimum
of 5 feet above the high water level mark
at maximum tide

' should have slips wide enough to aIIow ships
to be safely navigated to permit docking
should be broadside to the prevailing wave
front. It is desirable to have the vessel
anchored parallel to the direction of the
prevailing winds. If this cannot be achieved
then the berth should be oriented in such
o manner that the wind holds the ship away
from the dock.
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Recommended clearance dimensions for wharves,
piers and slips

A . Wharf

1 I e 1 e I

B. Two-berth pier and slip

C. Four - berth pier and slip

a � area of transit shed
b "minimum of 75 feet
c � beam of vessel
d - minimum of 100 feet
e - minimum of 50 feet
f � minimum of vessel beam plus 150 feet
I - length of vessel
Factors affecting pier slip width are:

length of pier
' beam of ship using pier

requirements for tugs or lighters which include
vessel handling, docking and maneuvering
space}.

Type of construction utilized for piers or wharves
are determined by:
' specific operational requirements of the pro-

posed terminal
' availability, cost and anticipated life of con-

struction material

structural requirements
' local foundation conditions.

Construction Types:
A . Open type

~ receiving platform in which the main struc-
turol slab is below the finished deck or sur-

face and the space between is filled to pro-
vide additional weight for stability



~ high level decks in which the deck super-
structure system is supported directly on
piles. The piles are arranged in trans-
verse rows. The deck is generally con-
crete, precast and prestressed.

8, Solid fill type .'
~ steel sheet-pile cells: used where water

depth does not exceed 50 feet and bottom
conditions are suitable to support a gravity
structure

~ sheet-pile bulkhead: constructed oF wood,
steel or concrete sheet piling and support-
ed by tie rods attached to an anchor or by
a pile located a safe distance in the back
of the face of the bulkhead or by batter
piles along the rear of the piles

Source: Port Design and Construction

rock-fil led timber crib: used for early
construction of piers and wharves. The
top of the timber crib is usually terminated.
at a low water level and the retaining wall
above is constructed of concrete or masonry
on which the dock paving is placed

- concrete caissons  used extensivety in
Europe I. Usua I I y o f two ty pcs:
~ open well type sunk in the dredged

bottom for increased stability
close bottom type which is set on

a gravel or crushed stone bed

- gravity quay wal I  usually construc-
ted of 20 � 200 ton precast concrete
blocks !.
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4.'I .10.3 Specialized Berthing
A . Lighterage berths
B. Ihmped cargo berths

A . Lighterage berths - for intermediate
transfer of cargo between land and water
conveyance when insufficient water depth
exists for large vessels and deep water berths
are not economically feasible to construct.

8. Ihmped cargo berths - gently sloping
wharves with adjustable ramps. They are
used extensively for Roll-on/Jbll-off cargo.

Ihmped Cargo Herth, Kiddapore Docks-
Cakutta
Source: Mission Port Develo ment
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4.1.11 Orydocks

The function of dry docks is to provide
maintenance and repair on the underwater
portion of a vessel.

Types oF dry docks:
A. Graving Docks
B. Floating Dry Docks

Sl i pways Large tanker in drydock
Source. Lisnave - Estaieiros Navais de Lisboa

~ advantages

Comparison between graving and Floating
drydocks

Slipways provide a recessed bed plus mechani-
cal hauling facilities to haul vessels out of
the water,

Source: Seeverkehrswasserbau
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4.1.12 Pilee

Function: to support the deck and its live
and dead loads.

Factors to be considered in pile selection:
' required length of life
. character of structure

' availability of materials
' type of loads
. factors causing deterioration

maintenance, amount and ease
cost estimate  initial cost, maintenance
cost, life expectancy!

' available funds.

Also important in pile selection is the cross
section of the pile. Wave forces are smaller
for piles of cylindrical cross section; for piles
with flat or irregular surfaces such as square and
H shape piles, very little is known about wave
generated drag and internal forces. The fol-
lowing drawing demonstrates some of what is
known about the relative increase in wave

force on various cross-section types of piles
 assume a cylindrical cross section has a
relative increase of 0%!.

8m'+
Considerations in designing pile foundations:

soil properties
pile types and driving equipment

' piles carrying capacity.

Principal deterioration factors of piles:
corrosion

~ decay
. insect attach

marine-borer attack
. mechanical wear
. fire

. chemical reaction  concrete! .

Effective length of pile for various end
conditions

An essential step in pile design is to determine
the condition of support at the top and bottom
of the pile  piles may be considered fixed if
the ends are secured against rotation!.

To be fixed at the top of the pile, the deck
must be of heavy construction and the pile
rigidly fastened to the deck.
To be fixed at a point not too far below bottom,
the soil must be compact and hard. The point
fixed in the case is IO to 15 feet below the
bottom. If the bottom is soft the fixed point
would occur 20 - 25 feet below bottom, The
pile may be considered supported from buckling
at a depth of 5 to 10 feet below the bottom.

Types of Pifes',
4.1.12.1 Hearing Piles: utilized for the trans-
mission of structural loads through air, water and
soft surface soils to harder more stable soiIs.

4.1.12.2 Sheet Piles: consist of specially shaped
interlocking piles used to form a continuous wa'll
to resist horizontal pressure from earth and water.
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4.1.12,1 Bearing piles may be classified
by the form of bearing or type of material:
A. End bearing piles � piles which transmit

their load by point bearing lo the firm stratum
u pon which it resf s,

8. Frictional piles � piles which transfer the
loads to the surrounding soil by frictian along
the piles embedded length .

C, Wood piles � make good fricfional piles
with load carrying capacify of 12 to 15 tons.
Their average length is 35 feet, with life span
of about 10 years depending upon oxygen con-
tent and temperafure of the water.

D. Concrefe piles:
~ precasf:

conventional shapes - square, round,
octagonal
length 114 feet  max.!
load carrying ca pacify approximately
50 tons.

. prestressed:
used where d'rfficult to use precast
lengths over 140 feet
load carrying capacity approximately
80 tons.

' Cast-in-place:
load carrying capacity approximate y up to
150 tons.

E. Steel piles:
~ l oad ca rry ing ca pa city
end bearing �8 � 120 tons!
friction bearing �8 � 70 tons }
sections  M or round!.

