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This paper compa res the tw o field s port and coast al e ngineer ing outlining t he ir s imila r it ies in basic phy sical aspect s
includ ing hydrodyna mics a nd aerody na mics a nd th eir fi,rcps on fixed a nd movin g e lemen ts . It describes the highl y
diver sifi ed field of port tran sportation eng inee ring' and mak es suggps t ions 1,)1' educa t ion in port eng ineering involvin g
a ll the common basic as pects follow ed by ed uca ti on in a number of port transp or t eng inee r ing s ubject s . inclu ding
economic analysis a nd some port related civi l s t ructuru l enui neering topics.
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INTRODU CTION

Port Engineering agglome ra tes ma ny fields ranging from
vess els transp or ting merchandise from one port to anot he r to
th e tran sport of materi al s being loaded or unloaded a t the
port from or to storage area s by oth er means of transp ort a­
tion . Th is "port cockta il" inc lud es field s such as na val a rchi­
tect ure, sh ip hydrodynamics , desi gn of basins a nd navigation
cha nne ls, design of in let and ent ra nces, maintenance of chan ­
nels and basin s, sh ip-handling and maneuvering, design a nd
constru ction of breakwaters , qu ays , piers a nd termina ls for
bulks , liqu id or solid, loading and un load ing facili ties and
equ ipm ent, computeri zed controls and th e planning and de­
s ign of la nd a reas for th e reception and storage of goods . Fur­
th errnore, it includes th e transportation a nd hand ling equ ip­
ment and numerous field s of se rv ices to navigation, lik e elec­
tron ic control s , a ids to navigation and navigational aid s, pilot
serv ices, tug-assi st ance, and, fina lly , administrativ e faciliti es
needed to se rve a l asp ect s of port ac t ivit ies.

Port enginee r ing is a n old field . The first ports were located
in fjord s and r ivers. Four to five thousand years ag o th e Pho e­
nicians es ta blished port s on th e open sea coast in pre sent day
Lebanon . The port of Tyre was built of hea vy block s locked
toget her with copper dowels. Th e Romans built th e famous
naval port on th e Tib er River at Ostia . Med ieval ports s uch
as London , Rot terda m, a nd Ha mburg were a ll loca ted on ri v­
ers , or in estua ries, bays and sounds. Th e same was true of
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th e first American ports like New York , Boston , Ba ltimore,
Wash ington (Georgetown I, a nd New Orl eans .

Sh ips

Ships come in many va rieties and serve various tra nspor­
tation needs as bulk-carriers for oil, gas , coa l, miner al s , ore s ,
grains, fertili zers and fruits, and conta ine r bulk, includ ing
refrigera ted (Lift on/Lift off) and ROmO moll-on , Roll-om fa­
cilit ies . Old ports usually includ ed long sect ions of wh arfage ,
rather narrow piers mainly single or grouped terminals for
particu la r commodities, like oil, minerals, conta iners etc.

Old Ports

Old ports rely on t he len gth of quays with certa in limited
depths . Arrivals of vessel s are often prov en to follow a Pois­
son-dist r ibut ion, whi le servicing of th e ves sel follows an Er­
la ngia n distribution . Matters rela ted to a rr iva l and se rvicing
a re of particular interest to dev eloping cou ntries wh ere port
congestion often is a se vere problem cau si ng vessels to wait
for days or but week s befor e berths a re ava ila ble. This situ­
ation in turn is reflected in the cost of shipping contributing
adverse ly to th e economy of the port opera ti on and its cus­
tomers an d to t he nationa l economy.

