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TITLE OF THE INVENTION

Box girder, in particular crane girder, and crane herewith as well as manufacturing

method therefor

FIELD OF THE INVENTION

The present invention relates to a box girder, in particular crane girder, according to
the preamble of claim 1, a crane herewith and a manufacturing method according to

the preamble of claim 9.

BACKGROUND TO THE INVENTION

Typically, such a box girder has a box-shaped cross-sectional shape that encloses a
hollow space. Cross-sectional refers to a section transverse to the longitudinal
extension of the girder. The cross-sectional shape is usually determined by three or
four plates welded together, so that a triangular cross-sectional shape of the hollow
space is obtained from three plates and a quadrangular, especially rectangular or

trapezoidal, cross-sectional shape of the hollow space is obtained from four plates.

In case of a rectangular cross-sectional shape of the hollow space the four plates are
for example: one first chord plate extending in a horizontal plane and serving as an
upper chord (upper chord plate), two side plates extending in parallel to each other
and rectangular relative to the upper chord plate as well as a second chord plate
extending in a horizontal plane below the upper chord plate and serving as a lower
chord (lower chord plate). All plates also extend in parallel to the longitudinal

extension of the box girder.

Such box girders of the so-called welded beam type are used in particular as main
girders for cranes (crane girders), wherein the girder is configured to support a crane
trolley having a lifting gear. The crane trolley is movable together with the lifting gear
along the longitudinal extension of the girder. For this purpose a running surface for
wheels of the crane trolley is provided on such girders, in particular on one of the at

least one chord.
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When manufacturing such a box girder, the adjacent chord plates and side plates
must be welded together in pairs, for example by means of fillet welds. As described
in the German Patent DE 100 36 366 C2, this requires precise positioning and
alignment of the plates prior to the welding process. For the purpose of positioning the
chord and side plates that are often several meters long, transverse plates are being
used. Said transverse plates that may also be designated as transverse bulkheads or
diaphragms extend transversely and at right-angles to the longitudinal extension of
the box girder. The edges of the transverse plates are placed on the inner sides of the
chord and side plates and welded to them. Usually a plurality of transverse plates are
disposed spaced apart from each other along the longitudinal extension of the box

girder. In particular, the transverse plates also serve to stiffen the box girder.

During the positioning and alignment, the plates are usually tack or spot welded prior
to final welding by means of fillet welds. By being tack or spot welded, the plates are
connected to each other spot-wise and superficially without producing elongated weld
seams. In order to prepare the positioning and alignment as well as the tack/spot
welding, marking of the positions for the transverse plates takes place, i.e. marking
lines are being produced on the inner side surfaces of the chord and side plates. The
marking can be done manually or automatically, e.g. during cutting of the plates.
However, in any case the positioning and alignment, in particular the marking and
tack/spot welding, are very time-consuming and costly as it takes up a considerable
part of the production time for the whole box girder. Furthermore, during final welding,
the plates are welded on the inner sides, whereby final weld seams cover the
tack/spot welds. This may cause a reduction of the quality of the weld seams. In
addition, the accessibility during welding on the inside of the box girder is often

challenging within the hollow space of the box girder.

PURPOSE OF THE INVENTION

In view of the above, the object of the invention is to facilitate the manufacture of a
box girder, in particular a crane girder and thus also the manufacture of a crane

having such a crane girder.

DESCRIPTION OF THE INVENTION
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This object is achieved by a box girder comprising the features of claim 1 and a
manufacturing method comprising the features of claim 9. Dependent claims as well

as the following specification describe advantageous embodiments of the invention.

According to the invention, a box girder, in particular crane girder, may have two side
plates spaced apart from each other, at least one chord plate connecting the two side
plates to each other and at least one transverse plate that is arranged between the
side plates connecting the side plates to each other and that serves as transverse
bulkhead or diaphragm, wherein a welded joint is provided between the respective
chord plate and the side plates. In particular, the weld seam(s) of the welded joint can
be designed as fillet welds. In accordance with the invention it is suggested to improve
and facilitate the manufacture of such a box girder in that at least one form-fitting
connection, in particular plug-in connection, is provided between the transverse plate

and each of the two side plates.

This makes it particularly easy to pre-assemble the respective plates of the box girder
with regard to the final welding process that is used to produce the actual box girder.
Preferably the plates are sheet metal plates having a flat shape and preferably without
bent edges. In other words, the transverse plates extend within a plane that is defined
by the thickness of the plate without extending beyond this plane due to the flat shape
without bent edges. The alignment of the plates relative to each other during pre-
assembly is determined by the highly accurate position of the form-fitting connection.
The alignment and/or positioning of the plates is thus directly associated and goes
along with the creation of the form-fitting connection(s). Thus, it is advantageously
achieved in comparison with the above-described prior art that time-consuming
marking of the plates for the desired alignment and corresponding positioning is not
necessary anymore. Tools for this can also be omitted. In addition, auxiliary tack or
spot welding is no longer necessary in order to keep the once-aligned plates in the

desired position until the final welding process is completed.

Preferably, a plurality of transverse plates spaced apart from each other and each
extending transversely and at right-angles to the longitudinal extension of the box
girder are provided at predetermined positions and with high accuracy along the
longitudinal extension of the box girder. The transverse plates that are used for one

girder may differ from each other but may also be identical in design and are attached
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to both side plates in the same manner. The other details, which are generally
described in the following example for the at least one transverse plate, are also
preferably realized with several or all transverse plates of the box girder in case a

plurality of transverse plates are provided.

