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"High~capacity integrated depots for containers"

This invention refers to an innovative structure for the
orderly disposition and storage of containers.

In the known technigue, the problem of receiting,
arranging, storing and shipping large qﬁantities of
containers is well known. For example, in ports, loading
and unloading containerships is a long and tedious
operation and very often creates serious logistic
problems. In fact, it is preferable for the loading and
unloading of the ship to be carried out within the
shortest time possible. The order in which the containers
are unloaded hardly ever coincides with the order in which
the various containers must be withdrawn from the
receiving structure and vice versa, both as regards
withdrawal times and as regards the means of transport (by
road, rail, etc.) Attempting to at least partially
rearrange the containers while unloading them however
results in a considerable siowihg down of the unloading
operations. '

One of the container storage structures suitable for large
and very large quantities is the classical storage yard,
where the containers are stacked up while waiting to be
shipped to their final destination. The use of a storage
vyard as a depot is useful in order to reduce the
stiucturing required for the warehouse and in order to
optimize the space occupied and the cost of handling and

equipment.



e

2
However, stacking up containers leads to the disadvantage
of making it extremely difficult to withdraw and discharge
a particular container if it is not at the top of its
respective stack. In storage yard depots is it
consequently imperative to rearrange the containers.
This, however, considerably slows down the operations of
unloading into the depot and tends to reduce the number of
containers per stack, resulting in an increase in the size
of the storage vard.
In the known technique depots for containers have also
been proposed which enabls them to be inserted and removed
from the depot in a non sequential order. This is achieved
by means of complex honey—combed structures, composed of a
plurality of cells among which.transelevators move to
withdraw and insert containers into the cells. In this way
it is possible to achieve independence hetween the order
of insertion and the order of withdrawal of the containers
into and from the depot.
In modern terminals, the number of containers to be stored
is frequently very high {even as many as several thousand
containers) and structures of this kind are consequently
very difficult to produce, both because of the equipped
areas that they have to occupy and because of the lack of
efficiency of the handling equipment which would have to
travel over very long distances, both vertical and.
horizontal, within very short spaces of time.
As the number of containers increases, these cellular

depots rapidly become uneconomical and somewhat
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inefficient, eséecially as far as the travelling lift is
concerned.
The general scope of this invgntion is to obviate the
above-mentioned problems by providing a storage structure
or integrated depot, which enabhles the containers to be
very rapidly received and efficiently rearranged, and
which at the same time enables an extremely large number
of containers to be stored.at relatively low cost and with
limited requirements in terms of handling equipment.
This scope is achieved, éccording to the invention, by
providing an integrated container depot comprising a first
transit sector with a cellular structure having cells
superimposed and adjacent to one another to form columns
and rows of cells designed to receive containers; a second
storage sector consisting of a storage yard structure with
areas for stacking containers; first means for
transferring containers to and from a container arrival
and departure area and cells of the cellular structure;
second means for transferring containers to and from cells
of the cellular structure and areas of the storage yard
structure.
The innovative principles of this invention and its
advantages with respect to the known technique will be
more cléarly evident from the following description of a
possible exemplifigative and non-restrictive embodiment
applying such principles, with reference to the
accompanying drawings, in which:

~ figure 1 shows a schematic perspective view of a storage
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structure according to the invention;
~ figure 2 shows a schematic sectional plan view of the
structure of figure 1;
- figure 3 shows a partial cutaway side view of the
structure of figure 1.
With reference to the figures, a storage structure,
generically indicated by reference 10, comprises a first
area or sector 11 for transit of containers and a second
area or sector 12 for storage of the containers.
The first sector comprises a cellular structure 13
composed of a plurality of cells disposed in rows and
columns to form at least one wall of adjacent cells. As
can be seen in the figures and as will be explained
further on, the walls made of cells are advantageously two
in number disposed facing each other.
Disposed between a container arrival and departure area
and cells of the cellular structure are first means for
transferring containers, while disposed between cells of
the cellular structure and areas of the storage vard
structure are second means for transferring containers.
In particular, the cellular structure comprises opposing
sides or faces on which are disposed means 14, 15 for
inserting and withdrawing the containers in it. The means
for inserting and withdrawing 15 on one of the two sides
are connected, by transferring means 16, to means 17 for
handling the containers in the storage yard structure 12.
Typically, the inserting and withdrawing means 14 are

