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CYCLIC LOADING TESTS OF CONNECTION BETWEEN RC FRAME AND STEEL ROOF

Study of connection between RC frame and steel roof Part 1
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One of the typical damage in gymnasiums due to the 2011 Tohoku earthquake was failure at connection between RC frame and steel roof.
In order to prevent the damage of connection between the RC frame and the steel roof, it is necessary to conduct experimental study
which simulates the stress condition of connection part under earthquake, and to clarify the relation between the detail and the structural
performance of the connection. Moreover, it is necessary to clarify behavior of the RC-frame and the steel frame roof under earthquake.
As the start of research, cyclic loading tests on a connection between the RC frame and the steel roof were conducted. In this paper, the

background of this research, parameters of specimens, the experimental method, and the outline of experimental results were described.
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Due to the 2011 Tohoku Earthquake, many gymnasiums were seriously damaged. One of the typical damage in gymnasiums was failure at
connection between a RC frame and a steel roof. In the damaged gymnasiums, various types of damage, such as fracture of anchor bolts and
edge failure of a concrete, were observed at the connection between the RC frame and the steel roof. Especially failure of the concrete is
very dangerous; because the heavy concrete mass from top of column is possible to fall and injure someone. Such damage at connection
between the RC frame and the steel roof spoils continuous usability of gymnasiums after severe earthquake. In order to prevent the damage
of connection between the RC frame and the steel roof, it is necessary to conduct experimental study which simulates the stress condition of
connection part under earthquake, and to clarify the relation between the detail and the structural performance of the connection. Moreover,
it is necessary to clarify behavior of the RC-frame and the steel frame roof under earthquake. Therefore, examination by 3D response
analysis of gymanasiums reflecting the restoring force characteristic of the connection is also required. In addition, an effective reinforcement
method needs to be developed. As the start of research, cyclic loading tests on a connection between the RC frame and the steel roof were
conducted. In this paper, the background of this research, parameters of specimens, the experimental method, and the outline of experimental
results were described. The parameters of specimen were the edge distance of the anchor bolt, the distance from the RC column head to the
top shear reinforcement re-bar, the thickness of the base mortar, and additional reinforcement of the anchor bolt. As loading condition, cyclic
shear force was applied to specimen under constant dead load. The parameters of loading condition are rotation of the steel roof. In series A,
the steel roof was not rotated. In series B, rotation of the steel roof was considered. Considering both the parameters of specimens and
loading conditions, a total of 18 specimens were tested.

Major findings from experiment were summarized as follows.

(1) In all specimens, the base mortar crushed around the anchor bolts at an early stage. The most part of deformation of the specimens was
the deformation between the base plate and the RC column until failure of the concrete occurred. Since the base mortar was crushed, most
part of stress from the base plate to the RC column was transferred by tensile force of the anchor bolts in the large deformation range. The
maximum strength of specimens determined by the fracture of anchor bolt was less than the sum of the maximum strength of the anchor
bolts. This is because anchor bolt fractured under tensile force and cyclic bending tensile force.

(2) In case of standard-shaped specimens, the maximum strength determined by failure of the concrete was around calculated value by
design formula. In case of specimens with a thick base mortar, the maximum strength determined by failure of the concrete was much less
than calculated value by design formula.

(3) If distance from the RC column head to the top shear reinforcement re-bar is too long, shear failure might be generated under severe

earthquake.
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