New Ports

Recent dev elopm ents of ports a re charac terized by th e need
to accommodate vesse ls with greater drafts. Tankers for
crude oil hav e reach ed 0.6 mi llion DWT (dea d weight ton s ),
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Ore carriers of up to 0.4 million DWT have been built. The
largest container vessels are now 60,000-80,000 DWT with
room for about 6,000 20 ft containers and with speeds up to
32 knots. Unitized transports by containers and pallets in­
cluding roll-onJroll-off carriers, have also expanded rapidly.
This has required the development of special ports and trans­
portation systems. It has also contributed to the development
of a new port engineering field called "Terminal Technology",
which concerns the use of marine terminals for a variety of
purposes. Port development for bulk carriers includes facili­
ties for mooring tankers in the open sea at buoys or at plat­
forms with no connection to land other than the pipeline for
loading or unloading of oil. Open sea loading termi nals for
are carriers are usually connected to land by a bridge struc­
ture carrying conveyers and other necessary installations.
New ports may be establ ished in areas of no former ports
including the offshore, or they may be direct expansions of
old ports.

Attempts are always made to locate new ports where ade­
quate natural depths are available. By the introduction of
ships of deeper drafts many old ports became land-locked.
This was true for some of worlds largest river-ports like the
ports of Shanghai, London, Rotterdam, and Hamburg. To
cope with that situation, they had to develop satellite ports
closer to the open sea. The above-mentioned four ports did
so. The solution at times is a compromise between the need
for full protection of vessels versus the width of channels with
minimum maintenance dredging which also is an important
economic consideration. The Port of Rotterdam is a river port
built on the banks of the river Maas. Its outer harbor is Eu­
roport for giant oil-carriers, bulkers and large terminals for
container vessels. Combined with Rotterdam they are the
world's largest port complexes handling 250 million tons per
year. The largest port in the U.S. is the Port of New Orleans,
handling 150 million tons/year. While old ports may have ki­
lometers of wharfage and highly congested port areas, often
too small to offer adequate services, new ports are character­
istically composed of a number of single terminals each serv­
ing a particular purpose like bulk for oils, gas, minerals, coal,
grains or containers. Each category of cargo poses restrictions
on the use of the respective land-areas considering safety and
pollution aspects. Large basins able to contain oil spills of
major order surround oil storage tanks. Gas tanks, particu­
larly for liquefied natural gas, must be placed a safe distance
apart, for berth / berth or berth / tank e.g, 300 m. Loadi ng or
unloading of coal or minerals must not release to the sur­
rounding atmosphere excessive quantities of dust, necessi­
tating the use of special technologies limiting the quantities
of dust causing pollution. In comparison to that, container­
operations are "clean", but generate noise. Bulkhandling by
continuous conveyer belt operation develops noise too. Con­
tainer cranes and the associated gear running on the quay­
apron may produce excessive noise. Ill-smelling, dust-devel­
oping and noisy terminals are now built in or relocated to
areas remote from residential areas, thereby avoiding ad­
verse effects for human beings. The result is the development
of a number of terminals separated by land-areas used for
storage for industries. Each single terminal must then pro­
vide the necessary area for operation, incl uding loading and

