8.1 DEFINITIONS

Below some of the terms used for describing fixed port and terminal facilities are
defined:

Berth—a facility where one vessel may be safely moored and load/unload cargo or let
passengers or vehicles embark or disembark. _

Quay—one or more berths continuously bordering on and in contact with a land or
dock area. The quay apron reaches the quay front over the entire length of the berth(s).
Often a quay is described as one or more berths which are parallel to the shore although
the shore may not be well defined. i

Wharf—same as quay, although there seems to be a tendency to use this term for open
structures on piles, only. o _
" Pier or Jetty—a structure projecting into the water. Often piers and jetties will have

berths on two sides and abut land over their full width. They may also be able to
accommodate one or more vessels at the end. Piers and jetties may also be more or less
parallel to the shore and connected to land by a trestle and/or a causeway.

The terms quay and wharf on the one side and the terms pier and jetty on the other
side are mainly used to characterize berthing facilities with respect to their general
arrangement relative to the shore line or adjacent land areas.

A berth which does not require an apron over its entire length but only a platform at
midship usually consists of a system ofjmooring and b reasting dolphins} The individual
dolphins will normally be interconnected Oy catwalks and a trestle bridge will connect the
platform to land. Such a facility is usually also called a jetty.

“Terminal—one or more berths for a limited purpose (such as oil, grain in bulk,
contairiers) and/or limited to one or a few users, :

e

FIGURE 62
Typical jetty arrangement for tanker terminal

F. Quays and jetties

T 1. INTRODUCTION

483. A distinction must be made between heavy
structures on which cranes and large vehicles can oper-
ate, and light structures which can only support pipe-
lines, conveyors and light vehicles. The heavy struc- .
tures—interchangeably called quays and wharves—can
be either marginal (i.e. parallel to the shoreline) or in
the form of piers which project from the shore. The
ljgﬁfﬁructures, which also project out to deeper water,
are called jetties.

484. A jetty is economical where the depth of water : = TUG FINGERPIERS =
available for the ships calling is available only some
distance offshore. It is suitable for bulk cargoes—dry or
liquid—where the jetty head in deep water accommo-
dates the specialized loading or unloading equipment
and the cargo is conveyed ashore by pipeline or moving
belt along the jetty approach. A jetty is unsuitable for
general cargo, where storage area near the ship is im-
portant, unless a high tidal range makes it the only
economical solution.
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PIERS
8.52 Piled plers

Piled piers may be chosen rather than massive piers because of cost, e.g. if the pier is
located at considerable water depth, because the massive pier may develop unacceptable
settlements or because a nonreflecting structure is preferred for wave disturbance
reasons.

Piled piers simply consist of a deck supported on piles, but the pattern of piling, the
type of piles and the particular design of the deck may be varied and combined almost
indefinitely. Piles may be of steel, reinforced or prestressed concrete or timber.

t

When steel piles are used, the fundamental choice is between an H-pile or a pile with a
hollow section (tubular pile). The H-pile is usually less costly but offersless column bearing
capacity for same weight due to the smaller moment of inertia, in particular if the pile islong.
Further, the pile with the hollow section is more corrosion resistant because corrosion
will take place almost only on the outside surface. Hollow steel piles are often concrete
filled. If this is done for the purpose of completely avoiding corrosion from inside, it is
probably an expensive measure compared to allowing for some extra steel in the pile
itself.

The deck will normally be of reinforced or posttensioned concrete either with a plain
“with girders in one or two directions. Cast in sifu concrete is widely used but also
precast deck slabs or combinations of precast and. in-situ concrete are often used.

The most economic choice in a particular case depends:mainly on type of live load,
water depth, soil conditions, availability of plant and maféﬂals, experience of potential
contractors and whether the new pier is located in a sheltéted or nonsheltered area. The
static principle of a pier is illustrated in Fig. 8.5(a). Structural weight and vertical live
loads are carried by the deck and distributed to the piles. Horizontal Ioads from ships’
impact and mooring forces are normally very decisive for piled piers. These loads have to
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be transmitted to the ground via the piles. Depending on the number, stiffness, capacity
and fixity in the ground of the piles this may be possible with only vertical piles if the
corresponding deflections are acceptable. More frequently, however, batter piles are
used to transmit horizontal loads. If sufficient pulling resistance cannot be obtained due
to the ground conditions, it may be necessary to introduce extra weight in the deck either
by concrete or by sand fill. ~

Because of the importance of the horizontal loads on piled piers, one should realize
that mooring forces resulting from wind pressures on vessels cannot be reduced once the
maximum profile of vessel is established, whereas the berthing impact forces are
functions of the type and characteristics of the fendering chosen for the pier and other
parameters related to the vessels and their approach manoeuvres.

Thus, for piled piers the fenderin becomes an important integhrg_I‘Eart of the structure.
This is contrary to the quay structures where berthing impacts could fairly easily be
transferred to the ground behind the structure.

The resilience of piers on vertical piles has in a number of cases been utilized to absorb
impacts from berthing vessels. Deflections of the pier of up to 15 cm have been allowed
and proper fendering has either been omitted or greatly reduced. It is necessary to ensure

that pipe lines leading to the pier are sufficiently flexible and that a flexible joint is

provided between access bridge and pier. Further, it should be realized that the piles are
subject to maximum utilization (axial load and bending) at the soffit of the deck, which is
a region with a harsh environment because of alternating wetting and drying. Finally, the

Whether the pier is rigid or resilient the deck will act as a beam deflecting in a
horizontal plane and will distribute horizontal loads to the piles.

Often it is necessary to provide the edge of the deck with a curtain or take other
measures which will ensure that small vessels with Jow freeboard are not _trapped
underneath the deck at low water.
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all other troubles, such as chute clogging and
anaking and slip of the belt, and then inter-
locking the results of such detection with the
operation of the equipment.

