MATEC Web of Conferences 258, 05025 (2019)
SCESCM 2018

https://doi.org/10.1051/matecconf/201925805025

Nonlinear finite element and fiber element analysis of concrete
filled square steel tubular (cfst) under static loading
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Abstract. The combination of thin-walled steel structure with concrete infill can be used as the
alternative material properties in the building in Indonesia. This composite material is suitable for seismicresistant building because it has more ductility than conventional material. In the tsunami event, some
tsunami debris strikes the building and induced partial or full collapse of the building. The loading tip
shape of tsunami debris which contacts to a tubular surface affects the local deformation or buckling mode
of the thin-walled structures. In order to investigate the effects, we conducted three-dimensional nonlinear
finite element analyses of concrete filled square steel tubular members subjected to concentrated lateral
loads by using the finite element analysis (FEM) program MSC Marc/Mentat. The fiber element analysis
is also performed to reduce the analysis time of FEM and simplify the analysis. The accuracy of the FEM
and fiber element analysis is verified by the experiment. Being based on the parametric numerical study,
it discusses the effect of axial load on the load-deflection relations. It shows that the higher the axial load,
the more degradation the ductility of the structure.

1 Introduction
The combination of steel tube structure filled with
concrete can be used as the alternative material
properties in the building in Indonesia. This composite
material is suitable for seismic-resistant building because
it has more ductility than conventional material [1- 4].
The flexural behavior of Concrete Filled Square Steel
Tubular (CFST) beams has been investigated by several
researchers [5-7]. The concrete infill improves the
ductility and flexural strength of structural members of
CFST beam as well as preventing local buckling of steel
tubes [8].
The study of the behaviour of CFST beams under
pure bending by finite element analysis (FEA) has been
performed by many researchers. Elchalakani et al [9]
conducted FEA of steel tube beams with circular section
(CHS) with concrete infill subjected to a static plastic
pure bending. The concrete is modelled with damaged
plasticity model with softening effect and Von-Mises
yield criterion with hardening effect was used for steel.
Three-dimensional FEA models of CFST have been used
by many researchers, by using ANSYS software [10 –
12] and by ABAQUS software [13 – 14].
In the tsunami event, some tsunami debris strikes the
building and induces partial or full collapse of the
building. The loading tip shape of tsunami debris which
contacts to a tubular surface affects the local deformation
or buckling mode of the thin-walled structures. In order
to investigate the effects, three-dimensional nonlinear

FEA of CFST square members subjected to concentrated
lateral loads were conducted by using the FEA program
MSC Marc [15]. The nonlinear material and nonlinear
geometry have taken into consideration in the FEA.
The FEA running program takes too much time to
converge. To solve this problem, we conducted
numerical model based on fiber element discretization
written by Kawano [16]. This analysis can predict
effectively the response of concrete-filled steel tubes for
pseudo-static and seismic loading [17]. The result of the
FEA and fiber element analysis are then verified against
the experimental results by Effendi [18]. The parametric
study of the effect of the axial load is studied by means
of fiber element model.

2 Experimental Program
In order to verify the proposed model, one specimen in
total had been tested. Table 1 shows the detail of
specimens in the experimental study.
2.1 Material Properties
The square section of the specimen, the specimen length
and the loading position is shown in Fig. 1. The yield
stress and the Poisson’s ratio were 366 N/mm2 and 0,3,
respectively. Table 1 shows the dimension and the
material properties of the specimen. The name of the
specimen is Sfs with a ratio of width and thickness
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(B/t=33,2). The specimen had been tested at the
Department of Architecture, Kyushu University [18].

MSC Mentat is used to prepare and process data for
finite element analysis. It can generate the mesh,
material and geometry assignment, loading conditions
and boundary conditions. It used by MSC Marc to
support the dedicated pre- and post-processor.

2.2 Experimental Set-up
The test specimen was tested using one point load at the
mid-span of the specimen as shown in Fig. 2. The pin
and roller supports are installed at both ends. The load is
under displacement control with 500 kN capacity
hydraulic actuator at a rate of 0.3 mm/min.
The overall square beam displacement is measured
by the laser displacement sensor installed at bottom of
the mid-span beam. Strain gauges were installed at
quarter span and at bottom of mid square beam. The
displacement of loading head is monitored with the two
displacement transducers.

