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ABSTRACT: A new hybrid structural column system called Engineering Wood Encased Concrete-Steel
(EWECS) column was developed for low and high seismic zones. Experimental studies on the seismic
behavior of EWECS columns with varying shear span to depth ratio (shear-span ratio) have been conducted
by one of the authors. To complement and validate the experimental program, finite element analysis (FEA)
on EWECS columns with varying shear-span ratio ranging 1.0 to 2.0 under constant axial and lateral cyclic
loads are summarized. This numerical analysis uses finite element program, ANSYS APDL v.14, to
investigate the structural performance of the EWECS columns, which was compared with the experimental
results. A detailed three-dimensional (3D) nonlinear FE model of three EWECS columns with varying shear-
span ratio, subjected constant axial and lateral cyclic loads are performed. The FEA results showed that the
shear-span ratio affected by the maximum shear strength and failure mode of the EWECS columns. The
maximum strength of the columns increased with decreasing shear-span ratio. The stress distribution on the
FE models represented the failure mode of the EWECS columns well. More damages on the columns were
observed with decreasing shear-span ratio. In general, good agreement between the experimental data and the
FE models output in terms of the seismic performance and failure mode was observed.

Keywords: Column, Composite structure, Finite element analysis, ANSYS, Seismic performance.

1. INTRODUCTION program, a 3D finite element (FE) model of

EWECS columns with varying shear span to depth

It has been known that the composite steel-
concrete columns such as Steel Reinforced
Concrete (SRC) and Concrete Filled Tube (CFT)
columns have been widely used in high-rise and
long-span buildings. Based on the ideologies of
SRC and CFT composite columns, a new hybrid
structural column system called Engineering Wood
Encased Concrete-Steel (EWECS) column was
developed for low and high seismic zones. This
new composite material overcomes the limitation
of the stories number that can be constructed by
utilizing wood as material on it. This column
consists of concrete encased steel (CES) core
wrapped with an exterior wood panel [1], as shown
in Figure 1.

The wood panel as column cover in EWECS
column has some benefits. It does not only
improve the structural behavior through its action
to provide core confinement and resistance to
bending moment, shear force, and column
buckling but also reduce the cost and time of
construction.

An experimental study on EWECS columns
with varying shear-span to depth ratio ranging
from 1.0 to 2.0 under constant axial and lateral
load reversals was conducted to obtain the effects
of shear span to depth ratio on the seismic
behavior of EWECS columns [1].

To complement and validate the experimental

ratio using ANSYS APDL 14.0 software [2] was
developed. The developed model takes into
consideration the nonlinear behavior of material
[3]. The results of the numerical simulation are
compared with the experimental test results. In this
paper, the shear span to depth ratio will
subsequently be referred to as “shear-span ratio”.
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Fig. 1 Specimen detail of EWECS column [1]

2. THE GEOMETRY AND ELEMENT TYPE
OF 3D FE MODEL

A three-dimensional finite element model of
the tested system has been developed via the Finite
Element Package ANSYS APDL v.14 [2] to detect


https://doi.org/10.21660/2018.43.3530

International Journal of GEOMATE, March, 2018, Vol.14, Issue 43, pp.1-7

in detail the local and global behavior of EWECS
columns. A total of three EWECS column models
with varying shear-span ratios are performed. The
cross-section of all the columns is 1600 mm? and
different shear-span ratios (1.0, 1.5 and 2.0) are
achieved by varying the height of the columns
(800 mm, 1200 mm and 1600 mm), as shown in
Table 1. The details and names of the 3D FE
models in terms of the geometry of steel section,
concrete, and wood panel are generated and
described in Figure 2.
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Fig. 2 The 3D FE model of EWECS column
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Fig. 3 Full models of EWECS column with
varying shear-span ratio

Table 1 FE models

Shear-span ratio ~ Model  Height (mm)
2 WC1 1600
15 wWC2 1200
1 WC3 800

The steel encased in each column has a single
H-section steel 300 x 220 x 10 x 15 mm. The
specimen is covered by a wood panel with a 45
mm thickness, while the core section is concrete
encased steel. The FE models are developed to

accurately represent the geometrical configuration
and dimensions of the test specimens. The
EWECS columns with varying shear-span ratio are
modeled as a block and solid cube with an
equivalent length to represent the total area of the
specimen, as illustrated in Figure 3.

The discretization of the tested EWECS
columns is made of SOLID elements; each
element has eight nodes with three degrees of
freedom on each node. ANSYS solid element,
SOLID185 is used to modeling the steel section
and wood panel, while SOLID65 is used for
modeling the concrete of the EWECS columns.

The FE model in this study is considered
perfectly-bonded for the material interface
between steel and concrete, while unbonded for the
material interface between wood and concrete is
performed by slightly reducing the constitutive
model of wood panel. This assumption is applied
because bonded and unbonded between adjacent
materials (wood and concrete) do not much
influence for flexural capacities of the columns in
the previous experimental study [4].