RECLAIMER

The reclaimer is used for collecting the raw
material from the yard for the subsequent pro-
cess. Reclaimer capacity varies with the capa-
city of equipment Jocated behind the reclaimer.
Recently, reclaimers with a capacity of 1000 ro
1500 t/h have been widely employed. Reclaimers
of the continuous, constant-weighing type utiliz-
ing the rotation of a bucket wheel are widely
used.

An example of reclaimer specifications is shown
in Table 5, and a general view of a reclaimer is

shown in Fig. 18.

To control the amount of material collected by
the reclaimer, the depth of the cut, i.e. iwch-
ing distance must be very accurate. The travel~-
ling ability of yard equipment varjies greatly
with the wind or the slope of the rails. With
modern reclaimers, a stopping accuracy of + 30
as is ensured through the adoption of hydraulic
drive. The slewing speed and bucket wheel
speed are made infinitely variable through the
adoption of a hydraulic drive system, Constant
collection is ensured and overload is prevented
by various interlocks, such as the interlock
between the drive pressure of the bucket wheel
and the slewing speed.

Studies on the unattended operation of loaders
have been under way for several years. However,
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Sono opere di accosto con struttura ;

a giorno che si sviluppano essenzial-
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no destinate a traffici di merci solide

liquide. Nel primo caso sono costi-
ite essenzialmente da un’ampia e ro-

busta piattaforma di attracco che puo
proseguire a piena larghezza fino alla
riva, oppure ridursi ad una semplice
passerella carrabile portanastri. Rien-
trano in questa categoria i primi esem-

di pontili realizzati in Italia intor-

no ai primi decenni del secolo (Bagno-

Genova'@orniglianesgec.). Nel secon-

do caso, invece, sono costituite da una

pitt piazzole di limitate dimensioni a

cui e associato un sistema di briccole

accosto e di ormeggio, collegate a

terra da una passerella portatubi.

In questo paragrafo vengono consi-

derati solo i pontili «interni», cioe
quelli situati all'interno di porti o en-
tro baie sufficientemente riparate nei
riguardi del moto ondoso.

1l pontile solidi SINCAT nella rada

di Augusta (1957-58) & formato da una
piattaforma di dimensioni 30,6 x 132,5

per l'accosto di bulk-carriers fino a

10.000 dwt, collegata a terra da una
passerella portanastri (figg. 47-48-49).

L'intero pontile & fondato su colonne

costituite da una camicia cilindrica in
c.a. prefabbricata, poste in opera me-
diante pontone. Esse sono parte a fon-
dazione diretta con monconi di cuci-

tura e parte fondate su pali trivellati
che penetrano nella roccia per circa

3

m. Le camicie sono state successi-

vamente riempite con calcestruzzo ese-
guito con speciale attrezzatura per get-

to

subacqueo.
La piattaforma poggia, con sopraele-

vazione sul livello del mare di 4 m, su
56 colonne controventate mediante dia-
PONTILE SOLIDI SINCAT A PRioLO Neua g0mali prefabbricate, in modo da rea-
RADA DI AUGUSTA (Impresa Mantelli): lizzare la rigidita necessaria all’assor-
ol wne cllovioe reinBbrics:  plonde” dolle  elevts sollecitazioni

ta di fondazione; 48 - Sezione trasversale
tipo della piattaforma di attracco; 49
Vista della piattaforma di attracco.

orizzontali sviluppate dalle navi in ac-
costo e ad ormeggio. L'impalcato &

stato eseguito in c.a. con le travi lon-

THE SINCAT BULK GOODS JETTY AT
PRIOLO IN THE AUGUSTA BAY (Impresa

gitudinali prefabbricate, mentre i tra-

Mantelli): 47 - Transportation of a pre- versi colleganti le colonne e la soletta

cast foundation column; 48 - Typical cross di
section of the berthing platform; 49 - View

calpestio sono stati eseguiti in

of the berthing platform. opera.
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or liquid cargo. In the firs{ case they
consist essentially of a large, robust
berthing platform which can continue
at its full width to the shore, or be
a mere vehicular catwalk with belt
conveyor. The first jetties built in
Italy about the first decades of the
cenlury come into this category (Ba-
gnoli, Genoa-Cornigliano, etc.). In the

-second case, however, they consist of

one or more platforms of limited size
with which a system of berthing and
mooring dolphins is associated, con-
nected (o the land by a catwalk carry-
ing pipes.

Here will be considered only inter-
nal jetties that is the ones situated
inside harbours or in bavs which are
sufficiently sheltered against vwave nio-
tron.

The SINCAT jetly in the Augusta
Bay (1957-58) consists of a platform
measuring 30,6 m x 132,5 m, foi the
berthing of bulk carriers of up to
10.000 DWT, connected with land by a

deck carrying a conveyor belt (Figs. 47-

48-49).

