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Synopsis :

Kawasaki Steel estblished an integrated network comprising a total of six all-weather
berths for loading and unloading at its Mizushima Works, Chiba Works, Chita Works
and Osaka Service Center to improve transportation efficiency by the domestic vessels
on which the company depends for approximately 70% of its steel product
transportation. The Osaka Service Center, because it is located on a public wharf, has
adopted the retractable vessel housing method for the first time in Japan. With a fixed
shed eqipped with both a ceiling crane and a movable shed which moves on an
overhanging guard, the facility can be used in the shut down condition, and is possible
to operate in both good and inclement weather. In addition, a multipurpose
semi-automatic crane was adopted to improve loading and unloading efficiency.
Kawasaki Steel consequently realized a basic transportation improvement by achieving
labor saving, improvement in the labor environment, and a 90% all-weather berth work

ratio.
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1 Introduction

About 70% of the company’s domestic steel trans-
portation depends on coastal service ships. When the
ship-loading work stops due to rainy weather, not only
the delivery to customers is delayed but also the ship-
ping cost is increased, the delivery plan disturbed, and
the operation load increases duc to plan changes.
Recently, the sophistication of customer needs came 1o
hoost the quantity of products that are incompatible with
rain water. Coupled with this problem is an anticipation
of future labor shortage, causing an urgent requircment
for working environment improvement. Against these
backdrops, the company reinforced all-weather berths at
Mizushima and Chiba, built new ones at Chita and
Osaka Service Centers, thus setting up all-weather berth
network covering both loading and unloading points
establishing a physical distribution system unaffected by
weather conditions and capable of time-reduced product
loading and unloading work.

The foremost features of this construction are, first,
the adoption in Osaka SC of the retractable vessel hous-
ing which is different from the conventional fixed-type
berth and, secondly, the adoption at the main berth of
Mizushima Works of the multipurpose semiautomatic
crane, which has been introduced to improve ship-load-
ing capacity and to save labor,

* Originally published in Kawasaki Stee! Giko, 26(1994)4, 215-
220
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Synopsis:

Kawasaki Steel esthiished an integrated network com-
prising a total of six all-weather berths for loading and
unloading at its Mizushima Works, Chiba Works, Chita
Works and Osaka Service Center to improve transporia-
tion efficiency by the domestic vessels on which the com-
pany depends for approximately 70% of its steel product
transportation. The Osaka Service Center, because it is
located on a public wharf, has adopled the retractable
vessel housing method for the first time in Japan. With a

fixed shed eqipped with both a ceiling crane and a mov-

able shed which moves on an overhanging guard, the
Jacility can be used in the shut down condition, and is
possible to operate in both good and inclement weather.
In addition, a multipurpose semi-automatic crane was
adopled to improve loading and unloading efficiency.
Kawasaki Steel consequently realized a basic trans-
portation  improvement by achieving labor saving,
improvement in the labor environmen!, and a 90% all-
weather berth work ratio.

The present paper reports an outline of the all-weather
berth network centcring on the berth at Osaka SC and
the multipurpose semiautomatic crane.

2 Qutline of All-Weather Berth Network

In constructing all-weather berths, the company
aimed at:

(1) securing 90% for all-weather berth efficiency
ratio (probability of cargo-handling not ham-
pered by rainfalls and/or wind), and

(2) structuring of all-weather berth network cover-
ing from loading point to unloading point 10
attain the full advantage of the berth network
with cargo-handling smoothly underway both
at loading point and unloading point with no
interruption by rainfalls.

With the above in mind, a new unit of all-
weather berth was installed at Mizushima, Chiba,
Chita, and Osaka SC each, totaling 4 units, aside
from the existing ones (each | at Mizushima and
Chiba), totaling two units, thus bringing the total



