
EP 0 195 552 B1 Description Background of the Invention 5      The present
invention relates to a concrete filled steel tube column and method of
constructing same, the concrete filled steel tube column being for use in,
for example, columns and piles of building structures. Heretofore, this
kind of concrete filled steel tube column has been constructed by erecting
a steel tube which also serves as a formwork other than a casing and then
by filling the steel tube with a concrete to form a concrete core. The
steel tube and the concrete core show integral behavior when an axial 10
compression is applied to the steel encased concrete column since they are
bonded to each other. When the concrete column is subjected to an axial
compression beyond a predetermined compression strength, excess strains
develop in the steel tube and the concrete core, with the result that local
buckling is produced in the steel tube or that the steel tube reaches a
yield area under Mieses's yield conditions. Thus, the steel tube does not
provide the concrete core with sufficient confinement, which causes the
concrete 15  core to reach a downward directed portion of the stress-strain
curve at a load applied considerably lower that a predetermined load. For
this reason, it cannot be expected to efficiently 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 give it sufficient strength. 20
Summary of the Invention Accordingly, it is an object of the present
invention to provide a concrete filled steel tube column and method of
constructing same which efficiently enhance the concrete core in
compression strength to thereby enable a considerable reduction in the
cross-section thereof as compared to the prior art column. 25     With this
and other objects in view one aspect of the present invention is directed
to a concrete filled steel tube column, including: a steel tube having an
inner face; a concrete core disposed within the steel tube; and a
separating layer interposed between the inner face of the steel tube and
the concrete core for separating the concrete core from the inner face of
the steel tube so that the steel tube is unbonded to the concrete core;
characterised 30 in that the steel tube comprises: axial stress reducing
means including an annular portion of the steel tube circumferentially
extending completely around the steel tube for reducing axial stresses
which develop in the steel tube; and axial load transfer means mounted on
the steel tube for transmitting to the core and axial load applied to the
steel tube, the axial load transfer means comprising a web assembly fixedly
joined to the inner face of the steel tube and disposed in the core. 35
Other aspects of the invention are defined in the appended claims, German
specification DE-A- 2,723,534 and French specification FR-A-1,173,701
describe concrete filled steel tube columns having a separating layer
interposed between the tube and core to prevent bonding of the tube to the
core. However, in neither of these is the arrangement such that axial load
applied to the tube is transmitted to the core. 40 Brief Description of the
Drawings In the darwings: Figure 1 is a partial view illustrating an axial
cross-section of a concrete filled steel tube column having a separating
layer interposed between the tube and the core; 45    Figure 2 is a view
taken along the line II-II in Figure 1; Figure 3 is a front view, partly in
section, of an embodiment of the present invention which is modification of
the column of Figures 1 and 2; Figure 4 is a view taken along the line
IV-IV in Figure 3; Figure 5 is a front view, partly in section, of a
modified form of the concrete filled steel tube column in so    Figure 3;
Figure 6 is a view taken along the line VI-VI in Figure 5; Figure 7 is
another modified form of the concrete filled steel tube column in Figure 3;
Figure 8 is a view taken along the line VIII-VIII in Figure 7; Figure 9 is
a partial view of a modified form of the concrete filled steel tube column
in Figure 3; 55    Figure 10 is a front view, partly in section, of a still
other modified form of the concrete filled steel tube column in Figure 3;
Figure 11 is a view taken along the line XI-XI in Figure 10; Figure 12 is a
perspective view of a slit tube; 



2    EP 0 195 552 B1 Figure 13 is an exploded view of a steel tube used in
a modified form of the concrete filled steel tube column in Figure 3;
Figures 14 to 17 illustrate a process of constructing a building framework
using the steel tube in Figure 13; 5     Figure 18 is a graph showing
load-strain characteristic of a concrete filled steel tube column which is
not in accordance with the present invention; Figure 19 is a graph showing
load-strain characteristic of a prior art concrete filled steel tube
column; Figure 20 is a diagrammatical view of a test piece according to the
present invention; and Figure 21 is a graph illustrating a moment
hysteresis loop of the test piece in Figure 20. 10    In the drawings, like
reference characters designate corresponding parts throughout views, and
descriptions of the corresponding parts are omitted after once given.
Referring now to Figures 1 and 2, reference numeral 30 designates an
unbonded, concrete filled steel tube column according to the present
invention in which a separating material, asphalt in this embodiment, is
applied over the inner face of the steel tube 32 to form a separating layer
34 and then a concrete is filled into it to form a concrete core 36. In 15
the present invention, steel tubes used in the conventional concrete filled
steel tube column or steel encased concrete column may be used as the steel
tube 32. The separating layer 34 serves to separate the steel tube 32 from
the concrete core 36 so that the concrete core 36 is unbonded to the steel
tube 32. The separating material used in the present invention may include,
for example, a grease, paraffin wax, synthetic resin, paper and a like
material other than asphalt. The thickness of the separating layer 34 is
such that it 20  provides a viscous slip to the concrete core 36. In
asphalt, the thickness of the separating layer 34 is about 20-100 u.
According to the invention, the concrete may include, for example, an
ordinary concrete, lightweight concrete, fiber concrete, etc. The concrete
filled steel tube column 30 has a cylindrical unoccupied space 38 defined
at its one end portion. The space 38 is to be filled with a grout for
grouting in jointing the tube column 30 to another steel tubes 32. 25
The steel tube 32 and the concrete core 36 of the concrete filled steel
tube column 30 are in an unbonded state and hence they are axially movable
relative to each other. This means that when the concrete core 36 is
subjected to an axial compression, little axial strain is produced in the
steel tube 32 and a hoop tension develops in the steel tube 32 by providing
a lateral confinement to the concrete core 36. Thus, the column 30 produces
a synergistic result by exercising characteristics of its components. That
is, 30 the column 30 sustains an axial load with the concrete core 36,
which is relatively strong against compression, and holds against a hoop
tension by the steel tube 32 which is relatively strong against tension.