The iteration process is full Newton-Raphson
iterative procedure. The residual checking and
displacement checking value is set 0,1, respectively. The
iterative will be terminated when the convergence ratio
is less than such values.
3.1 Material Properties
The steel stress-strain is the true stress and the equivalent
plastic strain. The steel tube model is as shown in Fig. 3.
The von Mises yield criterion and the kinematic
hardening rule are used as the plastic flow conditions.
The infill concrete is simulated by Linear MohrCoulomb yield criterion combined with the isotropic
hardening rule. The concrete model in compressive path
is as shown in Fig. 4. The cracking concrete is specified
to be a very small value of tensile stress and the tension
softening modulus is specified to almost zero. The
Poisson’s ratio is assumed as 0.2.
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Fig. 1.Specimen’s Illustration (unit: mm)

Fig. 3.Equivalent Plastic Strain and True Stress Relationships
of Steel Tubes

Fig. 2.Experimental Setup

3 Finite Element Analysis
The commercial finite element software, MSC Marc/
Mentat 2012 [15], has been implemented as the
analytical tool. This software is a combination of MSC
Marc and MSC Mentat. MSC Marc is nonlinear and
linear analysis in the static and dynamic regimes. The
nonlinearities may be due to concrete and steel behavior
and large displacement.

Fig. 4.Concrete Model in Compressive Path
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sections is numerically integrated. The stress in the j-th
fiber is defined by elasto-plastic strain  ep as follows:

3.2 Element Type, Boundary Conditions and
Mesh Segmentation

 j =  j ( epj )

The eight-node solid element type 7 of MSC Marc with
three degrees of freedom per a node (u, v and w) [19], is
used for the analytical model of a steel tubular and
concrete elements.
The beam with the pin-roller supports is subjected to
concentrated load in the middle of the span. In both
supports, all nodes are constrained in the direction of the
Y-axis and one middle node is constrained to the Z axis
to stabilize the analysis. The remaining degree of
freedom is set free. One node at the bottom of the beam
in the mid-span is constrained to the X-axis.
Steel and concrete tubes were made by deformable
elements. The loading tip is made of geometry and is
controlled by displacement control. With respect to the
end plate, shell elements are used with elastic material
properties.

(2)

( ) is

Where,  j is the j-th fiber stress, and  j  epj
th

stress-strain relation for j– fiber in the section. With
respect to  epj , the j-th fiber elasto-plastic stress, due to
that  incorporates three components (i.e. elasto-plastic
strain  ep , creep strain  cr and shrinkage strain  sh ).
The effects of shrinkage and creep are ignored, therefore,
 only includes  ep as follows:

 epj =  o − y j 

(3)

The stress in all fibers are summed numerically to
produce stress resultants as follows:
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Where N is the axial force, M is the flexural moment,
and A j is the area of the j-th fiber. S is the generalized

Fig. 5.Boundary Conditions and Mesh Segmentation with
Contact Analysis

stresses vector. The assumption of the section stress is
finally concentrated on centroid point as shown in Fig.6
(b).

3.3 Contact Analysis
The geometry of the loading tip and a deformable
element of steel tubular members are considered by
means contact analysis. Such analysis also was
implemented between deformable steel tubular elements
and deformable concrete elements. The direct constraint
procedure was implemented in the contact analysis [20].

4 Fiber Element Analysis
Nonlinear analysis computer program based on fiber
element model can be performed for static and dynamic
analysis, Kawano [16]. This program is implemented for
nonlinear analysis of steel tubes filled with concrete
loaded with static loads.

(a) Strain distribution
(b) Discretization of section
Fig. 6. Assumed Plane Section and Fiber Discretization of
Section

An updated Lagrangean formula with the local
coordinate axis moving together with elements in the
global coordinate system, is used to calculate the effects
of geometric nonlinearities. The three-point Gaussian
integral evaluate the stiffness of the element.

4.1 Theory and method of analysis
Assuming the plane in Fig. 6 (a) makes an element
satisfies the following equation:

 =  o − y

(1)

4.2 Fiber Discretization
The lateral fiber discretization can be seen in Fig. 7
which is only horizontal orientation. The steel and
concrete segments of CFT are divided into ten layers

The section is divided into a several of layers which
comprise of the stress fibers and the stiffness of cross
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However, the top and bottom segment of steel tubular
specimens, the horizontal fibers are subdivided into two
layers. The stress fiber location is defined at each
element centroid and to have the sectional area of the
elements.

Esc =

fc

(7)

 pc

Ec = Young's modulus of concrete
f c = Maximum stress in compression

 pc =Strain at the beginning of the maximum
compression stress
 pc2 =Strain at the end of the maximum compression
stress
Ec = gradient of after peak stress

 pu = strain limit

Fig. 7.Vertical Fiber Discretization

4.4 Skeleton for stress-strain relation of steel

The longitudinal element discretization can be seen in
Fig. 8. The plastic deformation may be thought to
concentrate at the mid-span of the beam. The load is
imposed by displacement control.