For the production of the welded joint between the respective side plate and the
respective chord plate, it may be sufficient that only the outer sides of the pairwise
adjoining plates, i.e. an outer side of the respective side plate and an outer side of the
respective chord plate, are welded together by means of a weld seam and thus
connected. In case two chord plates are provided, i.e. one upper chord plate and one
lower chord plate, the side plates are welded to both the upper chord plate and the
lower chord plate correspondingly. Such a weld seam arrangement on the outside of
the box girder, in particular on the outside of its chord and side plates, causes in an
advantageous manner a good and manufacturing friendly accessibility of the regions
to be welded, so that welding can be carried out in an automated manner, especially
by means of robots. Furthermore, such a weld seam arrangement only on the outside
of the box girder enables that the side plates can be arranged closer together, so that
more space is available next to each side plate and above the laterally protruding
chord plate, which space may be used for wheels of the crane trolley and other crane

components that must be placed outside the hollow space of the box girder.

Another benefit from the form-fitting connection(s) is that the number of welding
processes and weld seams within the box girder can be reduced or even eliminated,
both during pre-assembly and final production/welding of the box girder. This applies
in particular to previously required welded joints between the respective transverse

plate and the inner sides of the side plates or chord plates.

Of course, in addition to the aforementioned weld seams on the outside of the box
girder, further weld seams can also be provided. Basically, all adjoining plates can be
welded together in this case, especially transverse plates with side plates and/or

chord plates.

At least one chord plate is not only provided for the mechanical connection of the side
plates, but in particular for the provision of a running surface for a crane trolley. A

running surface can be provided directly if the chord plate itself forms the running
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surface, or indirectly if additional rails are attached to the respective chord plate. Itis
also possible to provide only one chord plate so that the enclosed hollow space of the
box girder has a triangular cross section, where the side plates are diagonally aligned
with respect to the horizontally extending upper or lower chord plate. If two chord
plates are provided to form an upper chord and a lower chord, the box girder, in
particular the hollow space enclosed by the box girder, has a cross section which is
usually quadrangular and especially rectangular, with the chord plates extending
horizontally and the side plates extending at right angles to it. However, the cross-

section may also be trapezoidal.

In addition, provision may be made that at least one form-fitting connection, in
particular plug-in connection, is also provided between the transverse plate and the
chord plate. If two chord plates are provided in order to form one upper chord and one
lower chord, it is possible that at least one form-fitting connection is provided between
both chord plates and the respective transverse plate(s) or that at least one form-
fitting connection is provided only between one of the two chord plates and the
respective transverse plate(s). In order to improve the fatigue strength and resistance
of plates of the girder, especially chord plates, that are subjected to tensile stress, the
form-fitting connection between the corresponding plates to be welded can be
dispensed with. This applies, for example, in the case of an underslung crane trolley
application for the connection between the transverse plate and the lower chord plate,
on which the crane trolley is then suspended in order to move along the longitudinal

extension of the box girder on the lower chord or a running surface formed there.

In a structurally simple manner, provision may be made that for producing the
respective form-fitting connection a plug-in portion of the transverse plate is received
by a corresponding receiving aperture of the respective side plate and/or the
respective chord plate, each receiving aperture having a substantially complementary
shape relative to the respective plug-in portion, in particular relative to a cross-section
of the plug-in portion. Thus, the respective receiving aperture of the chord plate or the
side plate together with the plug-in portion simultaneously serves as a positioning aid
and as a fixing aid in order to keep the respective plates in a form-fitting manner in the
desired position for the final welding process. That is why the receiving apertures may
also be designated as assembly slots or adjustment recesses and the plug-in portions

may also be designated as assembly elements.
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If more than one form-fitting connection is to be implemented between the transverse
plate and the respective side plate or chord plate, more than one receiving aperture is
provided for each side plate or chord plate. The transverse plate then has a

correspondingly large number of corresponding plug-in portions.

Preferably, the receiving apertures are designed as through-holes, but can also be
designed as blind holes. Receiving apertures that are designed as through-holes can
be produced in a particularly advantageous manner, for example by means of
processes such as punching or cutting, for example laser cutting. This is particularly
advantageous if, for example, the outer contours of the plates are also produced using
such a process, as the manufacture of the receiving apertures can then be

appropriately integrated into the production of the entire plate.

For both through-holes and blind holes, the receiving aperture preferably has a long
hole shape, in particular with parallel longitudinal sides and corresponding edges and
with narrow sides which may form rounded ends and corresponding edges of the
respective receiving aperture. This is preferably the case for each receiving aperture,
although different configurations are also possible for each form-fitting connection, in
particular also blind hole shaped receiving apertures. For example, the receiving
aperture(s) for attaching the transverse plate to the side plate may differ from the

receiving aperture(s) for attaching the transverse plate to the chord plate.

For through-holes, the respective plug-in portion is accessible from or on the outside
of the respective plate. In this case, the respective plug-in portion can be inserted not
only into but also through the corresponding receiving aperture so that it partially
extends beyond the outside of the respective plate. As a result, the transverse plate
protrudes at least partially, i.e. with the respective plug-in portion(s), transversely to
the longitudinal extension of the box girder and from the interior hollow space of the
box girder which is enclosed by the side plates and the chord plate(s). In this case,
the above mentioned further weld seams connecting said transverse plate(s), in
particular its plug-in portion(s), with the corresponding side plate may be of the fillet
weld type. These weld seams would also be arranged on the outside of the box girder.
Thus, the above-mentioned manufacturing friendly accessibility of the regions to be

welded is also achieved so that welding can also be carried out in an automated
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manner, especially by means of robots.