The column 30 is insures considerably high strength as compared to the
conventional bonded, concrete-filled steel tube columns and thus it is
possible for the column 30 to largely reduce its cross- sectional area for
a given strength. The column of Figures 1 and 2 is outside the scope of the
present 35 invention. Detailed Description of the Preferred Embodiments
Figures 3 to 4 illustrate a modified form of the concrete filled steel tube
column of Figures 1 and 2 40 which is in accordance with the present
invention. In this modification, the steel tube 42 consists of a pair of
tube pieces 46 and 46 concentrically welded at one ends thereof and each
tube piece 46 is provided at its one end with a seven circumferential rows
of slits or through slots 48 in a zigzag manner. Thus, the steel tube 42 is
provided at its intermediate portion, i.e., inflection point of moment,
with a slit portion 44 having a 14 rows of slits 48. The sum of vertical
width W of vertically aligned slits 48 of the slit portion 44 (e.g., the 45
slits 48 on the phantom line VL in Figure 3) is preferably around a maximum
axial strain of the steel tube 42 to be caused by overturning moment of the
building. The shape of the slits 48 may be a rectangle, ellipse and like
configurations. The vertical length of the slit portion 44 is substantially
equal to the diameter of the column 40. The steel tube 42 has a relatively
short joint steel tube 50 concentrically welded at its end. The joint tube
50 has a load tranfer assembly 52 welded to its inner face. The load
transfer assembly 52 50 includes a web 54 and webs 56 and 58
perpendicularly welded to the web 54 to form a cross shape as 



shown in Figure 4. The load transfer assembly 52 has a bearing disc member
60 welded to its lower edges to be concentric with the joint tube 50. Also,
the joint tube 50 is coated over its inner face with the separating layer
34 and is charged with the concrete. Another steel tube is concentrically
welded to the upper edge of the joint tube 50. The joint tube 50 is welded
at its outer face to one ends of four H steel ss beam joint members 62, 64,
66 and 68 so that the beam joint members are disposed in a horizontal plane
with adjacent beam joint members forming a right angle. Webs 70 of the beam
joint members 62, 64, 66 and 68 are jointed at their one ends via the wall
of the joint tube 50 to corresponding outer ends of the webs 54, 56 and 58
of the load transfer assembly 52. The other end of each of the beam joint
member 62, 3    EP 0195 552 B1 64, 66 and 68 is welded to a beam not shown.
With such a construction, shearing force from the beams which are jointed
to the joint members 62 and 64 is transferred via the beam joint members 62
and 64 and the wall of the joint tube 50 to the webs 54 of the load
transfer assembly 52 and on the other hand shearing force from the beams
which are jointed to the 5  beam joint members 66 and 68 is transferred via
the joint members 66 and 68 and the wall of the joint tube 50 to respective
webs 58 and 56 of the load transfer assembly 52. Then, the shearing force
is transferred by means of the bearing disc member 60 to the concrete core
36 as an axial force. Thus, the steel tube 42 is subjected to a rather
smaller axial force from the beams than the concrete core 36. In the
presence of the separating layer 34, the steel tube 42 and the joint tube
50 are axially movable relative to the concrete core 10  36 and hence when
the concrete core 36 undergoes axial compression, the steel tube 42 follows
the concrete core 36 with a much smaller degree of axial strain than the
prior art steel tube bonded to its concrete core. Further, the axial
compression of the steel tube 42 reduces it axial length by axially
deforming the slits 48 of the slit portion 44, thus dissipating the axial
stress in the steel tube 42 and the joint tube 50. In view of the Mieses's
yield conditions, strength of the steel tube 42 and the joint tube 50
against 15  circumferential stress which develops in them due to a
transverse strain of the concrete core 36 increases, thus enhancing
confinement effect of the steel tube 42 which is provided to the concrete
core 4. The column 40 insures higher compression strength than the column
30 of the preceding embodiment. In place of the slit portion 44, a
ring-shaped through slot may be formed in the steel tube 42 as means for
absorbing an axial strain of the steel tube 42. That is, a ring gap may be
provided between the ends of 20  the two tube pieces 46 and 46 without
welding the associated ends of the tube pieces 46 and 46 together.
Alternatively, one of more ring grooves which extend full cicrumference of
the steel tube 42 may be formed in it in place of the slits 48. A modified
form of the embodiment in Figures 3 and 4 is illustrated in Figures 5 and
6, in which four bearing discs 72 are welded to lower edges of the webs 54,
56 and 58 of the load transfer assembly 52 to 25  be disposed in a
horizontal plane at 90[err]  angular intervals as shown in Figure 6. In
this modification, a plurality of reinforcements 74 are axially disposed
within the steel tube 42 and the joint tube 50 at angular intervals about
the axis thereof. After the reinforcements 74 are disposed in such a
manner, a concrete is charged into the joint tube 50 and the steel tube 42
in a conventional manner. A large proportion of shearing force from beam
joint member 62, 64, 66 or 68 is transferred via the four bearing discs 72
to the concrete 30  core 36. In the presence of the reinforcements 74, the
column 80 has large strength as compared to the column 40 in Figures 3 and
4. A further modified form of the column 40 in Figures 3 and 4 is shown in
Figures 7 and 8, in which a column 90 contains a prestressed concrete core
92. A plurality of, sheath pipes 94 twelve in this embodiment are axially
disposed within the steel tube 42 at substantially equal angular intervals
about the 35  axis thereof as shown in Figures 7 and 8. Each sheath pipe 94
has a PC steel rod 96 passed through it. After the concrete is set, a
tension is conventionally applied to each PC steel rod 96. The sheath pipes
94 and PC rods 96 may be provided to the column 80 in Figures 5 and 6
instead of the reinforcements 74. A modified form of the slit steel tube 42
