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Seismic Behavior of Composite EWECS Columns and Beam—Column Joints
in New Hybrid Structural System
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It has been known that wooden structures are very popular in Japan. Many Japanese houses and buildings
are made from wood due to some reasons such as wood being environmental friendly and for cultural
purposes. However, according to the Building Standard Law of Japan, the wooden structures are limited to
not more than 5-story buildings due to fire protection problem. In order to solve this problem a new type of
timber hybrid structural system is being developed, i.e. Engineering Wood Encased Concrete-Steel (EWECS)
structural system. This structural system consists of EWECS columns and Engineering Wood Encased Steel
(EWES) beams. The use of nonflammable materials such as concrete and steel in this structure can improve
the fire protection and also improve the performance of the structure due to the composite action of these
materials.

For the first stage of study on EWECS structural systems, a comprehensive research program has been
done to construct the rational models (prototype) of EWECS columns by investigating its seismic
performance. In the earlier phase of the research program, an experimental study was conducted to
investigate the seismic behavior of an EWECS column using double H-section steel, which was compared
with that of CES column without cover concrete, which corresponds to the core of the EWECS column. It
was found that the EWECS column had a stable spindle-shaped hysteresis characteristic without capacity
reduction until a maximum story drift angle, R of 0.05 radian. The results also showed that the presence of
woody shell on EWECS columns contributed to flexural capacity by around 12 % in maximum.

In the second phase of the research program, EWECS columns using single H-section steel have been
studied with different types of woody shell connection at column-stub joints. From this study, excellent
hysteretic performance and damage limit were reported for EWECS columns with column-stub connection
consisting of woody shell and wood panel attached to stub.

To complement the research program, tests on EWECS columns with parameters: the presence of shear
studs and shear-span ratio were also performed. The results indicated that the presence of shear studs on the
columns improved the ductility and reduced the damage in woody shell. The results also showed that the
ultimate flexural strength of EWECS columns increased with decreasing shear-span ratio and the damage of
the columns in the woody shell and the CES core became dominant with decreasing the shear-span ratio.

In order to compare the experimental results, an analytical study was also conducted using fiber section
analysis method. The analytical results showed a good agreement with the test data. The results also
confirmed the test data for the contributions of woody shell to flexural capacity by around 12 % in
maximum. In addition, the results demonstrated the contribution of woody shell to the shear force and axial
load until maximum R of 0.05 rad.

After completing the research program on EWECS columns, further research was conducted to study the
seismic performance of beam-column joints for EWECS structural systems. These joints consist of EWECS
columns and Engineering Wood Encased Steel (EWES) Beams. Experimental studies on EWECS
beam-column joints were conducted for both interior and exterior beam-column joints with the main
parameter being the types of failure modes; beam flexural failure and joint shear failure. The test results
indicated that EWECS interior and exterior beam-column joints had good structural performance with a
stable hysteresis response.

From these studies, it was proven that EWECS columns and beam-column joints have excellent seismic
performance, thus it is considered to be possible to apply to actual structures.