Of course, it can also be provided for through-holes that the respective plug-in portion
does not protrude through the corresponding receiving aperture, but only into the
receiving aperture and at most to the outside of the corresponding plate. In this case,
the above mentioned further weld seams connecting said transverse plate(s), in
particular its plug-in portion(s), with the corresponding side plate may be of the plug
weld type. The plug weld is then provided within the respective receiving aperture into
which the corresponding plug-in portion protrudes, wherein the plug weld preferably
connects the plug-in portion with the edge(s) of the receiving aperture. As the region
of these plug welds would also accessible from the outside of the box girder, the
above-mentioned manufacturing friendliness also applies regarding the plug welds so
that welding can also be carried out in an automated manner, especially by means of

robots.

In order to further facilitate the manufacture, provision may be made that the plug-in
portion is formed as a protrusion of an outer edge of the transverse plate, in particular
with respect to a rectangular main surface of the transverse plate with the protrusion
having a rectangular shape. This applies preferably to each plug-in portion and, in
particular, regardless of whether the corresponding receiving aperture is a blind hole
or a through-hole. In other words, the plug-in portion formed by the protruding outer
edge is an integral part of the transverse plate. The protrusion of the outer edge
preferably also extends within the above-mentioned plane exclusively, which plane is
defined by the thickness of the transverse plate. As a result, production of the plug-in
portion can easily be accomplished during production of the transverse plate itself,

e.g. during cutting of the outer contours and edges of the transverse plate.

Furthermore, it may be advantageously provided that at least one of the plug-in
portions is designed to form a support element extending through the corresponding
receiving aperture and being configured so that a crane equipment element, in
particular a festoon/power supply line of drive motors of the crane and/or a profile, e.g.
in the form of a U-tube, for receiving such a festoon/power supply line and/or a
platform for personnel, is attachable to the support element. At least the
corresponding receiving aperture for the respective supporting element is thus

designed as a through-hole in the above sense, which is also preferred for the
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remaining receiving apertures, but not absolutely necessary. The respective plug-in
portion forming the support element protrudes preferably further through the
corresponding receiving aperture in the side plate than the possibly remaining regular
plug-in portion(s) relative to the respective receiving aperture(s). The plug-in portion
forming the support element may then be connected to the corresponding side plate
by means of a welded joint, in particular by means of a fillet weld, or by means of
taping, a glued or adhesive joint, a bolt connection or a combination of these. As
mentioned above, it may also be provided that the remaining regular plug-in portion(s)
not forming a support element, may protrude into the corresponding receiving
aperture without extending beyond the outside of the respective plate. A welded joint
of the plug weld type as described above may then be provided between the
remaining plug-in portion(s) and the corresponding side plate. The above-mentioned
advantages like the manufacturing friendly arrangement of the welding region and the
associated possibility of automated welding apply here as well. The attachment of the
respective crane equipment element may be produced by means of taping, another
form-fitting connection, a glued or adhesive joint, or a combination of these. If, as
mentioned above, several transverse plates are provided along the longitudinal
extension of the box girder, this also applies to the support elements and
corresponding receiving apertures, so that several support elements can be provided

for the attachment of the respective crane components.

According to another aspect of the invention provision may be made that in addition to
the form-fitting connection a further force-transmitting connection is provided between
the transverse plate and the respective side plate and/or between the transverse plate
and the respective chord plate, with the further force-fitting connection preferably
being a welded joint, in particular of the fillet or the plug weld type. The above-
mentioned advantages of such welded joints apply here accordingly. Instead of a
welded joint the additional force-transmitting connection may also be a glued or
adhesive joint or any other connection that can fulfill the binding and force transmitting
requirement. In case of a material connection like a welded or glued or adhesive joint,
the connection is preferably provided in the region of the plug-in portion and the
corresponding receiving aperture so that the plug-in portion is connected to an edge

of the respective receiving aperture.

An advantageous and, in particular, flexible use of the box girder results from the fact
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that it is configured so that each chord plate can alternatively form an upper chord in a
first orientation of the box girder or a lower chord in a second orientation of the box
girder, wherein, independently from the orientation of the box girder, a running surface
for wheels of a crane trolley is provided on the same chord plate, in particular on
opposite sides of the chord plate. As a result of this, the same box girder may be used
to manufacture either a crane girder for a top running crane trolley application or an

underslung crane trolley application.

To change the first orientation into the second orientation or vice versa, the box girder
only has to be rotated by 180 degrees. The rotation can take place around the
longitudinal axis of the box girder, for example. The respective chord plate extends

horizontally in both orientations.

Also a crane having at least one box girder according to the invention and a lifting
gear that is arranged on the box girder, in particular with the lifting gear being movable
along the box girder and on its upper chord or lower chord by means of a crane
trolley, leads to the above-mentioned advantages and can therefore be manufactured
more easily than before. If the crane is designed as a double-girder crane, the crane
comprises two corresponding box girders that are arranged in parallel to each other
and spaced apart from each other. The features that are described regarding a single
box girder and its manufacturing method apply accordingly to both box girders in case

of a double-girder crane.