The whole jetty is founded on co-
lumns constituted by a precast cylin-
drical r.c. jacket, placed by means of
a pontoon. Part of the colinnns have
direct foundations with seamed ends
and part founded on drilled piles
which are driven into the rock for
some 3 m. The jackets were subsequen-
tly filled with concrete using special
equipment for underwater pouring,

The platform, standing at an eleva-
tion of 4 m above sea level, rests on
56 columns shored by precast diagonal
elements, in order to achieve the rigi-
dity necessary to absorb the high hori-
zontal siresses developed by ships ap-
proaching and at their mooring. The
deck is of reinforced concrete with
precast longitudinal beams, while the
cross pieces connecting the columns
and the floor slab were cast in place.
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8.6 JETTIES
‘The charaéteristicws\ef a jetty as defined in 8.1 are that it consists of a Jhumber of
individual structures each of which support a special type of loads. The mooring dolphins

from wind 1oads on the equipment.
A typical layout of a jetty with one berth, only, is shown in Fig, 8.6(a). Catwalks whiéll
connect the various dolphins and platforms are indicated, ’
The location of the mooring and breasting dolphins relative to each other is an
important issue in the design of jetties. Parameters are the dimensions of the maximum
and the minimum size of vessels to be served. The breasting dolphins should be placed as
wide apart as possible but the distance should neither exceed the length of the straight

unless a double set s provided.
- It is common and in accordance with many captains’ wishes also to provide mooring

dolphins for bow and stern lines because ‘this is the way it has always been’ and because
they provide extra safety in case one of the other lines sﬁouid burst. However, vessels can_
be safely moored with only brgast lines and springs if the mooring points are properly
located and if each moofiﬁ% point allows for several hawsers, Further, under
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unfavourable conditions, bow and stern lines could introduce undesirable transverse
forces in combination with surge.

That breast lines and springs are sufficient for safe mooring, at jetties where breast lines
can be fixed well behind the berth line, has been confirmed at several jetties which do, in
fact, serve vessels of considerably greater length than intended. In these cases, the
dolphins meant for bow and stern lines are actually used for breast lines.

Unless the loading or unloading platform by purpose is combined with the two
breasting dolphins, it is normally located at some distance behind the berthing line in
order to avoid horizontal forces on the platform as a result of direct contact with the
vessel.

If the jetty is arranged with two berths, one on either side as shown in Fig. 8.6(b), it

may be an advantage to combine the two sets of breastmg islands into one set which then
could be used from both sides. Mooring dolphins thén have to be placed (in the
centreline) between the two berth lines and to avoid excéessively wide breasting islands, it
may be necessary to compromise on the distance from berth line to mooring point.

Mooring and breasting dolphins are almost entirely exposed to horizontal forces. If
constructed with piles (vertical and batter), several of these will have to take pull because
of the lack of downward, vertical loads which could neutralize the pull. Sufficient pulling
resistance may be obtained in clayey soils, but only with difficulty, if at all, in granular
soils. Also gravity structures, e.g. in the form of caissons or individual, sand-filled sheet
pile cells are widely used for dolphins in jetties. As for the gravity quay walls, the
principle is that the dolphin is given a weight and the base is given width so that the
resultant force intersects the base so far from the edge that the pressure under the
dolphin will not exceed the bearing capacity of the subsoil.

It is often economical to give an individual caisson a circular, cylindrical shape. The
hoop tension in the shell will make inside diaphragm walls redundant but a deck which
distributes the concentrated horizontal load to the walls is required. The cylindrical
shape compared with square or rectangular shapes will also reduce current forces and
bed erosion effects.

Because the governing loads on a breasting dolphin are impacts from berthing ships,
the fenders become integral elements in the design and they cannot be considered just
items to be fitted at the end. The loading platform and its access way, if independent of
the breasting dolphins, may be considered a pier and reference is made to 8.5.

Jetties are frequently located in open water outside actual harbours. If this is the case
in regions where drift ice occurs from time to time, then the designer should realize that
impact of drifting ice floes could exceed that of berthing vessels or could result in loads
on the exposed mooring dquhms which may exceed the mooring forces. In areas with
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drift ice of more than insignificant magnitude, piled structures should be avoided unless
they are effectively sheltered by massive structures. Further, it may be necessary to

stiffen thin-wall caissons and sheet plle cells with inside concrete slabs buried in the fill at
water level.
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La passerella portanastri & sostenuta
da strutture intelaiate, di cui le pin
esterne sono formate da due colonne
ciascuna, opportunamente sbadacchia-
te tra loro e alla piazzola, e quelle
intermedie da quattro colonne ciascuna
con -Opportune dlagonah subacquee di
irrigidimento.

Il pontile SIR a Porto Torres (1968-
69) ¢ costituito da una passerella car-
rabile portatubi e da una piattaforma
di servizio — realizzate con travate in
acciaio assiemate su banchina e collo-
cate in opera con pontone — sostenute
da piloni poggianti su fondali rocciosi
(figg. 50-51).

I piloni sono formati da cassoni cel-
lulari in c.a., che sono stati costruiti
a Genova e poi completati in sito con
le sovrastrutture in getto armato mas-
siccio. Anche in questo caso la note-
vole rigidita garantita dalla presenza
dei cassoni di infrastruttura ha reso
superfluo il ricorso ad opere accesso-
rie indipendenti (briccole di accosto
e di ormeggio) per 1'assorbimento del-
le sollecitazioni dovute alle navi.

L'opera, ultimata qualche anno pri-
ma dell'inizio della costruzione della
diga di difesa del muove porto indu-
striale, costituisce un prolungamento
fino a faendali di civca 17 m di un
preesistente pontile metallico ed & ac-
cessibile a navi-cisterna fino a 80.000
dwt.

Vg

II pontile consortile wella rada di
Augusta (1977-78) ¢é costituito- da una
passerella carrabile portatubi su pali
in acciaio a grande diametro, di colle-
gamento tra la terraferma e tre piaz-
zole di accosto per mavi-cisterna fino a
50.000 dwt (figg. 52-33-54-55-36).

La passerella ¢ realizzata con due
soli elementi prefabbricati per campa-

ﬁ’: uno per il traversone su due pali

metallici di sostegno per le tubazioni
di maggior diametro, ed uno in c.a.p.
per la campata di 18 m, costituente la
passerella carrabile e il supporto per
gli appoggi intermedi delle tubazioni

The catwalk with conveyor belt is
supported by trellis structures, the
outermost ones of which are formed
by itwo columns each, duly propped,
while the intermediate ones are for-
med by four columns each with oppor-
tune underwater stiffening diagonal
struts.

