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Summary: In the paper, a simplified method for design of circular composite CFT
columns according to the European standard for deisgn of composite steel and concrete
structures — Eurocode 4 is presented. Veri—fication of the column section capacity under
axial compression and bending is based on the concept of limit states and determination
of the N-M interaction curve. For eight the most common in practice CFT columns,
continuous N-M interaction curves are constructed. In addition, for these selected
sections, the influence of the variation of the concrete and steel classes on the column
cross-section capacity is analyzed. Given interaction curves simplify the design of
composite columns and the choice of dimensions of CFT column and its steel and
concrete classes.
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1. INTRODUCTION

Circular composite concrete filled steel tube (CFT) columns, Fig. 1a, are widely used in
practice because of their numerous advantages over pure steel or reinforced concrete
columns: higher capacity and ductility, better resistance against fire, etc. Analysis of
composite CFT columns, in accordance with the Eurocode 4 (EC4) [1], is based on the
limit state concept. Under the most unfavorable combination of actions, section forces in
all column cross-sections should not exceed the column cross-section resistance. For
circular CFT columns with uniform cross-section over the column length, the simplified

design method of EC4 can be applied if relative slenderness A satisfies the condition

A <2.0 and the maximal cross-sectional area of the longitudinal reinforcement is
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between 0.3% and 6% of the area of concrete [1, 2]. In practice, these conditions are
usually satisfied. In addition, for circular CFT columns the effects of local buckling may
be neglected for a steel section when the following condition is satisfied

d/1<90-235/ f,[1,3].
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Figure 1. a) CFT column cross-section, b) Stress distribution at an ultimate limit state
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2. RESISTANCE OF A COLUMN CROSS-SECTION UNDER
COMPRESSION AND BENDING

In the absence of bending, the resistance of the fully plastified cross-section to axial load
Np;,Rd is equal to the sum of the axial resistances of each part of the composite section,
i.e. steel section, concrete and reinforcement:

Npl,Rd =Aa'fyd+Ac'f‘cd+Ax'.fsd (1)

Where 4,, A. and A; are area of steel section, concrete and reinforcement, respectively,
and f.4 fia foa are the corresponding design strengths of steel, concrete and
reinforcement steel. It should be noticed that, in contrast to the composite columns with
encased steel section, there is no reduction of the concrete design strength because of

confinement effects of the steel tube. Besides, when relative slenderness A does not
exceed 0.5 and when the eccentricity of loading is less than 0./d, the increased strength
of concrete can be taken [3].

In the presence of bending moment, the composite CFT column cross-section resistance
Ny ra decreases. In this case, the relation between the axial section resistance to
compression N, zs and the resistance to bending M,z is given by the interaction curve
(Fig. 2a). A column cross section has a sufficient resistance when subjected to the design
axial force Vg, and the design bending moment My, if the point (Ngy, Mgy) is inside the
area limited with the interaction curve.

Construction of the interaction curve can be done point by point, placing the plastic
neutral axis into the different positions. For each of these positions, assuming the
rectangular stress block diagram (Fig. 1b), the resulting axial force and the bending
moment can be found. In order to obtain the continuous interaction curve, the plastic
neutral axis needs to be moved in small steps, which is very time consuming process
without the use of a computer. Therefore, EC4 [1] allows to approximate the continuous
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interaction curve with the polygonal curve, calculating only four characteristic points on
the curve — points A, B, C and D, Fig. 2b. Figure 2c shows the corresponding stress
distributions for each of these four points (4, is the distance of the plastic neutral axis
from the section centroid and can be determined from the condition that the resulting
axial force is equal to zero) [4].
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Figure 2. a) N-M continuous interaction curve;
b) Approximate polygonal N-M interaction curve according to EC4;
¢) Stress distributions for characteristic points on the interaction curve

3. INTERACTION CURVES

As mentioned before, construction of the N-M interaction curve is a very time-
consuming step in the design of composite column. Therefore, in this paper, practical
interaction curves for the most common dimensions of circular CFT columns, the most
used steel and concrete classes are constructed.
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The circular steel tubes with the following dimensions are selected: d=219.1 mm, t=5
mm and t=6.3 mm; d=273.0 mm, t= 6.3 mm and t=7.1 mm; d=323.9 mm, t=6.3 mm,
t=7.1 mm; d=355.6 mm, t=7.1 mm, t=8 mm. For each of the studied steel tube sections,
interaction curves are constructed with variation of concrete classes C20/25, C30/37 and
C40/50, and S235 steel class. In addition, for each of the considered steel tube sections
and for concrete class C30/37, interaction curves are constructed for steel classes S275
and S355. These curves are plotted in Figs. 3-6.
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Figure 3. Interaction curves for CFT columns d=219.1 mm: a) t=5 mm; b) t=6.3 mm
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Figure 4. Interaction curves for CFT columns d=273.0 mm: a) t=6.3 mm; b) t=7.1 mm
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Figure 5. Interaction curves for CFT columns d=323.9 mm: a) t=6.3 mm, b) t=7.1 mm
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Figure 6. Interaction curves for CFT columns d=355.6 mm: a) t=7.1 mm, b) t=8 mm

In all considered cases, reinforcement is neglected and the calculated interaction curves
are, therefore, on the safe side. Using the given interaction curves, design of circular
CFT columns is simplified and number of iterations during design due to variation of
section dimensions (diameter and thickness) and material properties (steel and concrete
classes) is reduced.

4. CONCLUSION

Eurocode 4, under specific conditions, allows use of the simplified design method for
design of CFT columns. Column section resistance under the compression and bending
is verified using the N-M interaction curve. In this paper, the continuous interaction
curves for the most common dimensions of the circular CFT sections are constructed.
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Varying material parameters, i.e. higher classes of steel and concrete, section resistance
increases. Increment in concrete class effects mostly section axial capacity, while higher
steel classes increase overall section capacity, both bending and axial.
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ITAPAMETAPCKA AHAJIN3A HOCUBOCTH
KPY/KHUX CFT CTYBOBA IIPEMA EBPOKOAY 4

Pezume: YV paody je npuxazana ynpowthena memooa npopayyHa KpYsICHUX CHPESHYMux
CFT cmybosa npema 8adxcefiem e8ponckom cmandapdy 3a HNPOPAHVH CHPESHYMux
KOHCmMpYKyuja o0 weauxa u bemona — Eepokody 4. Ilposepa u konmpona nocueocmu
NONpeYHo2 npeceka CNpecHymoe cmyba ce 3aCHU8A Ha KOHMPOIU SPAHUYHUX CMAFA U
oopehusarwy N-M unmepakyuone kpuge. 3a ocam NONPEUHUX NPeCceKd KPYIHCHUX
yenuuHux npouia Koju ce Hajuewthe npuMeryjy y NPAKCU, KOHCMPYUCAHE CY
KOHmMuuyanHe Kpuse uummepakyuje. Taxohe, 3a uzabpane npoghuie u3epuieHo je
sapuparee Knace bemona u Kiace ueauxa. llpuxasaue kpugse unmepaxyuje cy no2oote 3a
npakmuyHy npumerny 6yoyhu oOa nojeonocmasmyjy npopauyH u u3dop oumeusuja
YeNUYHO2 Npeceka U Kiace 4eauxa u bemona koo kpyocHux cnpeenymux CFT cmybosa.

Kuyune peuu: CFT cmybosu, kpuse unmepakyuje, Eepoxoo 4
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