In accordance with the invention it is also suggested to improve and facilitate a
manufacturing method for a box girder, in particular crane girder, having two side
plates spaced apart from each other, at least one chord plate connecting the two side
plates to each other and at least one transverse plate that is arranged between the
side plates connecting the side plates to each other, wherein a welded joint is
produced between the respective chord plate and the side plates. According to the
invention such a manufacturing method may be improved in that at least one form-
fitting connection, in particular plug-in connection, is produced between the transverse
plate and each of the two side plates before the welded joint between the respective
chord plate and the side plates is produced. In other words, the manufacturing method
according to the invention may also be designated as a pre-assembly method for

manufacturing a corresponding box girder. The above-mentioned advantages apply



WO 2019/202043 PCT/EP2019/060012

10

15

20

25

30

35

10

here as well, in particular with regard to a simplified production or a possible reduction

of welded joints.

In addition, provision may be made that at least one form-fitting connection, in
particular plug-in connection, is also produced between the transverse plate and the
chord plate before the welded joint between the respective chord plate and the side

plates is produced.

Provision may also advantageously be made that the respective form-fitting
connection is produced by plugging, i.e. inserting, a plug-in portion of the transverse
plate into a corresponding receiving-aperture of the respective side plate and/or the
respective chord plate, each receiving aperture having a substantially complementary
shape relative to the respective plug-in portion, in particular relative to a cross-section

of the plug-in portion.

According to yet another step of the manufacturing method, provision may be made
that in addition to the form-fitting connection and thus subsequent to producing the
same, a further force-transmitting connection is produced between the transverse
plate and the respective side plate and/or between the transverse plate and the
respective chord plate, with the further force-transmitting connection preferably being
a welded joint, in particular of the fillet or the plug weld type. The above-mentioned
advantages of such welded joints apply here accordingly. Instead of a welded joint the
additional force-transmitting connection may also be a glued or adhesive joint or any
other connection that can fulfill the binding and force transmitting requirement. In case
of a material connection like a welded or a glued or adhesive joint, the further force-
transmitting connection is preferably provided in the region of the plug-in portion and
the corresponding receiving aperture so that the plug-in portion is connected to an

edge of the respective receiving aperture.

As described with regard to the box girder according to the invention, the installation
of at least one of the above-mentioned support elements for the crane equipment
elements to be installed outside the side plates can also be carried out as yet a further
step of the manufacturing method before the above-mentioned welded joints between

the side and chord plates or other force-fitting connections are made.
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The aforementioned and further objects, advantages, purposes, and features of the
present invention will become apparent upon review of the following specification in

conjunction with the drawings.

LIST OF THE FIGURES

Fig.1a shows a perspective view of a section of a box girder, in particular a crane
girder, in accordance with the invention,

Fig. 1b shows a side view of the box girder of Fig. 1a,

Fig. 2a shows a front view of the box girder of Fig. 1a, 1b in a first orientation and as
seen in the direction of the longitudinal extension of the girder,

Fig. 2b shows a front view of the box girder of Fig. 1a, 1b in a second orientation and
as seen in the direction of the longitudinal extension of the girder,

Fig. 3a shows a plan view of a first embodiment of a transverse plate of the box girder
of Fig. 1a, 1b, 2a and 2b and

Fig. 3b shows a plan view of a second embodiment of a transverse plate of the box
girder of Fig. 1a, 1b, 2a and 2b.

DETAILED DESCRIPTION OF THE INVENTION

Fig. 1a shows a perspective view of a section of a box girder 1 that is configured to be
used as a crane girder, e.g. for a single-girder crane or a double-girder crane. If a
crane is designed as a double-girder crane, the crane does not only comprise one
single box girder 1 but two corresponding box girders 1 according to the invention that
are then arranged in parallel to each other. The features that are described regarding

the box girder 1 apply accordingly to both girders in case of a double-girder crane.

The girder 1 is oriented horizontally with its longitudinal extension L. When used as a
crane girder, the girder 1 is configured to support a crane trolley having a lifting gear,
e.g. a cable winch or a chain hoist. The crane trolley, in particular its traveling
mechanism and the lifting gear, is motorized, e.g. by means of at least one electric
drive motor. The motorized crane trolley is thus movable together with the lifting gear
along the longitudinal extension L of the girder. For this purpose a running surface 7
for wheels 6 (see Fig. 2a and 2b) of the crane trolley is provided on the girder 1.

Furthermore, provision may be made that traveling mechanisms, not illustrated, are
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fastened to opposite ends of the girder 1, so that a crane bridge is formed. By means
of the traveling mechanisms of the girder 1, the girder 1 is movable on rails, not
illustrated, in a horizontal direction of travel transversely and at right angles with
respect to the longitudinal extension L of the girder 1. The rails are typically arranged
at a position above the ground and for this purpose can be elevated, for example, by
means of a suitable support structure or can be fastened to opposite walls of a
building. In order to move the girder 1, the traveling mechanisms of the girder 1 are
each driven by a drive motor, in particular by an electric motor. By means of a crane
control horizontal movements of the girder 1 and/or the crane trolley together with the
lifting gear and vertical movements of the lifting gear can be controlled and operated
separately from one another in order to pick up and move loads between different

places and in three-dimensional moving directions.