The SIR Jetty at Porto Torres (1958-
69) consists of a vehicular deck carry-
ing pipes and a service platform, made
of steel girders assembled on the jetty
and placed by means of a pontoon, the
whole supported by piers standing on
the rocky seabed (Figs. 50-51).

The piers are formed of reinforced
concrete multicell caissons, constructed
in Genoa and then completed on site
with a super-structure of mass rein-
forced concrete. In this case, too, the
considerable stiffness guaranteed by
the caissons of the substructure made
it unnecessary to have any indepen-
dent accessory structures (berthing
and mooring dolphins) to absorb the
stresses caused by the ships.

This work, completed a few years
prior to the starting of the construc-
tion of the breakwater for the new in-
dustrial port, is an extension to water
depths of about 17 m of a pre-existing
iron jetty, and can be used by tankers
of up to 80.000 DWT.

The Consortium Jetty in the Augusta
Bay (1977-78) consists of a vehicular
deck carrying pipelines on large-diame-
ter steel piles, acting as a link between
terra-firma and three berthing plat-
forms for tankers of up to 50.000 DWT
(Figs. 52-53-34-55-36).

The deck is built with just two pre-
fabricated elements per span: one for
the transversal beam on two steel sup-
port piles for the larger-diameter pi-
pes, and one of precast r.c. for the
18 m span, forming the vehicular lane
and the bearing for the intermediate
supports of the smaller pipes. In each
pier the structural continuity of the
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these were turned into a system of

ds to serve as berths for large ships.

3

At the oil terminal in §th Petroleumhaven
was builtin 1974, The pieris7m. above

this unloader,

accessible to very large vess,

he first few years

zakthrough was

of this century a ma-
made when a method

ordnance datumn, the bottom ofthe harbouris23

m. below ordnance datm. The ship in this picture, which

measures about 250,000 dw¢
equipped for bulk transports of inflammable liquids.

:veloped to get rid of the soft sub-soil.
1 deep trench was dug at the place
the quay-wall was to be erected. Ini-
his trench was not as deep as the thick
but later it was made even
r. Then large numbers of fascine mat-
i weighted with stones were lowered
e trench, after which the surfaces of
ttresses were levelled with a layer of
and.

he pier is equipped with several pumping installations which can be connected to th

ship's loading and unloading system.

By piling up one layer of mattresses after
another along the whole length of the
trench, a dyke was made, which was strong
enough to keep the masses of soil behind it
in place (picture 2),

The next step was to drive a great many

wooden poles (this time pitch-pine
used instead of fir) into the bottor
which a strong woaden floor was laid
quay was built on this floor and the
which had to be dumped behind the
wall also rested on it.

The advantage of this constructior
that only this layer of sand exerted pre
on the quay.

A close look at our drawing will ;
clear that in thic anee o . .=









e -

rcer

JoISOuEos 832 TAZIE M

o'5p 51 w011 2YT

o5 s “L9V50 OIPIV NI 1¥w0ant 17vd

_ﬁ..”..

£ iy ..|.§_w.8. .. .7
y : uiwmw.,.. oo [[. -
a3 flee T PECE LI < g%

18
Lds
e 4

el

o L gosé olviow DL
vFIPH PLIY of er3y)
: T e : oLyAIeETrIInd VINI
| — ﬂ 077ILdVD IAVEL
i b5 _
.. gLk ]
i 0s§s3NvVa 171180d - 0411 9-9 ANOIZ3S-
i
gy SIS N
m LyoT: 4 L me
\INVI LY TZDOTHIY \

]
|
i

.
___

yigarA\ 3 vIvIHD / k.
E Lo ) _— I/ a -

@\

A

o = ML el

015033v.0 3IWU01V1LYId

fema mmmaa sa a=miiAd

—

4l OUULTUUG0Yg

e

e —— ST T

DIOIWIILNI O7Vd N 1@ FIVALNIAT

FINDIDOF NOD w004 ¥ ILFINOINIY 197 4 NOJ ILVIWYOF ONOS "wg 02 70 @%

15320V, 8 37/1N0d 01708

ki
-

Ll
[P

P
n T AT
Biju

i | Tinarmn

|

LT

FTTTTFTAR, |

S A
TYVPYETI LA 1 3 P

——

= e e

pIT7v.0 I1INOE voll|

1571

sy

viNYId

@ o P
.s\ ,.\W

..?é »

u
UNTITDITT0D 10 FTILNOS ONIO¥d

EF gt

/e

oo¥
24

rn oslp
0§
J"f-’_a-__-——-——';

s
os

S5svasip

\lf,?

L

o dl

o, 0L § 1774 S NOJ OLTW V0! m
wy o0y va @ 38770 20T

(vIH0707) NIATHSWT IHTM 0LLOC

NAAVI/ I AT O

@.-7977.(1 na 7N

wREWEE ST
e
- —
o
[
o5 L5}

4
el €f Isz

P &0 VLLPID b
ot
[ A
1
P ]

o
2523

=5/F
—oFs

L

53! €% 521 78780 220 7N

=

S A P

o5Lel

Fiv e CLLVTS vE

Pl wARULVId E ‘l Tl

031011730 FIVNIWBIL

)7 10 OINYId]

