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Description

Background of the Invention

This invention relates to a filler filled steel tube
column which may be used for columns and piles
of building structures.

Heretofore, this type of steel tube column, such
as those concrete filled, is constructed by erecting
a steel tube which also serves as a framework
other than a casing and then by filling the steel
tube with concrete to form a concrete core.
Because the steel tube and the concrete core are
bonded to each other, they move in singular
alignment when axial compression is applied to
the steel encased concrete column. When the
concrete column is subjected to an axial compres-
sion beyond a predetermined compression
strength, excess strains develop in the steel tube
and the concrete core, resulting in a local buckiing
in the steel tube or in that the steel tube reaches
an yield area under Mieses’s yield condition.
Thus, the steel tube does not provide the concrete
core with sufficient confinement, which causes
the concrete core to reach a downward directed
area of the stress-strain curve at a load applied
considerably lower than a predetermined load.
For this reason, it cannot be expected to effi-
ciently enhance the concrete core in compression
strength by the lateral confinement of the steel
tube and hence a relatively large cross-sectional
area must be given to the concrete filled steel
tube column to provide sufficient strength to it.

Summary of the Invention

Accordingly, it is an object of the present
invention to provide a filler filled steel tube
column which efficiently enhances the core in
compression strength thereby enabling a con-
siderable reduction in the cross-section thereof as
compared to the prior art column.

Another object of the present invention is to
provide a filler filled steel tube column capable of
resisting the axial tensile load due to the overturn-
ing moment of the whole building caused, for
example, by an earthquake and thus to effectively
enhance the building in rigidity.

With these and other objects in view the
present invention provides a filler filled steel tube
column comprising:

A filler filled steel tube cofumn comprising a
steel tube having an inner face and at least one
pair of upper and lower coaxially aligned tube
pieces, a core made of the filler and disposed
within said steel tube, a first separating layer
interposed between said inner face of the steel
tube and said core to separate said core from the
inner face of the steel tube such that tangential
stress components are not transmitted between
the tube and the core, said filler filled steel tube
column characterised in that the adjacent ends of
the upper and lower tube pieces are spaced apart
to form a ring shaped gap between their adjacent
ends, said gap absorbing axial strains in the steel
tube by reducing its axial width (W) when the
steel tube is subjected to an axial compressive
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load, thereby reducing the axial load exerted on
the steel tube and increasing the axial load
exerted on the core wall; and in that a spacer
means is disposed about said gap to allow said
gap to reduce its axial width (W) and provide said
core with lateral confinement when an axial com-
pressive load is applied on the column.

French application FR-A-1,173,701 discloses a
filler filled steel tube column having a first separ-
ating layer interposed between said inner face of
the steel tube and said core, for separating the
core from the inner face of the steel tube so that
the steel tube is not bonded to the core; said steel
tube including a pair of tube pieces coaxially
aligned with adjacent ends thereof spaced apart
so that a ring-shaped gap is formed between the
adjacent ends of said tube pieces.

However, the arrangement described in FR-A-
1,173,701 simply functions as a protective device
for the core element of the column. It does not
enhance the technical performance of the core
element against ground movements. It does not
increase the resistance of the core element
through tri-dimensional pressure provided by
tight metal-coatings and additionally, does not
help to preventing total or local buckling of the
steel tube.

General specification DE-C-642265 discloses a
filled steel column comprising a plurality of steel
tubes but these are simply bonded or tightened to
the core, so axial friction between the tubes and
the core must occur. Thus, stress generated from
the axial friction will weaken both the core and the
tubes. Again, this system does not appear to
prevent total or local buckling of the steel tube.

Furthermore, in DE-C-642265, a spacing means as.

described in the present application is not dis-
closed at all.

As stated the steel tube includes spacing
means, interposed between the adjacent ends of
the tube pieces, which retains the gap between
the adjacent ends of the tube pieces while allow-
ing the gap to reduce its axial width. The spacing
means may be composed of a ring-shaped matrix
fitting concentrically into the ring-shaped gap,
and an elongated element embedded within the
matrix along the circumferential direction of the
matrix to form a coil within the matrix.

It is more preferable that the steel tube includes
means for coupling the tube pieces coaxially in
series while allowing the tube pieces to be axially
movable in relation to each other.

The coupling means may be a pipe coupling
which fits around both adjacent ends of the tube
pieces. The pipe coupling may include, a pipe
body defining a space between its inner surface
and the tube pieces, an inner layer made of the
filler and disposed within the space, and a second
separating layer interposed between the inner
layer and at least one of the tube pieces.

Otherwise, the coupling means may be a join-
ing tube one end portion of which is coaxially
joined to the inner face of one of the tube pieces
and the other end portion of which fits coaxially to
the inner face of the other tube piece so that the
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joining tube is axially slidable in relation to the
other tube piece. Means for transferring an axial
load exerted on one of the tube pieces to said
core may be mounted on the joining tube. The
load transfer means, preferably, is an inner
flange circumferentiaily joined to one of the
opposite ends of the joining tube and projecting
radially inwards. It is also preferable that the
joining tube has an axially pliant member which
is circumferentially disposed on the upper end of
the joining tube. This pliant member reduces the
axial compressive load exerted from the core to
the joining tube.