3. MATERIAL PROPERTIES, MESHING,
LOAD, AND BOUNDARY CONDITIONS

3.1 Material Properties

3.1.1 Concrete

Nominal compressive strength 35 MPa with a
peak concrete strain 0.0025 was used for all
models. Figure 4 shows the tensile stress-strain
curve for the concrete. The stress-strain
relationship is designed on the concrete model that
developed by Saenz [5]. The tensile relaxation
(softening) is presented by a sudden reduction of
the tensile strength to 0.6 x f; upon reaching the
tensile cracking strain, e;. After this point, the
tensile response decreases linearly to zero stress at
a strain of 6 X &, as shown in Figure 5.
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Fig. 4 Compressive stress-strain curve for concrete

A shear transfer model developed by Al-
Mahaidi [6] is added in the analysis, with value
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0.75 and 0.9 for B. and P, respectively. The
fracture criterion of concrete is adopted the five
parameter model of William-Warnke [7].

Fig. 5 Tensile stress-strain curve for concrete [5]

3.1.2 Encased steel

The vyield strength of the steel used in each
model is 293.6 and 313.3 MPa for flange and web
steel, respectively. In this study, the constitutive
model of the steel used is a perfectly elastic-plastic
criterion. At first, this curve is elastic, then it is
assumed perfectly plastic (bilinear isotropic
model), as shown in Figure 6.
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Fig. 6 Tensile stress-strain curve for steel

3.1.3 Wood panel

The compressive strength and modulus
elasticity of wood panel are 46.2 MPa and 13700
MPa, respectively. The constitutive model of
engineering wood panel is shown in Figure 7. The
stress-strain relationship in the rising region was
modeled with the linearly increasing model by
slightly reducing (5%). The fracture criterion of
wood is adopted by following the rule of William-
Warnke’s five parameter model [7] for concrete by
being input wood material characteristic. The
maximum tensile strength of the wood panel
during the analysis was taken 5 MPa. This value is
taken into consideration the lower tensile strength
in the direction perpendicular to the grain. The
shear transfer model for concrete developed by Al-
mahaidi [6] was included by using modified shear
transfer coefficient, B¢, of 0.35 for wood.
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Fig. 7 Tensile stress-strain curve for wood
3.2 Meshing

The mesh density was chosen so that the
elements aspect ratio is nearly equal to one. This
provided adequate accuracy and fair computational
time in modeling the EWECS columns. The total
numbers of element used are 5095, 4820, 4570 for
WC1, WC2, and WC3, respectively. This is an
adequate refinement for constructing the 3D FE
models.

3.3 Boundary Conditions

The boundary conditions in FE models were
corresponding to the experimental setup (Figure
8). An anchor plate/ stub (700.700.400 mm) was
used in the model at the top and bottom of the
column. Nodes at the bottom of the column are
restrained in all DOF, and the top of the column is
restrained in the vertical y-direction. The vertical
y-direction is restrained because the column
prevents any displacement in this direction. The
nodes at the two edge lines of the column are
coupled in the lateral x-direction to ensure all
nodes associated with this line that move together.
The final boundary conditions of FE model is
shown in Figure 9.

Fig. 8 The setup of experimental study [1]
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Fig. 9 Boundary conditions of FE model
3.4 Loads

The loading in the study was applied as
follows: constant axial load, approximately 1031
kN, was applied to the top face of the column. This
is represented in the FE model by applying a point
pressure 1.4 kN on the upper elements (steel plate)
of a total nodal area 717. The loading history for
the model is based on story drift and is the one

recommended for use in the experimental study [1].

This is represented in the FE model by applying
the displacement in cycles of loading and
unloading at the top edge of the column. The
incremental loading cycles were controlled by
story drift, R, defined as the ratio of lateral
displacements to the column height, &/h. The
lateral load sequence consisted of one cycle to
each story drift, R of 0.5, 1, 1.5, 2, 3 and 4%
followed by half cycle to R of 5%, as shown in
Figure 10. It should be noted that the cyclic lateral
loads were different for each model.
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Fig. 10 Lateral cyclic load history

Before the analysis of the program, the
appropriate loading steps and the number of
iteration were set. The applied cyclic
displacements are divided into a series of
increments called load steps and load sub-steps [8].
The automatic time stepping option is enabled in

this analysis to predict and control the load step
size increments. In this study, the convergence
criteria for the elements are based on displacement.
ANSYS convergence tolerance default values 5%
for displacement checking are initially selected. It
is found that convergence is difficult to achieve
using the default values due to the associated large
deflections and the highly nonlinear behavior of
the concrete elements. Thus, in order to obtain
convergence of the equilibrium iterations, the
convergence tolerance limits are increased to 15%
for the displacement checking criterion [9].