FEIRG IR0 TN




. i ,
. st P | . ) . N = .
D 1 s et . . . [ .. " .
e A I : — de 300 u.n‘?q\
A R L

e 7O teme

.-ll.lv> Ll - . - . ..V .
-:"i:‘ h —Duu dTAlke 4'--“!-_..- :: ::: : /Tr.;. Pty
AU&GA’T‘O \A t* 1o L

o0 \- P—I ! N , ‘ l

v
A

-~

i :: i .
G b e F'saremida du Posian G pert phishar ©4 Vargan. - - . ;
Sl N D P NN Toroe e 4 Bgucﬂux)(lgro) ._-‘,-..:_; 'PAL 24‘% gf#cud”{ 7 ‘ ) _,’J

——re o

TTHET

i W [

:‘ !Muuou . ﬁp.}aw-['-'-*so-{: . c“;-t;a

Soed fercet3g  uizy  Seethelds 4.‘-‘_\_-_"5 - dilgvesia, -
R = : - W A ——ree—
- H N ?__Lh o,

5 : : -‘I'] ,,, Fum &% Fuwon k?r:mn'—ﬂ-:‘m
B o g D
D T : fieag, 200 AR L
N | é”l I L ||f HdrraseTs Pk“m d‘ ‘W‘W "‘Ll“_"“" .
‘J {rasalf T..~- I P ,_l_‘im N "'I-" i
s - ' 400 L
. - - #
. ¥
. -«
. . ;

oy
.

»

e

Tuoes T ek 1555 =
MRy U virss”

aVzam e direrics wn

B era 9 h-.\m Frelie gty

_ (1,; su\,./ o)

L f’-w‘»w 55 vam

T R s e = —_—

Gos preems sovice O -.S.C..»

o
g E...
‘t;.,

§:

. S

. " L keplan ces pétroliors ¢
i _....,.‘,. ) ‘ . 000 Toieges i I
0 i 2o ptonrs souiie & =2050 T

E F&u;.soa des pewﬁon o . .
= 0T e poot chuge ™ PP I-
t

;.'g (&‘M~‘u M Go

-

T

Dvd "HM 4'-:«“&;- de G uu.‘ I

|
I - o A
g (Dolsia dodics)

—

E T R N O
P TR TR s el L

A e e e S i e g s e

—

(O A S U
PR L T T PE CRTE Dl

3 . v
. Tl e — —— . v e e bk

- G
o

1Y
P
g
[
[




p— e " Sie : " . <t - b 2t il oy et e RN i T ol ok 212 cmch o M
g T iR P I iy g e R il i S i SR ey e ot S

(¥4 4 0L
o — i

1105 2A153403-uou u} s3nd-pmuw [a[resed ] \ **g wiod patf 0161 0
it suydiop Jusypisas jo :.owm___,_u_nu ay3 103 vondwnsse aanssaid Yues nissed “T-69 ¥ -3y 10308} huou.wm B w:tn—nn_m “31'7 SsEpd

; i Sutpeo] 10} 7'y uONI9s ‘g1 W 01 :a1nssad Jualma

5 nssaxd 1 ' H - 3
..,/. S0Py s SaK! ypoe gwssod peurissy , _ ! BUIPIODIE 53SSAILS [QRMO[TY ‘pro] pum ‘[ind sury
. _ “g utod pratx :[9s594 £q 30eduy

Zm.ﬂ

i ‘

sapd-ynw jeosod yn - 58 LY
udjop Jusiisay < g3 .“
)

A

LL./.

:ySnoxy; Surpzoy
:9]qemofe are sessans SumoRoy ayr . |
+ SISSIIIS I[QRMOI[Y. P TET

"UONIBINIMED JUSWPaqID 3Y) AQ PAUTULIAISP S8 ) 3310 Jua[eambs ayy

70 usuodwos [BanIA 3y pue (g -v) sopis ay3 uo UOnSLy UuDys [BJ1194

! srewnn oy ‘urydjop o) jo Islewued R UMMM [IIES JO SSBWI Ay

i ‘urydjop 913 Jo 3y3rom 913 Jo SUNSISUOD S JUNOIIE OIUL USNE] 3q UED ‘Uon
-BISPISUOS 0t Prjdn Surye; ‘monoq 03 do3 woy Funose peof [esntsa oy,
. ~ :'TelUOZUIOY 2y JoIeau -

= Sunoe se pawnsse aq pmoys armssaid yues vassed o3 ‘ISIMIIYIQ - (1

=== . m -69 ¥ ‘F1d) PAIIMIY St 0 =4 T UONIPUOS 3 J1 ‘saoryIns Furpys sueld mE
—F . ~ZIIN USYm SI5SIIIS Eﬁ_ov Ire Bunemores ul pasn 3q Aew ‘,be/, — = 4o ,

01 dn orssesd ywes oamssed ay 10} uonouy [fes  jo o[due IgyL

uondIg [[em Jo a[18uy  £TCl

unehop jo 3
Jurod joanauoayy

-Burpeoy [jnd 19smey 105 se [[am se ‘Surpeof joedun 10]
o, ssauyany , qioq .b_v.:ov 9ANDIYJ9 SB PILWNSSE S1 105 Y3 Jo 4 f1suap padiswqns sy, -

s, Y)pim jo . fysusg  TTEl

uiydjop Juaijisay — . . c

"UOTB[NO[ED P[re1sp e ur sanssald yures saissed o1 jo .uoaaﬁﬁuuuov oyl
10] popuULWWOo231 a1e suondunsse Jumo[jo] 2y, 22103 Jo uondaIIp 9y}

- 03 sa3ue 1ySu ye pamseaw a[1d-2(8uis 9y 10 wigdop Y1 JO YIPIM 31 ST g
Aqa1aym ‘Junocode ojut q ypus urydiop a3 Supre: [101] Wn1g Jo pomew
aq 0} Surplosoe ‘sqdwexs 10j pajemores oq ued surgdop JUSHISIY
"siusweImbai [estuys9) pue reuoneiado YIIM SE [[om Se