In case of a so-called top running crane trolley application the running surface 7 for
the crane trolley may be provided on top of the girder 1, especially on its upper chord
3 that may also be designated as a top flange or by a rail 1a arranged on the upper
chord 3 (see Fig. 2b). In case of a so-called underslung application, where the crane
trolley is suspended from the girder 1, the running surface 7 is provided on a lower
chord 4 of the girder 1 (see Fig. 2a). The lower chord 4 may also be designated as a
bottom flange. For this purpose, in Fig. 2a the chord plate 2d forms the lower chord 4
and protrudes horizontally and laterally from the two side plates 2a, 2b in a transverse
direction with respect to and along the longitudinal extension L of the girder 1. The
running surface 7 is thus divided by the two side plates 2a, 2b. In view of Fig. 2a and
2b it becomes evident that the girder 1 is configured so that each chord plate 2¢, 2d
can alternatively form the upper chord 3 in a first orientation of the box girder 1 or the
lower chord 4 in a second orientation of the box girder 1. As a result, independently
from the orientation of the box girder 1, the running surface 7 for wheels 6 of a crane
trolley is provided on the same chord plate 2d. It is also indicated in Fig. 2a and 2b
that the thickness t2 of the chord plate 2d is greater than the thickness t1 of the chord
plate 2¢, owed to the fact that the chord plate 2d is providing the running surface 7 for

both the top running crane trolley application and the underslung application.

The box girder 1 shown in Fig. 1a has a box-shaped cross-sectional shape in the
above-defined sense that is determined by four sheet metal plates 2a, 2b, 2¢, 2d

welded together, so that a hollow space is enclosed. In the present case a
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guadrangular cross-sectional shape of the hollow space is obtained from the
arrangement of the four plates 2a-2d that all have a flat shape. In particular the girder
1 comprises a first side plate 2a, a second side plate 2b, a first chord plate 2¢ and a
second chord plate 2d. Both side plates 2a, 2b may also be designated as web plates.
The side plates 2a, 2b are horizontally spaced apart from each other and form vertical
side walls of the girder 1. The upper chord 3 is formed by the horizontally orientated
first chord plate 2¢ and the lower chord 4 is formed by the horizontally orientated

second chord plate 2d.

Both chord plates 2¢, 2d are connecting the two side plates 2a, 2b to each other so
that the hollow space is enclosed. Furthermore, a welded joint is provided between
outer sides of the respective chord plate 2¢, 2d and the side plates 2a, 2b, wherein
each side plate 2a, 2b is connected to each chord plate 2¢, 2d on the respective outer
side and by means of a weld seam S1 of the fillet weld type (see also Fig. 2a and Fig.
2b), so that the plates 2a-2d are welded together in pairs. Thus, the girder 1 can also

be designated as a welded beam.

It is also indicated in Fig. 1a and 1b that an exemplary number of four transverse
plates 5 are arranged between the side plates 2a, 2b connecting the side plates 2a,
2b to each other while each transverse plate 5 extends transversely and at rights
angles to the longitudinal extension L of the girder 1. In the side view of Fig. 1b the
first side plate 2a is hidden behind the shown second side plate 2b and the receiving
apertures 2f and corresponding plug-in portions 5ab that can be seen in Fig. 1a are
hidden by the chord plate 2c. The transverse plates 5 are spaced apart from each
other at positions P1, P2, P3, P4 along the longitudinal extension L and serve as
transverse bulkheads or diaphragms. In Fig. 1a a first outer transverse plate 5 and the
inner transverse plates 5 are exemplified with dashed lines at positions P1, P2 and
P3.

A form-fitting connection, in particular a plug-in connection, is provided between each
transverse plate 5 and the side plates 2a, 2b, respectively. Further, a form-fitting
connection, in particular a plug-in connection, is also provided between each
transverse plate 5 and the first chord plate 2c. The form-fitting connections are
produced during pre-assembly of the girder 1 and prior to welding the plates 2a, 2b,

2¢ and 5 together as described below. The positions P1, P2, P3, P4 of the transverse
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plate 5 with respect to the longitudinal extension L and seen from a first end E1 of the
girder 1 are determined by respective receiving apertures 2e, 2f that serve as
assembly slots (see also Fig. 1b). For this purpose, the receiving apertures 2e, 2f are
designed as through-holes and are provided in the plates 2a, 2b, 2¢ along the
longitudinal extension L. As a result, implementation of the corresponding form-fitting
connection is possible by plugging a plug-in portion 5ab, 5ac of the transverse plate 5
into the respective receiving aperture 2e or 2f. All receiving apertures 2e, 2f that
define one of the positions P1, P2, P3 or P4 for the corresponding transverse plate 5
are arranged within an imaginary plane at the respective position P1, P2, P3 or P4
with the plane extending transversely and at rights angles to the longitudinal extension
L. In the present example there is one lateral receiving aperture 2e in each side plate
2a, 2b and one receiving aperture 2f in the first chord plate 2¢ at positions P1 and P4.
At positions P2 and P3 there are three lateral receiving apertures 2e in each side

plate 2a, 2b and also one receiving aperture 2f in the first chord plate 2c.

Of course, the number of receiving apertures 2e, 2f in each plate 2a, 2b, 2¢ and per
position P1, P2, P3, P4 as well as the number of the corresponding plug-in portions
5ab, 5ac may vary. However, at least one lateral receiving aperture 2e in each side
plate 2a, 2b and optionally at least one receiving aperture 2f in one of the chord plates
2¢, 2d and corresponding plug-in portions 5ab, 5ac are preferred at each position P1,
P2, P3, P4.