unloading, quay aprons, roads and storage areas. It is self
evident that such terminals will cover large areas and there­
fore must be located where areas and possibilities for expan­
sion readily exist. Existing old ports are often situated in a
town that owes its existence to a river or a bay with relatively
limited depth conditions. Many U.S. ports like New Orleans,
Savannah, Charleston, New York and Portland tOregon) owe
their existence to such natural conditions. The old harbors
gradually became "framed-in' by the lack of adequate depths
and had to "burst" their restrictions in order to obtain space
for their future operations. The introduction of larger and
deeper draft vessels developed the need for deeper navigation
channels and basins to be dredged and maintained, often at
high costs justified by increased revenues and earnings. Such
major port developments and expansions were usually fi­
nanced by public funding, e.g. in the U.S. by the federal gov­
ernrnent for dredging with state and local governrnents often
participating in such projects. During recent years, in some
cases, maintenance projects for entrances have also become
sediment (sand) transfer projects to serve down-drift beaches
on a cost sharing basis between the federal state and local
governments. The latest experiences have demonstrated a
trend towards the elimination of federal contributions to
smaller projects encouraging a take-over by state and local
governments, while the dredging of deeper channels to major
ports served by a federal navigation channel is mostly fi­
nanced by federal funds. This circumstance has led to a corn­
prehensive dredging research program under the U.S. Army
Corps of Engineers at the Waterways Experiment Station,
Vicksburg, Mississippi. This program comprises new devel­
opments and improvements of existing dredging technology
and better monitoring of dredging operations including new
or improved survey methods, e.g. using laser-technology and,
pollution controls including the introductory checking of ma­
terials and spoil waters as well as the disposal of the dredged
materials in deep waters or in confined nearshore or on shore
with proper de-watering systems. Ocean spoil may have to
be protected by special protective covers to make certain that
polluted material is not eroded and carried away causing un­
desirable effects for the environment. It is true, however, that
the cost of dredging operations thereby has increased consid­
erably, thus necessitating efforts in reducing the cost of the
entire operation by special dredging equipment like side-cast­
ers at tidal entrances and various improved and more effec­
tive methods of agitation dredging, in the lJ.S. particularly
at the Cu lf Coasts river ports, like New Orleans. Further­
1110re more economic transports of dredged materials. better
dumping procedures, reduction of costs associated with the
protection of disposed materials, and more rapid monitoring
of all operations during and after actual operation. Obviously
this depends on the availability of effective and reliable sam­
pling procedures and survey methods. Pollution controls in
this context are urgently required and anti-pollution laws or
regulations need to be observed. This always increases the
overall cost of dredging.

CIVIL ENGINEERING ASPECTS OF PORT
ENGINEERING

Ports on the open coast usually need breakwaters for pro­
tection. Very few breakwaters are built nowadays. There
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ha ve been many problem s with breukwatcrs. Fortunately
better moo rin gs can ofte n s u bs t it ute t hem. .Ie t t. ies protect e n­
trances a t t ida l inl ets . In th e U.S . th ere many jetty-protected
inl ets . Berths . qu ays and piers are usu ally bu ilt of stee l or
reinforced or pr e-stressed concrete. Terminal st ruc tu res ma y
rely on piles or sheets or perhaps on conc re te cai ssons . Fr om
the sea-sid e they a rc designed based on load s exerte d by ves­
se ls in berthing or de-berthing mod e a nd a t th e berth , caused
by winds, cu rren ts or wav es combine d wi t h load s produced
by s hip propellers a nd win ch es during operations . From th e
landsid e soil pressures and load s on th e te rm ina l st r uct u re
ca use load s by t he eq ui pme nt ope rat ing th ere. All loads may
include a ce rta in degree of im pac ts suc h as during th e berth­
ing operation a nd by irregul ar mov em ents of cra nes or oth er
mech ani cal ca us ing s hock load s. A gl·eat. number of different
port. s t ruc tu res ex is t. Steel struc t ures hav e now often been
re plnced by concre te st ru ctu re s or by concre te-fille d steel pipe
s t ructu res, particularly in the offshore . For quay-wa lls s pe­
cia l stee l, a n t. icorros inn s t ruc tures a nd pr estressed concrete
st ruc t u res a re common , th e latter for relntively light. designs .
Floating ramps for RO/RO install ation s a nd eve n floating
pontoon -ports ha ve been buil t , some t imes for military a ppli­
ca t ions in land ing operat ion s