‘AUI0U093 1M JUSISISUOD PIASIGIR IIB SHNSAI 1S9q JBY] ‘JIUUEI B Yons
ut 31 3A[0s 01 jueizodun 131 pue ajeuMILIASPUT A[fesne)s st wajqoid sy
"Pa19pIsu0d 3q isnu [md 1esmey Aq Suipeo] waSunuos ‘IaA03I0JA "uon

"~ Jana) oy

:&:@ a +w8u 410/ o=a¥

‘ernuwroy Suimor(oy a1 Aq palenoes aq ues ‘o ‘92103 Enﬁ>§¢o jo uon

-diosqe 2y3 10} pamnnbaz (1-69 Y 'Si) @ V JULwWpaque [BUOUIPPE UL
| iwdwpaquWy  9TEl

“d e/, + = "o se yonu se Aq uryd[op St Jo STXE 93 01 [EuULIOU -diosqe £81sus pannbsa1 oyl 241y, 01 PAUTULISILD 2q OF PARY UOLISS
2y} 03 paurul st I JBYl () =, T UORIPUOd U3 10} PIWNSSE 3q U 3 -SSOID pue juswpaqus pannbar syl ‘uaard’ are uonospep sjqeonoerd
‘weiderp Aqreuoneiado pue wedw wnwrxew s[qemo[re 343 ‘sentadoxd frosqns Jur

juawot 3y} 103 uosAtod 1031994 911 WOIJ UINE) 2q UED I JO ‘SUOTB[NI[ED
uiydjop Ut rensn st se seouanpyur o21nssaid yires aanoe o) FunooSau

£ . Z B 5
o LeqraQia’svats = a=s/Ca+a9)-fa sy 4=

g[nwIo] a3 Aq ' = 4 T UONIPUOI oy}
woyj ‘1-69y Ty w Eso_.ﬁ s p2)e[nojes 9q ues O 99105 wodjeAamnbs oy

D 20u0, udgeainby

-1S1X3 31 1M 1eY3 ‘yons st surydiop JULMISaI 107 UONE[MO[ED USisap oL
spoyi1ay pue sajdidurag udisaq

(69 W) s10S 241590 -uUON uf
. sumdioq u_&.a_:—z J2lereg pue 3durs Jusipsay jo Eo:ﬁﬂ

m.._._m_oﬁ .

AT .\.r[lll



+ 2 3
o e pad e (BeP\enS
Z . h 2 -
P, i/ ng
W% 7 et 7=
|
/A AR VRS 5 o -
V /e d T Al
A T A Gonth.
i o 2, r : : f z e S ST i
P{'?j =, code :f; \P‘ A2 i . E‘zh:%&?ﬂg—-’.zfﬁ Y~ M{, S—u_o?.DQ —ﬂ( ‘
I I - L S R R
. = en 'J‘Te‘-t. mw%"@i =
¢ y I} 4 £y .
b < B e By e oy theads OF (L, D\ by (Aclzp e )
TGy =3 =) ‘E_ d r ~ Z N
TN —Jo / %
“\ .
. =iz ,C
PN s - / Cradt
e 2D VenT Db s iodlo W Ul D, 2. XD
| - | L A& |
- O = AW lbcanS D /b e2P \lov D meledan AD)
—Q o A ”F ~ 4 4 :
f\&/@D 'L(r_.t ié,{oy,‘,!m_czh‘:&nu; : o Ao éc%}‘g b __'y‘gﬁll’mﬁii( Col, éa.‘h ;
:'BIC f‘ {3—&@».4 LN ’o&‘mr{ L; Qam %,}\404}\..—.#—-*/{-&
« : ) ' - T {27
Cige 4&».1292, e (Zr,,n - V = CC%SQC !/\;—MEL({ - "5;“‘-( *’é}"\'“‘?}
5 ™ T C , _.T Tcess )
C N M- ou?m‘ M}-Stc Ve Ua.%::c:\h-* : 4:*.‘{;&; 5"y l
1 .
v lzal 44 [to | dss | elus | eke




1082

dello spessore di 18 cm esteso a tutte
le superfici delle piazzole.
Il molo 7° del porto di Trieste (1965-
¢ uno sporgente di circa 23 ha,
utilizzato per il traffico dei containers,
ed ¢ costituito da un impalcato for-
mato da piastre prefabbricate soste-
nute da pali in c.a. di grande diametro
(figg. 57-58-59-60-61-62-63).

I pali hanno un diametro esterno di
1800 mm e sono stati eseguiti costruen-
do dapprima una camicia dello spes-
sore di 15 c¢cm in c.a. centrifugato, di

68

L'Industria Ttaliana del Cemento 11/1980

covering all the surfaces of the plat-
forms.

Mole No. 7 of the port of Trieste
(1965-68) covers sonte 23 ha and is used
for container traffic; it consists of a
deck formed by precast slabs suppor-
ted by r.c. piles of large diameter
(Figs. 57-58-59-60-61-62-63).

These piles have an external diame-
ter of 1800 num and have been con-
structed by first making a jacket of
centrifuged reinforced concrete, 15 cm
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63
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. | 21800 1=
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MOLO 7° DEL PORTO D1 TRIESTE {Impre-
sa Farsurn): 57 - Ribaltamento di un palo
di fondazione dalla posizione orizzontale a
quella verticale; 38 - Posizionamento di una
gabbia d'armaturs ordinaria e di precom-
pressione, entro una cassaforma por il
gotte 41 una piastra nervata; 53-62-83 - Ul
cantiere di prefabt ¥ o =t ggio
ed il posizionamento in opera delle pia-
stre in c.a.p.; 80 - Plonimetria del molo;
61 - Sezione tipo.