Furthermore, it is indicated in Fig. 1a and Fig. 1b that two different embodiments of
the transverse plates 5 are used in the illustrated example. Starting from the first end
E1 of the girder 1, the first outer transverse plate 5 according to a first embodiment is
provided at the first position P1 close to the first end E1 with respect to the
longitudinal extension L. Such a transverse plate 5 according to the first embodiment
is exemplified in Fig. 1a with dashed lines and is also shown in Fig. 3a and described

in detail below.

Further apart from the first end E1 and from the first transverse plate 5 two further
transverse plates 5, each according to a second embodiment, are exemplified in Fig.
1a with dashed lines at positions P2 and P3, respectively. As can be seen in Fig. 1a,
the transverse plates 5 according to the second embodiment have two opposing plug-

in portions 5ab that are designed to form support elements 5b extending through the
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corresponding receiving apertures 2e of the opposite side plates 2a, 2b. The support
elements 5b are configured so that a crane equipment element like a profile 1b in the
form of a U-tube for receiving a power supply line for the above-mentioned drive-
motors of the crane can be attached to the support element 5b outside the hollow
space of the girder 1 and next to the corresponding side plate 2a or 2b as shown in
Fig. 1a. Alternatively, the attachable crane equipment element may also be a platform
for personnel. In the present example the support element 5b and corresponding
receiving apertures 2e are those of the three plug-in portions 5ab and receiving
apertures 2e that are situated closest to the chord plate 2d. However, as can be seen
in Fig. 1a and 2a, there is still enough space for the wheels 6 between the support
elements 5b and the running surface 7 in case of the illustrated underslung
application. A corresponding transverse plate 5 according to the second embodiment

is also shown in Fig. 3b and described in detail below.

In the region of the second end E2 (see Fig. 1b) of the girder 1 which is opposing the
first end E1 another transverse plate 5 according to the first embodiment is provided
at position P4. Thus, the two outer transverse plates 5 that are arranged close to the
ends E1, E2, respectively, are designed according to the first embodiment. The inner
transverse plates 5 that are arranged between the aforementioned outer transverse

plates 5 are designed according to the second embodiment.

Of course, the number of transverse plates 5 may vary and there may be more than
two inner transverse plates 5 or only one inner transverse plate 5, depending on the
desired length of the girder 1. Moreover, other arrangements and combinations of the
two embodiments of transverse plates 5 are possible and it is also possible to use
only identical transverse plates 5 according to the same embodiment, for example
only transverse plates 5 that each have at least one support element 5b according to
the second embodiment or only transverse plates 5 where no support elements 5b are
formed. The latter may the case if no profile 1b or any other crane equipment element

needs to be attached to the girder 1.

The receiving apertures 2e, 2f that are provided in the plates 2a, 2b, 2¢ for producing
the respective form-fitting connection with the corresponding plug-in portion 5ab, 5ac
of the transverse plates 5 have a substantially complementary shape relative to the

cross-section of the respective plug-in portion 5ab, 5ac. As can be seen from Fig. 1a,
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1b and especially from detail A in Fig. 1b, the lateral receiving apertures 2e may have
a long hole shape with parallel longitudinal sides and corresponding edges and
narrow sides which forms rounded ends and corresponding edges of the respective
receiving aperture 2e. The same applies to the shape of the receiving apertures 2f of
the chord plate 2c. The distance of the longitudinal sides of the receiving apertures
2e, 2f is slightly wider than the thickness of the transverse plates 5 and its plug-in
portions 5ab, 5ac so that insertion of the plug-in portions 5ab, 5ac into and/or through
the receiving apertures 2e, 2f is allowed. Furthermore, the longitudinal sides of the
apertures 2e, 2f are in parallel with respect to the above-mentioned imaginary plane,
in particular defining the corresponding imaginary plane at the respective positions
P1, P2, P3, P4.

In connection with the above-mentioned features it is thus within the scope of the
present invention to provide a pre-assembly method for manufacturing the above-
described girder 1. A main aspect of the pre-assembly method is that at least one
form-fitting connection, in particular plug-in connection, is produced between the
respective transverse plate 5 and the two opposing side plates 2a, 2b, respectively,
before the welded joint between the respective chord plate 2¢, 2d and the side plates
2a, 2bis produced. In addition to this, at least one form-fitting connection, in particular
plug-in connection, may also be produced between the transverse plate 5 and one of
the chord plates 2c¢, 2d before the welded joint between the respective chord plate 2c¢,
2d and the side plates 2a, 2b is produced. In the present example only the first chord
plate 2c¢ is connected to the transverse plates 5 by means of such a form-fitting
connection. In contrast, a form-fitting plug-in connection according to the invention is
dispensed with between the second chord plate 2d and the transverse plates 5, in

order to improve the fatigue strength and resistance of the plate 2d.

Producing the form-fitting connection(s), in particular plug-in connection(s), is enabled
due to the specific and accurate provision of the plug-in portion(s) 5ab, 5ac on the
transverse plate(s) 5 and the corresponding receiving aperture(s) 2e, 2f in the plates
2a, 2b, 2¢. As a result of these structural features, producing of the form-fitting
connection(s) between the plates 2a, 2b, 2¢ and 5 goes along with aligning them in
their final positions for the completed girder 1. Thus, it is achieved that the final
positions are maintained until the final welding process is completed only by means of

the form-fitting connections so that an easy pre-assembly prior to the final welding
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process is possible. This applies to all modifications of the girder 1 according to the
invention, regardless of the number of transverse plates 5, plug-in portions 5ab, 5ac

and corresponding receiving apertures 2e, 2f.

