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Steel battened columns have been widely used in some
countries such as I.R Iran in last decades. Such elements may
have been applied in many existing buildings with saddle
connections (having low rigidity) or some structures which
are in lack of sufficient lateral systems. In past earthquakes,
severe failure under lateral actions was observed in residential
and industrial buildings with such structural system. They
experienced intensive shear failure especially in columns
near staircases or close to infills. Based on previous studies
and observations, this type of column is more vulnerable
in loadings perpendicular to their sections’ web, where the
battens (in shear) or their welding may fails. Many retrofitting/
repairing methods have been proposed including adding some
steel plates to the columns in order to change them into box.
These methods are not only expensive and hard but also did
not strengthen the columns at their connections with beams.
Therefore, this project has focused on a new innovative
method; filling the battened columns with concrete, which has
already been applied for steel tubes.

The present study has three main parts: first, the literature
on battened columns and the obtained experiences, especially
in previous earthquakes are reviewed. In the second step, an
experimental and analytical program has been carried out
on seven specimens, in which axial load level and batten
spacing intervals were considered as the key variables. In
each test, a single batted column specimen is tested under
cyclic lateral displacement protocol when it has constant
axial load. The results depicts that concrete filled battened
columns can provide a stable cyclic response with enhanced
lateral strength, higher dissipated energy and ductility,
in comparison with similar hollow one. The average
improvement in the lateral strength and energy dissipation
were recorded as about 30% and 300%, respectively.
Furthermore, it is shown that capacity modification factor
of a concrete-filled specimen was up to 47% higher than that
of the similar hollow one. The filled battened columns are
categorized in ductile or semi-ductile elements, specified in
ASCE 41-17. Their modification factors for LS performance
level are between 2 and 2.5. The study on concrete filled
battened columns has been improved by finite element
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analyses, after being verified by experimental results. In this
stage, influences of batten section distances, axial load, etc.,
are studied. Regarding that filling with concrete improves
mechanical properties of the specimens, especially the
ductility and strength. This method is highly recommended
to strengthen fragile hollow battened columns. Test setup of
the specimens is shown in Figure (1).

During the testing, axial load is applied firstly, then lateral
load, based on a loading protocol, is applied. Failure modes
of the regular and filled battened specimens are completely
different, as shown in Figure (2). Their load-displacement
behavior is also different which is shown in Figure (1). Based
on this figure, the filled specimen has higher strength and
greater ductility. Figures (2 and 3) are for specimens having
batten plate distance of 35 cm and with axial load of 0.15
Py, where Py is the maximum compression strength of the
sections.

In the last part of the study, behavior of the filled battened
columns is experimentally studied in %2 scale braced frames.
The loading condition of these specimens is very similar to a
real building columns, in which the axial load of the columns
are varied by lateral displacements. The results show that the
filled battened columns, contrary to hollow battened one, not
only had no local buckling or strength downfall up to 6% drift,
but also raise the lateral strength up to 20%. Figure (4) shows
two braced frame specimens, with regular battened column and
with filled one, as well as their load-displacement behavior.

Consequently and based on the experimental and
analytical results of the present study, filling the battened
columns with concrete can be applied in existing buildings
having such elements as robust rehabilitation.

Keywords: Battened columns, Concrete core, Ductility,
Dissipated energy, Earthquake, Cyclic loading
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