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[57] ABSTRACT

A tubular joint for framing structures, such as offshore
platforms of the type used by the oil industry, in which
tubular X joints are used within the structural and
geometric bracing of the structures. Tubular (or cylin-
drical) framing members are joined together in an in-
tersecting X shape. Wedge shaped segments of a tubu-
lar member are connected to each other and each seg-
ment is also connected to a tubular framing member
and arranged so that the segments carry the axial
loads of said tubular framing members in a straight
line direct stress pattern across the open circular sec-
tions of said tubular framing members. The segments
may be connected to two flat intersecting plates in-
stead of to each other.

12 Claims, 7 Drawing Figures
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1
TUBULAR JOINT

BACKGROUND OF THE INVENTION
The present invention generally concerns structural

and geometric bracing used in the construction of 5

structures such as offshore platforms.

Offshore platforms have generally been constructed
of tubular members to reduce the hazards of both envi-
ronmental forces and enviromental corrosion. A num-
ber of joints have been developed to join tubular mem-
bers together. These joints have commonly been called
by the alphabetical letter that they most nearly repre-
sent in appearance. Thus, the joints in offshore plat-
forms are generally referred toas K, T, X and Y joints.
A given platform may have one or more of these types
of joints present. However, the X joint has not been
used as often as the other types and is rarely used in the
primary structural framing of an offshore platform.
Generally, the X joint is used only in secondary geo-
metric bracing. In an X joint one member is in tension
while the other is in compression. The tension member
elongates with a consequent reduction in diameter. The
compression member, at the same time, presses on the
sides of the tension member, further reducing its diam-
eter. The result of these two simultaneous actions is
general instability of the circular cross section of the
tension member which can lead to failure at a load level
less than the normal capacity of that member.

The problem can be moderated in a practical way by
improving the tension member’s ability to transfer the
compression load across its open circular section, Sev-
eral techniques can be used to improve the X joint in
this manner. The wall thicknesses of both the tension
and compression members can be increased at the joint
to improve stiffness and thus ring stability, or internal
ring stiffness can be added to bridge the open circular
section and thus improve both ring stability and load
transfer, or a combination of these techniques can be
used to improve overall performance. Even with these
techniques available, however, there has been a reluc-
tance to use the X joint in principle structural framing.

With the advent of deep water platforms, dynamic
wave excitation became an important design parame-
ter. To moderate dynamic amplification, it is necessary
to reduce the platform’s natural period which can best
be accomplished through structural stiffness. On a cost
and weight basis an X braced structure is a very effi-
cient way to frame a structure for maximum stiffness
and use of the X braced structure would be preferred
provided the aformentioned deficiencies were over-
come.

The X joint of the present invention overcomes the

deficiencies in all previous X Joints. The present inven-

tion provides a most effective means of transferring the

_compression member’s load across the tension mem-
ber’s open circular section; it provides complete ring
stability; and it permits rational analysis. In effect, it
creates a joint that permits both the tension member
and the compression member to act as though they
were isolated individual members.

SUMMARY OF THE INVENTION

Briefly, the present invention involves structural
framing apparatus which comprises tubular framing
members to be joined together in an intersecting X
form; and means connected to the tubular framing
members at their intersection to carry the axial loads of
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2

the tubular framing members in a straight line direct
stress pattern across the open circular sections of the
tubular framing members. The means for carrying the
axial loads across the open circular sections preferably
comprise four wedge shaped segments of a tubular
member connected to each other and to the tubular
framing members.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows an offshore platform having the im-
proved X braced framing constructed in accordance
with the present invention;

FIG. 2 is a sectional view taken along the lines 2—2
of FIG. 1;

FIG. 3 is an enlarged partly exploded view illustrating
one embodiment of the improved X joint in accordance
with the present invention;

FIG. 4 is a view taken along the lines 4—4 of FIG. 3;

FIG. 5 is a view taken along the lines 5—5 of FIG. 3;

FIG. 6 illustrates elliptically shaped plates or dia-
phragms which form part of the improved X joint in the
embodiment of FIGS. 3-5; and

FIG. 7 is a view illustrating another embodiment of
the improved X joint in accordance with the present
invention.