Subsequent to producing the above-described form-fitting connection(s), a further
force-transmitting connection is produced between the transverse plates 5 and the
respective side plates 2a, 2b and/or between the transverse plates 5 and the
respective chord plate 2c. In the present example the further force-fitting connection is
a welded joint, in particular comprising weld seams S1 of the fillet weld type and weld
seams S2 of the plug weld type. The positions of these weld seams S1, S2 are
schematically illustrated in Fig. 1a, 1b, 2a and 2b. It is also indicated in Fig. 1a, 2a and
2b that the regular plug-in portions 5ab, 5ac not forming support elements 5b do not
protrude through the corresponding receiving apertures 2e, 2f, but only into the
receiving aperture 2e, 2f. In Fig. 2a and 2b the positions of the hidden regular plug-in
portions 5ab, 5ac and the corresponding receiving apertures 2e, 2f are indicated. In
these cases the plug-in portions 5ab, 5ac are welded to the corresponding plate 2a,
2b, 2¢ by means of weld seams S2 of the plug weld type. In contrast, the plug-in
portions 5ab forming support elements 5b protrude through the corresponding
receiving apertures 2e and beyond the outside of the respective plate and thus to the
outside of the girder 1 and its hollow space. In these cases the plug-in portions 5ab,
i.e. the support elements 5b, are welded to the corresponding plates 2a, 2b by means
of weld seams S1 of the fillet weld type. All weld seams S1, S2 connect the
corresponding plug-in portion 5ab, 5ac to an edge of the respective receiving aperture
2e, 2f. As indicated in Fig. 1b, there can be provided two weld seams S1 on the
opposing sides of each support element 5b so that the support element 5b is welded

to both opposing longitudinal sides/edges of the corresponding receiving aperture 2e.

Fig. 3a, 3b show plan views of the two embodiments of the transverse plate 5. The
transverse plates 5 according to both embodiments are formed symmetrically in
relation to their respective longitudinal axis LA. As a result, identically designed side
plates 2a, 2b can be used so that the lateral receiving apertures 2e are mutually
opposing at each position P1, P2, P3, P4 as it is indicated in Fig. 2a and 2b.
Furthermore, the transverse plates 5 according to both embodiments comprise an
elongate shape in the direction of the longitudinal axis LA and have a rectangular and

planar main surface 5e. The plug-in portions 5ab, 5ac are each formed as a protrusion
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of an outer edge of the transverse plate 5 with respect to the main surface 5e. In other
words, the outer edge is protruding from the rectangular shape of the main surface 5e
in order to form the respective plug-in portion 5ab for the side plates 2a, 2b or the
plug-in portion 5ac for the chord plate 2¢. In the present embodiments all plug-in
portions 5ab, 5ac have a rectangular shape, however other shapes are of course

possible.

In order to form the plug-in portions 5ab for the side plates 2a, 2¢ and thus also the
support elements 5b, the longitudinal edges of the transverse plates 5 extending in
parallel to the longitudinal axis LA are offset away from the longitudinal axis LA in
comparison with the remaining longitudinal edges defining the main surface 5e. Thus,
the longitudinal edges of the plug-in portions 5ab have a greater distance from the
longitudinal axis LA than the longitudinal edges of the main surface 5e outside the
plug-in portions 5ab. The offset of the longitudinal edges of the plug-in portions 5ab
with regard to the longitudinal edges of the main surface 5e is dimensioned so that the
plug-in portions 5ab protrude through the lateral receiving apertures 2e only for those
plug-in portions 5ab that are designed to form support elements 5b. Thus, the support
elements 5b extend further transversely to the longitudinal axis LA than the regular
plug-in portions 5ab. Accordingly, the offset of the remaining regular plug-in portions
5ab not forming support elements 5b is smaller so that the plug-in portions 5ab do not
protrude beyond the outside of the side plates 2a, 2b. Thus, the maximum offset of
the regular plug-in portions 5ab depends on the thickness of the side plates 2a, 2b.
The same applies to the dimension of the offset of the regular plug-in portions 5ac for
the chord plate 2¢. In contrast to the plug-in portions 5ab, the plug-in portion 5ac is
formed at the first end 5c¢ of the transverse plates 5. For this purpose, the edge of the
corresponding narrow side of the transverse plates 5 is offset away from the
remaining edge defining the main surface 5e at the narrow side. The maximum offset

of the plug-in portion 5ac depends on the thickness of the chord plate 2c¢.