means for receiving incoming containers on arrival from
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outside the depot thch must be arranged and stored. As a
rule, the side of the cellular structure which is served
by the means 14 (that is to say the main communicating |
side between the intégrated depot 10 and the outside or
container arrival and departure area) is parallel to a
containership docking wharf 19 and the means 14 are served
by quay cranes 18 for unloading (or loading) the
containers from the ship.
As can be clearly seen in figure 2, the inserting and
withdrawing means 14 and 15 comprise a plurality of
overhead travelling cranes 20 and 21 respectively, whiéh
run horizontally along the two opposing faces of the
cellular structure. The overhead travelling cranes 20, 21
can be disposed on a sipgle floor of the cellular
structure, so as to run along a single row of cells, or be
disposed on several floors. For example, as can be seen in
figure 3, in the exemplificative embodiment shown here the
overhead travelling cranes 20 are disposed on three
floors, while the overhead travelling cranes 21 are
disposed on one floor only. This enables the containers to
be rapidly received from the ship while at the same time
limiting the complexity of the structure.
Each overhead travelling crane 20, 21 comprises the
function of inserting and withdrawing a container from the
cells as well as the function of rotating the container by
90° on itself, so as to withdraw and deposit on itself a
container disposed_with its longer side parallel to the

direction of insertion into the cells. Overhead.travelling
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cranes with a similar functioning capacity are well-known
and consequently not further described herein.
The transferring means between the cellular sector and the
storage yard sector comprise cranes 22 and automatic
shuttles 23 sliding along runways 24. The cranes 22 run
along the front of the cellular structure and over the
overhead travelling cranes 21 to transfer the containers
between the overhead travelling cranes and the automatic
shuttles 23.
The cranes 22 can also he of such dimensions as to enable
them to unload the containers onto trucks or raiiway
wagons 35, as well as onto the automatic shuttles,
whenever, for example, it is required to be able to
withdraw the container directly from the depot after the
tearrangment carried out in the cellular structure. As can
be clearly seen in figure 2, the runways comprise an
annular path having a first side 27 parallel and close to
the overhead travelling.cranes and a second side 28
parailél and close to one side of the storage yard
structure along which run the'handling means 17 which
operate in the storage yard. The handling means 17
comprise storage yard cranes 25 which run along the second
side of the annular path of the runways to transfer the
containeré between the shuttles arriving on said sscond
side and the storage vyard.
As can be easily imagined by the expert in the field, and
consequently not shown in detail, for very large-sized

storage yvards the annular structure of the runways can be
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repeated at intervals along the storage yard, each annular
structure being connected to the others by means of
connecting séctions 26. Except for the annular structure
closest to the cellulér sector, the others will have both
their two rectilinear sides served by storage vard cranes
to transfer the containers to and from the shuttles 23 and
the storage vard.

As can be clearly seen in the figures, the runways can
advantageously have sections served by the storage yard
cranes and by the cranes 22, made with a double lane or
widened with turnouts for handling and overtaking, to
allow the shutties that have to he loaded or unloaded to
stop without hindering the circulation of the other
shuttles. |

With the integrated depﬁt thus made, with a cellular
transit area and a final storage yard area it is possible
to achieve a high sforage speed, with limited costs and
minimum mooring time for the containerships. At the same
time, the flexibility of the depot is such as to permit
precise and efficient arrangement of the incoming
containers, and subsequently enable them to be easily
retrieved and withdrawn from the depot.

When in operation, the depot receives the containers by
means of the cranes 18, which unload the containers from a
ship moored at the quayside and deposit them on the
overhead travelling cranes 20. The number of cranes and
overhead travelling cranés can be easily dimensioned so as

to ensure rapid unloading.
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As the overhead travelling cranes gradually receive the
- containers, they shift and stop in front of a free cell,
then they rotate the container from the transversal
receiving position to the frontal inserting poéition and
insert it in the cell.
While the cells are being filled with the containers that
are being unloaded, on the opposite side of the cellular
structure the containers are withdrawn by means of the
overhead travelling cranes 21. The containers can be
-withdrawn in any order whatsoever, different from the
order in which they were inserted into the cells. In this
way, the ship can be unloaded in the order most convenient
for rapid unloading, while the containers can be arranged
for final storage in any desired different order.
Once a container has been removed from the cellular
structure and disposed on a overhead travelling crane 21,
the overhead travelling crane rotates the container from
the withdrawing position to the hoisting position and one
of the cranes 22 transports tﬁe container from the
overhead travelling crane 21 to a shuttle 23 waiting on
section 27 of the runway.
The shuttle transports the container along the runway
until it reaches a pre-established position in the storage
vard sector of the depof, where a storage yard crane lifté
the container and-deposits'it in a pre-established stack
in the storage yard.
It is obvious that in this way it is possible to create