MECHANICAL EQUIPMENT IN PORT
OPERATIONS

Loadin g a nd unloading requ ires equi pme nt. for speedy a nd
sa fe handling. Equipment. for bulk-operations include cranes
ca r ry ing d am-sh el ves for conti nuous load ing/unloading th e
eq u ipme nt is bucket wheels, sc re w-ty pes , or pn eumatic,
whi ch a re more eco no mic a nd efficient t ha n s he lls wit.h ca ­
paciti es up to 6,000 ton s/hour com pared to up to 1,1)00 ton s/
hour for sh ell s. For handling of conta ine rs large quaysid e por­
t.al cra nes on rail or on crawlers a re common. In ope ra t ion
th ey mu st be served by qu ayside equ ipme n t lik e ga ntry­
cra nes , t runs- tainers . reach -tainers, forklifts, s ide -lifts, trac­
tor- truilcrs etc. Th e la test development. is large-scal e forklifts
e na bling s tac k ing of 40 ft conta iners up to 6 or R in a vert ica l
row. With resp ect to storage large buildings a rra nge d lik e
beehives , com pute r cont rolled "com puta ine rs" a re now be­
coming ava ila ble fill' fu lly a uto mat ic ope ra t ions a pplica ble
al so tor outdoor s to rage . All of thi s requires rather sophis t i­
ca te d eng inee ring ope ra t. iona l techn iqu es . For developing
cou nt r ies one should , how ever, a void over-sophi sti cation . Ev­
idcntl v, mech anical equ ipment. for handl ing and computer­
ized cnntrol is an ex pa nding field . It. ha s it s merits fill' large
ope ra t ions th at call fill' e ffic iency a nd s pee dy handling of
large ele me nts a nd qu anti ti es . Th e devel opm ent. of s uch
eq ui pme nt a nd procedures re lated t.o port. operati ons is a ma ­
jor field.

Th e most important equ ipme nt. for the ma inten ance of
ports still is a tool used for th e upkeep of depths. Such equ ip­
ment includes dred gers of variou s ty pes a nd design . Alm ost
a ll dredging of ports is undertaken by hydrauli c dredgers
pumping directly from th e dred ging s ite to th e d isposal lo­
ca t ion or by hopper dred gers whi ch leav e th e materi al
dred ged in th eir hull for di sp osal else whe re following stea m­
ing to disposal a rea . For such operation dump ba rges may
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a lso be applied . Sid ecastcrs may be used fill' t he openi ng up
of cha n ne ls for dredging by larger equipme nt a nd for main­
tenance of sma lle r tidal ent ra nces . Agitation dred ging is used
exte nsi ve ly at th e Missi ssippi River entra nces . Subme rge d
pumps lik e the "pu nuise" a nd th e bot tom operated Cra wl
Ca ts a nd Dogs are e nte r ing th e market a nd may find a ppli­
cation in t idal en tra nces a nd for bea ch nourishment.

PORT ENGINEERING AND ITS RELATION TO
COASTAL ENGINEERING

From th e pr eceding sect ions it ma y be reali zed th at port
a nd coas tal engineer ing are partially ove rla pping field s in
th eoreti cal as well as in se vera l pr acti cal aspects. Both a re
ocea n a nd s hore- re la te d with port en gin eering exte nding up­
ri ver or baywa rd a nd into th e adjoin ing land-areas . Port en­
gineer ing is concerned with th e transport of commodit ies by
shi ps and by land-based equ ipme nt. Sh ips arc acco m modated
in ports located on th e ope n s hore, in bays, fiord s a nd ri vers ,
or along na vigation cha n ne ls . Ship a nd port install ation s a re
s ubje ct to natural forces by winds, wav es and cu rre n ts . So
a re coasta l engi neering s t ructures.

Th e most im porta nt. parameter in port design st ill is th e
depth th at determines ship size. Wav es and currents includ­
ing tida l, wind a nd density ca rry material a long th e shore
and in cha nne ls a nd ri ve rs . Bottom-materi al may be scoure d
or depo s ited. Scour produces "grea te r depths" a nd sp ace in
port cha n ne ls, but. "e ros ion" in th e coastal engineer ing con­
text.