is shown in Figure 9, in which a sliced slit tube 100, having four rows of
slits 102 formed through it, is coaxially welded at its opposite ends with
a pair of tube pieces 46. 40     Figures 10 and 11 illustrate another
modified form of the concrete column in Figures 3 and 4, from 



which this modification is distinct in the joint structure of the joint
tube 50 to beams. The joint tube 50 has a beam joint assembly welded around
it. The joint assembly 110 includes a pair of parallel flanges 112 and 114
fitted around and welded to the joint tube 50. The flanges 112 and 114 are
jointed by means of ribs 116-130. The ribs 116-130 and the outer wall of
the joint tube 50 define four separate spaces. The inner 45  ends of the
ribs 118, 120, 126 and 128 are welded through the wall of the joint tube 50
to the outer ends of the webs 54, 56 and 58 of the load transfer assembly
52. Each corner of the joint assembly 110 is jointed to ends of two
perpendicular H steel beams 132 and 140, 134 and 144, 136 and 142 or 138
and 146. More specifically, with respect to the beam 132, one end of its
upper flange 152 is welded to the one edge of the upper flange 112 at one
corner 210, one end of the web 172 to one end of the rib 124 and one end of
the 50  lower flange 192 to one edge of the lower flange 114 at the one
corner 210. On the other hand, the beam 140 has a upper flange 160 welded
at its one end to the other edge of the upper flange 112 at the one corner
210, a web 180 welded at its one end to one end of the web 116, and a lower
flange 220 welded at its one end to the other edge of the lower flange 114
at the one corner 210. In the same manner, the other beams 134-138 and
142-146 are jointed to the other corners of the upper and lower flanges 112
and 114 of 55  the flange assembly 110. With such a construction, a
shearing force exerted on the beams 132 and 134, mainly on thewebs 172 and
174 thereof is transferred via ribs 124 to the web 118, from which it is
transferred via the joint tube 50 and the web 58 to the bearing disc 60,
which in turn transfers the force as an axial force to the concrete 4    EP
0 195 552 B1 core 36. The beams 136 and 138 transfer a shearing force,
which is exerted on them, via ribs 130 and 120, the joint tube 50 and the
web 56 to the bearing disc 60. The beams 140 and 142 transfer a shearing
force exerted on them via ribs 116 and 128, the joint tube 50 and the web
54 to the bearing disc 60. Lastly, a shearing force exerted on the beams
144 and 146 is transferred via the ribs 122 and 126, the joint tube 50 5
and the web 54 to the bearing disc 60. In this modification, the beams
132-146 are jointed through the joint assembly 110 to the column 40 and
hence this beam and column joint structure is longer in web length than the
beam and column joint structure in the preceding embodiments. Thus, the
beams 132-146 are capable of deflecting to a larger extent and hence this
modified form has a more flexible column and beam joint structure than the
10 preceding embodiments. This column includes an annular array 44 of slits
48 as shown in the embodiments of Figures 3 to 8. Figures 12-17 illustrate
a process for fabricating a modified form of the column 40 in Figures 3 and
4. First of all, a joint tube assembly 230 as shown in Figures 5 and 6 is
prepared. The joint tube 50 of the joint tube assembly 230 is welded at
each of this opposite ends to a tube body 232. On the other hand, a slit 15
steel tube 240 which has a large number of slits 242 formed through it over
the whole area thereof is prepared as illustrated in Figure 12. The slit
steel tube 240 may be produced by centrifugal coasting or by forming slits
through a conventional steel tube with a water jet, a high speed cutter,
gas torch, etc. The slit tube 240 thus prepared is sliced into many slit
pieces 244 having a length of 1. One slit piece 244 is concentrically
welded to the free end of one tube body 232 welded to the joint tube 50,
the tube body 232 20 having a longer length than the slit piece 244. Thus,
there is prepared a steel tube 42 with the joint assembly 230 as indicated
in Figure 14. A plurality of, two in this embodiment, steel tubes 42 are
welded in series as illustrated in Figure 14 to form a pointed tube unit
250. Thereafter, a separating layer is applied over  the inner face of the
jointed tune unit 250 so that the jointed tubes 232, 50 and 244 may not be
bonded to a concrete core to be disposed within them. The separating layer
is formed by applying a 25 separating material such as a grease, paraffin
wax, asphalt and a like material or depositing a plastic film on the inner
face of the jointed tubes. This separating layer forming process may be
carried out before a pluraltiy of steel tubes are welded. In constructing a
building framework, a plurality of the joint tube units 250 above described
are prepared. Joint tube units 250 for the first or ground floor are
erected by means of a crane on bases 252, in 30 which event a slit piece
244 welded to one end of each jointed tube unit 250 is placed on a
corresponding 



base 252. Adjacent two tube units 250 erected are spanned with two beams
254 and 254 which are welded or jointed by bolts at their opposite ends to
respective opposing beam joint members 62 and 64 of the corresponding joint
assembly 230 of the tube units 250 as shown in Figure 16. At this stage of
the construction, reinforcements may be disposed as shown in Figures 5 and
6 if needed. Then, a concrete is 35 charged into the tube unit 250 and
cured. In filling with the concrete, the upper end of each tube unit 250 is
left unfilled to form a space as shown by reference numeral 38 in Figure 1
for jointing of subsequent tube unit 250. Then, tube units 250 for the next
floor are welded at their slit parts 244 to the upper ends of corresponding
tube units 250 already erected as shown in Figure 17. By repeating the
above-described procedures, a more than two story builiding framework 260
is constructed as illustrated. 40    In this construction process, each
tube unit 250 has two steel tubes 42 each having joint assembly 230 but
more than two steel tubes 42 may be used. Before beams 254 are welded to
the tube units 250, more than two tube units may be jointed in series.
