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Properties of Brace Encased in Concrete-Filled Steel Tube

Propriétés d'une entretoise de contreventement encastrée
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Eigenschaften betonumhüllter Fachwerkdiagonalen

Akira WADA
Professor
Tokyo inst
Tokyo, Japan

Mamoru IWATA
Doctor of Eng.
Nippon Steel Corp
Tokyo, Japan

A. WATANABE
Structural Eng.
Nippon Steel Corp.
Tokyo, Japan

H. KURIBAYASHI
Structural Eng
NTT Corp
Tokyo, Japan

1. PREFACE

Steel has high strength and deformation resistance (see Fig. 1). Braces are
extremely effective in increasing the horizontal stiffness and strength of steel
frame structures. But braces buckle and rapidly lose strength when subjected to
compression force (see Fig. 2). This makes it difficult in plastic design
depending on stable plasticity and braces cannot be expected to absorb energy.
Therefore, particularly in earthquake-prone countries, designs of structure are
considerably limited when braces are adopted for high-rise buildings.
The authors considered that, if brace buckling could be prevented and the energy
absorption capacity increased, damage by earthquakes to columns and beams which
support permanent loads would be reduced. The authors developed a bracing
system having stable restoration property (see Fig. 3) and in which buckling was
prevented by using core plate encased in concrete-filled steel tubes. This
paper reports on an experiment conducted on a scale model to study the application

of such braces to an actual 24-storied building.

2. EXPERIMENT
2.1 Experiment models

As shown in Fig. 4, the experiment models are 1/2.5 scale and consist of braces,
columns and beams. Model A has braces whose core steel yield point is
260.7 N/mm^, and model B 477.3 N/mm^, while model C has no braces. Figure 5
shows the cross section of the brace used in Models A and B. Core steel is
bound by mortar and steel tube to prevent buckling. The coating material
isolates the core plate from mortar to prevent an axial force from traveling from
core steel to mortar and steel tube.
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2.2 Experiment methods

To simulate the behavior of ail actual structure under a horizontal force,
horizontal rollers were attached to the underside of the columns. And to bear the
horizontal force, a vertical roller was attached to the center of the lower beam
(see Fig. 4). The horizontal force was applied to the column tops, the direction

of application being alternated from left to right. Measurements were made

regarding relative storey deformation, axial deformation, strain of braces, etc.

2.3 Results of experiment
All models were confirmed to possess stable restoration property up to a relative

storey deformation angle of 1/100. And braces did not buckle under
compressive forces. Figure 7 shows the hysteresis curve of Model A and envelop
curves of Models B and C. Models A and B show that the bracing system markedly
increases the horizontal stiffness and strength of frame keeping deformation
capacity.

3. CONCLUSION

The above results confirm that frames with high energy absorption and earthquake
resistance can be made by incorporating braces whose buckling is prevented by
concrete-filled steel tube. The authors are confident that by adjusting the
cross-sectional area and yield point of the brace core steel, the strength and
stiffness of structures can be freely designed.
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Table 1 List of Experiment Models

Name

Core Plate

Steel TubeCross-
sectional
Area(cm2)

Yield
Stress
N/irm^

Yield
Load
<kN)

Hödel A

Mode1 B

Model C

24.64
14.44

260.7
477.3

642.3
689.2

-150x150x4.5
-150x150x4.5

^Coating material

Fig. 7
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