The steel tube may include fastening means
for allowing the tube pieces to approach each
other and preventing them from going away
from each other. This fastening means may have
a pair of outer flanges circumferentially joined to
the adjacent ends of the tube pieces respectively,
and a plurality of engaging members. The outer
flanges project radially outwards and face each
other, thus, each of the outer flanges has an
inner facing surface and an outer surface. Each
of the engaging member has opposite end por-
tions which are in direct contact with the outer
surfaces of the outer flanges respectively.

Brief Description of the Drawings

FIG. 1 is a fragmentary view of a building
framework having a plurality of filler filled steel
tube columns according to the present invention;

FIG. 2 is a enlarged fragmentary axial-sectional
view of the steel tube column in FIG. 1;

FIG. 3 is a perspective view partiaily cutaway
of the spacing ring in FIG. 2;

FIG. 4 is a fragmentary axial-sectional view of
another embodiment of the present invention;

FIG. 5 is a view taken along the line V—V in
FIG. 4;

FIG. 6 is a cross-sectional view of a modifi-
cation of the steel tube column in FIG. 5;

FIG. 7 is a fragmentary view partly in section of
another building framework having still another
embodiment according to the present invention;

FIG. 8 is a enlarged fragmentary axial-sectional
view of the steel tube column in FIG. 7;

FIG. 9 is a fragmentary axial-sectional view of a
modified form of the steel tube column in FIG. 8;

FIG. 10 is a fragmentary axial-sectional view of
another modified form of the steel tube column
in FIG. 8;

FIG. 11 is a fragmentary axial-sectional view of
still another modified form of the steel tube
column in FIG. 8;

FIG. 12 is a fragmentary axial-sectional view of
a further embodiment according to the present
invention; and

FIG. 13 is a fragmentary axial-sectional view of
a modified form of the steel tube column in FIG.
12.

Detailed Description of the Preferred Embodi-
ments

In the drawings, like reference characters
designate corresponding parts throughout views,
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and descriptions of the corresponding parts are
omitted after once given. :

FIG. 1 illustrates a part of a building framework
according to the present invention. This
framework has a piurality of steel tube columns
20 concentrically joined in series, and a plurality
of steel beams 22, each joined at its inner end to
the upper end of each column 20. Each column
20 includes, as shown in FIG. 2, a steel tube 24
coated over its inner face 24a with a separating
layer 26, and a core 28 disposed within the steel
tube 24. The separating layer 26 may be made of
a separating material, such as asphalt, grease,
paraffin wax, petrolatum, oil, synthetic resin and
paper. The core 28 is made of a filler, such as
concrete, mortar, sand, soil, clay, glass particles,
metal powder, and synthetic resin, which
achieves high compressive strength when it is
consolidated. The separating iayer 26 serves to
separate the steel tube 24 from the core 28 so
that the core 28 is not bonded to the steel tube
24,

As shown in FIG. 2, the steel tube 24 includes a
pair of tube pieces 30 and 32 both made of steel
and both having circular cross-sections of the
same size. The thickness of each of the tube
pieces 30 and 32 is in the range of 1/500 to 1/10
of its outer diameter. These tube pieces 30 and
32 are coaxially aligned and are spaced apart so
that a ring-shaped gap 36 is formed between the
adjacent ends 30a and 32a of the tube pieces. In
FIG. 1, the gap 36 is placed at an intermediate
point, i.e. at the inflection point of moment of
each of the columns 20. Therefore, by reducing
its axial width W, the gap 36 absorbs the axial
strain which develops in the steel tube 24 of each
of the columns 20 when the columns 20 undergo
an axial compressive load. The axial width W of
the gap 36 is preferably in the range of a maxi-
mum axial strain of the steel tube 24, which is
caused by the overturning moment of the build-
ing.

The steel tube 24 also inciudes a spacing ring
34 having an equal inner diameter to the tube
pieces 30 and 32. This spacing ring 34 fits
coaxially into the gap 36 so that the gap 36 is
substantially retained between the tube pieces 30
and 32. In FIG. 3, the spacing ring 34 consists of a
ring-shaped matrix 38 and an elongated element
40 which is embedded within the matrix 38 along
the circumferential direction of the matrix 38 to
form a coil in the matrix. The matrix 38 may be
made of rubber, vinyl chloride resin or poly-
etheretherketone resin so as to achieve a lower
compressive strength and a lower rigidity than
the tube pieces 30 and 32. The elongated
element 40 may be made of aramide fiber, glass
fiber or carbon fiber so as to achieve almost as
high tensile strength as the tube pieces. Con-
sequently, the spacing ring 34 promotes both
high circumferential and radial tensile strength
as well as axial flexibility. That is, the ring 34
allows the gap 36 to reduce its axial width W and
also provides the core 28 with a lateral confine-
ment when an axial compressive load is applied
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on the column 20. The thickness of the ring 34
may be determined according to the compressive
strength of the tube pieces 30 and 32.

Returning to FIG. 2, the spacing ring 34 has its
upper and lower end portions 34a and 34b which
have a smaller outer diameter than the main
portion of the ring 34. The tube pieces 30 and 32
are provided at their adjacent ends 30a and 32a
respectively with recesses 42 and 44 which
extend circumferentially in the inner faces of the
tube pieces 30 and 32. The spacing ring 34 is
engaged with both the tube pieces 30 and 32 by
inserting its upper and lower end portions 34a
and 34b respectively into the recesses 42 and 44
of the tube pieces.