Table 1 Specifications of Kawasaki Steel all-weather berths

T Newly constructed herths IExisting 11(‘!‘111:;
Name Osaka SC Mizushima No.2 Chiba Chiba Mizushima No.l ‘ {’hiba
Data of operation start Oct. 1991 Feb. 1942 | Feh. 1991 Apr. 1991 — !
) . Adjacent to  |Takahashi Rivcr: . Takahashi [{ivr:r‘r Samugawa
Local ) : 0D Bertl 7 goch .,
Locanon Bldg. | Wharf TR war | Whart
. Retractable .. R . FFixed overwater
T'vpe . Fixed overwater overhanging housing ) .
vessel housing overhanging housing
Capacity (t/month} 38000 100 000 68 D00 BERUE] 105 000 8 000
Corresponding vessel .
. 1 600 2 100 2160 2100 3000 700
(DWT) 0
Water depth (m) =50 —6.0 —10.5 —6.0 —6.0 —=5.0
Building
Sea side L(m) X W (m) 48 9x23 .8 80 0x20.0 t GO 0xE0.0 80.0x22.0 105.0x20.0 70 0x16.0
Land side L (m) X W {(m} 2. 8x29.0 80.0x23.0 ; G 0230 48 X510 105.0x21.5 70 8x17.0
Ceiling rail (m) GL+23.2 GL.+21.5 Gl +22.0 GL 1220 GL+21.0 GL 1200
Gate Sheet-shutter Net-shutter Net-shutter Net-shutter —
Crane
Type OHC OHC OHC OHC OHC OHC
Capacity 20tx2 Wiex2 20tx2 20tx2 30t 10t
Span (m)i 47.5 400 40.0 45 0 39.0 30.4
i Shed 1s directly
C t1 fith Truck .
annection wi I connected with Pallet with hood rue Or Pallet with hood
warehouse pallet with hood
warehouse

units of the network 1nfo six altogether.

As for berth functions, Mizushima berth handies
only the delivery from the plant and has only a
ship-loading function, Chiba and Chita berths, hav-
ing a service center each in the yard, carry out both
ship-loading function of delivercd goods and the
unloading function (service center function), and
the berth at Osaka SC has only the cargo-unloading
function,

The main facility specifications of these all-
weather berths are shown in Table 1.

The existing berths were of the conventional
fixed type, and the newly constructed berths have
the following tfeatures:

(1) Except the Osaka SC berth of the retractable
vessel housing type, all the berths are of the
conventional  overwater  overhanging  fixed
housing type, and arc aimed at a maximum
2 100 DWT class.

(2) Crane capacity has been unified at 40t, taking
into constderation the need of coping with the
consistent unit transportation in the future.

(3) Aiming at berth loading capacity improvement
and labor saving, a semizutomatic crane was
installed at the main berth of Mizushima
Works.

(4) Except Osaka SC, where the carrier system 18

not introduced, product transportation between
the berth and the warehouse is connected by
the pallet with hood (coping with rainy
weather). At Osaka SC, the berth and the ware-
house are connected by the lower shed installed
to shelter from the rain.

3 All-Weather Berth at Osaka Service Center

The all-weather berth! installed at Osaka SC of
Kawatetsy Warehouse Co., Ltd. in October 1991 has its
function and construction exccedingly different from the
type of all-weather berths which have been operated in
Japan. It permits construction of all-weather berths to
guays and sea-lancs which arc under legal restrictions. It
not only facilitates ship mancuvering, but also greatly
improves the operating environment irrespective of rain,
burning sun and cold wind.

The conventional type all-weather berths are mostly
of the fixed type of ocean pile driving, which installs
piles and the shed on the sea (overwater overhanging
fixed housing type) as shown in Fig, 1, and only rarcly
an excavation-type can be scen. The conventional type
poses the following problems: (1) The occan pile-driv-
ing type constructs fixed facilitics on the sea and occu-
pies the sea area; hence this type cannot be constructed
at the public quays, over the river and sea-lane which are

39



Oeean pife method E fixcavalion method 1 H
e T

]

CTTIIIT T
| ;
‘LShutler_:

Fig. 1

Conventional all-weather berth type

governed with restrictions, and consequently, the quays
to be constructed are limited, (2) the cxcavation-type
needs huge construction costs, because it requires cut-
ting of quays, and (3) ship maneuvering when the ship
comes alongside or is leaving the berth is more difficult
than at general quays, demanding morc care than in the
case of ordinary quays.

In order to avoid these problems at the all-weather
berth of Osaka SC, the “retractable vessel housing type,”
in which the facilitics overhang only at the time of
cargo-loading or unloading operation, was introduced,
and this type is the coastal cargo-loading and unloading
facilities adopted for the first time in Japan, with facili-
ties covering the entire surface of the vessel, namely, the
facilities cover the top, front/rear and both sides of ves-
sel, thereby making cargo-loading and unloading possi-
ble during the rain.

3.1 Location of Osaka Service Center

Osaka SC is located at the South Port District of
Osaka Port. At the opposite shore of Osaka SC, there is
a largesized ferry wharf, and ferries destined for
Kyushu, Shikoku, Shanghai and Taiwan are frequently

departing and arriving in the moming and evening, and

at the front of the quay, ordinary ships, wood-carrying

ships, barges and tug boats are briskly coming in and

going out, and this place 1s the sccond busiest in the
marine traffic in the Osaka Bay.