It can also be seen from Fig. 3a and 3b that the transverse plates 5 of both
embodiments differ from each other in that the transverse plate 5 in Fig. 3a has only
two opposing regular plug-in portions 5ab but no plug-in portion 5ab that is designed
to form a support element 5b, whereas the transverse plate 5 in Fig. 3b has two
opposing plug-in portions 5ab forming support elements 5b and two further pairs of

opposing regular plug-in portions 5ab. Besides these differences, the height h, the
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width w1 and the width w2 of both embodiments are the same.
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List of reference numerals

1a
1b
2a
2b
2¢
2d
2e
2f

5ab
5ac
5b
5¢c
5d
5e

E1
E2

LA
P1
P2
P3
P4
s1
S2
t1

2

box girder

rail

profile for power supply line

first side plate

second side plate

first chord plate

second chord plate

receiving aperture in a side plate 2a, 2b
receiving aperture in a chord plate 2¢
upper chord

lower chord

transverse plate

plug-in portion for a side plate 2a, 2b
plug-in portion for a chord plate 2¢
support element

first end of the transverse plate 5
second end of the transverse plate 5
main surface

wheel of a crane trolley

running surface

first end of the girder

second end of the girder

longitudinal extension

longitudinal axis

first position for a transverse plate 5
second position for a transverse plate 5
third position for a transverse plate 5
fourth position for a transverse plate 5
weld seam of the fillet weld type

weld seam of the plug weld type
thickness of the first chord plate 2¢

thickness of the second chord plate 2d
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h height of the transverse plate 5

w1 width of the main surface 5e
w2 width of the transverse plate 5 between the longitudinal edges of two opposing

regular plug-in portions 5ab
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Claims

1. Box girder (1), in particular crane girder, having two side plates (2a, 2b) spaced
apart from each other, at least one chord plate (2¢, 2d) connecting the two side plates
(2a, 2b) to each other and at least one transverse plate (5) that is arranged between
the side plates (2a, 2b) connecting the side plates (2a, 2b) to each other, wherein a
welded joint is provided between the respective chord plate (2¢, 2d) and the side
plates (2a, 2b), characterized in that at least one form-fitting connection, in particular
plug-in connection, is provided between the transverse plate (5) and each of the two
side plates (2a, 2b).

2. Box girder (1) as claimed in claim 1, characterized in that at least one form-fitting
connection, in particular plug-in connection, is also provided between the transverse
plate (5) and the chord plate (2c).

3. Box girder (1) as claimed in claim 1 or 2, characterized in that for producing the
respective form-fitting connection a plug-in portion (5ab, 5ac) of the transverse plate
(5) is received by a corresponding receiving aperture (2e, 2f) of the respective side
plate (2a, 2b) and/or the respective chord plate (2¢), each receiving aperture (2e, 2f)
having a substantially complementary shape relative to the respective plug-in portion
(5ab, 5ac).

4. Box girder (1) as claimed in any one of the preceding claims, characterized in that
the plug-in portion (5ab, 5ac) is formed as a protrusion of an outer edge of the

transverse plate (5), in particular with the protrusion having a rectangular shape.

5. Box girder (1) as claimed in any one of the preceding claims, characterized in that
at least one of the plug-in portions (5ab) is designed to form a support element (5b)
extending through the corresponding receiving aperture (2e) and being configured so
that a crane equipment element, in particular a power supply line and/or a platform for

personnel, is attachable to the support element (5b).

6. Box girder (1) as claimed in any one of the preceding claims, characterized in that
in addition to the form-fitting connection a further force-transmitting connection is

provided between the transverse plate (5) and the respective side plate (2a, 2b)
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and/or between the transverse plate (5) and the respective chord plate (2¢), with the
further connection preferably being a welded joint, in particular of the fillet or the plug

weld type.

7. Box girder (1) as claimed in any one of the preceding claims, characterized in that it
is configured so that each chord plate (2c, 2d) can alternatively form an upper chord
(3) in afirst orientation of the box girder (1) or a lower chord (4) in a second
orientation of the box girder (1), wherein, independently from the orientation of the box
girder (1), a running surface for wheels (6) of a crane trolley is provided on the same
chord plate (2d).

8. Crane having a box girder (1) as claimed in any one of the preceding claims and a
lifting gear that is arranged on the box girder (1), in particular with the lifting gear
being movable along the box girder (1) and on its upper chord (3) or lower chord (4)

by means of a crane trolley.

9. Manufacturing method for a box girder (1), in particular crane girder, having two
side plates (2a, 2b) spaced apart from each other, at least one chord plate (2c, 2d)
connecting the two side plates (2a, 2b) to each other and at least one transverse plate
(5) that is arranged between the side plates (2a, 2b) connecting the side plates (2a,
2b) to each other, wherein a welded joint is produced between the respective chord
plate (2c, 2d) and the side plates (2a, 2b), characterized in that at least one form-
fitting connection, in particular plug-in connection, is produced between the transverse
plate (5) and each of the two side plates (2a, 2b) before the welded joint between the

respective chord plate (2c, 2d) and the side plates (2a, 2b) is produced.

10. Manufacturing method as claimed in the preceding claim, characterized in that at
least one form-fitting connection, in particular plug-in connection, is also produced
between the transverse plate (5) and the chord plate (2¢) before the welded joint

between the respective chord plate (2¢, 2d) and the side plates (2a, 2b) is produced.

11. Manufacturing method as claimed in any one of the preceding claims,
characterized in that the respective form-fitting connection is produced by plugging a
plug-in portion (5ab, 5ac) of the transverse plate (5) into a corresponding receiving-

aperture (2e, 2f) of the respective side plate (2a, 2b) and/or the respective chord plate
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(2¢, 2d), each receiving aperture (2e, 2f) having a substantially complementary shape

relative to the respective plug-in portion (5ab, 5ac).

12. Manufacturing method as claimed in any one of the preceding claims,
characterized in that in addition to the form-fitting connection a further force-
transmitting connection is produced between the transverse plate (5) and the
respective side plate (2a, 2b) and/or between the transverse plate (5) and the
respective chord plate (2c), with the further force-transmitting connection preferably

being a welded joint, in particular of the fillet or the plug weld type.