MOLE No. 7 OF THE PORT OF TRIESTE
{impresa Farsura): 57 - Gopsizing of &
toundation pile from vertical to horizontal
position; 58 - Positicning of an ordinary
and prestressing  reinforcement cage M-
side the formwork for the casting of a
ribbed sfab: 59-62-63 - The precasting
yard, stockpiling and assembly of ihe
orostressed concrele slabs; 60 - Aaster-
ofan of the jetty; 61 - Typical section

lunghezza variabile da 25 a 37 m. La
camicia cosi cosituita ¢ stata messa
in opera mediante l'ausilio i adeguata
attrezzatura e affondata fino a raggiun-
gere la roccia sana mediante Tuso di

3

attrezzature « Rotary »; ne & seguito it
riempimento della camicia con cal-
cesiruzzo magro. Il peso dei pali ¢ del-
Pordine di 80 t.

Le piasire standard sono di forma
gquadrata con lato di 990 m e sono
costituite da sei nervature, quatiro pe-
rimetrali e due diagonali, in c.a.p. con

thick, of variable length between 25
and 37 m. The jacket thus constructed
was placed by suitable equipment and
sunk wintil it reached sownd rock
through the use of rotary egquipment;
it was then filled with concrete of lean
type. The weight of the piles is in the
order of 80 1.

The standard slabs are square in
shape with sides of 9,90 m and consist
of six ribs, four of them perimetral
and two diagonal, of presiressed con-

L’industria Faliana del Cemento 11/1930 1083
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Figura 2 ~ Fianta della piattaforma con indicazione della disposizione del pali (maglia 10m x 10m}
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Breakwaters and wharves

Wharves usually provide ship mooring along a continuous waterfront that is suffi-
ciently long and backed up by an area with enough space to allow efficient handling
of goods. When naturally sheltered waters, such as those of bays or river estuaries,
are not available, artificial protection from wave action must be obtained from
breakwaters.

Sheet piling is the most common and traditional steel product used for building
wharves. Recently, wharves consisting of a reinforced concrete platform supported
by steel piles have been introduced.
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7.7 DRY BULK TERMINALS

7.7.1 General considerations

LTS -

A large variety of goods is carried by ships as dry bulk. These goods can be divided
roughly into four main categories:

(a) minerals such as iron ore;

{b) coal;

: {c) food stuffs such as grain; and

- (d) other commodities such as cement.

—
~a

FLOATING HOSES

During recent years iron ore accounted for about 45 percent of major dry-bulk
iy commodity shipments, coal and grain for about 20 percent each, and bauxite/alumina
o and phosphate rock for about 7 percent each.

Depending on the volume being transferred at a particular port, one or more _u.wng
may be dedicated exclusively to dry bulk or perhaps even reserved for one vmz_mﬁmﬂ
commodity. The decision whether to have berths exclusively dedicated to dry bulk is an
econaomic one which involves a variety of factors, the most important of which is the
forecast annual or seasonal volume. However, the location of storage facilities,
contamination, exposure to the elements and safety hazards to the community may aiso
play significant roles in making this decision. In general, when a berth is dedicated
exclusively to dry bulk, it is possible to employ high-capacity transfer devices to eifect
quick tumaround of the vessels. Whereas, when the berth is used for a variety of
purposes, it is usually only possible to use mobile transfer equipment of low capacity.

Dry bulk is frequently transferred between the loading or discharge device and the
storage by means of belt conveyors, While these conveyors are usually not located at
quay level, the supporting structures do cbstruct horizontal handling of general cargo,
vehicle traffic, etc. In general, it is desirable that dry bulk storage takes place fairly close
to the berths, However, stockpiles may cause special geotechnical problems because of

: the high unit loads they exert on surfaces close to berths. .

Depending on the type of commodity, the storage usually is one of four basic types:

SUDMARINE HOSES

/- SUBKARIME PIPELINE

N

T

A\

{a) open storage yard, which is normally used for commodities which do not suffer
serious degradation by being exposed to the elements; o

(b) shed, which is normally used for commodities which would suffer degradation if
exposed to rain;

(c) silo, which is used for storage of grain, cement and other commodities which must
be protected from the elements. Silos are normally equipped with efficient
materials handling equipment; and

(d) slurry pond, which is, of course, only feasible for materials, which are not damaged
by water.

HOQRING HAWIERS

Fig. 7.6 () Single-Point SALM. Reproduced by permission of SOFEC Inc. Tunker Terminals

The choice between covered sheds or silos is usually based on economics. Silos would
normally be preferred when the storage time is short, and for commodities which are fine
powders for dust-control reasons. )

Bulk cargoes vary widely in regard to stowage factor, angle of repose, generation of
dust, resistance to degradation by mechanical handling and hazardous properties such as
toxicity, susceptibility to fire and spontaneous ignition. For stowage factors and mmmmmw
of repose see Table 7.7(a). In addition, there are large differences in regard to their
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al congresso BOSS 76 [65]: su tale problema,
Mangiavacchi et al. hanno riferito in un lavoro
presentato al congresso di Houston 1980 [66];
un tipo di piattaforma strallata a cavi a rapgicra
incrociati era stato esaminato da Albrecht al con-
gresso “Houston 1978, considerandone il com-
portamento dinamico [67]. - - '
Prospettive molto favorevoli sembrano essere
riservate alle piattaforme galleggianti semisom-
merse, ormeggiate con uno o pib cavi verticali
(« Vertically moored platform ») (fig: 33); espo-
ste all’inconveniente di poter subire notevoli spo-

2

S e T

‘e . 1':.-“ - w- i
Ry . 1 P e N |

i}

- stamenti - orizzontali a causa di onde forti, pre-

senterebbero perd i notevoli vantaggi di costi poco
crescenti con !'approfondimento del fondale, se-
condo quanto hanno indicato Berman et al. al
Congresso Houston 78 (fig. 34) [68], ¢ di poter
essere facilmente rimosse e reimpiegate; un no-
tevole esempio a cinque galleggianti & indicato nella
fig. 35 [69]. I cabi possono essere posti in ten.
sione (« tension leg platform »}, utilizzando una
idea della Deep Oil Technology (USA). Conside-
razioni sulle varie profonditd raggiunte sono state
fornite da Sjoerdsma, che preconizza per il 1990

.
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Fig. 1.14, Tension-leg concept for deep water. (Courtesy of McDermot:

Incorporated.)