4. RESULT AND DISCUSSIONS
4.1 Hysteresis Characteristics

The comparison of shear versus story drift
relationships between all specimens and FE
models are plotted in Figure 11. The blue dotted
and red lines are drawn in this figure represent the
hysteresis loops of the specimens and FE models
of EWECS columns, respectively.
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Fig. 11 Comparison of hysteresis loops between
experimental and numerical results



International Journal of GEOMATE, March, 2018, Vol.14, Issue 43, pp.1-7

The yield and maximum strengths and the
corresponding story drift for each specimen are
listed in Table 2. The yielding of each specimen
was assumed when the first yielding of steel flange
or web at the top and bottom of columns was
observed, while the yielding of FE model was
observed when the principal strain in the encased
steel was reached about 0.002, as seen in Figure
12.

From Figure 11, it can be seen that all the
specimens and FE models showed ductile and
stable spindle-shaped hysteresis loops for WC1
and WC2, while for WC3 showed a slight
pinching-shaped. In Model WC1 with a shear-span
ratio 2.0, the first yielding occurred on steel flange
when the applied load was 367 kN and R 0.55%,
while in the test specimen, the first yielding
occurred on steel flange at R 0.5%. The maximum
capacity of the FE model was reached in the last
story drift of 778 kN, while the maximum capacity
was 725 kN in the test specimen. This was
approximately 6.8% higher than the results
obtained from the experiment.

For Model WC2 with a shear-span ratio 1.5,
the first yielding also occurred on steel flange at a
shear force 454 kN and R 0.49%, while in the
specimen, the first yielding occurred on steel
flange at R 0.5%. The maximum capacity of 926
kN was reached at R 5%, which was
approximately 13% higher than the results
obtained from the experiment. Good correlation
exists in initial stages (R 0.5% - 3%) of lateral
cycling loads.
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Fig. 12 The principal strain at first yielding of the
FE models

Model WC3 with the smallest shear-span ratio
showed the highest maximum capacity among the
simulated models. However, the yielding location
of the FE model was different from the other two
models. The first yielding of the model occurred
on the steel web at a shear force 613 kN and R
0.58%, while in the FE model, the first yielding

occurred on steel web at R 0.64%. The maximum
capacity was reached at shear force 1022 kN and R
5% in the FE model, which was approximately
10.3% higher than the maximum capacity of the
test specimen.

Table 2 Comparison of measured  strength
between experimental specimens and FE models

At Yielding Max. Capacity
Model Study  Qy Ry Qmax Rmax
kN) (%) (kN) (%)

Exp. 386 0.5 725 5
wel Num. 367 055 778 5
Exp. 4231 05 797 3
wez Num. 454 049 926 5
Exp. 666.2 0.64 916 3
wes Num. 613 0.58 1022 5

4.2 Failure Mode

North

WwcC1 wC2 wC3

Fig. 13 Comparison of failure mode of wood panel
between experimental and FEA results

Figure 13 shows the comparison of the failure
mode of the wood panel between experimental and
FEA results. In Model WC1, the first cracks in the
wood panel occurred in the North and South side
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of the column face at around 35 cm away from the
top of the column. The cracks are indicated by the
principal shear stress in the wood that was higher
than the tangential shear strength of the wood
suggested by Calderoni [10]. It was average 7.44
MPa at the location where the wood panel of the
column was assembled together by using wood
glue, as seen in Figure 13. This is also seen on the
test specimen, that the crack of wood panel
occurred on the North side of the column face at
around 30 cm away from the top of the column.
The cracks are also formed on the opposite side of
the column, and it propagated along the column
height.

Shear cracks

WC3

--------------------- : Crushed in flexure

Shear Failure

Fig. 14 Comparison of failure mode of concrete
between experimental and FEA results

For Model WC2, the first cracks of wood panel
occurred at R 3% on the East side of the column.
In FE model, the cracks occurred on the wood
panel at shear stress approximately 7.8 MPa.

In Model WC3, the first cracks of wood panel
occurred at R 3% in the North side of the column
as indicated by the principal shear stress in the

wood approximately 7.3 MPa, while in the test
specimen, first cracks occurred at R 2%.
Subsequently, the cracks extended along the
column height with the increase of story drift.

After testing, the wood panel was removed
from the columns to inspect the damage of
concrete visually. Figure 14 shows the comparison
of the failure mode of concrete between
experimental and FEA results. From the figure, it
was observed for all models that the in-filled
concrete had crushed in flexure at both the top and
bottom of columns, which matched well with the
tested specimens. In addition, shear cracks
occurred along the column height in Model WC3
and no shear cracks were observed for the other
two models.

5. CONCLUSION

(1) The hysteresis characteristics of the FEA
correlated fairly well with the experimental
results. The different percentage of the
maximum flexural capacity between FE
models and test data were 6.8%, 13%, and
10.3% for Model WC1, WC2, and WC3,
respectively.

(2) FEA results indicated that the smaller shear-
span ratio causes a higher shear force for the
EWECS columns. The ultimate flexural
strength of EWECS columns increased by
reducing the shear-span ratio.

(3) The stress distribution on the FE models
represented the failure mode of the EWECS
column specimens well. The damage of the
columns in the CES core became dominant as
decreasing the shear-span ratio.
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