stacks in any area whatsoever of the storage yard with any
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desired order of the containers in the stacks. For
- example, it is thus possible to arrange the containers so
that the ones that have to be stored for a shérter period
of time are on top of the stacks, or group together in a
pre-established area of the storage vard containers
intended to be discharged at the same period of time or
forwarded to the same destination, etc..
To discharge the stored containers from the storage yard,
the nearest storage yvard crane withdraws the desired
container from the top of the corresponding stack and
directs it towards the outside of the integrated depot.
The routes that can be followed hy the containers
departing from the storage vard can vary. For example, the
cfane can unload the container diéectly onto a truck,; a
railway wagon, etc. waiting at the edge of the storage
vard; the crane can unload the container onto a shuttle on
the runway 16 which conveys it to a crane 22 which picks
it up and unloads it onto a truck, a railway wagon, etc.;
the crane can unload the container onﬁo a shuttle on the
runway 16 which conveys it to a crane 22 which picks it up
and unloads it onto an overhead travelling crane 21 which
reinserts it into the cellular structure, from where it
can be withdrawn, for example, and sent to a ship waiting
at the quayside.
In the example shown and described herein, the complexity
of the handling equipment outside the cellular structure
has been limited, in particular to be able to use overhead

travelling cranes with just a horizontal movement along a
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single row or floor of the cellular structure or in any
case along a number of floors smaller than the number of
floors in the cellular structure.
In order to achieve such limitation in complexity, it was
found advantageous to create a cellular structure
composed, as is clearly visible in figures 2 and 3, of a
double wall of cells 36, 37, one facing the overhead
travelling cranes 20 and the other facing the overhead
travelling cranes 21. Disposed between the two walls is a
corridor or gap 29 which remains inside the structure and
onto which open ends of the cells look out.
Along the corridor run internal handling means whereby the
containers are removed from the cells, brought into the
corridor, conveyed along the corridor and inserted into
another cell.
| In this way, the containers unloaded from the ship can be
inserted into the cells in the quay-side wall on the
floors served by the overhead travelling cranes 20.
Wheréupon, the internal handling means remove these same
containers from the obposite end of the cells, convey them
along the corridor 29 and insert them into different cells
(in either one of the two walls), so as to rapidly free
the cells served by the overhead travelling cranes to
enable other containers unloaded from the ship to be
inserted in them.
The internal conveying means can then withdraw the
containers stored in the various cells in any desired

order and insert them into the cells facing out onto the
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overhead travelling cianes 21, so that the overhead
travelling cranes 21 can withdraw the containers from the
cells facing out onto them and send them to the storage
vard for final storage.
Figures 2 and 3 show a possible embodiment of the internal
conveying means. According to such embodiment, the ends of
the corridor 29 and, if necess;ry, several intermediate
positions, are provided with elevators 30 which run
vertically between the various floors of the structure for
vertically handling the containers. The various floors are
also providéd with internal overhead travelling cranes 31
which run horizontally along the corridor 29. The overhead
travelling cranes 31 comprise trolleys for inserting and
removing the containers from the cells which face onto the
corridor. To shift a container from one cell or another on
a different level, the overhead travelling-crane 31 of the
level of departure slides along the corridor uﬁtil it
comes face to face with.the container to be transferred,
takes the container from the cell, transports it to the
nearest free elevator, which conveys it to the floor of
arrival where an overhead travelling crane 31 of that
floor picks it up and conveys it along the corridor until
it is facing the cell of arrival and inserts it.
It may be envisaged to differentiate the functions of the
various elevators. For example, the pair of end elevators
can be used for moving the containers among the various
floors to place them in the holding cells, while the

intermediate elevator or elevators can be used for
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conveying the containers from the holding cells to the
entrance and exit cells disposed in correspondence with
the external overhead travelling cranes 20, 21.
An internal overhead travelling crane can ohviously be
provided on each floor, or a number of overhead travelling
cranes smaller than the number of floors and elevators
which convey from one floor to another not only the
containers but also the overhead travelling cranes.
The cellular,strucfure can also comprise secondary exits
32 at the ends of the corridor at ground floor. Said
exists are served by the corresponding end elevator and
can comprise traversing cranes 33 for depositing the
containers on trucks 34. Said secondary exits can be
exploited to discharge containers directly from the
cellular structure.
At this point it will be obvious how the intended scopes
have been achieved. The depot according to_the invention
can be managed completely automatically by means of a
processor which, by storing the data on incoming
containers, can optimize their handling so as to achieve
the best possible stacking arrangement in the storage
yvard, in order to optimize both the ship unloading times
and the entrance and exit of the stored containers both
towards the land and towards the sea.
The elements such as the handling cranes, the overhead
travelling cranes with rotation, the devices for inserting
and removing the containers from the cells and the various

conveying means, as well as the automatic shuttles, are
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not shown or described herein in greater detail since they
are all of substantially known technique and can
consequently be easily imagined by the expert in the
field.
The foregoing description of an embodiment applying the
innovative principles of this invention is obviously given'
by way of example in order to illustrate such innovative
.principles and should not therefore, be understood as a
limitation to the sphere of the invention claimed herein.
For example, the number of cells and handling and
conveying means may vary in relation to specific

requirements.
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1. Integrated container depot (10) comprising:

-~ a first transit sector (11) with a cellular structure
{13) having cells superimposed and adjacent to one another
to form columns and rows of cells designed to receive
containers;

- a second storage sector (12) composed of a storage yard
structure with areas for stacking containers;

- first means (14, 18) for transferring containers to and
from a container arrival and departure area (19) and cells
of the cellular structure (13);

- second means (15, 16, 17) for transferring containers to
and from cells of the cellulér structure (13) and areas of
the storage yard structure (12).

2. Depot as claimed in claim 1, characterized by the fact
that the cellular structure having adjacent cells (13)
comprises a first wall of cells (36) and a sécond wall of
cells (37) first and second.walls having first faces
facing each other to define passages (29) bhetween them,
the cells having entrances opening out onto the passages
and the passages being provided with internal handling
means (30, 31) for handling containers between cells and
passages and for conveying containers along the passages.
3. Depot as claimed in claim 2, characterized by the fact
that the internal handling means comprise overhead
travelling cranes (31) running along the rows of cells and

vertical elevators (30) running parallel to the columns of
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cells, the overhead travelling cranes comprising means for
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inserting and removing containers from the cells.

4. Depot as claimed in claim 3, characterized by the fact
that.the elevators (30) are disposed at least at opposite
ends of the passages (29).

5. Depot as claimed in claim 2, characterized by the fact
that the first means for transferring the containers
between a container arrival and departure area and cells
of the cellular structure comprise first overhead
travelling cranes (20) running along a second face,
opposite the opposing faces, of one (36) of the two walls,
and first cranes (18) for transferring containers between
the container arriva; and departure area and the first
overhead travelling cranés (20), the first overhead
travelling cranes having means for inserting and removing
a container from cells which open out on said second face.
6. Depot as claimed in claim 5, characterized by the fact
that the the first overhead travelling cranes (20)
comprise means for rotating the containers to and from a
position_for inserting and removing a'container from the
open cells in said second face and a position for
transferring containers by means of the first cranes (18).
7. Depot as claimed in claim 5, characterized by the fact
that the first cranes are quay crahes (18) and the first
container arrival and departure area is a containership
moo:ing guay.

8. Depot as claimed in claim 2, characterized by the fact

that the second means for transferring containers to and
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from cells of the cellular structure and areas of the
storage yard structure comprise second overhead travelling
cranes (21) running along a second face, opposite the
opposing faces, of the other (37) of the two walls, and
second cranes (22) for transporting containers to and from
the second errhead travelling cranes and means (23, 25)
for transporting containers to and from the storage yard,
the second overhead travelling cranes having means for
inserting and removing a container from cells opening out
" on said second face of said other of the two walls.
9. Depot as claimed in claim 8, characterized by the fact
that the second overhead travelling cranes (21) comprise
means for rotating the containers to and from a position
for inserting and removing a container from the cells
opening out on said second face and a position for
transferring containers by means of the second cranes
(22).
10. Depot as claimed in.claim 8, characterized by the fact
that said means of transport comprise automatic shuttles
(23) which run along runways (16),'and storage yard cranes
(25) for transferring containers to and from the shuttles
running along the runways and the storage vard.
11. Depot as claimed in.claim 10, characterized by the
fact that the runways (16) comprise at least one annular
path, one section of the annular path passing.close to the
second cranes (22) and another section passing close to
the storage yard cranes (25).

12. Depot as claimed in claim 11, characterized by the

RO
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fact that the first of the two sections is parallel to the
rows of cells and the second is parallel to one side of
the storage yard.

13. Depot as claimed in claim 8, characterized by the fact
that the second cranes (22) are also movable to and from
the second overhead travelling cranes (21) and
pre-established points for transit of means of transport
(35) for the containers, such as for example trucks or
railway wagons.

14. Depot as claimed in claim 2, characterized by the fact
that the internal handling means (30, 31) can reach
terminal areas (32) at the ends of the passages
pre-arranged for the transit of means of transport (34)

for the containers.
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