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FINITE ELEMENT ANALYSIS OF SQUARE CONCRETE-FILLED-TUBE COLUMN
UNDER CYCLIC SHEAR-BENDING CONSIDERING COMPRESSIVE DAMAGE OF CONCRETE
[ 3 - N SR o ) == (=1 R L N TR
Jun FUIIWARA, Makoto OHSAKI, Hiroyuki TAGAWA,
Tomoshi MIYAMURA and Takuzo YAMASHITA

A finite element analysis of a square concrete-filled-tube (CFT) column under cyclic shear-bending loading is conducted. The concrete
constitutive model proposed by the authors, which has extended Drucker-Prager yield surface and a simple damage criterion for representing
softening behavior in compression, is updated. A reproducing analysis of a static cyclic bending experiment of a CFT column is performed. The
load-deformation relations obtained from the experimental and numerical results are compared. From the numerical result, the damage

progress of the filled concrete and the steel-concrete interaction are visually illustrated and discussed.
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Table 1 Material parameters of concrete

Initial Elastic Poi , |Compressive| Tensile p
Modulus E, (ﬁsst(i)n § Strength | Strength F
N/mm? ato N/mm? N/mm? deg
37,500 0.25 160 8 50
Hardening
&p Coefficient Fmax ey e
N/mm?
0.8273 37.5 0.9 0.0001 0.0025
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Fig. 5 Yield surface in p-q plane

(positive direction of horizontal axis indicates compression)
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Fig. 7 Uniaxial stress-strain relationship of unconfined concrete
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Table 2 Material parameters of steels

Elastic Poisson’s Yield Hardening
Type | Modulus Ratio Stress Coefficient
N/mm? N/mm? N/mm?
High Ten.
Strength | 212,000 0.3 744 2,300%1 | 212%:2
Steel
SM490A | 205,000 0.3 325 1450
SS400 | 205,000 0.3 235 1350
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Fig. 8  Uniaxial true stress-strain relationship of steels
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Table 3 Loads at ends of each cycles (kN)
Cycle 1 3 4 5 6 7
Analysis | 172.8 | -172.9 | 341.6 | -343.2 | 342.8 | -342.9 | 447.2
Experiment| 151.3 | -241.6 | 334.0 | -407.1 | 350.0 | -406.1 | 420.0
Ana./Exp. | 1.142 | 0.715 | 1.023 | 0.843 | 0.979 | 0.844 | 1.065
Cycle 8 10 11 12 13 14
Analysis | -454.6 | 453.7 | -454.2 | 615.1 | -674.6 | 671.8 | -672.7
Experiment| -503.1 | 451.0 | -499.1 | 607.0 | -672.2 | 628.0 | -670.3
Ana./Exp. | 0.904 | 1.006 | 0.910 | 1.013 | 1.004 | 1.070 | 1.004
Cycle 15 17 18 19
Analysis | 890.6 | -900.1 | 895.3 | -844.2 | 800.6
Experiment| 802.2 | -836.7 | 811.1 | -776.7 | 694.1
Ana./Exp. | 1.110 | 1.076 | 1.104 | 1.087 | 1.153
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Fig. 12 Horizontal load-displacement relationship (Cycles 15-18)
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Fig. 17 Equivalent plastic strain and local buckling of steel tube
(Cycle 15, loading stub displacement: 18.6 mm,
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Fig. 24 X-, Y- and Z-directional stresses of element 2100

(Cycle 19, displacements. are scaled 5 times) (positive stress indicates tensile stress)



Fig. 25 Contact between steel tube and filled concrete
(Cycle 15, displacements. are scaled 10 times)
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Fig. 26 p-g diagram of element 2100 for cycles 15-20
(positive direction of horizontal axis indicates compression

numbers beside blanked circles indicate cycle numbers)
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In this paper, we conduct a finite element analysis of a square concrete-filled-tube (CFT) column to replicate cyclic
shear-bending behavior under constant axial load. CFTs are used as columns of architectural and civil engineering
structures. CFTs usually have large deformation capacity due to lateral constraints from steel tubes providing ductility.
There are several existing studies on numerical analysis of CFTs. To the best of authors’ knowledge, however, no
numerical analysis method for simulating cyclic bending behavior of CFTs, in which interaction between steel tube and
filled concrete, softening of concrete and local buckling of steel tube are simultaneously considered, has been proposed.

The authors have been developing a detailed finite element analysis system called E-Simulator. In this research
project, we simulate structural behavior only by combining detailed solid finite element model and material
constitutive laws, which can represent damages and fractures of materials. By using E-Simulator, we can consider
interaction between filled concrete and steel tube without any additional constraint effects.

The concrete constitutive model, which has been proposed by the authors, is updated and applied to the analysis. The
concrete model is a combination of extended Drucker-Prager model and a simple damage criterion. Here, we improve
the concrete constitutive model so that damage progresses only in compressive stress state.

A cyclic shear-bending loading experiment of a square CFT column is replicated. The height and width of the column
are 1440 mm and 240 mm, respectively. A pseudo-static cyclic lateral displacement and a constant vertical load are
given at the top of the column. The ratio of lateral displacement amplitude to the column height is increased from 1/400
to 1/33, gradually. The CFT consists of high strength concrete and steel, whose nominal strengths are 150 N/mm?2 and
780 N/mm?, respectively. The material parameters are identified from material tests. The load-deformation relation
obtained from the numerical result is compared to the experimental one. The interaction between the filled concrete
and the steel tube is also discussed.

The results of the analysis are summarized as follows:

1. The load-displacement relationships of the analysis and experiment have been almost linear and elastic until
the distortion angle has reached 1/100. The stiffness of the analysis has agreed well to that of the experiment.
The load measured in the experiment is not proportional to the displacement. In positive loading direction, as a
result, the load of the analysis is larger than the experimental one. The ratio of load from the analysis to the

experimental one is 0.979 — 1.142 in positive loading direction, 0.715 - 1.004 in negative loading direction.

2. When the distortion angle has exceeded 1/100 first, strength deterioration due to local buckling of the tube and
damage of the concrete has been seen in the numerical result. In the experiment, local buckling of the steel
tube has been observed in the same loading cycle. Although the strength deterioration in the analysis has
occurred later than that in the experiment, the load-deformation relation of the experiment after plasticizing

has been replicated, qualitatively. The ratio of load from the analysis to the experimental one is 1.076 — 1.154.

3. The contact between the filled concrete and the steel tube due to the local buckling of steel tube has been first
observed. After that, the large bending deformation has caused another contact. The contact pressure gave the
concrete confinement, which made the equivalent stress higher than the uniaxial compressive strength of the
damaged concrete. From this result, it can be concluded that interaction between filled concrete and steel tube

can be represented by using detailed solid FE mesh model and E-Simulator.
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