Although in the preceding embodiments, slits are formed in annular regions
of the steel tubes 42, the slits may be distributed over the surface
thereof as illustrated in Figure 12. Before assembling, the steel 45 tube
42 may be axially stretched to have a longer length. By doing so, the steel
tube unit 250 is subjected to a less axial strain when the concrete core is
compressed. In this case, before stretching, the steel tube 42 is provided
with circumferential slits which are deformed into wider slits 242 when
axially streteched. Comparative Example 1 50 A steel tube having a 114 mm
outer diamter, a 6.0 mm thickness and a 340 mm length was prepared. Young's
modules [err] of the steel tube was 2.06 x [err] MPa (2.1 x 106 [err]) and
yield point thereof was 284 MPa (2900 [err]) An asphalt was sprayed over
the inner face of the steel tube to form a 100 asphalt coating. A concrete
which was prepared in composition as given in Table 1 was charged into the
asphalt 55 coated steel tube from the bottom to the top to form a test
column. In Table 1, each component is given in Kg per 1 [err] of the
concrete prepared. A concrete test piece made of the concrete above and
having a 100 mm diameter and a 200 mm height had cylinder strength of 59
MPa (602 [err]), which is substantially equal to strength according to ACI
(U.S.A.), and Young's modulus of 3.7 x [err] MPa (3.74 x 105 [err]) 5    EP
0 195 552 B1 The test column was cured for 4 weeks and then axial
load-strain behaviour of the test column was determined. In this test, the
test column was vertically supported in a hydraulic test machine and static
axial loads were applied by a hydraulic jack to only the top face of its
concrete core. The results are given in Figure 18 in which axial strain
[err] and hoop strain of the steel tube are given in the solid lines and
axial strain 5  [err] of the concrete core is given by the dot and chain
line. It was noted that the ultimate axial load was 168 metric tons and the
yield strength of the concrete core was 201 MPa (2056 [err]) Comparative
Test 1 10     A concrete having the same composition as in Example 1 was
charged into another steel tube having the same dimensions and properties
as the steel tube in Example 1. The same test was conducted on this test
piece except that static axial loads were applied to the overal top end
face thereof. The results are plotted in Figure 19, from which it is clear
that the ultimate axial load was 132 metric tons and the yield strength of
the concrete core was 158 MPa (1616 x [err]) 15 TABLE 1 [err] 20
Example            Comparative             Example 1    Test
2 Water                              145                               180
25        Cement                              580
423 Sand                               670
668 Aggregate                          893  *1
1034  *2 



Slump(cm)                            20.0                               16
30 *1:    5-15  mm  sand  stone  river gravel *2:    10-20  mm  sand  stone
river  gravel 35 Example 2 A slit steel tube 2800 mm long which consisted
of a slit steel tube piece and a pair of two steel tube members coaxially
welded at their one ends to the opposite ends of the slit steel tube piece
as shown in 40  Figure 9. The slit steel tube had a [err] asphalt coating
as in the Example 1. The dimensions of the slit steel tube piece and the
two steel tube members are given in Table 2. Young's modulus [err] of the
steel tube as 2.06 x 105 Mpa (2.1 x 106 Kg/cm2) and yield point thereof was
304 MPa (3100 [err]) The slit steel tube piece had nine rows of slits
formed by a high speed cutting, each row including 4 slits having an equal
angular spacing [err] = [err] Each slit had a 3 mm vertical width and
extending in an angular range [err] of 45  75 . The distance [err] between
centers of slits of adjacent rows was 10 mm and the distance D2 between the
centers of outermost rows and nearer edges was 20 mm. A concrete which was
prepared in composition as given in Table 1 was charged into the asphalt
coated steel tube form the bottom to the top to form another test column. A
concrete test piece which as made of this concrete and which had a 100 mm
diameter and a 200 mm height had a cylinder strength of 41 MPa (420 Kg/cm2)
and Young's modulus 50  of 2.9 x [err] MPa (2.94 x [err]). The test column
was cured for 4 weeks and then the steel tube column thus prepared was
horizontally held at its opposite ends and a constant axial force of 102
metric tons was applied to its one end of the concrete core while the other
end is held stationary. Under these conditions, static loads P were applied
at positions, which were spaced 1/4 of the steel tube length 2L from the
oppoiste ends, in opposite vertical directions as shown in Figure 20. A
hysteresis loop obtained is 55  plotted in Figure 21, where the angle R is
an angle of the axis of the steel tube with the horizontal plane in term of
radian and the moment M = P L/4. 6    EP 0 195 562 B1 TABLE  2 (mm) Slit
tube   piece   Steel  tube  members Outer  diameter             216
216 10       Length                      120
1340 Thickness                    12
8.2 15 Claims 1. A concrete filled steel tube column, including: a steel
tube (42) having an inner face; 20     a concrete core (36) disposed within
the steel tube (42); and a separating layer (34) interposed between the
inner face of the steel tube (42) and the concrete core (36) for separating
the concrete core (36) from the inner face of the steel tube (42) so that
the steel tube (42) is unbonded to the concrete core (36); characterised in
that the steel tube (42) comprises: axial stress reducing means (42)
including an annular portion of the steel tube circumferentially extending
completely around the steel tube (42) for 25     reducing axial stresses
which develop in the steel tube (42); and axial load transfer means mounted
on the steel tube (42) for transmitting to the core (36) an axial load
applied to the steel tube (42), the axial load transfer means comprising a
web assembly (52) fixedly joined to the inner face of the steel tube (42)
disposed in the core (36). 30  2. A concrete filled steel tube column as
recited in claim 1 wherein said separating layer is made of a substantially
selected from the group consisting of an asphalt, grease, oil, paraffin
wax, paper and plastic. 3. A concrete filled steel tube column as recited
in claim 1 or 2 wherin said annular portion comprises a 35     slit section
(44) having a plurality of rows of narrow openings (48) circumferentially
formed therein at 



equal angular spacings, adjacent openings (48) of adjacent rows being
shifted in positions relative to one another in a zigzag manner. 4. A
concrete filled steel tube column as recited in claim 3, wherein the rows
of openings are formed so 40     that the slit section is plastically
deformed by reducing the vertical width of the openings before the steel
tube is subjected to local buckling when an excess axial load is applied to
the steel tube column. 5. A concrete filled steel tube column as recited in
claim 4, wherein sum of axial width of axially aligned openings of said
slit section is around a maximum axial strain of said steel tube to be
caused by an 45     overturning moment of a building using the column. 6. A
concrete filled steel tube column as recited in claim 4, wherein the steel
tube comprises a slit steel piece defining the slit section and a pair of
steel tube pieces coaxially welded at their one ends to respective
opposition ends of the slit piece. 50 7. A concrete filled steel tube
column as recited in claim 1, 2, 3, 4, 5 or 6, wherein said steel tube (42)
comprises jointing means for jointing beams (132, 134, 136, 138, 254)
thereto, the jointing means including a joint tube (50) having an inner
face, and wherein said web assembly (52) is joined to the inner face of the
joint tube (50) to that an axial load exerted on the joint tube (50) is
transferred to the 55     concrete core (36). 8. A concrete filled steel
tube column as recited in claim 7, wherein said web assembly (52) comprises
a first web member (54) projecting from the inner face of the joint tube
(50) into the concrete core (36). 7    TABLE 2 (mm) Slit   tube  piece
Steel tube members Outer diameter              216
216 10       Length                       120
1340 Thickness                     12
8.2 15 Claims 1. A concrete filled steel tube column, including: a steel
tube (42) having an inner face; 20     a concrete core (36) disposed within
