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Abstract. The behavior of composite column that consists of an exterior wood panel with concrete encased 
steel (CES) core, hereafter referred  to as Engineering Wood Encased Concrete-Steel (EWECS) composite 
columns, is investigated . Nonlinear analysis is done by  using  finite element software, ANSYS APDL, to 
study the seismic performance of the columns. Verification of the finite element modeling is done by 
comparing  and corresponding experimental result that reported by one of the authors, then  it is used as a 
reference for  parametric study. The parameters in the parametric study are the use of fiber reinforced 
concrete (FRC), the use of Indonesian wood and the use of friction element. The results are presented in the 
form of hysteresis characteristics, failure mode, and principal stress distribution. It is demonstrated that the 
seismic performance of the EWECS composite columns can be accurately predicted by proposing finite 
element modeling. Obtained results from the parametric study show that various FRC, different wood, and 
the contact element influences the hysteresis loops and behavior of the columns. The flexural capacity of the 
columns is improved about 7-17% by  adding steel fiber. In addition, the typical Indonesian wood (Matoa) 
enhances the flexural strength about 3.3%. Moreover, the use of a friction element affects the seismic 
behavior significantly.  

1 Introduction  
The innovation of the composite column structure has 
been widely researched and developed. In some 
countries, wood materials have been very popularly used 
as structural elements. Many houses and buildings are 
made of wood because of their environmentally friendly 
material and historical value. However, many developed 
countries such as Japan have regulation to strictly limit 
the story number of the wooden building [1]. A new 
composite structure has been developed in Japan as a 
solution for this limitation called Engineering Wood 
Encased Concrete-Steel (EWECS) composite structure. 
This composite structure consists of EWECS columns 
and EWES beams [2]. Fig. 1 shows the EWECS 
composite structure scheme for medium-rise buildings, 
such as apartments and offices.  

The EWECS column is a new composite column, 
consisting of a steel encased concrete (CES) core 
covered by the wood panel, as shown in Fig. 2. 
Economic and structural advantages can be realized in 
this composite column. The concrete serves to withstand 
the local buckling of steel and increase the ductility of 
the structure [2].  

The use of wood panel on this structure has several 
benefits. During construction, wood panel serves as a 
formwork of the column, which will reduce the 
construction costs. In addition, the woody panel can 
improve the behavior of structures on the column 

through its action of confining the CES cores and 
resisting to bending moments, shear, and buckling. This 
advantage makes EWECS columns applicable to the 
actual structure as an alternative to the SRC column, 
which has a weakness because it is difficult in the 
construction process [3]. 

Some experimental studies on the seismic 
performance of EWECS composite columns subjected to 
combined constant axial load and cyclic lateral load as a 
seismic simulation have been conducted by one of the 
authors in Japan [2-3]. Basically, an experimental study 
is ideal for studying behavior and structural failure. 
However, experimental studies take time and costly. In 
addition, the experimental study also requires adequate 
facilities, space, setting, and labour. If it is done 
correctly, finite element (FE) analysis is a powerful tool 
that can be an attractive alternative as a substitute and 
validate for experimental testing. This underlies the 
authors for developing finite element models using 
FEM-based software ANSYS APDL v14 [4]. The FE 
analysis software has been proved to enable the engineer  
perform multiple tasks,  building computer models of the 
structural elements, applying loads and studying 
structural responses like the stress levels [5]. 

Models are developed by taking into account the 
nonlinear materials response. The FE analysis results are 
verified with the test results conducted by one of the 
authors [3]. Moreover, parametric studies were carried 
out with parameters such as the use of Fiber-reinforced 
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flexural capacity around 3.3% than the Model R. The 
percentage difference of energy dissipatio
columns by variating in the 
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the differences between the stiffness, strength, and 
energy dissipation of each model, as shown 

roperties of Indonesian wood

Value of 
Matoa 

Value of 

48 
628 
172000 
0,34 

1. 50
2. 578
3. 143000
4. 0,33

omparison of hysteresis loop of EWECS columns 
types of Indonesian wood. 

The model with Matoa wood shows 
than Model R

model with Kapur wood displays an 11% smaller than 
Model R. The Matoa wood panel have an increase at the 
flexural capacity around 3.3% than the Model R. The 
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Fig. 16. The 
wood and Kapur wood models
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investigate the effect of the applied fiction element in 
seismic performance the EWECS columns.  
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sliding friction 
there is sliding
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pressure in the 
occurs between

Fig. 18 shows the hysteresis loops of
with and without friction element. As shown in the 
figure, the maximum lateral shear force
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surfaces. Fig. 17
s used in this analysis
standard unilateral
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sliding with contact 
between connection’s

pressure in the FE analysis
between the surfaces in contact.

Fig. 18 shows the hysteresis loops of
with and without friction element. As shown in the 
figure, the maximum lateral shear force

last story drift 

of parametric study of EWECS 
types of Indonesian wood
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e good comparative results
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 difference and 
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contact closing
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Fig. 18 shows the hysteresis loops of
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and target surfaces
as contact surface
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he 8-node contact 

behavior with normal 
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closing and opening

surfaces [6]. The normal 
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Fig. 18. Comparison of hysteresis loop of EWECS columns 
between models with and without friction element
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study. The results of
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 FE model of 
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model enables to validate
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 between the 

experimental data show that the FE 
the behavior of the 

The results of the parametric analysis 
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to the hysteresis characteristics (behavior) 
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%. Also, the uses of FRC 

% higher than that of 
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). From the figure, it is 
model using friction 
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Conta174 and Targe170 ANSYS elements. 

omparison of hysteresis loop of EWECS columns 
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increases the flexural capacity of the column up to 17%. 
The use of friction element affects the seismic behavior 
significantly, with the difference of flexural strength 
about 16.3%. 
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