Osaka SC is the largest service center of the company.

It handles, as the distribution center of the Kansai Dis-

trict, many products such as coils, wircs, rods, plates,

shapes, steel pipes, ete., and in its distribution quantity,

it has a monthly capacity of about 70000t on the

unloading basis.
The scale of Osaka SC as follows:

Site arca: 162 800 m*

Berth specifications: water depth, 5.1 m; total length,

500 m; and maximum vessel type,

2000 DWT class (The berth is a

public one with 5-m width from

berth normal line to the land side)

Stroage warchouses: 13 buildings  (warehouse area,
45 000 m?)

3.2 Construction Problems and
Countermeasures

The construction problems of the all-weather berth at
Osaka SC arosc from the fact that the 5-m width part on
the land side from the berth normal line was the public
berth of Osaka City, and that the South-Port Inner Port
in front of the berth was the navigation lane with a
heavy tratfic volume of ships, and the Osaka Port and
Harbor Bureau do not approve the installation of fixed
facilities (piles and buildings) on the seaside including
the width of 5 m of the public berth. As a result, 1t was
necessary to construct a unloading facility having a
crane girder and a covering structure that was able to be
overhung over the sea during cargo-handling operation
in rainy weather so as to cover the ship and that was able
to be stored on land side frem the public berth at the

— Overhanging
\ guarder
Transfer bogie

Carner post

Curtain

Fig. 2 Overview of all-weather berth
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time of completing the cargo handling.

In order to meet this condition, we examined various
types of unloading facilitics and shed types and made
tests using a model machine. Finally, we introduced for
the first time a retractable vessel housing type shown in
Fig. 2, and constructed the all-weather berth equipped
with the “ship-periphery surrounding device,” which
permitted cargo-handling in rainy weather.

Major approvals obtained up to the time of construc-
tion were as follows:

(1) Public berth conditions (Strength nvestigation)-—
Osaka Port and Harbor Bureau

(2) Building Standard Law approval by the Minster of
Construction—Osaka City Planning Bureau (Con-
struction Ministry)

(3) Operating method of all-weather berth—0Osaka-
City Marine Safety Control Dept.

3.3 Qutline of Facilities

The entire present facilities are shown in Fig, 2, and
the major specifications of the facilities arc shown in
Table 2.

Table2 Main Specification of equipment of Osaka
Service Center

() | 52.8 W x20 Dx36.6 1*
(m) | 48.9 W ox23.8 D33 H?

Fixed shed
Maovable shed

BOX type (2.5 mm/time}
2 ALX2WH2SH

Overhanging guarder
Size (m)

Transfer bogie Self propelled type (8.2 min/time)
Span (m) | 47.5
(I Front shutter, @ Corner post,

@ Side shutter

Function on-hoard

Folding steel panel method
3.8 W x20 .6 L X6 pieces X2 set
Wire repe coiling drum

Front shutter
Size {m)
Lifting equipment
Corner post

Side shutter
Sheet

3 pieces (box type)

Sheet coiling drum method
Polyester + Vinyl chloride

Size (m) | 24.6 Wx21l 4L

Ceiling crane ' Rotating type

Capacity (1) 40 {20t XD
Crane span {m) | 47.5
Speed tm/min) | 30(lifting} % 50 (faleral) X 80 (running)

Set up time
(iood weather - 15 min for set-up, 15 min for shut-dows

Inclement weather

26 min for set-up, 26 min for shut-down

499 /T (loading capacity ! 6001)
75 Lx12 WX6.3D
9 540

Corresponding wessel
Size {m)
Hatch dimension {m)

Wind resistivity im/sec) | 16 (regardless of meather)

* Top height

No. 33 January 1996

The present facilities arc of the retractuble vessel
housing type,” and main structures are constructed by
broadly the following four blocks:

(1) A fixed shed, which is to be used as a cargo-sorting
shed, movable vehicle and overhanging girder dur-
ing the stopping of cargo-handling operation.

(2) The overhanging girder and movable buggy come
out over the sea water only during cargo-handling
operation.

(3) Ship-periphery covering mechanisms such as the
movable shed, front shutter and side shutters func-
tion during cargo-handling in rainy weather, a hot
day or a cold windy day.

(4) Ceiling crane for cargo-handling.