II' dep os ition of materi al s takes place it is a nuisance in
port. engineering, whil e it may be a blessing in coas ta l eng i­
neering as a stabilizing age nt. To maintain depths in port
a nd na vigation basins or cha nne ls rem oval of material by
pr oper dred ging equ ipme n t. is neces sa ry. To maint. ain th e sta­
bil ity of sho res subject t.o eros ion, large-scal e dredging a nd­
filling operation s repl acing th e material erode d by new ma­
teri al a re need ed ofte n usin g th e sa me equ ipme nt as in port
engi neering. Th e ma terial s to be dred ged in port a nd coastal
engi neeri ng ma y differ consid erabl y. Mainten ance in port en­
gineer ing usu all y pr oduces fine materi al of s ilt. a nd clay-si ze
whi ch is th en disposed wh ere it is ex pected to have little or
no adverse effects on th e e nvi ron me nt. Ma terial for bea ch
nourishment. mu st fulfill ce rtain s pec ific requirem ents to
gra in s ize , s pecific weight a nd mi neral s content. No clay or
s ilt or che m ica l waste products or organic matter a re per­
rnitted . Wh ile mut erial s dr ed ged in ports a nd na vigation
cha n ne ls are ofte n polluted a nd mu st be di sp osed of without
damaging th e environment; this is never th e case with ma­
terial to be used fill' bea ch nou ri shment. Su ch materi al is re­
quired to be tested beforoh and th oroughly for possible un­
desirabl e ingredi ents whi ch could be of chemical or orga nic
ori gin . Only clean sa nd materi al is acceptable fill' beach nour­
ishmen t.

FIELDS OF SIMILARITY BETWEEN PORT AND
COASTAL ENGINEERING

Fields of s imi la r ity inc lude th e need for data on cu rre nts,
tides , winds and wav es . Th ey are equa lly important in port
a nd coasta l eng inee ring, in layout a nd design . Combine d with
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bathymetric information they determine amounts of sedi­
ment transport with known sediment characteristics. When
material is scoured from the bottom in a port project it usu­
ally is an advantage for navigation, but it could be a disad­
vantage to structures. When scour takes place in coastal en­
gineering, it means erosion that is not desirable.

Winds, waves and currents are the determining factors for
vessel behavior under all oceanic conditions and they are also
the determining factors for vessel behavior in a navigation
channel or entrance. So they are for the stability of beaches.
They cause forces on objects, whether such objects are mov­
ing, like ships, or fixed in port and coastal structures. Among
other things the physical parameters for design are the same,
but they are used for different applied purposes. The same is
true for soil characteristics, whether they are used to deter­
mine forces in port engineering, for beach material charac­
teristics, or for channel stability evaluations.

Basic parameters are partly used for the same purpose in
port and coastal engineering including the computation of
forces on sediments on the bottom of the ocean or in the chan­
nel and partly also for the computation of forces on fixed
structures like breakwater in port and coastal engineering
and forces on movable elements like ships. This includes Ina­
neuvering forces during berthing, de-berthing and for "vessel
at berth." When forces by current winds and waves are trans­
ferred through the vessel to structures like drag quays and
piers, they cause forces, inertia and drag depending upon ves­
sel size and geometries acting on berth structures and moor­
ing forces to be absorbed or met by cables and fenders. The
port engineer must know how to compute these forces as well
as forces acting as loads on the quay and its structures ex­
erted by loading, unloading and transportation including
forces by wind. Hydrodynamic and aerodynamic forces are
basically the same in port and coastal engineering, but their
respective actions may be different. Obviously, the needs for
data in port and coastal engineering are identical. So is the
usage of these data to determine forces on fixed or movable
objects. The objects themselves may differ greatly in dimen­
sions, character and behavior. In port and ocean engineering
forces act on elements which are almost always moving and
highly time-dependent just as the forces themselves.

HOW AN EDUCATIONAL PROGRAM IN PORT
AND COASTAL ENGINEERING CAN BE

ESTABLISHED

From the above sections it seems obvious that the two
fields share a common background in basic elements on forces
by currents, waves and winds acting on elements which are
fixed or moving. Basic education, therefore, will be the same
and is the backbone in a diversified field involving sediment
transport mechanics, common to both fields, and ship hydro­
dynamics which is naval architecture in the open sea and
ship handling technique in berthing, de-berthing and at berth
in port engineering.