the steel tube (42); and a separating layer (34) interposed between the
inner face of the steel tube (42) and the concrete core (36) for separating
the concrete core (36) from the inner face of the steel tube (42) so that
the steel tube (42) is unbonded to the concrete core (36); characterised in
that the steel tube (42) comprises: axial stress reducing means (42)
including an annular portion of the steel tube circumferentially extending
completely around the steel tube (42) for 25     reducing axial stresses
which develop in the steel tube (42); and axial load transfer means mounted
on the steel tube (42) for transmitting to the core (36) an axial load
applied to the steel tube (42), the axial load transfer means comprising a
web assembly (52) fixedly joined to the inner face of the steel tube (42)
disposed in the core (36). 30  2. A concrete filled steel tube column as
recited in claim 1 wherein said separating layer is made of a substantially
selected from the group consisting of an asphalt, grease, oil, paraffin
wax, paper and plastic. 3. A concrete filled steel tube column as recited
in claim 1 or 2 wherin said annular portion comprises a 35     slit section
(44) having a plurality of rows of narrow openings (48) circumferentially
formed therein at equal angular spacings, adjacent openings (48) of
adjacent rows being shifted in positions relative to one another in a
zigzag manner. 4. A concrete filled steel tube column as recited in claim
3, wherein the rows of openings are formed so 40     that the slit section
is plastically deformed by reducing the vertical width of the openings
before the steel tube is subjected to local buckling when an excess axial
load is applied to the steel tube column. 5. A concrete filled steel tube
column as recited in claim 4, wherein sum of axial width of axially aligned
openings of said slit section is around a maximum axial strain of said
steel tube to be caused by an 



45     overturning moment of a building using the column. 6. A concrete
filled steel tube column as recited in claim 4, wherein the steel tube
comprises a slit steel piece defining the slit section and a pair of steel
tube pieces coaxially welded at their one ends to respective opposition
ends of the slit piece. 50 7. A concrete filled steel tube column as
recited in claim 1, 2. 3, 4, 5 or 6, wherein said steel tube (42) comprises
jointing means for jointing beams (132, 134, 136, 138, 254) thereto, the
jointing means including a joint tube (50) having an inner face, and
wherein said web assembly (52) is joined to the inner face of the joint
tube (50) to that an axial load exerted on the joint tube (50) is
transferred to the 55     concrete core (36). 8. A concrete filled steel
tube column as recited in claim 7, wherein said web assembly (52) comprises
a first web member (54) projecting from the inner face of the joint tube
(50) into the concrete core (36). 7    EP 0 195 552 B1 9. A concrete filled
steel tube column as recited in claims 8, wherein said first web member
(54) transversely crosses the concrete core (36) and has opposite ends
joined to the inner face of the joint tube (50). 5  10. A concrete filled
steel tube column as recited in claim 9, wherein said web assembly (52)
further comprises a second web member (56, 58) crossing said first web
member (54) so that the first and second web member (54, 56, 58) form a
cross-shaped assembly (52), said first and second web members (54, 56, 58)
being disposed parallel to an axis of the joint tube (50), the second web
member (56, 58) being jointed at opposite ends thereof to the inner face of
the joint tube (50). 10 11. A concrete filled steel tube column as recited
in claim 10, wherein said load transfer means further comprises bearing
means, jointed to said web assembly, for bearing the web assembly and for
transferring the axial load from the web assembly to the concrete core. 15
12. A concrete filled steel tube column as recited in claims 11, wherein
said bearing means comprises at least one bearing plate member jointed to
said web assembly to be located in a plane perpendicular to the axis of the
joint tube. 13. A concrete filled steel tube column as recited in claim 12,
wherein said bearing means comprises a 20     bearing disc member jointed
to one of opposite edges of said web assembly to be coaxial with the joint
tube. 14. A concrete filled steel tube column as recited in claim 12,
wherein said bearing means comprises four bearing plate members
symmetrically disposed with respect to the axis of the joint tube. 25 15. A
method of constructing a concrete filled steel tube column according to
claim 1, comprising the steps of: (a) perparing a steel tube having axial
stress reducing means formed in the steel tube and including an annular
portion circumferentially extending completely around the steel tube for
reducing axial 30        stresses which develop in the steel tube, axial
load transfer means mounted on the steel tube for transmitting to the core
an axial load applied to the steel tube, the axial load transfer means
comprising a web assembly (52) fixedly joined to the inner face of the
steel tube (42) and disposed in the core (36); (b) forming a separating
layer on an inner face of the steel tube so that the inner face of the
steel 35       tube is unbonded to a concrete to be charged into the steel
tube; and thereafter (c) charging said concrete into the steel tube formed
with the separating layer to form a concrete core within the steel tube,
whereby the steel tube is slidable relative to the concrete core. 16. A
method as recited in claim 15, wherein the steel tube preparing step
comprises the steps of: 40       (d) circumferentially forming a plurality
of rows of slits through the steel tube for absorbing an axial strain which
develops in the steel tube when the steel tube is subjected to an axial
load; and 



(e) coaxially joining a joint tube to the steel tube for jointing beam
members to the joint tube; and (f) mounting said axial load transfer means
within said joint tube for transferring a load from said beam members via
the joint tube to the concrete core when the beam members are jointed to
the 45       joint tube. 17. A method as recited in claim 16, before said
concrete charging step further comprising the steps of: (g) erecting said
steel tube having the separating layer; and (h) joining said beam members
to said joint tube. 50 18. A method as recited in claim 17, further
comprising the step of (i) coaxially jointing another steel tube to the
steel tube to the steel tube having said separating layer, whereby a
building framework is constructed by repeating the above-mentioned steps
(a) to (i). 55  19. A concrete filled steel tube column as recited in claim
1 or 2, wherein said annular portion comprises an annular gap formed in the
steel tube (42), the annular gap dividing the steel tube (42) into two tube
pieces having adjacent ends separated from each other. 8    EP 0 195 552 B1
20. A concrete filled steel tube column as recited in claim 1 or 2, wherein
said annular portion comprises one or more annular grooves formed in the
steel tube (42). Revendicatlons .5 1. Colonne a tube en acier rempli de
beton, comprenant un tube en acier (42), presentant une face int6rieure,
une ame en b6ton (36), disposee a l'int6rieur de ce tube en acier (42), et
une couche separatrice (34) interpos4e entre la face interieure du tube en
acier (42) et l'ame en beton (36) en vue de separer cette ame en b6ton (36)
de cette face interieure du tube en acier (42), de telle facon que ce tO
tube en acier (42) ne soit pas lie a l'ame en b6ton (36), caracterisee en
ce que le tube en acier (42) comprend des moyens de reduction d'effort
axial (42), comprenant une partie annulaire du tube en acier s'6tendant
circonferentiellement complatement autour du tube en acier (42) et
permettant de r6duire les efforts axiaux qui se d6veloppent dans ce tube en
acier (42), et des moyens de transfert de charge axiale mont6s sur le tube
en acier (42) et permettant de transmettre a i'ame (36) une charge t5
axiale appliquee sur ce tube en acier (42), ces moyens de transfert de
charge axiale comprenant un ensemble cloison (52) rendu solidaire de
maniere fixe de la face int6rieure du tube en acier (42) et dispos6 dans
l'ame (36). 2. Colonne a tube en acier rempli de beton suivant la
revendication 1, dans laquelle la couche de 20     separation est realisee
en une matiere essentiellement choisie dans le groupe constitu6 de.