Photo 1 shows the working condition of the facili-
tics. Setup patterns will be three, namely, “shut down,”
“good-weather cargo-handling,” and “inclement weather

e

When shut
down

Good
weather

R

Tnelement
weather

Photo 1 Setup of all-wcater crlh
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cargo-handling.”
3.3.1 Fixed shed

The fixed shed covers the steel-frame structure con-
taining the fixed runway girder made of a roof and walls.
[t stores the movable shed, which travels on the fixed
girder, overhanging girder, ceiling crane and transfer
bogie. At the front of the fixed shed, a front shutter is
provided, which closes and opens immediately below the
transfer bogie, and this shutter functions as the end wall
of the shed at the time of shut down,

3.3.2 Overhanging girder

The overhanging girder is installed at the right and
left pillars on the sca-side, and rotates by the pushing
and pulling of the hydraulic cylinder. On the girder, rails
for the transfer bogie and ceiling crane arc constructed,
and the tip of the girder is fixed to the transfer bogic by
a connccting pin, thereby maintaining the linearity of the
girder and the directionality of the rail span.

3.3.3 Transfer bogiec

The transfer bogie® self-travels on the overhanging
girder, and 15 equipped with the frout shutter, side shut-
ters and guide-post which are to be used for covering the
ship during cargo-handling in inclement weather. Fur-
ther, the transfer bogie travels to the tip of the overhang-
ing girder, and securely fixes it 1o the overhanging girder
using a connecting pin, and it also has the function of
hauling the movable shed,

3.3.4 Movable shed

The movable shed is stored in the fixed shed during
the stopping of cargo-handling work and during cargo-
handling in a fine day. Only during cargo-handling work
on a rainy day, it completely covers the overwater over-
hanging part. The legs of the moving shed are supported
by wheels, and the moving shed is connected to the
movable shed by being connccted to it using a drawing
pin, and moves on the girder along with the travelling of
the transfer bogie.

3.3.5 Front shutter

The front shutter™” is composed of 12 folding steel
pangls fitted to the bottom side of the movable vehicle,
and the opening and closing of the shutter is carried out
by the rise and fall of the pancls due to the elevation of
the guide post.

At the time of shut down, the front panel functions as
the wall at the end surfacce of the shed, and during the
cargo-handling on a rainy day, the front panel is lowercd
to the sca ievel alongside the ship, thercby preventing
the rain from blowing into the ship.

3.3.6 Side shutter

The side shutter™” is installed at the lower side sur-
face of the transfer bogie, and its perpendicular motion
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mechanism is of the sheet winding drum type. The side
shutter 1s lowered directly below the overhanging girder
o prevent the rain from blowing in by way of the {ront
and rear surfaces of the hatches of the ship. At the bot-
tom end of the side shutter, a drop-curtain device is pro-
vided to be used additionally depending upon the con-
struction of the ship, and has a function of setting the
curtain freely.

3.3.7 Ceiling crane

The cerling crane is of the club rotation type, and
its operation scope covers the entire span of the total
length of the ship. In order to shorten the cycle time of
cargo-handling operation and widen the visual field
from the cranc operating room, an individual moving
device of the operation room is provided, and the rank-
up of the winding speed of the crane is carried out.

3.3.8 Prevention of rain from blowing into ship

Figure 3 shows the condition of the periphery cov-
ering state of the ship, and the covering 1s composed of
the following three types:

(1) Prevention of Blowing-in from Upper Part of

Ship {Movable Shed)

{2) Prevention of Blowing-in from the Side of Ship
(Front Shutter)
Blowintg-in of rain from the gap between the ship
and the shutter (A of Fig. 3) into the hatch of the
ship was considered, and from the rain blowing dis-
tance shown in Table 3 (3.2 m, when hght rain fell
and wind velocity was 16 m/s), the rain blowing-in
distance was set up to be 5m or above.

(3) Prevention of Rain Blowing-in from Front and
Rear Surfaces of Hatches of Ship (Side Shutiers)
As shown in ‘Table 4, the ship gencrates vertical dis-
placement quantity of 3.5 to 4.5m due to the tidal
level, ship load variation, etc. Further, a sheet wind-
ing type mechanism has been adopted, which can
arbitrarily make vertical adjustment of the shutter
including the interference tie-in measures of the
bridge, mast, etc., of the ship. As countermeasures
to the protruding parts of the ship, a gap between the
berth and the ship, etc., that arc foreseen te be insuf-
ficient in covering by the side shutter alonc, a drop
curtain device is provided, which is divided into
three parts and is movable verticully, in order to
adopt sophisticated rain countermeasures. At the
current condition, this drop curtain device 1s not
used, and only by the side shutter, sullicient rainy
weather cargo-handling is being carricd out.