In the presence of the separating layer 26, the
steel tube 24 is axially movable relative to the
core 28. Therefore, when the core 28 undergoes
axial compression, the steel tube 24 follows the
core 28 with a much smaller degree of axial strain
than the prior art steel tube bonded to its core.
Moreover, the gap 36 absorbs the axial strain in
the steel tube 24 by reducing its axial width W. In
other words, the steel tube 24 reduces its axial
length by deforming only the spacing ring 34,
when the axial compression is exerted on it.
Therefore, the axial strain is hardly brought into
the tube pieces 30 and 32 even though it develops
in the core 28. This means that the steel tube 24
increases its strength against the circumferential
stress which develops in it due to transverse
strain of the core 28, thus, in the view of Mieses's
vield conditions, enhancing lateral confinement
of the steel tube 24 which is provided on the core
28. As a result, the compression strength of the
core 28 is efficiently enhanced thereby enabling a
considerable reduction in the cross-section of the
column 20 as compared to the prior art column.

FIG. 4 illustrates another embodiment of the
present invention, in which a steel tube 46 has a
pipe coupling 48 which couples tube pieces 50
and 52 in series. The pipe coupling 48 includes a
pipe body 64 which surrounds both the adjacent
ends 50a and 52a of the tube pieces 50 and 52 to
define an annular space 56 between its inner face
54a and the tube pieces (see FIG. 5). An inner
layer 58, made of concrete in this embodiment, is
disposed within the annular space 56 to fill out the
space, and a separating layer 60 is interposed
between the inner layer 60 and the tube pieces 50
and 52 so that the inner layer is not bonded to the
tube pieces 50 and 52. The separating layer 60
may be made of the same separating material as
that used in FIG. 2. An annular packing 62 fits in
the lower end of the pipe body 54 and around the
tube piece 52 to close the lower opening of the
space 56. In the presence of the pipe coupling 48,
the steel tube 46 increases its mechanical
strength and still reduces its axial length by
reducing the width of the gap 36 when the axial
compression is exerted on it. In this embodiment,
a spacing ring 64 which is made of only flexible
material such as rubber fits concentrically into the
gap 36, and a plurality of reinforcements 66 are
axially embedded within a core 68. The core 68
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may be made of hydraulic material such as
concrete. The upper tube piece 50 is provided at
its adjacent end portion with a plurality of through
holes 70. When concrete is being filled into the
tube piece 50, the concrete passes through the
holes 70 out of the tube piece 50 thereby filling
the annular space 56 at the same time that it
forms the core 68.

The separating layer 60 may be interposed
between the inner layer 58 and one of the tube
pieces 50 and 52 instead of being interposed
between the inner layer and both the tube pieces.
A pipe body directly fitting around both adjacent
ends 50a and 52a of tube pieces 50 and 52 may be
empioyed in place of the pipe body 54. Prestres-
sed reinforcements may be employed in place of
the reinforcements 66. Further more, in place of
the spacing rings in FIG. 2 and 4, a plurality of
block-shaped spacers made of flexible material
may be interposed between the tube pieces at
equal angular intervals around the axis of the
tube pieces. Tube pieces having a polygonal
cross-section, such as a tube piece 72 having an
octagonal cross-section as shown in FIG. 6, may
be employed in place of the tube pieces in FIG. 2
and 4,

FIGS. 7 and 8 show still another embodiment of
the invention. In FIG. 7, a plurality of columns 74
are joined in series to form a building framework.
Each column 74 has a steel tube 76 to the upper
end portion of which a plurality of steel beams 78
are welded. The steel beams 78 of each column 74
are to support each floor slab of the building
subsequently. As illustrated in FIG. 8, the steel
tube 76 of every three columns 74 includes, a pair
of tube pieces 80 and 82, and a joining tube 84
which couples the tube pieces 80 and 82 concen-
trically in series. The upper tube piece 80 consists
of, a tube piece body 86, and a ring-shaped tube
88 coaxially welded at its upper end to the lower
end of the tube piece body 86. That is, ring-
shaped tube 88 forms the adjacent end portion of
the upper tube piece 80. The joining tube 84 is
joined coaxially at its upper end portion 90 to the
inner face 80a of the upper tube piece 80, and fits
its lower end portion 92 coaxially to the inner face
82a of the lower tube piece 82. Between the lower
end portion 92 of the joining tube 84 and the inner
face 82a of the lower tube piece 82, a lubricating
layer 94 made of antifriction material such as
tetrafluoroethylene is interposed so that the join-
ing tube 84 is axially slidable in relation to the
lower tube piece 82. Furthermore, joining tube 84
is welded circumferentially at its lower end 84a
with an inner flange 96 which project radially
inwards so that an axial load applied to the upper
tube piece 80 is transferred via the flange 96 to the
core 28.

In assembling the steel tube column in FIG. 8,
the joining tube 84 is coaxially welded to the inner
face of the ring-shaped tube 88 before or after the
inner flange 96 is welded to it in a assembling
factory. The ring-shaped tube 88 is then welded at
its upper end to the lower end of the tube piece
body 86. Thereafter, the upper tube piece 80 with
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the joining tube 84 thus prepared is brought into a
construction site and is coupled with the lower
tube piece 82 which has already been erected there
so that the gap 36 is defined between the tube
pieces 80 and 82. Then, a concrete is charged into
the steel tube 76 (i.e. the tube pieces 80 and 82 and
the joining tube 84) and cured. Alternatively, the
ring-shaped tube 88 with joining tube 84 is coupled
to the lower tube piece 82 at the construction site,
and then the tube piece body 86 is welded at its
lower end to the ring-shaped tube 88 as a process
preceding the concrete filling process. In either of
these assembling methods, spacing instruments
for retaining the gap 36 between the tube pieces 80
and 82 are required. For example, these instru-
ments may be spacers which are attached with the
capacity of being detached between the adjacent
ends 80a and 82a of the tube pieces or the spacing
rings like those shown in FIGS. 2 and 4. Otherwise,
the tube pieces 80 and 82 are coupled together
with their adjacent ends in contact with each other,
and after the concrete is charged and cured either
of the adjacent end portions are cut off so that the
gap 36 is formed between them. Careful operation
is required upon cutting off the end portion so as
not to damage the joining tube 84.