With respect to the stress-strain model of steel tube
components, the Menegotto-Pinto,denoted as M-P model
[21], is used. The formula of M-P model is expressed by
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Fig. 8.Longitudinal Fiber Discretization

4.3 Skeleton
concrete

for

stress-strain

relation

of

 

 
 y

 

 
 y






(8)

Es = Steel Young's modulus
Es, = Tangent modulus in the strain hardening range

The skeleton curve for the concrete stress-strain is shown
in Fig. 9. It consists of three branches, which are the
ascending pre-peak curved line, the straight line for postpeak deterioration, and the glowing straight line for
residual strength after completing deterioration. The two
straight lines are to keep the simplicity with certain
accuracy.

 y =Yield stress (stress at the intersection between
skeleton curve and a line with stiffness of Ec 2 which is
almost the same as 0,2% offset value)
Rini = the R for the first M&P curve of the skeleton
curve, is assumed to have the values of 10
 u = Maximum stress (stress at the strain 5% in the
second M&P curve of the skeleton curve)
Ru = the R for the second M&P curve of the skeleton
curve, is assumed to have the values of 0.9
Fig. 10 shows the yield stress elongation and stress
hardening after yield strength of steel component. It can
be achieved based on Eq. 8 which is the combination of
two M-P skeleton curves scaled by the yield strength (
 y ) and ultimate strength (  u ), respectively.

5 Theoretical Background

Fig. 9. Concrete Stress-strain Curve

 = fc

(

rc   pc

(

)

rc − 1 +   pc

rc =

Ec
Ec − Esc

)r

c

The theoretical value of the ultimate moment, Mu, is
based on the Recommendation by AIJ [22], where the
stress distribution can be seen in Figure. 11. The ultimate
axial forces, Eq. (9) equals zero by trial and error of xn
value, so Mu, Eq. (10), can be calculated. The
contribution of concrete and steel tubes in calculating the

(5)
(6)
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ultimate axial force is determined by Eq. (11) and Eq.
(13), respectively. The contribution of concrete and steel

about 35 mm, the curve resulted from the analysis is the
same as the experiment.
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Fig. 10. Composition of Two M-P Curves in Skeleton
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tubes at the ultimate moment is determined by Eq. (12)
and Eq. (14), respectively.

Nu =c Nu + s N = 0
M u =c M u + s M u
N
c u = xn .c B.c ru .c  B
1
c M u = ( c B − xn ).xn .c B.c ru .c  B
2
s Nu = 2.(2.xn −c B ).s t.s  y
s Mu

= ( s B−s t ).s B _ + 2.( c B − xn ).xn .s t.s  y

Fig. 12.Load-displacement Results Comparison of the
Specimen

(9)
6.2 Load-Strain Relationships Comparison
Among By Experiments, By Finite Element
Analysis and By Fiber Element Analysis

(10)
(11)
(12)

The experimental strain data are taken from the strain
gauge at the bottom of the midspan of the specimen. The
yield strain is 0, 0019. After the yield strain is reached,
as the load increased, the strain was basically increased
nonlinearly (Fig. 13).The strain in the elastic range is
almost the same. In the plastic range the strain showed
the same trend.

(13)
(14)
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Fig. 11. Stress Block for CFST Members’ Ultimate Bending
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6 Results and Discussions
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6.1 Load-Deflection Relationships Comparison
Among By Experiments, By Finite Element
Analysis and By Fiber Element Analysis
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The load-deflection curve of the analysis of FEA and
fiber element showed the shapes which are the same
trend as with the result of the experiment. Each curve
has an ascending path and reaches the maximum load
value and then the load is constant. The ascending part is
in linear and in inelastic manner. It is the initial stiffness
is almost the same as the experiment. After the elastic
behaviour of the specimen is exceeded, the plastic
behaviour of FEM result showed lower than that of the
experiment, while the fiber element result higher than
that of the experiment. After the displacement reach

Fig. 13.Load-strain Results Comparison of the Specimen

6.4 Axial Load Effect
The fiber element analysis showed the results which are
the same as the results of the experiment as shown in
Fig. 12 and Fig. 13. The time duration of Fiber Element
Analysis is shorter than that of FEM analysis. The
ductility of the specimen degrade with the effect of [23].
The fiber element is used to study the effect of the axial
load from the range 0% Nu to 40% Nu. From Fig. 14, it
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can be seen that the 40% Nu degrade the ductility more
than without axial load.
3.
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Fig. 14. The Axial Load effect on Load-displacement
Relationship.

7.

7 Conclusion
From the FEA and fiber element analysis of square steel
tube beam with concrete infill, it can be concluded as
follows:
1. The FEA model and fiber element analysis can
model the experiment of the square steel tube beam
with concrete infill accurately.
2. The results of load-deflection of the fiber element
analysis and the full-scale FEA curves can be
considered to coincide with the that of experimental
results.
3. The results of load-strain of the fiber element
analysis and the full-scale FEA curves can be
considered to coincide with that of the experimental
results in the elastic range. After the yield strain is
extended, the curves showed the same trend as that of
experimental results.
4. The axial load ratio effect is studied by means fiber
element analysis. It shows that the axial load effect
degrades the ductility of the CFT beam.
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