3.4 Features of All-Weather Berth of Osaka SC

The features of the present facilities are as follows:
{1} The present berth facilities arc ordinarily stored at
the land side, and only at the time of cargo-han-
dling, they are hung over the sea; hence the facilities
can be constructed on the sea surface ag well as on

KAWASAKI STEEL TECHNICAL REPORT
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Table 3 Distance affected by rain (m)
i} : o Y

Max. instantancous

wind velocit .
(m/s 6 12 16

—

O
o
Light rain — i 4 1.2 2.4 3.2
Light rain 1 | 6.3 0.8 1.5 2
Heavy rain 2 8.8 0.6 1.1 14
Squall 2.9 9.2 0.5 1 1.3

Note(1) When gate is raised to height of one meter.

Table 4 Change of vesscl level (o)
== - — —
Range of t.i-d“ei 7 1 (ﬁ 1.65 7
Draft 2.3 1.35
Swell 0.5 0.5
Total i 4 ..5 : ‘.i- 5

the public berth and the river which are governed by
strict regulations.

(2) Since therc is ordinarily no protruding structure
from the berth, maneuvering of the ship at com-
ing alongside or leaving the berth is casy, and the
facilities will not interferc with ships under naviga-
tion.

(3) As a countermeasure for the ship in rainy weather,

No. 33 January 1996

Condition of movable shed

the facilities have a covering mechanism selective
according to the structure of the ship, its vertical
fluctuations and the blowing directions of the rain
and wind. Further, these covering mechanisms pre-
vent not only the bad effect of the rainy weather, but
also heat in the summer and cold in the winter and
have realized selective use of indoor and outdoor
operations, thereby achieving {remendous improve-
ment in operational environment.

3.5 Working Condition

Since the completion of the network in October 1991,
when the berth had some factors left for further devel-
opment, the problcmatic points of the berth facilitics
were cleared by correcting a few initial troubles in the
clectrical system, and after the smooth start-up, the
facilities have been working smoothly without any trou-
ble, thereby achieving technically satisfying results.

4 Multipurpose Semiautomatic Crane

Simultaneous with the introduction of all-wcather
berth in Osaka SC, a part of crane operation was auto-
mated (semiautomated) as a pilot operation at the main
berth of Mizushima Works in cargo-handling operations
(multipurpose) of sheet coils and plates with the aims of
improving the cargo-handling capacity and relieving the
operation load of operators by the labor saving of the
land-side operation members and by reducing the cranc
cargo-handling load. In the following, an outlines of the
motion and control of the multiptrpose semiautomatic
crane are reported.
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4.1 Outline of Crane Operation

As for an outline of cranc operation, the cargo-load-
mg operation step and unleading steps and the range of
automation are shown in Fig. 4 and Table 5. The semi-
automatic operation procedurc of the crane is carried out
as follows:

(1) At the Time of Sheet Coil Cargo-Handling
To the coil on the pallet, which has been transported
beforehand into the berth, at Fig, 4 (a) (1), select the
coil 1o be cargo-handled on the terminal of the oper-
ator guidance, and push the button “commencement
ot automatic operation,” and operation steps of (I to
1t will bc automatically operated. In step 43, how-

Remarks

=+ Automatic operation
--+» @ Manual operation
@Sheet coil — - S

2
Wﬂﬂ{@j{%@ : m

L I,
Pallet !ﬁ m ,PDJ
o e
WP late W
&) Vesse|
55— i
.I_% o ®
Pallel 1 Doy
i
k\‘ﬂfi\fes sel

Fig.4 Loading and unloading steps

Table 5 Range of automatic operation for loading

and unloading

Operating steps Sheet coil ! Plate

(1 Lifting on vessel

‘ Manual/ Auto, Manual/Auto

2! Simultaneous lifting and

lateral movement Auto
(3 Lateral movt‘mt_‘niﬂtl) pd]lct | l
@ Shape: recognition and centering | [
& Lowering ori ballci Auto
R e —— Manual

& Coil (plate) grasping

D Lifting on pailet Manual/Auto

@& Lateral movement te vessel Autn
T Simultaneous lowering and

lateral movement
(8 Lowering on vessel Manual/Auto
—————————— e — Manual

Manual
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ever, since automatic loading is difficult owing to
the oscillation of the ship, manual operation is car-
ried out.
(2) At the Time of Plate Cargo-Handling

At Fig. 4 (b) (I, sclect the plate to be cargo-handled
on the terminal of the operator guidance, in the
same way as with the sheet coil, and push the button
of ““automatic operation commencement,” and the
operation steps (I to & will become automalic
operation. Afler manually operating steps (1 to (6,
because these steps arc difficult (o be automated,
press “automation resumption” in step 7, and steps
(7r and @ will become automatic operation. The
operation of step (9 is not executed owing to the
large size of the plate. Steps (0} and ¢} are manually
operated as in the casc of the sheet coil.