F. Composite piles - consists of one material
for fhe lower part of the pile and another
material for the rest. The crifical point for
this type pile is the junction poinf between
the two mater i a I s .

' Timber and cost-in-place concrete  load
carrying capacity 30 to 40 tons, length 100
feet!

Concrete-filled steel pipe and concrete
 load carrying capacity 75 tons, length 100 feet!

' Steel H-sections and concrete  load carrying
ca pacify 200 tons!.

~ advantages
4.1.12,2 Sheet Piles

Oesign factors for sheet piles:
~ use of weep holes
~ change in dry and wet submerged conditions
~ type af soils
' moisture content

yielding conditions of walls
recent developments .



Major types of sheef piles:
A, Steel sheet piles
. variety of shapes
- adaptable for cellular retaining walls and

cofferdam construction
' advantages over other typesin areas of

strength, salvage value, simplicity, hand-
ling and heavy construction.

8. Concrete sheet piles � reinforced or pre-
stressed, precast piles of rectangular cross
section,

C. Wood Sheef Piles � used to resist light
lateral 'loads.

Section thrM preceet concrete cheat plica

The primary use for sheet piles is in retaining
wall constrvction.

Piles are driven into the earth by pile driving
hammers:
' drop hammer

sing lemcting steam hammer
dovble-acting steam hammer

4.4.13 Fender Systems

The function of a dock fender system is fo
prevent ships or docks from being damaged
during mooring, by control ling ship motion
and reducing or eliminating the impact of
ship-dock contact, The fender also pre-
vents damage due to rubbing.

Design Factors for a fender sysfem:
' vessel characteristics

vessel speed
~ approach direction
~ wind

expected tidal current conditions
rigidity and energy-absorbing characteristics
of the dock
initial cost and mainfenance costs vs, ship
and dock repair costs with a fender system.

Materials to be used for fenders must possess the
Fol lowing requirements:
~ high compressive strength

high fiber hardness
high ben ding stress
durability.

Classification oF fender systems is by material
used or the principles of operation:
A . Wood Fender systems
B . Rubber fender systems
C. Flexible  spring! fender systems
0. Gravify fender systems
E . Floating fender systems

A, Wood fender systems
Single timber "rubbing strip" Fender � Used
when the approach to the berth is sheltered, the
water calm and when tug assistance is available .
The wood is the element absorbing the impact energy



Timber fender with two or three horizon-
tal walls together with vertical timbers. Used
where tidal range is relatively small . They
have a low initial cost and have proven to be
economical in replacement.

~ Timber fender plus fender piles. Used
when addltionaI energy absorptions are desired
and tidal ranges are greater than six feet

Timber fendering with cylindrical rubber
units. Used where greater deflection and
energy absorption is required.

When using wood fenders, it is necessary to:
use only sfress graded timber
drill bolt holes to the same diameter as the
bolfs

~ protect all cuts with creosofe
' use only galvanized bolts.

Timber fenders on sheet pile bulkheads

B. Rubber fender systems - have generally
replaced the use of flexible - spring type of
fenders because they have:
~ longer life
' less maintenance

better absorption of longitudinal forces
parallel to the dock.

Source: Desi n and Construction oF Ports

and Marine Sfructures, A.D. Quinn, 1961,
McGraw Hill . Used with permission of Mc-
Graw Hill Hook Company

Types of rubber fenders:
Rubber-tire truck-wheel fender  Utilizes

truck tires on wheels, placed in a horizontal
position along the face of the dock. Suitable
for calm waters and a small tidal range!

' Hollow-rubber cylinder fype   Requires a
solid fascia wall to a depth of at least six
feet because of the curvature of the fender.

This type is adaptable to solid type dock
construction j



Raykin fender buffers

' Combination steel beam and rubber fender
system with steel fender piles   Utilized
where it is not practical to use deep dock
fascia beam ol wal I !

Raykin fender buffer  Consists of a series
of connected sandwiches made of steel plates,
cemented to layers of rubber!.

C. Flexible fender systems � utilize steel
spring fenders for additional energy absorption
or spring type wood fenders which are placed
away from the dock at a slight angle  <:24!
to absorb energy by deflection.

Typical springing-type wood fender

Source: Design and Construction of Ports
and Marine Structures

D. Gravity fender systems � based on the
principle of transformation of kinetic energy
into potential energy by means of raising
weights  massive blocks of concrete! utilizing:
~ system of cables and sheaves
~ pendulum

trunno ins .

Suspended gravity fenders

E. Floating fender systems � used generally
to keep ships away from a dock or to separate
vessels which are tied up adjacent to one
another .

Types:
~ rol ling type
~ heavy timber box section type
' floating fender log type.

Rubber tired fender and a timber pole fender
Source: Port Desi n and Construction
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4.1.14 Mooring

I
riser clNin

QrOUIld ChSi4l
sinker

Function: to anchor or tie up vessels for the
fol low ing reasons:

waiting For a vacant berth
' working cargo overside only

waiting in calm water
waiting for dry dock or repairs

' to take on cargo for super-sized tankers.

Types of mooring:
~ vessels own anchor

~ i.ie up to buoys
' combination of buoys and anchors

tying up at a berth.

Components of a mooring buoy

Multiple mooring buoy arrangements

Source: Design and Construction of Ports
and Marine Structures

A vessel should be moored as close to shore
as possible with its approach to the buoy
being into the wind and parallel to any
currents .

Number of buoys utilized for mooring de-
pends upon:

vessel size and characteristics
winds, currents and waves

' bottom conditions

economic factors.

Typical mooring accessories

Spacing of the mooring devices is based on:
~ vessel characteristics

' convenience of cargo handling
' wind and tidal conditions.

All mooring devices with anchorage are de-
signed for worst conditions with a 50% safety
factor added.
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4.1.15 Dolphins

19 pile
cluster

 a

3 pile 7 pile
cluster cluster

Typical wood-pile dol phins

Dolphins are used for mooring'and docking of
vessels. They are designed to resist horizontal
impact loads in addition to wind and current
forces.

Functional types:
~ Berthing dolphins  for fendering to resist
vessel impact!