in the construction in FIG. 7, shearing force from
the beams 78 is transferred to each stee! tube 76 to
which the beams 78 are joined. Then, the shearing
force in the three continuous steel tubes 76
between two joining tubes 84 is transferred via the
inner flange 96 of the lower joining tube 84 to the
core 28 without being transferred to steel tubes 76
aligned lower than the gap 36. in other words, the
steel tube 76 is subjected to the shearing force (an
axial compressive force) transferred from the
beams 78 of only three columns. That is, the steel
tube 76 undergoes much less axial compressive
force than the prior art steel tube, which enhances
lateral confinement of the steel tube 76 provided
on the core 28.

A modified form of the steel tube column in FIG.
8 is illustrated in FIG. 9, in which a joining tube 98
and a ring-shaped tube 100 are molded into a
unitary construction. An inner flange 102 and the
joining tube 98 are also molded together, other-
wise the inner flange 102 is welded to the joining
tube 98. The column with this construction is easy
to assemble since the process of joining the
joining tube to the ring-shaped tube is omitted. A
ring-shaped tube integral with the tube piece body
86 may be employed in place of the tube 100.

Another modified form of the columnin FIG. 8 is
shown in FIG. 10, in which the joining tube 84 is
circumferentially provided at its upper end 84b
with a pliant member 104. This member 104 is
made of, for example, rubber so as to reduce an
axial compressive load exerted from the core 28 to
the joining tube 84. As shown in FIG. 11, a ramp
106 may be formed at the upper end 84b of the
joining tube 84 in place of the pliant member 104.
This ramp 106 is inclined to a plane perpendicular
to the axis of the joining tube 84 to converge
toward the lower end of the joining tube.

FIG. 12 illustrates another embodiment of the
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invention, in which the tube pieces 80 and 82 are
circumferentially welded at their adjacent ends
80b and 82b with a pair of outer flanges 108 and
110 respectively. These outer flanges 108 .and 110
project radially outwards facing each other and
have a plurality of screw rods 112 which pass
loosely through both of them at equal angular
intervals around their axis. The opposite end
portions 112a and 112b of each of the rods 112 are
threadedly engaged with a pair of nuts 114and 116
respectively and thereby brought into firm contact
with the outer surfaces 108a and 110a of the outer
flanges respectively through the nuts 114 and 116.
This construction prevents the tube pieces 80 and
82 from going away from each other whiie allow-
ing them to approach each other. Accordingly, the
column in this embodiment is capable of resisting
an axial tensile load due to the overturning
moment of the building caused by short time
loading such as seismic force and thus enhancing
the building in rigidity and durability. In addition,
each of the outer flanges 108 and 110 has a
plurality of reinforcing ribs 118 mounted on it at
equal angular intervals around its axis. The ribs on
the upper flange 108 are welded at their lower
edges to the outer surface 108a of the flange 108
and welded at their radially inner edges to the
outer face of the upper tube piece 80. On the other
hand, the ribs 118 on the lower flange 110 are
welded at their upper edges to the outer surface
110a of the flange 110 and at their radially inner
edges to the outer face of the lower tube piece 82.
That is, the ribs 118 joins the outer surfaces 108a
and 110a of the outer flanges to the outer faces of
the tube pieces 80 and 82 respectively so that the
flanges 108 and 110 are reinforced against an axial
load.

In assembling the steel tube column in FIG. 12,
the joining tube 84, ring-shaped tube 88, the inner
flange 96, the outer flange 108, ribs 118, and the
pliant member 104 are joined together in a steel
assembling factory, and then the tube piece body
86 is welded to the ring-shaped tube 88. This upper
tube piece 80 with the other joined members is
then brought into a construction site and coupled
with the lower tube piece 82 welded with the outer
flange 110, which has already been erected there.
Upon this coupling process, spacers {not shown)
may be interposed between the flanges 108 and
110 so that the ring-shaped gap 36 is retained
between the flanges. Thereafter, the nuts 114 and
116 engaging with the screw rods 112 are attached
to the outer flanges 108 and 110. Finally, a concrete
is charged into the tube pieces 80 and 82 and the
joining tube 84, and after the concrete is cured, the
spacers are removed from the gap 36. As the
columns are joined longer, the steel tubes undergo
more compressive load thereby reducing the axial
width W of the gap 36. [n this case, the threaded
connection between each of the screw rods 112
and the nuts 114 and 116 must be retightened so
that the nuts are brought again into direct contact
with the outer surfaces 108a and 110a of the
flanges 108 and 110. )

The tube piece body 86 may be welded to the
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ring-shaped tube 88 after the ring-shaped tube 88
with the other joined members is coupled with the
lower tube piece 82 and the screw rods 112 are
attached to the flanges 108 and 110. In another
way, the concrete may be charged into the lower
tube piece 82 before the upper tube piece 80 or the
ring-shaped tube 88 is coupled with the lower tube
piece 82. In case the spacer is made of fiexible
material, it may be keptin the gap 36 even after the
concrete is cured. In place of the spacers, another
pair of nuts may be threadedly engaged with each
of the screw rods 112 so as to be in direct contact
with the inner facing surfaces 108b and 110b of the
flanges 108 and 110 respectively.