4.2 Crane Automatic Operation Control

Main control operations, which compose the crane
automatic operation, are “steady-rest speed control™ and
“coil shape-rccognition technique” The coil shape-
rccognition technique automatically detects the coil
position and automatically controls the crane, theredy
permitting the labor saving of land-side operations. The
features of these control operations will be cxplained
below.

4.2.1 Steady-rest speed control

(1) Steady-Rest Speed Controf of Traversing Motion
A speed control pattren, which will nullify residual
vibration of the suspended load and hoisting ac-
cerssory at the time of stopping the traversing oper-
ation of the crane, has been obtained by simulation,
and the pattern is memorized in the ¢rane sequencer
as a table, and speed is controlled by setting a speed
control pattern by the parameter matched with oper-
ating conditions {moving distance, rope length, etc.),
thereby carrying out speed control.

(2) Micro-Vibration Stopping Control
When residual vibration exceeding the allowed
value is remaining after stopping at the target loca-
tion, the residual vibration is detected by the accel-
errationmeter, the speed control pattern is calculated
from the magnitude of vibration width and the
vibration period, and the residual vibration is
stopped without changing the location (by going
forward and coming back by the same distance).

4.2.2 Coil shape-recognition technique

An outline of the coil shape-recognition equipment
15 shown in Fig. 5. The equipment is composed of a
laser light source irradiating on the coil surface, two
units of two-dimensional cameras that take photographs
of the laser light in the whidth and diameter directions,
and the calculation control equipment that carries out
image processing from these pictures, calculates the coil
position, and gives instructions to the cranc control

KAWASAKI STEEL TECHNICAL REPORT
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Fig.5 Outline of shape recognition equipment

equipment. Using these devices, the automatic centering
operation of the crane is carried out. Time required by
shape-rccognition is about 7s, and the detection accu-
racy is +20 mm.

5 Effectiveness by All-Weather Berth Network
Construction

In all-weather berth construction, three berths were
first constructed at Chibe Works, Chita Works and
Osaka SC, and a year later, one was constructed at
Mizushima Works. All four units produced no signifi-
cant troubles after construction, smooth operations are
being carried out and the effectivencss expected at the
initial plan is heing obtained.

The main outcome of the network is as follows:

(1) The all-weather berth covering ratio (probability of
not stopping cargo-handling duc to rain or wind)
achieved is 90%.

(2} Delivery as promised has become possible.

(3) Normalization of operation has been achieved.

{(4) At the steel mill, planned delivery has become pos-
sible, and by aiming at the dircct delivery by various
product factories to the all-wecather berth, process
omission and “handling-less” effect have been
achieved.

{5) Ship arrangemcnt plan has become easicr.

(6) Since the roof is provided, a great effcct was caused
to the labor environment improvement.

{7) Trouble with rain-wetting has disappeared.
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(8) Material distribution costs such as the shipping cost
and cargo-handling cost have been widely relieved.

6 Conclusions

The authors have introduced an outline of the all-
weather berth of Osaka SC and the six all-weather berth
networks, which consistently cover the loading location
and unloading one, centering around the multipurpose
semiautomatic crane at Mizushima Works. The results
arc as follows:

(1) Through the construction of the all-weather berth
network, the all-weather berth covering ratio of 90%
was acheved.

(2) Since Osaka SC was the public berth, the first-in-
Japan retractable vessel housing type was adopted.
In the fixed shed, a movable shed and overhead trav-
elling crane arc stored, which can move on the over-
hanging girder, thereby making it possible to operate
by thrce paiterns of storing, fine-day cargo-handling,
and rainy-day cargo handling. Excepting the above,
the berths have adopted the conventional-type over-
water overhanging fixed shed type.

(3) At Mizushima Works of the main berth, a multipur-
pose semiautomatic cranc was introduced, thereby
achieving energy saving and improvement in cargo-
loading effeciency.

In the future, meterial distribution operation in and
out of the berth will be improved by fully utilizing the
all-weather berth ability.
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