l'asphalte, d'une graisse, d'une huile, d'une cire de paraffine, de papier
et de matiere plastique. 3. Colonne a tube en acier rempli de beton suivant
la revendication 1 ou 2, dans laquelle la partie annulaire comprend une
section a fentes (44) comportant plusieurs rang6es d'ouvertures 6troites
(48) 25     qui sont menagees dans le sens circonferentiel suivant des
espacements angulaires egaux, des ouvertures adjacentes (48) de rangees
adjacentes etant d6calees en position les unes par rapport aux autres en
quinconce. 4. Colonne a tube en acier rempli de b6ton suivant la
revendication 3, dans laquelle les rang6es 30     d'ouvertures sont
menagees de telle facon que la section a fentes soit d6form6e plastiquement
par reduction de la largeur verticale des ouvertures avant que le tube en
acier ne soit soumis a un flambage localise lorsqu'une charge axiale en
exces est appliqu6e sur la colonne a tube en acier. 5. Colonne a tube en
acier rempli de beton suivant la revendication 4, dans laquelle la somme
des 35     largeurs axiales des ouvertures axialement align6es de la
section a fentes est a peu pres telle qu'une contrainte axiale maximale du
tube en acier soit provoquee par un couple de renversement d'un batiment
utilisant la colonne. 6. Colonne a tube en acier rempli de beton suivant la
revendication 4, dans laquelle le tube en acier 40     comprend un element
en acier a fentes constituant la section a fentes et deux 6lements de tube
en 



acier soud6s de maniere coaxiale a l'une de leurs extr6mites sur des
extremites opposees respectives de l'el6ment a fentes. 7. Colonne a tube en
acier rempli de beton suivant la revendication 1, 2, 3, 4, 5 ou 6, dans
laquelle le 46     tube en acier (42) comprend des moyens d'assemblage
permettant d'assembler des poutrelles (132, 134, 136, 138, 254) sur lui,
ces moyens d'assemblage comprenant un tube d'assemblage (50) comportant une
face interieure, et dans laquelle lPensemble cloison (52) est assembi6 & la
face irnferieure du tube d'assemblage (50) de telle fagon qu'une charge
axiale exerc6e sur ce tube d'assemblage (50) soit transmise a l'ame en
beton (36). 50 8. Colonne a tube en acier rempli de beton suivant la
revendication 7, dans laquelle l'ensemble cloison (52) comprend une
premiere cloison (54) faisant saillie dans l'ame en b6ton (36) a partir de
la surface interieure du tube d'assemblage (50). 55  9. Colonne a tube en
acier rempli de beton suivant la revendication 7, dans laquelle la premiere
ame (54) traverse transversalement I'ame en beton (36) et pr6sente des
extr6mites oppos6es assemblIes a la surface interieure du tube d'assemblage
(50). 9    10. Colonne a tube en acier rempli de beton suivant la
revendication 9, dans laquelle 1'ensemble cloison (52) comprend en outre
une seconde cloison (56, 58) croisant la premiere cloison (54) de telle
facon que la premiere et la seconde cloisons (54, 56, 58) forment un
ensemble en forme de croix (52), ces premiere et seconde cloisons (54, 56,
58) 6tant dispos6es parallelement a l'axe du tube d'assemblage .s    (50),
la seconde cloison (56, 58) 6tant assemblee a ses extr6mit6s oppos6es a la
face interieure du tube d'assemblage (50). 11. Colonne a tube en acier
rempli de beton suivant la revendication 10, dans laquelle les moyens de
transfert de charge comprennent en outre des moyens d'appui assembl6s a
l'ensemble cloison, servant 10     d'appui a cet ensemble cloison et
servant a transmettre la charge axiale de cet ensemble cloison a I'ame en
beton. 12. Colonne a tube en acier rempli de b6ton suivant la revendication
11, dans laquelle les moyens d'appui comprennent au moins une plaque
d'appui assembl6e a I'ensemble cloison de fagon a etre disposee 15     dans
un plan perpendiculaire a l'axe du tube d'assemblage. 13. Colonne a tube en
acier rempli de bMton suivant la revendication 12, dans laquelle les moyens
d'appui comprennent un disque d'appui assemble a l'un des bords opposes de
l'ensemble cloison de fason a etre coaxial au tube d'assemblage. 20 14.
Colonne a tube en acier rempli de beton suivant la revendication 12, dans
laquelle les moyens d'appui comprennent quatre plaques d'appui disposees
d'une maniere sym6trique par rapport a l'axe du tube d'assemblage. 25  15.