FIG. 13 shows a modified form of the column in
FIG. 12, in which the lower tube piece 122 consists
of, a tube piece body 124, and a ring-shaped tube
126 coaxially welded at its lower end to the upper
end of the tube piece body 124. That is, ring-
shaped tube 126 forms the adjacent end portion of
the lower tube piece 122. The joining tube 84 is
joined coaxially at its lower end portion 92 to the
inner face 122a of the lower tube piece 122, and fits
coaxially its upper end portion 90 to the inner face
120a of the upper tube piece 120. Between the
upper end portion 90 of the joining tube 84 and the
inner face 120a of the upper tube piece 120, a
lubricating layer 94 is interposed so that the
joining tube 84 is axially slidable in relation to the
upper tube piece 120.

Furthermore, joining tube 84 is welded at its
upper end 84b circumferentially with an inner
flange 96 so that an axial load applied to the lower
tube piece 122istransferred viathe flange 96 to the
core 28. The pliant member 104 is circum-
ferentially attached on top of the inner fiange 96.

In the construction in FIG. 13, shearing force
from the beams which is joined to the lower tube
piece 122 istransferred to the lower tube piece 122.
Then, the shearing force in the lower tube piece
122 is transferred via the inner flange 96 to the core
28. Shearing force in the upper tube piece 120 is
not transferred to the lower tube piece 122
because of the gap 36. That is, according to the
same reason as the embodiment in FIG. 8, lateral
confinement of the tube pieces 120 and 122 which
is provided on the core 28 is enhanced.

In place of the inner flange 96, a cross-shaped
member may be welded at its ends to one of the
opposite ends 84a and 84b of the joining tube 84.
This cross-shaped member is formed, for
example, by a pair of steel bars perpendicularly
welded to each other to form a cross shape. The
inner flange 96 as well as the cross-shaped
member may be welded to the inner face of the
joining tube 84 instead of being welded to one of
the opposite ends of the joining tube 84. Also, the
outer flanges 108 and 110 may be welded to the
outer faces of the tube pieces instead of being
welded to the adjacent ends of the tube pieces. A
pliant member made of foam polystyrene or clay
may be employed in place of the pliant member
104.

itis understood that aithough preferred embodi-
ments of the present invention have been shown
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and described, various modifications thereof will
be apparent to those skilled in the art, and,
accordingly, the scope of the present invention
should be defined only by the appended claims
and equivalents thereof.

Claims

1. A filler filled steel tube column (20; 74)
comprising a steel tube (24; 46; 76) having an inner
face (24a; 54a; 82a; 120a, 122a) and at least one
pair of upper and lower coaxially aligned tube
pieces (30, 32; 50, 562; 80, 82; 120, 122), a core (28;
68) made of the filler and disposed within said steel
tube, a first separating layer (26} interposed
between said inner face of the steel tube and said
core to separate said core (28; 68) from the inner
face of the steel tube such that tangential stress
components are not transmitted between the tube
and the core, said filler filled steel tube column
characterised in that the adjacent ends of the
upper and lower tube pieces (30, 32; 50, 52; 80, 82;
120, 122) are spaced apart to form a ring shaped
gap (36} between their adjacent ends (30a, 32a;
50a, 52a; 80a, 82a), said gap absorbing axial
strains in the steel tube by reducing its axial width
(W) when the steel tube is subjected to an axial
compressive load, thereby reducing the axial load
exerted on the steel tube and increasing the axial
load exerted on the core wall; and in that a spacer
means (34; 64; 84; 94; 100} is disposed about said
gap to allow said gap to reduce its axial width (W)
and provide said core (28; 68) with lateral confine-
ment when an axial compressive load is applied on
the column (20).

2. A filler filled steel tube column as recited in
claim 1, wherein said spacer means comprises a
spacing means interposed between said adjacent
ends of the tube pieces, for retaining said gap
between said adjacent ends while allowing the gap
to reduce the axial length thereof when the steel
tube is subjected to an axial compressive load.

3. A filler filled steel tube column as recited in
claim 2, wherein said spacing means comprises: a
ring-shaped matrix (38) fitting concentrically into
said ring-shaped gap, said matrix having a lower
compressive strength and a lower rigidity than the
tube pieces; and an elongated element (40)
embedded within the matrix along the circum-
ferential direction of the matrix to form a coil
within the matrix, said elongated element having
approximately as high tensile strength as the tube
pieces.

4, A filler filled steel tube column as recited in
Claim 1 or 2, wherein said spacer means com-
prises means for coupling said tube pieces
coaxially in series while allowing the tube pieces to
be axially movable in relation to each other.

5. A filler filled steel tube column as recited in
Claim 4, wherein said coupling means comprises a
pipe coupling (48) fitting around both said adja-
cent ends of the tube pieces while being axially
slidable relative to at least one of the tube pieces.

6. A filler filled steel tube column as recited in
Claim 5, wherein said pipe coupling (48) includes:
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a pipe body {54) having an inner surface (54a),
said pipe body defining a space (56) between said
inner surface thereof and said tube pieces; an
inner layer (58) made of the filler and disposed
within said space; and a second separating layer
(60} interposed between said inner layer and at
least one of the tube pieces.