A basic physical elements course in port and coastal engi­
neering covers both fields. After that the two fields develop
along different lines in applied aspects. Disregarding naval
architecture and handling of ships in the open ocean, the ship

is brought to its berth through a navigation or entrance. This
involves the design, construction and maintenance of chan­
nels and finally basins. In the final phases the ship moves to
its berth, after which the main task of loading or unloading
occurs. Coastal engineering has no relation to this aspect, but
it does include dredging for maintenance of navigation chan­
nels and bypassing of material at tidal inlets as well as the
entire field of construction and maintenance of beaches by
nourishment. In addition, dune design and maintenance and
finally structural engineering like breakwaters, jetties and
sea walls are included.

With the ships arrival port engineering opens up a wide
and highly diversified engineering field involving the follow­
ing:

(1) statistical analyses of arrivals, waiting and quay time.
(2) statistical analyses of berth occupancy and utilization.

For container vessels distinguishing between L()/LO and
RO/RO.

(:3) statistical optimization of handling procedures by equip­
ment of varying capacity and procedures covering load­
ing/unloading and transport to storage areas for later
pick up. This is a puzzle of coordinated inputs by various
capacity equipment resulting in optimum efficiency
which usually, but not always, also provides for optimum
economy. It may include the transport to and from stor­
age areas.

(4) statistical analyses of storage facilities for containers,
open short and long-term transit sheds, non-refrigerated
and refrigerated storage computainers and other highly
mechanized and computerized systems resulting in
speedy handling.

All these handling fields are still developing new and better
equipment. For bulk loads like coal and ore continuous load­
ers and unloaders of up to 6,000 to 8,000 tons/hour are re­
placing the use of clamshells. For container-handling, crawl­
er-type cranes, with very long booms are competing with the
normal portal container cranes on rail which are more rigid
in their performance than the crawler crane. The large UNC­
TAl) (United Nations Conference on Trade and Development)
report "Port Development" (1978) advises on basic principles
of modern port planning in particular for development coun­
tries. The main problem is expressed in two concluding UNC­
TAT) paragraphs as follows:

(iii) The paramount importance of a far-sighted port devel­
opment policy does not appear to have been fully appreciated
in the past by many governments. As a result, ports have
often been unable to keep up with rate of expansion of a coun­
try's overseas and coastal trade.

(iv) The consequences of a failure to provide proper port
capacity BEFORE the increased traffic arrives are clearly il­
lustrated by recent congestion in many ports of the world, in
particular in developing countries. The enormous sums of
money lost through congestion would often have been suffi­
cient to build a lavish system of modern ports. The develop­
merit of still more efficient equipment, however, is continu­
ing.
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PRACTICAL SUGGESTION FOR THE EDUCATION
OF PORT ENG INEERS WITH SPECIAL REFERENCE

TO THE U.S.

As basic phys ical elem ents in port engi neer ing a re t he
sa me as in coasta l eng inee ring. one may conclude th at ifbasic
courses in coasta l enginee r ing a re taught th e gro und work in
port eng inee ring education. s pec ial stat is t ica l rela tions and
procedures may bl' added to thi s bas ic educa ti on. Th e next
ste p is to include port engi nee ring's specia l use of' basic prin­
ciples in su bjects like naviga ti on . layou t of' cha nne ls a nd ba­
s ins. Th e PIANC (Per ma nent In ternati onal Association of'
Na viga t ion Congresses) has nume rous re ports on th ese sub­
ject s. Th e latest "Approach Cha nnel s: A Guide for Design "
rep ort by th e joint Wor king Grou p of PIANC a nd IAPI-IC (In­
terna t iona l Associa tion of' Por ts a nd Harbours ) supplement
to Bull etin No. 9il t-Innua ry 1997 ) advises on chan nel geom­
et r ies vers us s hi p geomet r ies and physical cond it ions or cur­
rents. winds a nd wa ves .