' Mooring dolphins  to hold the vessel against
a broad side wind blowing in a direction away
from the dock!. These are not designed for ship
impact, Length af mooring lines: 200 feet to
400 feet.

Flexible dolphin with steel-pipe piles of
Miragoane, Haite

Structural classification:
A. Flexible type dolphins:

used for mooring of small vessels or as an
outer fence for the protection of a dock

' the flexible dolphin, though not designed
to take the impact of ships, may be used
far berthing medium type vessels from off-
shore loading platforms and structures.

Types of dol phins include:
~ wood pile dolphins
~ wood pile and timber frame dol phins

steel cylinder dol phins
~ steel pipe and wood frame dolphins
~ steel pipe and steel frame dolphin.

B. Rigid type dolphins:
' used for large vessels and tankers

wood platform type
sheed pile cell plus fender

. heavy concrete platform slabs supported
by vertical and battered steel piles ~

Source: Design and Construction of Ports
and Marine tructures
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4.1.16 Nloles, Trestles and Catwalks

Moles, trestles and catwalks are designed
for access from the shore to pier or terminal .

A. Moles - constructed of rock Fill with
sloped sides for protection from erosion,
similar to breakwater construction . The
function of the moles is to support roads,
sidewalks, railroad tracks, utilities, pipe-
line, conveyors, etc.

Cross section of a typical rock mole

8, Trestle - lighter construction than piers.
They are designed primarily for vertical
loads. The majority of trestles use precast
and prestressed concrete decks because of
dura b i I i ty and economy .

Cross section of timber trustle on wood piles

Source: Design and Construction of Ports
and Marine Structures

C. Catwalks - used to provide access from
one dolphin to another. They are generally
light weight construction, wood or steel . Cat-
walks are located af a distance from the face
of the structure to prevent damage by vehicles
or vessels.



5 Trends

eo ';
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This publicafion demonstrates an insight
into the complex problems involved in port
and harbor design and construcfion. It is
intended to serve as a starting guide to the
various planning procedures necessary to
design a port or harbor.

The following lisf presents selected trends
which it is believed will have the greatest
impact on ports of the future:

Functional obsolescence of port Facilities is
becoming increasingly apparent as ship con-
struction technology advances. New innova-
fions include:

deep draft vessels  80 feet! that exceed all
channel and harbor depths
LASH and SEABEE concepts that require
entirely different facilities

' standardization of ship components
transocean barge concepts

' automatecl vessels confrolled by ship board
computers .

Movements to off-shore loading systems in order
to efficiently use deep draFt vessels. The only
cargoes loaded off-shore presently are liquid,
such as oil and slurried ores.

New Facilities for oFF-shore loading vary from
submerged pipel ines to artificial island installa-
tions .

Containerization is revamping cargo handling
techniques .

Harbor obstacles are influencing new porf
thinking:
~ expensive dredging costs
. expensive relocation costs of tunnels,

pipelines, etc.
~ environmental and ecological factors.

Development of coastal barge terminals fo pro-
vide secondary distribvfion centers.

Specialized ports; a limifed number of larger,
regional type ports wifh sophisticated equip-
ment designed to handle a specific type of
cargo. An example would be a regional con-
tainer porf.

lnfermodal transportofion; a highly organized
and scheduled, Factory-fo-user chain under a
single bill oF lading . This system requires a
great deaf of sfandardization of components to
enable all transport modes to equally participate.

Improved conditions for porf labor:
~ provide and mainfain hygiene locker, dining

and toilet Facilities

- improve recruiting programs
' improve and implement training programs to

facilitate highly skilled dock workers.

Improve and enforce safety standards and pro-
cedures for personnel, facilities and harbors
to reduce accidenf frequency .
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6.1 Existing Port
105

6.1.1 introdLtction

In the pasf few decades, while trucking,
rail and air operafions have sharply risen,
the shipping industry has declined. To
better compete, the shipping industry has
introduced technological advances including
increased ship size ond containerization of
general bulk cargo. Rut white fhe shipping
indusfry has made great sfrides in shipbuild-
ing and containerization, mosf of fhe ports
have not kept pace.

A major problem facing ports today is the
task of modernizing obsolete facilities, equip-
ment and methods. The large marshalling
yards required for containerization have nof
been constructed in many instances, usually
becavse of lack of available land. Many
ports have been unable to cope with the in-
creased truck traffic due fo limited access
roads, and shipping lanes are often too
narrow and too shallow to handle the new

superships. Such obsolete facilities often
force shippers to ship from ports with new
facilifies, thereby diminishing the older ports'
cash inflow at a time when they can least
afford if .

In these older ports, the lack of space is a
major problem. They are typically located in
the oldesf part oF the city where narrow, con-
gested sfreets do nof permit adequafe truck
traffic For transfer and delivery of cargo. The
waferfronfs are characteristically packed with
obsolete, decaying piers and wharves which
inhibit port efficiency.

The lack of appropriate planning far advanced
marine technology has created expensive de-
lays in fhe loading and unloading of ships.
Valuable land is often occupied by piers and
wharves with aprons too narrow for eFficient
cargo handling, and ship turn around time is
often needlessly lengthened by narrow channels
and congestion caused by improperly located
industrial sifes.

The older port could greatly increase ifs
efficiency by gradual fy eliminating facilities
which are inefficienf, unprofitable or unfit
for modern operations because of size or loca-
tion. The remaining terminals and facilities
could be upgraded and a logical expansion plan
developed to forestall premature functional
obsolescence .

A port can be of great economic benefit to a
community by attracting frucking, sforage and
distribution concerns; providing jobs within the
portand stimulating secondary work opportuni-
ties outside; attracting port associated indvsfries;
and bringing an increased flow of goods through
the entire area. However, without proper plan-
ning for transportation, Facilities and increased
traffic flow, fhe port can become a hindrance
to community progress, especially in the face
of today's rapid change.

The objective of this part of the report is fo cite
improvements which could be implemented in
existing ports. This includes aspects of port
planning, facility design and handling methods
which would allow better land usage in the
port and its surrounding area; more r'egard for
the physical and social environment oF fhe port
areas; and techniques for effecting more rapid
turn around of ships. The aim is not to advance
port technology so that it is more competitive
wifh trucking, rail and air transport systems,
but to promote better coordination of these
transportation modes.

