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SUMMARY

Many brittle fractures at the bottom flange of steel beams were found in Northridge and
Hyogoken-Nanbu Earthquakes. Though it has been discussed that the effect of concrete slab
resulted in the fractures of the bottom flange, there are only a few reports on the fracture of the
composite beam-to-steel column subassemblages. On the other hand it was also discussed that an
early yielding of the connection panel give rise to local deformation at the beam-to-column welded
joint, which might be one of the causes for joint fractures. In this research four T-shaped
composite beam subassemblages of strong panel, are tested. The column of these specimens is
made of H-section(H-series) or built-RHS(S-series) or cold roll formed RHS(R-series). Additional
two steel beam specimens for each series and five specimens of weak panel type for H- and S-
series are also tested. These beams are made of SN400B or SN490B, which has high notch
toughness. All bottom flanges of the composite beam sustained local buckling in negative bending
and were broken in the following positive bending cycles, which is also an observed phenomenon
in Hyogoken-Nambu Earthquake. According to comparison of the steel and composite beam
subassemblages of a strong panel type, accumulated plastic deformation capacities ƒÅ and sƒÅof the

composite beam obtained from cyclic and skeleton curve, respectively, range 30 to 70% of that of
steel beam, some of which don't satisfy the required value in the aseismic design in Japan.
According to the specimens of weak panel type total energy dissipated by yielding of the beam and
panel increased, as the shear strength of the panel decreased.

INTRODUCTION

Aseismic resistance of a steel building is secured by assurance of enough strength and deformation capacity of
component members and connections. Many brittle fractures following to some plastic deformation were found
at the bottom flange of steel beams in Hyogoken-Nanbu Earthquake[AIJ,1995]. Many full-scale experimental
tests were performed to know the deformation capacity of steel beams[AIJ,1997]. On the other hand there were
only a few tests[Kaneko, 1998] on composite beam subassemnblages, where the deformation capacity of the
beam might be  greatly reduced. It was also discussed that an early yielding of the connection panel give rise to
local deformation at the beam-to-column welded joint, which might be one of the causes for joint fractures.

In this research nine T-shaped composite beam subassemblages are tested consisting of three groups H
series(built-H column-H beam), S series (built-RHS column-H beam) and R series(cold roll formed RHS
column-H beam). The panel strength ranges from 0.6 to 1.8 times as large as beam strength.  Additional two
steel beam specimens of strong panel for each series are also tested.
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EXPERIMENTAL PLAN

Standard shape of the specimen is illustrated in Figure 1. Combination of the beam and column and further
details of the specimens are listed in Table 1, in which the panel yield ratio pyR  is calculated according to

equation (1). pyP  and 
by

P are the loads when the panel and beam reach to the yield moment  yp M  and yb M ,

where yp M  is given by eq.(2). The effective volume pV  of the panel plate in calculating yield panel moment of

the composite beam specimen is obtained as the volume of the panel plate extended to the center of the concrete
slab. Each pyR  of H and S series is achieved by changing the material and thickness of the column web, while

the flange thickness is kept the same. Each column section is chosen to be in elastic range during whole period of
the experimental test. The first letter of the specimen's name indicates column (H: built-H, S: built-RHS, R: cold
roll formed RHS), and the following two numbers indicate pyR . The name with N in the next position indicates a

steel beam specimen. The number in the last position identifies the two same specimens. The numbers of stud
connectors are determined to be able to resist more than maximum compressive strength of the concrete slab at
the face of the column flange.

bypypy PPR /=                                        (1) ,                   3ƒÐy /pyp VM =                                        (2)

The details of welded joint of three series are illustrated in Fig.2. The joint of H-series is welded flange-bolted
web (WF-BW) type, that of S-series is welded flange-welded web (WF-WW) type, and that of R series is WF-
WW type with through diaphragms. The shape of scallop is a conventional type following to JASS6 in Japan.

2CO  gas shielded arc welding is applied to the full-penetration weld, where an electric current is kept about 40V

and 300A, inter-pass temperature is less than C°350 , and heat input introduced by welding is kept 10 to 17
kJ/cm. Layers of passes of full-penetration weld in the beam flange is also illustrated in Fig.2.

Mechanical properties of each material are shown in Tab.2. Tab. 3 shows chemical composition of the
beam(SN400B or SN490B) according to the mill sheet.  Fig. 3 shows three positions, base metal, fillet part and
HAZ of the beam flange, from which Charpy test specimens, JIS No.4 test specimens, are extracted.   Three

Figure 1 Shape and size of specimens

Figure 2 Details of beam-to-column joint
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