7. A filler filled steel tube column as recited in
Claim 4, wherein each of said tube pieces {80, 82)
has an inner face, and wherein said coupling
means comprises: a joining tube (84) having one
and the other end portions (90, 92}, said one end
portion (90) being coaxially joined to the inner
face (80a) of one of the tube pieces, the other end
portion (92) fitting coaxially to the inner face (82a)
of the other tube piece so that the joining tube is
axially slidable in relation to the other tube piece;
and load transfer means (96) mounted on the
joining tube, for transferring an axial load exerted
on one of the tube pieces to said core.

8. A filler filled steel tube column as recited in
Claim 7, wherein said load transfer means (96)
comprises an inner flange circumferentially
joined to one of the opposite ends of said joining
tube to project radially inwards.

9. A filler filled steel tube column as recited in
Claim 8, wherein said coupling means has an
upper end and wherein said coupling means
further comprises a pliant member {104) being
axially pliant, said pliant member circum-
ferentially disposed on the upper end of the
coupling means for reducing an axial compres-
sive load exerted from said core to said joining
tube.

10. A filler filled steel tube column as recited in
Claim 1, 2, 3, 7, 8 or 9, wherein said steel tube
further comprises means for fastening said tube
pieces to each other while allowing the tube
pieces to approach each other but preventing the
tube pieces from going away from each other,
said fastening means comprising: a pair of outer
flanges (108, 110) circumferentially joined to the
adjacent ends of the tube pieces respectively, said
outer flanges project radially outwards and face
each other, each of the outer flanges having an
inner facing surface and an outer surface; and a
plurality of engaging members (112, 114, 116),
each having opposite end portions, said opposite
end portions being in direct contact with the outer
surfaces of said outer flanges respectively.

Patentanspriiche

1. Mit Fllistoff geflilte Stahlrohrsdule (20; 74)
mit einem Stahlrohr (24; 46; 76}, das eine Innen-
flache (24a; 54a; 82a; 120a, 122a) und wenigstens
ein Paar von oberen und unteren, koaxial fiuch-
tenden Rohrteilen (30, 32; 50, 52; 80, 82; 120, 122)
hat, mit einem Kern (28; 68), der aus dem Fullstoff
hergestellt ist und innerhalb des Stahlrohrs ange-
ordnet ist, mit einer ersten Trennschicht (26), die
zwischen die Innenflache des Stahlrohrs und den
Kern eingefiigt ist, um den Kern {28, 68) von der
Innenflache des Stahlrohrs derart abzutrennen,
dafl tangentiale Belastungskomponenten nicht
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zwischen dem Rohr und dem Kern Ubertragen
werden, wobei die mit Flillstoff gefiilite Stahlrohr-
saule dadurch gekennzeichnet ist, dal®3 die
benachbarten Enden der oberen und unteren
Rohrteile (30, 32; 50, 52; 80, 82; 120, 122) in
Abstand zueinander angeordnet sind, um einen
ringférmigen Zwischenraum (36) zwischen ihren
benachbarten Enden (30a, 32a; 50a, 52a; 80a, 82a)
zu schaffen, wobei der Zwischenraum axiale Bela-
stungen in dem Stahlrohr durch eine Verringe-
rung seiner axialen Breite (W) absorbiert, wenn
das Stahlrohr durch eine axiale Druckbelastung
beaufschiagt wird, und dabei die auf das Stahl-
rohr wirkende axiale Belastung reduziert und die
auf die Kernwandung wirkende axiale Belastung
erhéht; und dadurch, daf? ein Abstandshalter (34;
64; 84; 94; 100) an dem Zwischenraum .ange-
ordnet ist, um dem Zwischenraum das Verringern
seiner axialen Breite (W) zu gestatten und den
Kern (28, 68) mit einer lateralen Begrenzung zu
versehen, wenn eine axiale Druckbelastung auf
die S&ule (20) aufgebracht wird. :

2. Mit Fullstoff gefiillte Stahlrohrsdule nach
Anspruch 1, bei der der Abstandshalter ein
Distanzstiick enthéit, das zwischen die benachbar-
ten Enden der Rohrstiicke eingefligt ist, um den
Zwischenraum zwischen den benachbarten
Enden zu erhalten und gleichzeitig' dem
Zwischenraum zu gestatiten, seine axiale Lange zu
reduzieren, wenn das Stahlrohr mit einer axialen
Druckbelastung beaufschlagt wird.

3. Mit Fullstoff gefiillte Stahlrohrsdule nach
Anspruch 2, wobei das Distanzstiick folgendes
enthélt: ein ringférmiges Grundgefiige (38), das
konzentrisch in den ringférmigen Zwischenraum
palt, wobei das Grundgefiige eine geringere
Druckfestigkeit und eine geringere Steifigkeit als
die Rohrteile hat; und ein langgestrecktes Ele-
ment (40), das in das Grundgefiige entlang der
Umfangsrichtung des Grundgefliges eingebettet
ist, um eine Wicklung innerhalb des Grundgefii-
ges zu formen, wobei das langgestreckte Element
ungefahr die gleiche Zugfestigkeit wie die Rohr-
teile hat.