To il lustrate how modern facilities and better
planning can reduce congestion within a port
and increase the efficiency of its operations,
the Port of Galveston has been chosen as a case
study. The case sfvdy wilt concenfrate on new
concepfs of cargo handling which include multi-
purpose warehouse - transit shed buildings and
a system of vertical container storage and re-
trieval . The possible svbsequent need for re-
moval and relocation of exisfing Facilities wil I
also be considered.
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6.1.2 Port of Galveston-Case Study

History:
Galveston Bay, probably the finest natural
harbor on the Gulf, is protected against the
open sea by Galveston Island. The harbor
opening is the pass between the island and
Bolivar Point. Galveston Island has such a
superior position on the coast fhat if became
the first port in Texas and, since the middle
of the nineteenth century, has served as the
largest cotton exporter in the nation. The
first railroads crossed the causeway to
Galveston in I860 and goods exported from
Texas began to funnel through Galveston.
Except for the rapid growth of the Port of
Houston and Galveston Island's susceptibility
to storms, the Port of Galveston could possibly
have been the major seaport in the Gulf of
Mexico .

Bui I ding s:
Many of the present port buildings in Galveston
were built in the 1920's or before and are in
extremely bad repair . Since 1956 the Port of
Galveston has spent approximately $25 million
on repairs and renovations of these buildings,
The transit sheds are of concrete, tin and wood

construction with foundations of concrete pilings
and beams. Some aprons are still extremely
narrow, however, several of them have been

widened and have had rail lines added to them.
These wider aprons can be servicedby rail type
or shoreside cranes.
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The warehouse district is intermingled with
residential areas of extremely poor quality .
Very little delineation is made between com-
mercial and residential areas with houses and

apartment complexes being simply inserted
between warehouses and compresses. If the
storage facilities were relocated, warehouses
and land could be converted to housing and re-
creational areas. Several warehouses have al-

ready been sold and replaced with apartments

and shopping centers . Cotton is transferred by tractor trains consisting
of strings of eight or ten cars pulled by small
tractors. This has proven to be the most efficient
method of cotton transfer so the port is planning
to ex pan d i ts program .

Circulation:

Warehouses and transit sheds are serviced by
narrow congested streets, and heavy truck
traffic is impeded by the maze of railways in
the area. Railroad spurs to several of the ware-
houses have long been clogged by rubbish and
overgrown by weeds. Tracks in the area of the
cotton compresses and warehouses are often un-
used due to lack of repair.
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Expansion:
Due to the age of Galveston, the port is
crowded with old buildings, streets and rail-
ways. This limits space for expansion of the
port �6 acres within the port and several in-
dustria I areas are available! .

Expansion on Pelican Island is limited due to
present tenants, and plans for the future are
already in progress. Presently on Pelican
Island are Todd shipyards, the site for Texas
Maritime Academy, the site for the Seabee
barge terminal, several marine oriented in-
dustries and chemica'I and petroleum termi-
nals. Future plans for the island are to zone
it for residential, recreational and commer-
cial areas. Galveston Wharves  the Port of
Galveston! presently owns only 48 acres on
which the Seabee barge terminal will be built

Multistory Warehouse jl ransit Shed:
One of Galveston's mator problems is presently
the lack of available land for new facilities.

To reduce the space now occupied by outdated,
single-purpose warehouses there is a possibility
of combining transit sheds and warehouses into
single buildings, with the lower floors for
transit cargo and the upper floors for long term

storage. The combination of these two Faci-
lities could reduce the time required to move
cargo from the docks, through the transit sheds
and to the warehouses. The cargo For storage
could be unloaded directly into the ware-
house from the ship. Within this multipurpose
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building could exist transit storage areas,
rail and truck circulation, refrigerafed stor-
age, general storage, privafe renfal spaces
and office spaces For port officials or ship-
ping related industries.

To further implement the efficiency of these
mulfipurpose strucfures, covered facilities
could be used for loading and unloading, en-
abling cargo to be stored and handled in all
types of weather. Wii'h no losses of man hours
because of rain or ice, the efficiency of the
FaciHty would be increased and ship turn
around time improved.

Where multistory sheds are used in conjunc-
tion with slips or finger piers, if would be a
simple mafter fo cover the span with a space
frame, a vault, a cable-supporfed strucfure
or a cantilevered roof. 'ln the case of a shed

alongside a marginal wharf, a cantilevered
or cable-supported roof system could cover the
apron and the ship. With the facilities
covered, the upper floors of the building
could then open onto the apron withoui fear
oF weather damage, except in extremely harsh
climates, This would allow cargo intended for
refrigerated sforage or long term storage to be
unloaded directly onto the level desired.

Cargo could be loaded from the upper floors by
a gantry type crane, moving on tracks along the
apron. Cargo could be brought fo fhe edge af
fhe warehouse where it would be picked up by
the crane . A system of small ramps or balconies
could be used to pick up cargo from fork trucks.
These balconies could be lowered for the fork
trucks to drive onto them and raised when they
were driven off. This would allow cranes to

pick up and drop cargo without any overhead
obstructions .
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Rail and truck circulation within the building
would be carried out on different levels,
Railcars would enter the warehouse on a level
slightly below the apron level to allow easier
loading and unloading . Lanes would be pro-
vided on the first level for trucks to enter be-
tween the railroad tracks but the maIor truck
traffic would enter the warehouse on the
second level .

Vertical circulation within the warehouse woul d

be accomplished by lifts or elevators, overhead
cranes and conveyors and ramps. Vertical
distribution of goods for storage from ships would
be accomplished by the dock cranes or overhead
conveyors .
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Phase I
The construction of multistory warehouses
will occur in four phases. During the first
phase one existing transit shed is removed and
work is begun on the multistory warehouse/
shed which replaces it. The existing rail to
this shed is retained once the mul tistory ware-
house is completed. Whenever the warehouse
section oF the new building is completed,
storage is transferred to if from warehouses in
the immediafe area, which are then removed.