Fig. 1.13. Guyed-tower concept for deep water. (Courtesy of Exxon

Company USA.)

Deep-Water Design Forms

For watcr depths greater than about 1000 ft, the weight and foundation require-

"ments of traditional offshore structures make them less attractive than other

design forms. Two such forms are the guyed tower and tension-leg platform.

‘The guyed-tower concept is illustrated in Fig. 1.13. It consists of 2 uniform
cross-sectional support structure held upright by several guy lines that run to
clump weights on the ocean floor. From the clump weights, the lines then run
to conventional anchors to form a dual stiffness mooring system, Under normal
operating loads, the clump weights remain on the seafloor and lateral motion
of the structure is restrained. However, during a severe storm, the clump weights
are lifted off the seaficor by loads transferred from the structure to the clump
weipghts through the guy lines. This action permits the tower to absorb the
environmental loadings on it by swaying back and forth without overloading
the guy lines. The guyed-tower concept is presently considered to be applicable
to water depths of about 2000 f1.

Figure 1.14 fllustrates the fension-leg concept. In this design, vertical mem-
bers are used to anchor the platform to the seafloor, This upper part of the
structure is designed with a large 2mount of excessive buoyancy so as to keep
the vertical members in tension. Because of this tension, the platform remains
virtually horizontal under wave action. Lateral excursions are also limited by
the vertical members, since such movements necessarily cause them to develop
a restoring force. A major advantage of the tension-leg concept is its relative
cost insensitivity to increased water depths. At the present time, it appears that
the main limitation on the tension-leg platform arises from dynamic inertia forces
associated with the lateral oscillations of the platform in waves. These becorne
significant at water depths of about 3000 fi (Lee, 1981).
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- [La foreuse sous-marine i
‘opérati ‘affect Tindl a -
SM 3000 | figu?eogg,féton s'effectue comme Tindlque la

‘La foreuse sous-marine SM 3000 est . _ IR
congue et construite pour opérer directement:. o :
i sur le fond marin. Elle est capable de forer T .

: des trous dans le bed-rock ayantjusqu'a 72" de . .

diamatre. Ces trous sont adaptés a recevolr

des piles d'ancrage ou des terminaux propre-

ment dit. ] ‘ : ‘

R R T TR S L TR Sty Lt

a?

Flp. g8 i
Forause sous-maring.

Fig. 69

Opérations de forage dans la

rocha,

48
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1. L'unilé de forage ast
remorquée sur le site au
moyen d'un remorgueur ou
bateau deservice. Les
sphéres de ballastage
ménagent una tésorve de
{fioltabilité de 5 tonnes.

L]

2. Environ 2 tonnes de
corps-mort sonl descen-
dues et placées au point
da forage.

3. On remplit les sphéres

* dimmersion. L'upild de

forage a une fiottabilité de

500 kg et descend av fond
sur son treuil,

4. L'unlt¢ est placée an
position finale au fond.
Toules les sphéres sont
plelnes, son poids dans
I'tau est alors de 33
tonnes, On retire alors las
2 lonnes de corps maort
mentionnées plus haut et
on les place au prochain
point de forage.

Puis le forage commaence,

Ceflle aperation ast
accomplia par dos
plongeurs-foreurs.

5. La 8M 3000 peut étre
déplacée d'un pointa un
aulre sans qu'i soit
nécessaire de la remonter
en surface, si la distance
entre les 2 paints de
forage est faible [queiques
métres), L'élingue du Weuil
ast alors frappéa surle
carps mort posilionné sur
le second point da forage,

Les ballasis sort remplis
d'air. La SM 3CC0 vient
ainsi se mettre a la verti-
cale du 2e forage, Sa mise
an place tinale s'effectue
comme décrit ci-dessus
(3 etd).

6. Une fois que le trott ast
achevé, on'peut tnstaller
une pile qui sen ve point
g'ancrage horizontal pour
une structure fixe. On la fixe
dans fe 5ol en injecltant du -
caulis de clinant ou do béto



8.5 PIERS

8.5.1 General considerations

Piers may be divided into three types: (a) piers consisting mainly of reclaimed land and
bordered by quays, (b) piled piers, and (c) floating piers. The first type is merely a
particular arrangement of a quay structure which is dealt with in 8.4. The other two types
are dealt with below. £

The layout of piers in the pln also varies. Finger piers abut the shore at one end while
T-head and L-head piers are connected to land by a trestle and/or a causeway with an
access road. '

8.6 JETTIES

The characteristics of a jetty as defined in 8.1 are that it consists of a number of
individual structures each of which support a special type of loads. The mooring dolphins
pick up the pull from the hawsers, the breasting dolphins support fenders which absorb
berthing impacts and on shore wind loads on the moored vessel and loading platforms
support special loading or unloading equipment but normally no horizontal forces apart
from wind loads on the equipment. A
A typical layout of a jetty with one berth, only, is shown in Fig. 8.6(a). Catwalks which
connect the various dolphins and platforms are indicated.
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Fig. 8.6 (a) Typical Single Berth Jetty