4. Mit Fullstoff geflilite Stahlrohrsdule nach
Anspruch 1 oder 2, wobei der Abstandshalter
Mittel enthalt, die es erlauben, die Rohrteile koa-
xial und in Reihe zu verbinden und gleichzeitig
den Rohrteilen zu gestatten, relativ zueinander
axial beweglich zu sein. :

5. Mit Fllstoff geflillte Stahlrohrsdule nach
Anspruch 4, wobei die Verbindungsmittel eine
Rohrverbindung (48) enthalten, die die beiden
benachbarten Enden der Rohrsticke umschlief3t,
wahrend sie relativ zu wenigstens einem der
Rohrteile axial gleitend ist.

6. Mit Fllistoff geflillte Stahlrohrsdule nach
Anspruch 5, bei der die Rohrverbindung .(48)
folgendes einschlieRt: einen Rohrkérper (54), der
eine Innenflache (54a) hat, wobei der Rohrkérper
einen Zwischenraum (56) zwischen seiner Innen-
flache und den Rohrteilen bildet; eine innere Lage
(58), die aus dem Fulistoff hergestellt ist und in
dem Zwischenraum angeordnet ist; und eine
zweite Trennschicht (60}, die zwischen der inne-
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ren Lage und zumindest einem der Rohrteile
eingefigt ist.

7. Mit Fullstoff geflllte Stahlrohrsiule nach
Anspruch 4, wobei jedes der Rohrstiicke (80, 82)
eine Innenfléche hat, und wobei die Verbindungs-
mittel folgendes enthalten: ein Verbindungsrohr
{84), das mit einen und anderen Endbereichen
(90, 92) versehen ist, wobei der eine Endbereich
(90) koaxial mit der Innenfiiche {80a) des einen
Rohrstiickes verbunden ist, und der andere End-
bereich {92} koaxial an die Innenfliche {82a) des
anderen Rohrstiicks angepalBt ist, so daR das
Verbindungsrohr relativ zu dem anderen Rohr-
stlick axial gleitbeweglich ist; und, Belastungs-
Ubertragungsmitte! (96), die an dem Verbin-
dungsrohr angeordnet sind, um eine auf eines der
Rohrstiicke wirkende axiale Belastung auf den
Kern zu Gbertragen.

8. Mit FEilistoff gefiilite Stahlrohrsdule nach
Anspruch 7, wobei die Belastungsiibertragungs-
mittel {96) einen Innenbund enthalten, der umiau-
fend mit einem der entgegengesetzten Enden des
Verbindungsrohres verbunden ist, um radial nach
innen zu ragen.

9. Mit Fullstoff gefillte Stahlrohrséule nach
Anspruch 8, bei der die Veribindungsmittel ein
oberes Ende haben und bei der die Verbindungs-
mittel weiterhin ein nachgiebiges Element {104)
enthalten, das axial nachgiebig ist, wobei das
nachgiebige Element umiaufend an dem oberen
Ende des Verbindungsmittels angeordnet ist, um
eine axiale Druckbelastung zu reduzieren, die von
dem Kern auf das Verbindungsrohr ausgeiibt
wird.

10. Mit Fullstoff geflillte Stahlrohrsidule nach
Anspruch 1, 2, 3, 7, 8 oder 9, bei der das Stahlrohr
weiterhin Mittel zur gegenseitigen Befestigung
der Rohrstiicke enthéit, wihrend sie den Rohr-
stiicken gestatten, sich aufeinander zuzubewe-
gen, aber verhindern, daRR sich die Rohrstiicke
voneinander entfernen, wobei die Befestigungs-
mittel folgendes enthalten: ein paar duf3erer Flan-
sche (108, 110), die umlaufend jeweils mit den
benachbarten Enden der Rohrstiicke verbunden
sind, wobei die &duBeren Flansche radial nach
aullen ragen und einander zugekehrt sind, und
jeder der &uReren Flansche eine nach innen
gerichtete Flache und eine AuRenfliche hat; und
eine Vielzahl von Einstellelementen (112, 114,
116), von denen jedes entgegengesetzte Endbe-
reiche hat, und die Endbereiche jeweils in direk-
tem Kontakt mit den Auflenflachen der &duBeren
Flansche sind.

Revendications

1.-Poteau (20; 74) en tube d’acier avec remplis-
sage, comprenant un tube d'acier (24; 46; 76)
présentant une face interne (24a; 54a; 82a; 120a,
122a) et au moins une paire de piéces tubulaires
supérieure et inférieure (30, 32; 50, 52; 80, 82;
120, 122) alignées coaxialement, un noyau (28;
68) constitué par le remplissage et disposé a
I'intérieur dudit tube d’acier, une premiére couche
séparatrice (26) interposée entre ladite face

70

15

20

25

30

35

40

50

55

60

65

interne du tube d’acier et ledit noyau, pour sépa-
rer ledit noyau (28; 68) de la face interne du tube
d’acier, de telle sorte que des composantes d’ef-
fort tangentiel ne soient pas répercutées entre le
tube et le noyau, ledit poteau en tube d’acier avec
remplissage étant caractérisé par le fait que les
extrémités adjacentes des piéces tubulaires supé-
rieure et inférieure (30, 32; 50, 52; 80, 82; 120,
122) sont mutuellement espacées pour former un
interstice annulaire (36) entre leurs extrémités
adjacentes (30a, 32a; 50a, 52a; 80a, 82a), ledit
interstice absorbant des contraintes axiales agis-
sant dans le tube d'acier, en réduisant sa largeur
axiale (W) lorsque le tube d'acier est soumis a une
charge de compression axiale, réduisant ainsi la
charge axiale imposée au tube d’acier, et aug-
mentant {a charge axiale imposée a la paroi du
noyau; et par le fait qu'un moyen d’espacement
(34; 64; 84; 94; 100) est implanté autour dudit
interstice pour permettre audit interstice de
réduire sa largeur axiale (W), et pour prodiguer un
confinement {atéral audit noyau (28; 68) lors-
qu’une charge de compression axiale est imposée
au poteau (20).