Phase 2

Three more sheds are removed and their cargo
is handled by the First multistory warehouse.
The three sheds are replaced by two multisfory
warehouses and then storage is moved info them
From several more warehouses throughout fhe
port. Rail lines are then changed to the new
routes servicing fhe three multistory warehouses
with as many of the existing lines as possible
kept in use until the project is totally complet-
ed.

Phase 3

During phase 3, four of the old transit sheds
are removed and replaced with mul tistory ware-
houses, while their cargo is handled by the
three previously consfructed warehouses, Storage
is transferred to the new warehouses freeing the
old warehouses for recreational or other commer-

cial uses. 4dd'rtions and changes are made to the
railroads servicing fhe new warehouses.

Phase 4

The remaining three transit sheds are removed
and replaced by multistory warehouses and re-
maining warehouses transfer their storage to
the shipside warehouses. Railways to the new
warehouses are completed providing at least'
one through rail fo each warehouse with
numerous sidings For each warehouse or group
of warehouses to prevent a bottleneck of rails
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in the waterfront area. Various switches
preceding the entrance to the waterfront area
and around the warehouses allow railcars to

be rerouted . Container Facilities
Work is already underway on Galveston's first
container facility. Two existing slips are being
filled to gain 66 acres for a container marshall-
ing yard. Storage will be available For approx-
imately I800 containers stacked two high. Con-
tainers will be moved by trans-tainers from
trucks to the stacks and from the stacks
to the container crane.

Approximately l700 feet of berthing space wil I
be obtained by the filling in of the slips, allow-
ing berthage for two container ships. At present,
one of the slips has been filled and the facility
will be open early in 3972, The remaining slip
is to be filled later.

Vertical Container Storage
Instead of filling in the remaining slip and con-
verting the entire 66 acres into a marshalling
yard, fhe slips could be widened and a system
of vertical container storage could be utilized.
By not filling in the slip, berthing for four ships
could be provided.
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With a vertical storage system, room could be
provided for up to 2500 containers  IO high!,
plus a considerable savings in land. Fewer
people would be required to operate such a
facility, therefore, part of the labor force
could be channelled into other port operations.
By creating certain zones for rail and truck
unloading, congestion will be kept to a mini-
mum .

Future expansion could be provided by filling
along the eastern shoreline to gain another
berth and area for another vertical storage
structure .

If the remaining slip is filled and the marshall-
ing yard is used, a vertical storage system could
still be installed at a later date to increase the

capacity. The storage capacity could be in-
creased from l800 to approximately 2500 and
much of the land from the previous marshalling
yard could be returned to other usage. The
shoreline along the eastern side of the yard
would be filled to gain another berth.

One possible system oF vertical container
storage is a skeleton structure of columns and
slabs which would hold the containers. The

slab structure would be used in conjunction
with elevator type gantry cranes similar in
design to those used by the ' Pidgeon Hole"
parking garage system
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6.1.3 Conclusion

These cranes travel horizontally on tracks
between the structure and the edge of the pier
while containers can be lifted to the desired
height. The crane picks up containers by
means of an extendable arm which positions
above the container, raises the container and
returns to the crane with the container,

Containers to be stored in this facility would
be brought by rail, truck or barge. Large lift
trucks would carry containers from train cars
to the crane, while containers on trucks and
barges would be unloaded directly onto the
crane,

With the addition of multistory warehouse j
transit sheds, Galveston could greatly in-
crease the efficiency of its handling of
general cargo. With covered facilities, dock
gangs could work cargo in all types of weather
and the distance required for cargo transfer
would be reduced with warehouses located on

the aprons. The addition of wider aprons with
the warehouses would permit the use of gantry
cranes in loading and unloading .

Transfer oF cargo to the new warehouses would
allow removal of the old warehouses and the
railroad lines servicing them. Traffic conges-
tion would be greatly relieved without the rail
lines and the heavy truck traffic which now
service the warehouses. With the old ware-
houses removed, room would be provided for
expansion of the port or for housing or recrea-
tional facilities.

The implementation of a vertical container
storage facility would reduce the area re-
quired for the storage of containers. The
smaller number of people required to operate
a vertical storage Facility would allow fhe
port to spread its labor force over several
other facilities, By introducing vertical
storage either now or af a later date in-
stead of a container marshalling yard, the
storage capacity can be greatly increased.
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6.2,f Introduction

The preceding concept which dealf wifh
exisfing porfs demonstrated the fact fhaf mosf
present day ports need to update their anfi-
quated facilities rind that new achievements
in marine technology demand changes, A
need arises for Funcfionally designed facilities
which can respond efficient'ly to changes in
marifime technology, buf the planning of
such port facilities should nof end there.
Much thoughf should be given to phasing ouf
the old facilities in the interim between the

present and the projected fufure completion
date .

The objecfive of such interim planning should
be to develop transition concepts based on
anticipated changes in port and harbor de-
velopment, like the development of offshore
ports, supersized vessels and other trends in
the shipping industry. To compound the pro-
blems of transitional development, the design-
er is not only Faced with conventional econo-
mic, social and polifical pressures but has
also to consider the maintenance of environ-

menfal resources, parficularly in coastal and
inland water zones which are currently being
a bused and destroyed . Environmental con-
strainfs directly affect the development of
ports and harbors throughout the world. The
problems are especially acute in highly in-
dustrialized areas such as the Houston Ship
Channel in the United States where the waters

are so polluted that no manner of life exists
within Five miles of the turning basin. Such
conditions exist where environmental balance
is neglected in porf and harbor operation and
planning .