DETAILED DESCRIPTION OF THE INVENTION

An offshore platform 9 located in a body of water 11,
is illustrated in FIG. 1. The principle structural framing
of platform 9 is composed of tubular members 12, 13,
14 and 15 joined together at their intersection by the
X joint designated 10. As seen in FIG. 2 the secondary
geometric bracing is composed of tubular members 17,
18, 19 and 20 joined together at their intersection by
X joint designated 10'. As shown in FIGS. 3-6 two
semi-elliptically shaped plates or diaphragms 25 and an
elliptically shaped plate or diaphragm 26 are welded
together so that the flat edges 25a of plates 25 abut the
opposite flat sides of plate 26 forming thereby open
quadrants 29, 30, 31 and 32. A segment 27 of a tubular
or cylindrical member (pipe), wedge shaped in eleva-
tion as seen in FIG. 3 and semi-circularly shaped as

‘seen in FIG. 5 and having a flat tapered edge portion

28 is fitted into each of the open quadrants 29, 30, 31
and 32, the flat tapered edges fitting against the flat sur-
faces of plates 25 and 26. Segments 27 are welded to
plates 25 and 26. Tubular members 12, 13, 14 and 15
and segments 27 are of the same initial diameters and
each tubular member is welded to the segment 27 with
which it is associated and to the plates 25 and 26 in the
quadrant with which the particular tubular member is
associated. Segments 27 when in position transfer axial
compression loads across the open circular cross sec-
tions formed by the intersecting tubular forming mem-
bers 12, 13, 14 and 15. The double dotted lines indi-
cated by S in FIG. 3 show the straight line direct stress
pattern across the open circular sections of the tubular
framing members 13 and 15 whereas the double dotted
lines indicated by S, show the straight line direct stress
pattern across the open circular sections of tubular
framing members 12 and 14.

Tubular members 12, 13, 14 and 15 may be either
short pieces of pipes or tubular members that the prin-
ciple members are welded to or they may be the princi-
ple tubular members themselves. The improved X joint
may be appropriately prefabricated for assembly in the
construction of the main offshore platform.
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The modification of the X joint shown in FIG. 7 com-
prises four segments 27’ similar to segments 27 de-
scribed above. However, segments 27’ are welded or
otherwise connected directly to each other resulting in
the configuration shown in FIG. 7. Tubular members
1213’14’ and 15'shown in dotted lines in FIG. 7 are
welded to segments 27’ as previously described (except
of course the tubular members would not be welded to
the diaphragm or plate members). The straight line di-
rect stress pattern across the open circular sections of
tubular members 12’ and 14’ are indicated at S’ and
the straight line direct stress pattern across the open
circular sections of the tubular members 13’ and 15’
are indicated at S'a.

The diaphragm or plate members illustrated herein
may have shapes other than elliptical, as for example
square or rectangular shapes. Other changes and modi-
fications, such as the angle between intersecting mem-
bers may be more or less than the 90° illustrated, may
be made in the specific illustrative embodiments of the
invention shown and/or described herein without de-
parting from the scope of the invention as defined in
the appended claims.

Having fully described the nature, operation, advan-
tages and apparatus of our invention,

We claim:

1. Structural framing apparatus comprising:

four tubular members, each being substantially the

same cross-sectional size, arranged and intercon-
nected in an intersecting X-form and having open
and spaced apart ends;

means connected to said open ends of said tubular

members closing off said open ends thereof and
forming an enclosure in the space between said tu-
bular members and extending each two aligned tu-
bular members coaxially across the open ends of
said other two aligned tubular members to form ef-
fectually a continuous tubular member of said two
aligned tubular members to aid in transferring axial
loads across said open ends.