Proc6d6 de r6alisation d'une colonne a tube en acier rempli de b6ton
suivant la revendication 1, consistant: (a) a pr6parer un tube en acier
comportant des moyens de r6duction d'effort axial m6nag6s dans ce tube en
acier et comprenant une partie annulaire s'6tendant circonferentiellement
completement autour du tube en acier afin de reduire les contraintes
axiales qui se developpent dans ce dernier, 30       des moyens de
transfert de charge axiale montes sur le tube en acier afin de transmettre
a l'ame une charge axiale appliquee sur le tube en acier, ces moyens de
transfert de charge axiale comprenant un ensemble .cloison (52) assemble
d'une maniere fixe a la face interieure du tube en acier (42) et dispos6
dans l'ame (36), (b) a former une couche de separation sur la face
interieure du tube en acier, de telle facon que 35       cette face
interieure du tube en acier ne soit pas liee au beton devant 8tre introduit
dans ce tube en acier, (c) puis a introduire le b6ton dans le tube en acier
pourvu de la couche de separation, de fagon a former une ame en beton a
l'interieur de ce tube en acier, de sorte que ce dernier peut glisser par 



rapport a l'ame en b6ton. 40 16. Procbd6 suivant la revendication 15, selon
lequel l'operation de preparation du tube en acier consiste: (d) a former
circonferentiellement plusieurs rang6es de fentes a travers le tube en
acier, en vue d'absorber une contrainte axiale qui se dbveloppe dans ce
tube en acier lorsque ce dernier est soumis a une charge axiale, 45
(e) a assembler coaxialement un tube d'assemblage au tube en acier en vue
d'assembler des elements pour poutrelle au tube d'assemblage, et (f) a
monter les moyens de transfert de charge axiale a l'interieur du tube
d'assemblage en vue de transferer une charge des 6lments pour poutrelle a
l'ame en beton par l'intermediaire du tube d'assemblage lorsque ces
6lements pour poutrelle sont assembles au tube dassemblage. so 17. Proc6de
suivant la revendication 16, consistant en outre, avant l'operation
d'introduction du beton: (g) a dresser le tube en acier presentant la
couche de separation et (h) A assembler les e6lments pour poutrelle au tube
d'assemblage. 55 18. Procede suivant la revendication 17, consistant en
outre: (i) A assembler coaxialement un autre tube en acier au tube en acier
pr6sentant la couche de separation, de sorte qu'on construit une charpente
de bAtiment en r6p6tant les operations (a) A (i) indiqu6es ci-dessus. 10
EP 0 195 552 B1 19. Colonne a tube en acier rempli de bWton suivant la
revendication 1 ou 2, dans laquelle la partie annulaire est constituee par
un intervalle annulaire r6alise dans le tube en acier (42), cet intervalle
annulaire divisant le tube en acier (42) en deux 6l6ments de tube
pr6sentant des extremites contigues separees l'une de I'autre. 20. Colonne
a tube en acier rempli de bWton suivant la revendication 1 ou 2, dans
laquelle la partie annulaire est constitu6e par une ou plusieurs rainures
annulaires m6nagees dans le tube en acier (42). PatentansprUche 10 1.
Betongefillte Stahlrohrsgule mit einem  Stahlrohr (42), welches eine
Innenflache hat, mit einem Betonkern (36), der in dem Stahlrohr (42)
angeordnet ist, und mit einer Trennschicht (34), die zwischen der.
Innenflache des Stahlrohres (42) und dem Betonkem (36) zur Trennung des
8etonkerns (36) von der Innenflache des Stahlrohrs (42) angeordnet ist, so
daB das Stahirohr (42) mit dem Betonkern (36) 15     unverbunden ist,
dadurch gekennzelchnet, daBl das Stahirohr (42) die Axialspannung
reduzierende Einrichtungen (42), die einen ringformigen Abschnitt des
Stahlrohrs am Umfang einschlielen, der sich vollstandig umr das Stahlrohr
(42) herum erstreckt, um die Axialspannungen zu reduzieren, die sich in dem
Stahlrohr (42) entwickeln, und Axiallast-Obertragungseinrichtungen
aufweist, die an dem Stahlrohr (42) fOr die Obertragung einer an dem
Stahlrohr (42) anliegenden Axiallast auf den Kern (36) K>   20
angebracht sind, wobei die Axiallast-Obertragungseinrichtungen eine
Steganordnung (52) aufweisen, die fest mit der Innenflache des Stahlrohrs
(42) verbunden ist und in dem Kern (36) angeordnet ist. 2. BetongefUillte
StahIrohrsaule nach Anspruch 1, bei welcher die Trennschicht aus einem
Material hergestellt ist, das im wesentlichen aus der Gruppe ausgewdhlt
wird, die aus Asphalt, Fett, 01, 25     Paraffinwachs, Papier und
Kunststoff besteht. 3. Betongefwllte StahIrohrsdule nach Anspruch 1 oder 2,
bei welcher der ringformige Abschnitt einen Schlitzabschnitt (44) aufweist,
der eine Vielzahl von Reihen von schmalen Offnungen (48) hat, die darin am
Umfang in gleichen Winkelabstanden ausgebildet sind, wobei benachbarte
Offnungen (48) benach- 30     barter Reihen in Positionen relativ
zueinander zickzack-formig verschoben sind. 4. BetongefUllte Stahlrohrsdule
nach Anspruch 3, bei welcher die Reihen von Offnungen so ausgebildet sind,
daB der Schlitzabschnitt durch Reduzierung der vertikalen Breite der
Offnungen plastisch verformt wird, bevor das Stahlrohr einem lokalen Beulen
unterworfen wird, wenn eine axiale Oberlast an der 



35     StahIrohrsdule anliegt. 5. BetongefUllte Stahlrohrsaule nach
Anspruch 4, bei weicher die Summe der axialen Breite der axial fluchtend
ausgerichteten Offnungen des Schlitzabschnitts sich um eine maximale axiale
Formanderung des Stahlrohrs herum befinden, die durch ein Kippmoment eines
Gebaudes verursacht wird, das die 40     Saule benutzt. 6. Betongefullte
Stahlrohrsdule nach Anspruch 4, bei welcher das Stahlrohr ein
Schlitzstahistuck, welches den Schlitzabschnitt bildet, und ein Paar von
Stahlrohrsticken aufweist, die koaxial an den jeweils gegenOberliegenden
Enden des SchlitzstUcks angeschweift sind. 45 7. Betongefullte
StahIrohrsdule nach Anspruch 1, 2, 3, 4, 5 oder 6, bei welcher das
Stahlrohr (42) Anschluteinrichtungen fir Verbindungstrager (132, 134, 136,
138, 254) aufweist, wobei die AnschluBl- einrichtungen ein Verbindungsrohr
(50) aufweisen, das eine Innenflache hat, und wobei die Steganord- nung
(52) mit der Innenflache des Verbindungsrohrs (50) so verbunden ist, daB
eine auf das 50     Verbindungsrohr (50) ausgeUbte Axiallast auf den
Betonkern (36) Obertragen wird. 8. BetongefUilte Stahlrohrsdule nach
Anspruch 7, bei welcher die Steganordnung (52) ein erstes Stegele- ment
(54) aufweist, das von der Innenflche des Verbindungsrohrs (50) in den
Betonkern vorsteht. s5  9. Betongefiillte Stahlrohrsdule nach Anspruch 7,
bei welcher das erste Stegelement (54) den Betonkern (36) quer durchkreuzt
und mit seinen gegenuberliegenden Enden mit der Innenfliche des
Verbindungs- rohrs (50) verbunden ist.    EP 0 195 552 B1 10. BetongefulIte
StahIrohrsule nach Anspruch 9, bei welcher die Steganordnung (52) weiterhin
ein zweites Stegelement (56, 58) aufweist, das das erste Stegelement (54)
so kreuzt, daS das erste und zweite Stegelement (54, 56, 58) eine
kreuzformige Anordnung (52) bilden, wobei das erste und das zweite
Stegelement (54, 56, 58) parallel zu einer Achse des Verbindungsrohrs (50)
angeordnet sind und s      das zweite Stegelement (56, 58) an seinen
gegeniberliegenden Enden mit der InnenflIche des Verbindungsrohrs (50)
verbunden ist. 11. Betongealite Stahlrohrsaule nach Anspruch 10, bei
welcher die Lastibertragungseinrichtungen weiter- hin mit der Steganordnung
verbundene Auflageeinrichtungen zum Tragen der Steganordnung und zum 10
Obertragen der Axiallast von der Steganordnung auf den Betonkern aufweisen.