Effecfive irnferim planning which could deal
with such imbalances would include three
major areas of activity: A! introducing en-
vironmental concern and thought into the
transitional developmenf of ports and harbors
of the future; 8! developing more efficient
use of patterns in coastal and inland porfs
and their surroundings; C! modernizing
transportational delivery and retrieval systems.
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6.2.2 Concept Development

In order to approach the transition of porfs and
harbors in a rational manner, it would be of
value to look first at the large scale operations
of ports and harbors, where fhey do exist and why
they exist and what Is around them. Al'l ports
and harbors are found in coastal or inland water
zones, Within these zones by definition we find
that ports are in a transitional environment,
between the land and the water, whether coastal
or inland. Environmentally, socially, polifically
and economically this is of importance to us'.
A! Socially, because a ma jority of populations live
in the coastal zone or rely on some form of water-
borne trade, These populations are constantly
growing and expanding . 8! Politically, because
governments rely upon their people and resources.
Ports and harbors have always played ma jor roles
in the development of world powers and should
continue to be an important international frans-
portationa l system, C! Economically, we find that
a good deal of industry worldwide is located near
water. Factors affecting waterfront locafion of
industrial concerns are: A! Use of cheap water-
borne transportation, i .e. bulk raw materials.
8! Use of water in manufacturing process  brack-

ish water is satisfactory,i.e. cooling of equip-
ment!. C! Ability to discard waste into ocean
shore, rivers and lakes,i.e. dumping of waste
gases . D! Saving on product distribution usual ly
being adjacent to large metropolitan areas.

In the light of industry, availability of water
routes is of major economic importance in oper-
ationa'l planning of waterfront industry . Envi-
ronmentally, these zones are the most productive
land areas, teeming with life and food for man.

In relation to natural and artificial changes in
any coastal and inland water zone problems such
as these do develop:

pol lution
' shoreline erosion

shoreline damage from storms
loss of wildlife and nutrient areas

- silting and shoaling
detrophication

' proliferation of pests and other unwanted
species

' dredging and filling .

Man must be able to understand the natural

processes occuring in the nearshore environ-
ment and thus predict his own effects on the
environment. He must also use the environ-
ment for the benefit of all mankind by accom-
modating,with minimum conflict, multiple uses
and maintain and restore if necessary to an
acceptable level of public choice both now
and in the future .

Noting the chart on present coastal zone
usage,  the items shown are rated to their
future development! those positive valued
items indicate a need for increased develop-
ment and the negative values indicate a
decrease in development, i.e . aqua culture
�+! should have more emphasis than fisheries
�+!.

From this point it would appear that some
basic concepts are developing: We
have established the fact that the coastal
and inland water zones are of basic value

to man in order for him to live on the earth and
it would follow that man would be concerned

with this zoning and establish land usage
around this premise.

Conceptually it could be conceived that use
of the land for urban purposes could be kept
to a minimum by creating cities of' people
living in high density structure and using
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areas not considered habitable such as deserts,
steppes, mountains, ice-covered areas and
wafer surfaces for settlements in order to de-
velop the most valuable land in cultivation
and nearshore and estuaries in aqua-cultiva-
tion.

We can see that a transporfafion sysfem must
be developed showing imports and exports
fraveling from coastal terminals lo fhe inland
cities nof always following nafural water-
ways,l .e. cifies which would exist in deserts,
mountains, steppes, etc.

The transportation system seems to be a sound
idea and will be looked at more carefully
based on the fact that one of our aims is to
establish a more modern and efficirent trans-
portal delivery and retrieval system.

The different sysfems of transportation to be
considered in the development will be as
fol low s:

barges
trains

. trucks

' aircraft

pi pel ine .

Barges: Advances have been made in the
employment of barges, both ocean going and
inland water barges. The devetopment of the
LASH vessel concept and the Seabee System
 Lykes Bros. Steamship Co., Inc .! for trans-
porting unit barges on overseas routes coupled
with aftendanf facilities  rail, road, ware-
housing, transit distribution Facilities! are
among many proposals involving the use of
barges as a major means of waterborne
traffic. The barge-tug systems appear to be
a realistic approach in many aspecfs. Some
obvious advantages are:
. fhe draft of the barge in relation to other

forms of waterborne traffic  tankers, cargo
vessels!
the amount of load which can be carried
economically, outweighs other systems of
transportafion

' unif handling costs are lower
flexibility of ma jor equipment components.

barges lend themselves fo various operational
types:

stay-tugs remain attached to the flotilla
white cargo is worked

~ swap � fugs exchange an inbound barge
for an outbound barge

~ drop - a tug drops a barge in a part and
returns for it before proceeding on fhe
transocean journey

flexibility al lows certain variety in facilities
to handle fhe barges
barges could maintain full time operation while
construction of new facilities were taking place.
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~eardlguralane~l eMProblems which have arisen from the growing
breed of waterborne vessels are in the area of
personnel and management aboard these vessels:
' captains with little or no training in inland or

ocean going navigation
too little pay to attract top quality seamen to
these positions.

Trains.. Rail systems are at a different stage of
development. They have neither reached the
optimum in size or speed. The function of any
transportation system is to move cargo and people
efficiently and economically from place to place.
The Japanese have done considerable work in
developing faster more effective trains,i.e. New
Tokaido Line, Japan, reaching speeds of 130
miles flour .

Perhaps we might find that our needs from the
present day's trains to special train units for.
use in an intercity transportation system are
an increase in size of wheel base resulting
in greater payloads in hauling capacity .

Greater power thus needed to pull these loads
could be developed through use of atomic
fuels for engines, Use of air suspension in
short unit trains could also achieve maximum

speed.

Comparison between sizes and loads carried
by conventional trains and possible super trains
of the future .

Trucks: In dealing with the road system we
must recognize the two distinct areas of func-
tion: those being private and those being
commercial .
Private vehicles:

passenger vehicles
trucks for private use

' farm equipment.
Comrnercia I vehi cl es:

commercial trucks

buses.
Being aware of this distinction in road systems
it would be feasible to separate the two with-
in the transport line. This separation would
allow the expansion of the present size of
commercial vehicles for more efficient road
systems as well as greater carrying capacity
combined with accompanying speed, which
leads to economic saving.

Cross section of Transportation Link



119

No optimums have been reached in this
area of transportation, although this con-
cept does not deal completely with the
trucking mode. It does suggest concept-
ua I ly the consideration of super-trucks
basing size on earth moving machinery
but with adaption of speeds, making them
economica I ly feasib'Ie for transportation
uses .

These vehicles could carry enormous pay-
Ioads of cargo and passengersdo and from
coastal port terminals af conventional
speeds. Passenger-carriers also appear
fea'sible at this increased scale.