2. Poteau en tube d'acier avec remplissage,
selon ia revendication 1, dans iequel ledit moyen
d'espacement comprend un élément d’'espace-
ment interposé entre lesdites extrémités adja-
centes des pieces tubulaires, afin de maintenir
ledit interstice entre lesdites extrémités adja-
centes tout en permettant a l'interstice de réduire
sa longueur axiale lorsque le tube d’acier est
soumis @ une charge de compression axiale.

3. Poteau en tube d’acier avec remplissage,
selon la revendication 2, dans lequel ledit éiément
d’espacement comprend: une matrice annulaire
(38) s'ajustant concentriquement dans ledit
interstice annulaire, ladite matrice présentant une
moins grande résistance a la compression et une
moins grande rigidité que les piéces tubulaires; et
un élément longiligne (40) noyé a I'intérieur de la
matrice, le long de la direction circonférentielle de
cette matrice, pour former un enroulement spiroi-
dal a Vintérieur deladite matrice, ledit élément
longiligne présentant approximativement la
méme résistance a la traction que les piéces
tubulaires.

4. Poteau en tube d’acier avec remplissage,
selon la revendication 1 ou 2, dans lequel ledit
moyen d'espacement comprend un moyen d’ac-
couplement coaxial en série desdites piéces tubu-
laires, tout en autorisant une mobilité axiale
relative des piéces tubulaires.

5. Poteau en tube d'acier avec remplissage,
selon la revendication 4, dans lequel ledit moyen
d'accouplement comprend un accouplement
tubulaire {48) s’ajustant autour des deux extré-
mités adjacentes précitées des piéces tubulaires,
tout en pouvant coulisser axialement par rapport
a au moins l'une des piéces tubulaires.

6. Poteau en tube d’acier avec remplissage,
selon la revendication 5, dans lequel ledit accou-
plement tubulaire (48} comprend: un corps tubu-
laire {54) muni d’une surface interne (54a), ledit
corps tubulaire délimitant un espace (56) entre sa
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face interne précitée et lesdites piéces tubulaires;
une couche intérieure (58), constituée par le
remplissage et disposée a lintérieur dudit
espace; et une seconde couche séparatrice (60),
interposée entre ladite couche intérieure et au
moins l'une des piéces tubulaires.

7. Poteau en tube d'acier avec remplissage,
selon la revendication 4, dans lequel chacune
desdites pieces tubulaires (80, 82) présente une
face interne; et dans lequel ledit moyen d’accou-
plement comprend: un tube de solidarisation (84)
présentant ['une et 'autre des régions extrémes
(90, 92), I'une (90) desdites régions extrémes
précitées étant reliée coaxialement & la face
interne (80a) de I'une des piéces tubulaires, I'au-
tre région extréme (92) s'ajustant coaxialement
par rapport a la face interne (82a) de 'autre piéce
tubulaire, de telle sorte que le tube de solidarisa-
tion puisse coulisser axialement par rapport a
l'autre piéce tubulaire; et un moyen (96) de
transmission de charge monté sur le tube de
solidarisation pour transmettre, audit noyau, une
charge axiale imposée a I'une des piéces tubu-
laires.

8. Poteau en tube d’'acier avec remplissage,
selon la revendication 7, dans lequel ledit moyen
(96) de transmission de charge présente une
collerette interne reliée, circonférentiellement, a
Fune des extrémités opposées dudit tube de
solidarisation, de maniére 2 faire saillie radiale-
ment vers |'intérieur.

9. Poteau en tube d’acier avec remplissage,
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selon la revendication 8, dans lequel ledit moyen
d’'accoupiement présente une extrémité supé-
rieure; et dans lequel ledit moyen d'accouple-
ment comporte en outre une piéce fiexibie (104)
pouvant fléchir axialement, ladite piece fiexible
étant disposée circonférentiellement sur ['extré-
mité supérieure du moyen d’accouplement, afin
de diminuer une charge de compression axiale
imposée audit tube de solidarisation & partir dudit
noyau.

10. Poteau en tube d’acier avec remplissage,
selon la revendication 1, 2, 3, 7, 8 ou 9, dans
lequel ledit tube d’acier posséde, en outre, des
moyens pour assujettir mutuellement lesdites
pieces tubulaires, tout en permettant aux piéces
tubulaires de se rapprocher I'une de I'autre, mais
en empéchant ces piéces tubulaires de s’éloigner
I'une de l'autre, lesdits moyens d’assujettisse-
ment comprenant: une paire de brides exté-
rieures (108, 110) respectivement reliées, dans le
sens circonférentiel, aux extrémités adjacentes
des piéces tubulaires, lesdites brides extérieures
faisant saillie radiaiement vers l'extérieur et se
faisant mutuellement face, chacune des brides
extérieures comprenant une surface tournée vers
I'intérieur et une surface extérieure; et de multi-
ples piéces de venue en prise (112, 114, 116) dont
chacune présente des régions extrémes oppo-
sées, lesdites régions extrémes opposées étant
respectivement en contact direct avec les surfaces
extérieures desdites brides extérieures.
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