12. BetongefUlite Stahlrohrsgule nach Anspruch 11, bei welcher die
Auflageeinrichtungen wenigstens ein mit der Steganordnung verbundenes
Auflageplattenelement aufweisen, das in einer Ebene senkrecht zur Achse des
Verbindungsrohrs positioniert ist. 15 13. Betongefilite Stahlrohrsgule nach
Anspruch 12, bei welcher die Auflageeinrichtungen ein Auflageschei-
benelement aufweisen, das mit einem der gegendberliegenden Rander der
Steganordnung verbunden ist, so dal3 es koaxial zum Verbindungsrohr ist. Ki
20  14. BetongefUilte Stahlrohrsguie nach Anspruch 12, bei welcher die
Auflagereinrichtungen vier Auflageplat- tenelemente aufweisen, die
symmetrisch bezaglich der Achse des Verbindungsrohrs angeordnet sind. 15.
Verfahren zum AusfUhren einer betongefaliten StahIrohrsgule nach Anspruch
1, welches die Schritte aufweist: 25       (a) Fertigen eines Stahlrohrs.
welches die axiale Beanspruchung reduzierende Einrichtungen, die in dem
Stahlrohr ausgebildet sind und einen Ringabschnitt umfassen, der sich in
Umfangsrichtung vollstandig um das Stahlrohr erstreckt, um die axialen
Beanspruchungen, die sich in dem Stahlrohr entwickeln zu reduzieren, und
Axiallast-Obertragungseinrichtungen aufweist. die an dem Stahlrohr zur
Ubertragung einer an dem Stahlrohr anliegenden Axiallast auf den Kern
angebracht sind, wobei 30  -    die Axiallast-Ubertragungseinrichtungen
eine Steganordnung (52) aufweisen, die fest mit der Innen- flache des
Stahlrohrs (42) verbunden und in dem Kern (36) angeordnet ist;. (b)
Ausbilden einer Trennschicht an der Innenflache des Stahlrohrs, so daR die
Innenflache des Stahlrohrs mit dem in das Stahlrohr eingefUllten Beton
unverbunden ist, und danach (c) Fillen des Betons in das Stahlrohr, das mit
der Trennschicht versehen ist, um einen Betonkern in 



.35       dem Stahlrohr zu bilden, wodurch das Stahlrohr relativ zurn
Betonkern gleitend verschiebbar ist. 16. Verfahren nach Anspruch 15, bei
welchem der Schritt der Stahlrohrfertigung die Schritte aufweist (d)
Ausbilden einer Vielzahl von Reihen von Schlitzen durch das Stahlrohr am
Umfang zum Absorbieren einer axialen Verformung, die sich in dem Stahlrohr
entwickelt, wenn das Stahlrohr einer 40       axialen Belastung unterworfen
wird, und (e) koaxiales Verbinden eines Verbindungsrohrs mit dem Stahirohr,
um Tragerelemente mit dem Stahlrohr zu verbinden, und (f) Anbringen der
Axiallast-Obertragungseinrichtungen in dem Verbindungsrohr zum Obertragen
einer Last von den Tragerelementen fber das Verbindungsrohr auf den
Betonkern, wenn die Tragerele- 45       mente mit dem Stahlrohr verbunden
sind. 17. Verfahren nach Anspruch 16, das vor dem Betonfallschritt
weiterhin die Schritte aufweist: (g) Aufrichten des Stahlrohrs, das die
Trennschicht tragt und (h) Verbinden der Tragerelemente mit dem
Verbindungsrohr. 50 18. Verfahren nach Anspruch 17, welches weiterhin den
Schritt (i) des koaxialen Verbindens eines weiteren Stahlrohrs mit dem die
Trennschicht tragenden Stahlrohr, wodurch ein Gebauderahmenwerk durch
Wiederholen der vorher erw~hnten Schritte (a) bis (i) gebaut wird. 55  19.
BetongefUlite Stahlrohrsgule nach Anspruch 1 oder 2, bei welcher der
Ringabschnitt einen ringf6rmigen Spalt aufweist, der in dem Stahlrohr (42)
ausgebildet ist, wobei der Ringspalt das Stahlrohr (42) in zwei Rohrstacke
unterteilt, welche benachbarte voneinander getrennte Enden haben. 12    EP
0 195 552 B1 20. Betongefilite StahIrohrsgule nach Anspruch 1 odor 2, bei
welcher der ringfbrmige Abschnitt ein oder mehrere ringfdrm:nge Nuten
aufweist, die in dem Stahlrohr (42) ausgebildet sind. 5 10 20 25 30 35 40
45 50 55 13    