Aircraft: V/STOL systems could readily be
applied to a more rapid and efficient system
of transportafion. Helicopters could be
employed for high value � low weight cargo
as well as provide shuttle service between
port area and destination of goods. The
need for more advanced aviation calls for

a balanced system of air, surface and water
fransportation modes. Th'rs system will maxi"
mize fhe fIow of passengers and cargo from
point to poinf .

Pipelines: A fifth area of transportation
which has been little exploited is pipelines.
Its use to date has been largely devoted to
liquified petro products and tiquified sulfur,
natural gas and others. It seems feasible
that other products could be transported
through pipelines from one place to an-
other by use of pneumatic, hydraulic or
magnetic forces.

Coupling al I five areas of fransportation systems
into a package we might see that an efficient
economical system could be developed to serve
the need for a transportation link between
coastal distribufion terminals and ma jor inland
metropolitan areas. It is conceivable that inter
port linkage could be developed between off-
shore facilifies and the coastal disfribution

termina I,

At this point our concept development is barely
complete. By knowing what we have in present
day ports and realizing what we need in future
ports we have the opportunity to take a systems
approach to port and harbor development in the
form of the interim port showing:

facilities

interface of transportation
' phasing.
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6.2.3 Concept

In the interim port we find that distribution of
cargo is of major importance in the operation of
any porf handling any commodity. It is apparent
that lack of coordi'nation and flexibilify in the
present day ports can snowball the entire system
of retrieval and delivery. Because of this un-
organized disfribution in most ports the results
become clear;
~ wasted time on dockfront

delay in ship turnaround
~ secondary conflict of land-side interface
~ higher cost for handling
~ indirect distribution.

The objective of the interim port would be to
provide unified disfribution of passengers and
cargo throughout the port. The results of this
proposal would also become clear;
~ direct distribution

~ saving on handling cost
faster service to customer

~ faster ship turnaround
~ increased efficiency of port operation

eliminate interface conflict.

Schematic representation of port areas having..
unorganized distribution and unified distribution

Responding to the need for a systems vehicle to
utilize unified distribution, interim port com-
bines major transportational modes into a func-
tional facility supporting a number of secondary
activities.

Interim port facilities:
The facilities offered by interim ports are
broken down into primary and secondary eval-
uation. The primary facilifies are as follows:

barge terminal complex
V/STOL terminal complex

' road vehicle terminal
' rail complex.

The secondary facilities will be intergrated
within the interim port structure:
~ housing

intermodal service center

' fuel storage center
utili ties corn pl ex

' communication center

. parking  auto!
administrative operations
medical supporf
commercial refail center
international frgde mart

' marina operations
observation control unit
public viewing areas
transit cargo center

' warehouse complex
- transportatice feeders service complex

waste treatmenf facility
. green belt reserves.



interim port hinterland structure

Plan view showing surface leve'l of interim port

Exposed interior view reveals barge and tramn
facilities  first level! of interim port
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lnferim port interface:
The surface transportation network wil I consist
of a central roadway traversing the above
interim port at the residential level .

All inbound and outbound barges wil I enter
at specified levels info interim port. Special
employee parking and traffic service lanes
will be established at different levels of acti-

vity. Transit vehicles will also serve the in-
terim port complex from near by metropolis
areas .

Grade separation interchanges will allow un-
inferrupted interface between the major trans-
portational modes . Greenbel t reserves and
landscaped zones will be provided to buffer
public usage areas from commercially un-
attractive operations. Maximum usage of such
areas will establish acousfical reduction and

visual screening of interim porf services.

Vertical section through interim port showing
circulation patterns and facilities

lnf'erface in interim port will be on two levels
of importance: first is the four modes of trans-
port within the port. Second, fhe operational
interface servicing the firsf level of interface.
Both these systems are inder-dependent on the
other.

Phasing: Interim Port:
The staging and adoption of facilities at the
terminal connection would need tremendous
coordination between all persons, organizations
and governments invol ved .

Phasing could be thought of as two different ap-
proaches but both very much a part of the other:
~ instructive phasing
~ physical phasing

The instructive or educational phasing should
be so designed as to educate people, the real
recipiants of fhe system, as well as owners
and operators of transportation systems  peo-
ple directly affected by the existence of such
a port!.
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Educational flow for instructive phasing

The educational approach is needed for success,
More thon one project has been crushed for
failure to adopt this approach. Publicity is not
enough; the people must be involved, Feeling
they know what is going on as well as wanting
the project to be a success will help them know
the benefits af the venture will be theirs.

This educational program should be carried
throughout the entire development of interim
ports,
After a well designed educational plan has
been conceived and structured the first phase
of a four phase plan could begin.

The physical phasing would begin with trans-
formation of port facilities at the coastal points
and inland points as well as the development
of the transportation systems into a correlated
'linkage matrix between interim port and the
hinterland it serves.

Phase I
procurement of rightmf~ays

' phasing out of present facilities on a ten
year program

' preparation of site area for new construction
. redefinition of rail and trucking routes
' temporary use of land for support facilities

pollution contracts begun.
Phase 2

begin construction of linkage systems to metro-
politan areas

~ establishment of alternate approach routes to
site area

~ raad and rail development near completion
establishment of greenbelt areas

' 50k total facilities near completion,
Phase 3
' final connection of linkage system with interim

port
full operational service to be established
waterborne traffic using 5' barge.

This phase is of particular importance because
all aims of the concept should be becoming reality
in the technological sense while maintaining en-
vironmental integrities .

Phase 4 will be a re-evaluation of the concept
with the establishment of objectives in relation
to population growth patterns and distribution
with emphasis upon areas which shaw the greatest
need. The concept will provide a firm basis for
further expansion of future transportational needs.

Conclusions
lt is apparent that only the schematic design of
the interim port concept has been established in '
the preceding pages, lacking dimensional character
of a finished design package. It is the aim of this
concept to offer an option to port development;a
system, employable now, 10 years from now and
in future ports of 2000 AD.
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aerial view interim port



6.3 Trans-Port 125

6.3.1 introduction

Technological advancement is and always has
been a major port of fhe marifime scene. How-
ever, the changes occuring now are much great-
er and faster than ever before. There is a re-
volution in ocean shipping operations, which
effecfs equipment as wel I as cargo handling
methods,

Supersized vessels capable of single-trip de-
liveries of over a million barrels of liquid
cargo are now in service, with vessels on the
drawing boards that wil I dwarf these . Trem-
endous economic benefits are made possibJe by
large scale vessel;. However, fhese vessels
require deepwater mooring facilities or harbor
and channel depths substantially greater than
now available. To provide such depths creates
an avalanche of problems both natural and man-
made, such as:
~ physical
. ecological
. safety
~ economic/fina n cia I .