The width and depth of' th e navi ga tion cha nnel a re det er ­
mining Iactors fill' t he Sa fety of' th e ves se l moving in th e cha n­
nel. Model st ud ies of' va rious kind s, including mathe matical!
hvdrodvnamics, may be run comb ining vessel cha ra cter is t ics
\~ith a~t i ng forces, l'he so-ca lled "man in th e loop" s imula tors
perm it th e a bility to incorporate human clemen ts d irectly in
t he test s us ing visual displ ays. In th e berthing procedure th e
voss«] mav have to turn a round. often under tu g-assi st ance.
Su ch maneu ve rs are a lso s imula ted in th e model a nd so a re
moor ing a nd f'endering forces ,

In a ll major ship navigation cha nne ls in th e world s hip
passage from t he ocea n to t he berth is now monitored lrom
rad ar cont rol towers adv is ing th e sh ip's ca ptai n and pilot.
Man eu vering or 1<1I'ge vesse ls requi res s pecia l sk ills that mu st
be sec ure d by educa t ion and ex per ience. Theoretical but ca l­
ibr ated . r isk ' a na lys es . whi ch consi de r the poss ibi lit y of' col­
lision a nd groundi ng. are ava ilabl e for the deter minat ion of'
rixks in a ll ph ases of th e shi p's movem en ts. Students may be
tau ght bas ic pr inciples of layou t and design of' cha nnels and
basin s a nd how to te st th em in models.

When t he vesse l is sa fe at berth th e la rge un loading/load­
ing t hea t re sta rts . Th e numbers of' factors influencing un­
loading/loading ope rati ons a re immen se rang ing from ca pac­
iti es of'va r ious ty pes of'cra nes a nd oth er eq uipment to t ran s­
port equipm ent on land . Thi s covers pipe lines fill' oil and gas,
conveyor belts , bucket ladders or spira ls. pn eumati c sys te ms
fill' gruin« a nd ceme nt a nd conta ine r transpor t equipment.

Continuous unload ers of' va r ious ty pes a re invading th e
bul k market. Th e design er or tran sport faciliti es mu st know
th e ca pac it ies of eac h type and oth er operationa l cha racter­
is tics inc luding sa fety. r isk a nd ma in te na nce factors . Trans­
por t of' oil a nd ga s in pipel ines is subject to many sa fety re­
quirem ents. Possibilities of breakdown s or dam age to s ingle
ele me nts in th e t ransport cha in mu st be met by pr epared
counte r-measures . Th e sing le elem ent in th e cha in of cours e
mu st be coord ina te d pr operly. so tha t th e possibil ity or bot ­
tle necks is elimina te d. Th e qu aysid e has to be design ed and
prep ared fill' th e traffic and a ll storage facilit.ies must offe r
adequate s pace a nd easy handling for in a nd out bound op­
erations a nd be served by pr acti cal connect ions by road a nd/

Bruun

or ra il to th e hinterland . Economics. of' cou rse , is a major
paramet er in th e pu zzle. Controls of' weights . volumes and
numbers mu st be establis hed a nd opera te d sa fely with nec­
essa ry warning sys tems for mal function . Th e success of th e
operat ion fina lly dep end s on skillful personnel who a re abl e
to imp ose a cert ai n degr ee of un iformity without fai lin g. And
a human reserv e ca paci ty is ab solu tely necessa ry.

In a uni ver sity course one ca nnot possib ly teach such top ics
in det ail. bu t instructo rs ca n inform st udents ab out mechan ­
ica l equi pme nt which ena bles th em "to play" wit h the subject.
The fina l educa t ion may be best achieved by pr actic al ex pe­
ricn ccs follow ing ope rations in th e battlefield . During the de­
sign process a number or a lternati ves mu st be cons ide red
with a va r iety of' boundary condit ions a nd inputs . Compa r i­
sons with oth er proj ect s will be helpful. So will th e number
of' confe re nces held on por t subjects and pap ers written and
publish ed in national a nd interna t ional journa ls a nd pro­
ceedings .