2. Structural framing apparatus as recited in claim 1
wherein said means connected to said open ends of said
tubular members comprise four wedge-shaped seg-
ments connected together to form said enclosure, each
segment being connected to and closing off the end of
a different one of said tubular members; and

each two opposing wedge-shaped segments extend-

ing each two aligned tubular members across the
open ends of said other two tubular members.
3. Structural framing apparatus as recited in claim 2
wherein said tubular members are circular in cross sec-
tion, substantially the same diameter in cross section.
4. Structural framing apparatus as recited in claim 3
wherein each segment includes a flat tapered edge por-
tion, said edge portions being connected together to
form said enclosure.
§. Structural framing apparatus comprising:
four tubular members, each being substantially the
same cross-sectional size, arranged in an intersect-
ing X-form and having open and spaced apart ends;

means connected to said open ends of said tubular
members closing off said open ends thereof and
forming an enclosure in the space between said tu-
bular members and extending each two aligned tu-
bular members across the open ends of said other
two aligned tubular members to aid in transferring
axial loads thereacross;
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said means connected to said open ends of said tubu-

lar member comprising:

two flat intersecting plate members arranged in an

X-form, said intersecting plate members being at
least equal in size to the diameter of said largest tu-
bular member at the intersection of said tubular
members; and

four wedge-shaped segments, each segment having a

radius substantially equal to the radius of said
aligned tubular members and being arranged in a
quadrant of said intersecting plate members and
being connected thereto and being connected to
and closing off the end of a different one of said tu-
bular members;

each two opposing wedge-shaped segments extend-

ing each two aligned tubular members across the
open ends of said other two tubular members.

6. Structural framing apparatus comprising:

four tubular members arranged in an intersecting X-

form and having open ends and being spaced apart
at said open ends;
four wedge-shaped segments, each segment having a
radius substantially equal to the radius of said
aligned tubular members and being connected to a
different one of said tubular members at said open
end of said tubular member closing the end
thereof, each of said wedge-shaped segments being
connected along its edges to adjacent wedge-
shaped segments, thereby enclosing the space be-
tween said open ends of said tubular members; and

each two opposing wedge-shaped segments extend-
ing each two aligned tubular members across the
open ends of said other two tubular members to aid
in transferring axial loads thereacross.

7. Structural framing apparatus comprising:

a first tubular framing member;

a first wedge segment joined to the end of said first

tubular framing member;

a second tubular framing member;

a second wedge segment joined to the end of said sec-

ond tubular framing member;

a third tubular framing member;

a third wedge segment joined to the end of said third

tubular framing member;

a fourthe tubular framing member;

a fourth wedge segment joined to the end of said

fourth tubular framing member;

said wedge segments having radii substantially equal

to the radii of said aligned tubular framing mem-
bers and being connected together edgewise and
said first and second wedge segments being op-
posed and said third and fourth wedge segments
being opposed;

said first and second wedge segments extending said

first and sécond tubular framing members across
the open ends of said third and fourth tubular fram-
ing members; and

said third and fourth wedge segments extending said

third and fourth tubular framing members across
the open ends of said first and second tubular fram-
ing members.

8. Structural framing apparatus as recited in claim 7
in which said tubular members are circular and sub-
stantially the same diameter in cross section.

9. Structural framing apparatus as recited in claim 8
in which each of said segments has flat tapered edges,
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said edges of said segments being connected together
to form said enclosure.
10. Structural framing apparatus comprising:
four tubular members arranged in an intersecting X-
form and having open ends and being spaced apart
at said open ends; :
two flat intersecting plate members arranged in an
X-form and extending across the space between
said tubular members, said intersecting plate mem-
bers being at least equal in size to the diameter of
said largest tubular member at the intersection of
said tubular members;
four wedge-shaped segments, each segment having a
radius substantially equal to the radius of said
aligned tubular members and being arranged in a
different quadrant formed by said intersecting
plate members and connected to said plate mem-
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bers and to the open end of a different one of said
tubular members closing said open ends thereof,
each of said wedge-shaped segments being con-
nected along its edges to said plate members,
thereby enclosing the space between said open
ends of said tubular members; and

each two opposing wedge-shaped segments extend-

ing each two aligned members across the open ends
of said other two tubular members. |

11. Structural framing apparatus as recited in claim
10 in which said tubular members are circular and sub-
stantially the same diameter in cross-section.

12. Structural framing apparatus as recited in claim
11 in which each of said segments has flat tapered
edges, said edges engaging said plate members.
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