Containerization of non-bulk commodities is
accelerafing at an unprecedented rate. The
bene fi ts are numerous:

. lower freighf costs

. faster deliveries

' less shipping damage fo cargo
more economical handling costs .

In order to realize all of these benefits if will

be necessary to expend a large amount of funds,
either in rennovating exisfing port facilities or
building new ports.

The time is right for new, innovative and
creative thinking for ports and harbors. This
section will present an idea of a multi-func-
tion facility located offshore.
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6.3.2 Concept

Trans-Port is a facility designed to meet
the needs of an industry wifh rapid chang-
ing technological advances. It is a point
of interface of transportation modes. Trans-
Port becomes the common denominator for
each transportation mode,

The prime goal of each mode is to move
cargo, whether it be bananas, mail or
people, The ferminal lac ilifies where
cargo is loaded and unloaded requires
very similar equipmenf regardless of
carrier type .

The principal behind the Trans"Port idea
is to stratify or vertically separate fhe fr<as-
portation modes, In effect, separate zones
are created for each mode with a common
terminal foci'Iity .

Based on the requirement of deep water
to accommodate deep draft vessels, the
Trans-Port will be located in wafer over
100 feet deep,along the continental shelf,
The actual site to be determined by need
based on volume of ship traffic.

Since the Trans-Port must serve the hinter-
land, it is necessary to establish a direct
link. There are several options avai'lable:

above surface
surface

below surface.

By providing a submerged tunnel/tube con-
necting the Trans-Port to land, it will be
possible to establish a dry connection for
rail or conveyor systems. The tunnel/'tube
can be prefabricated of concrete, floated
to the site, submerged and assembled. After
assembly the structures can be anchored fo
the bottom then pumped dry. A tunnel/tube
connection will permit continuous submerged
access in conjunction with air and sea access.
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Section thru tunnel/tube The tunnel operation would be continuous
feeding from existing terminal facilities,
thereby utilizing existing facilities with
established trade routes.

The tunnel /tube provides the advantage
of being operational independent of,
weather conditions that might affect air
or sea operations. If has the added ad-
vantage of being a submerged structure
that can provide the initial impetus for
an artificial reef, desirable for ecolo-
gical aspects.
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The need for a facility is apparent, due to
the liquid bulk cargo industry. By providing
a multi-use facility the expensive cost of
constructing such a Facility is justifiable.

The advantages are many:
unlimited expansion capabilities
facility not dependent upon one cargo
type for success
eliminates noise and air pollution pro-
blems from the urban areas

' inhances ship turnaround and travel time
increases safety in navigation by elimi-
na ting trea cherous channel na vigaf ion .

A study by Paul Weidlinger, consulting
engineers, called FLAIR proposed a large
floating airport constructed of large modu-
lar units, floated together and anchored by
cables. This system when completed pro-
vided a stationary platform providing two
parallel runways with necessary aircraft
loading and support facilities.

Source: Architectural 8 Engineering News,
December 'I 969

Plan of FLAIR
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Applying the same technique with a 2 level
module, it will provide approximately
50,000,000 square feet of covered space
that can provide a year round working en-
vironment for port personnel and visitors, as
well as accommodations for air travelers
with layovers.
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With the use of conveyor systems and com-
puterized coding . Storage and retrieval of
containers will be a simple automatic pro-
cedure. Aircraft can be lowered to the port
level to receive their cargo and returned to
the flight level for rapid delivery,

level plan, Trans- Port



UP

Interior view of container section
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Source.. Port of 4msterdom
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Male � a breakwater .

4 ir Rights � use of a ir space a bove .

Apron - the portion of a pier or wharf lying
between the waterfront edge and the
transit sheds .

Basin, Tidal � a dock or basin in which the
water level changes.

Basin, Turning � area of water set aside
for vessel turnaround.

Berth � the water area reserved for vessels
at a wharf or pier.

Breakwater - an engineering structure pro-
viding shel ter from wave action .

Cofferdam � a temporary structure for the
exclusion of water froim a site during
construction .

Crane, Gantry � a lifting device mounted
on a structural frame, generally track
mounted for mobility.

Crane, Luffing - the boom can be raised or
lowered without changing the height
of the load.

Dock, Dry - A! floating dry dock is a buoy-
ant structure open at both ends capable
of being flooded and pumped out fo faci-
litate vessel entry . B! Graving Dry
Dock - a vessel is floated in, then gates
are closed and the area pumped dry.
Generally for repair or cleaning of a
vessel .

Dolphin � an isolated cluster of piles used
for mooring or markers.

Dunnage � filI material placed in voids in
cargo holds between cargo and ship
to prevent cargo movement.

DWT � dead weight tons

Fender System - protective devices to prevent
contact between vessel and structures.

Iribarren Equation - determines the relation-
ship between weight and slope of break-
waters for different wave heights.

Mean Low Water � the average height of the
low waters determined by averaging the
hourly levels over a period of time.

Mean Sea Level - the average height of the
sea determined by averaging the hourly
levels over a period of time .

Overtopping � cresting of waves over the top
of a breakwater.

Quay - European term for wharf.

Slip - open space of water between piers.

Stevenson Formula - developed by Thomas
S te ven son to determine the a pproxima te
wave height in a harbor.

Stowage - the process of placing cargo.

Terminal � the structures, facilities, or equip-
ment at the end of a transportation move-
ment, for the transfer of cargo .

Warp � process of turning a vessel around a
dol phin .

Weepholes � located in sheet piling used as
a bulkhead retaining wall when the water
Ievel in front of the bulkhead varies con-
siderably. This equalizes some of the load
pressures caused by differences in dry and
submerged conditions.
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