A pa ram et er of major imp or tan ce in th e an a lyses is th e
sele ct ion ofthe location or a new port facility, including depth
condit ions a nd areas ava ila ble fill' th e insta lla t ion a nd it s fu­
tu re exp ans ion . Also it s links to th e gene ra l transpo rtat ion
sys tems a nd its ecologica l a nd pollu t ionary effects a re con­
ditions to be consid ered se rious ly. In a port cours e this cou ld
be expla ined bri efly with refe renc e to exa mples.

Se lect ion of' th e type of st r uct ure th at sha ll be used is an
importan t technical a nd economica l decision. Old port s have
s heet pile wa lls, block wa lls or piled wha rves. Sh eet pile wa lls
a re main ly us ed fill' medium depths up to 12 m. For deeper
water s . pi'led wall s become more economica l. Thi s in partic­
ular is true fill' terminals 1'01' oil and gas For heavy bulk ter­
min al s ca iss ons a re often used in massive dolph in st ructures.
Pil es may a lso he la rge concre te-fi lled cylinde rs of spec ia l
steel. 1"0;' conta ine r te rmina ls s hee t pile or piled wall s a re
both in use. Th e design of su ch st ructure s is a civil eng ineer­
ing job . Many por t eng inee rs were educa te d as st ru ctura l civil
eng inee rs a nd picked up t ran sportation enginee r ing in th eir
work . So me por ts a lso employ economists . A port enginee r ing
cou rse should probabl y includ e th e cha ra cte rist ics of va r ious
st ruct ures without going deep ly in desi gn ca lcula tions whi ch
be long to st ruct ura l a nd soil mech anical eng inee r ing.

CONCLUSIONS

(1) In t he in trod uctory ph ases of port enginee r ing coas ta l en­
ginee r ing a re very important.

12 1 Nav iga t iona l aspects and ship handlin g are important
subjects in port engineering. Th e design of navi gation
cha nne ls a nd entra nces a nd th eir mainten an ce is based
on knowledge and principles of sed ime nt transport and
sta bility gen era lly taught in coas tal engineer ing . Dredg­
ing is a combine d port a nd coastal enginee ring subjec t.
Its basi c as pects may be taugh t in th e ba sic course.

1:3) Maneuvering of vessels in narrow cha nne ls and in basin s
is associate d with certa in r isk s. Th e principles of r isk
a na lyses a nd of traffic cont rol should be included in a port
cou rse .

(4 ) Ber thing/dc-berthing a nd safety a t berth is a port engi ­
neering field th a t should be emphasized in a course.
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(5) Transportation analyses in port engineering all-impor­
tant, its principles should be taught, possibly by the as­
sistance of an economist. This refers to all kinds of ports
and terminals. This field includes:
a. Traffic analysis, ship arrival and departure, time at

berth, waiting time, de-moorage etc.
b. Loading and unloading principles and equipment and

optimization.
c. Quay-transportation features and equipment optimi­

zation.
d. The establishment of transportation links, storage ar­

eas and facilities of any kind needed and the corre­
sponding analyses for operation and risks.

e. Operational controls including computerized systems.
f. Ecological effects including pollution in a port operation.
g. Principles of maintenance of facilities. This includes

mechanical as well as electrical engineering aspects.
h. Principles of economic analyses related to port engi­

neering and to the operation of a port.

1. Socio-economic aspects related to port engineering, in­
cluding insurance, taxes etc.

j. The activities by international organizations special­
ized in port engineering with side interest in ocean as
well as coastal. engineering. Attention in particular is
called to the activities b PIANC and the IBRD (Inter­
national Bank for Research and Development located
in Washington, D.C. USA).

k. Human aspects including how to acquire skilled per­
sonnel for operation of the port, and how to maintain
their skills.

It should be realized that every port has its own "face" de­
pending upon the commodities the port shall handle, and it
may be subject to changes in the long run. Face-lifts may be
needed. One thing is sure: port engineering is an expanding
field with a lot of opportunities in future trades and expand­
ing economies. It is definitely a field for the younger gener­
ation.
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