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When a steel moment frame is subjected to seismic forces, in positive bending due to the RC slab
resisting compression, flexural strength and stiffness of the beam can be increased due to “composite
action”. At the same time despite these advantages, composite action increases the strain at the beam
bottom flange and it might affect the plastic rotation capacity of beam.

However, in current structural design, rotation capacity of composite beam is supposed to be equal
to the bare steel beam. Furthermore, in the case of composite beam-to-RHS column connection, due
to effects of out-of-plain deformation of column flange, stress condition of web in the composite
beam might be more severe, comparing with bare steel beam. In fact in the case of composite beam,
web connection has to play two different roles: transmission of flexural capacity (same as bare steel
beam) and transmission of axial force resulted from concrete slab compression force.

According to past researches, effect of out-of-plain deformation was mostly considered baséd on
the concern regarding reduction of web flexural capacity. This research is conducted to clarify the
structural condition of web, not only based on the flexural capacity considerations, but also by
considering the effect of axial force subjected to the web connection. Actually it is already known
that increase of RHS column B/t ratio results to movement of neutral axis (N.A) toward top flange,
but according to this research approach location of N.A can be shown by interaction of different B/t
and different axial force (N). Simultaneous considerations for effects of axial force (N) and B/t
ratio could be shown by this approach.

Elasto-plastic behavior of composite beam is studied through a series of experimental tests on full
scale sub-assemblies. As the first part of the research, behavior of composite beams which were
connected to RHS columns with two different width-to-thickness ratios (B/t) of 29 and 22 are

(Name : Mohammadreza ESLAMI NO.083T701T) P.2

studied. Bare steel beam. specimen with width-to-thickness ratio of 29 was also prepared as a
reference for beam behavior. '
It is shown that reduction of RHS column width-to-thickness ratio in composite specimens, did not
result to considerable difference in the elastic stiffness and actual plastic strength in positive
flexure, but considerable improvement in the cumulative rotation capacity and 10% increase of
beam uitimate strength was observed. Investigations about the contribution of concrete slab on the
different strain condition of upper and lower flanges are conducted. Experimental test results
revealed that following to occurrence of bearing crush in the concrete slab of specimen with
smaller width-to-thickness ratio, reduction of strain of lower flange happen. This behaviour resulted
to considerable effect in the improveinent of rotation capacity.

Differences in the occurrence of damages in the steel beam and concrete slab were studied,
especially focusing on flange fractures which mainly determine rotation capacity of beams. It was
observed that in all specimens regardless of existence of concrete slab or width-to-thickness ratio of
RHS column, first crack initiation was occurred at the root of weld access hole (scallop). For the
composite beam specimen with B/=29 this occurred at earlier stage with higher progress,
comparing with the bare steel beam connected to the RHS column with same B/t ratio and
composite beam connected to RHS column with smaller B =22. Final failure pattern was
determined by propagation of this crack. Composite action resulted to 1.27 times increase of actual
plastic strength and 1.92 times increase of stiffness in positive flexure, comparing with bare steel
beam connected to RHS column with same with-to-thickness ratio. But cumulative rotation
capacity of composite beam reduced to half of bare steel beam. Strain study in the first cycle of
+2.0 6, showed that composite action increased the strain amount of lower flange 2.2 Times of bare
steel beam. This strain condition resulted to early crack initiation with higher progress, and finally
reduction of rotation capacity of composite beam. )

Reduction of RHS column width-to-thickness ratio (B/t) to 22, did not result to considerable
difference in the actual plastic strength and elastic stiffness in positive flexure comparing with
CB-29, but considerable improvement in the cumulative rotation capacity observed which was 4.2
times of composite beam with B/t ratio of 29. .

Strain behavior study in the specimen with smaller B/t=22 showed that in the first cycle of +2.0 6,
the amount of strain in the lower flange was 55% smaller than B/t=29 composite specimen and
20% more than bare steel beam, but after the occurrence of sev;er crush in the concrete slab, sudden
reduction of strain in the lower flange happenéd. This resulted to smaller rate of strain increase,

even comparing to bare steel beam. Finally, this resulted to higher rotation capacity of specimen.

‘Following the experimental test observations of three full-scale beam-to-RHS column

sub-assemblies, numerical investigation is conducted to understand the mechanism of mechanical

behavior and effect of out-of-plain deformation on the elasto-plastic behavior of composite beam.
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In order to study the stress and strain transfer mechanism of composite beam, finite element analysis
was conducted. Finally, in this investigation a model was proposed in order to evaluate ultimate

strength of composite beam. According to that model, proposed equations for evaluation of web

connection ultimate flexural strength could show both effects of RHS column width-to-thickness

ratio and concrete slab axial force on reduction of composite beam flexural strength simultaneously.
This model is prepared for the conditions which the neutral axis remain in the beamn web. After the
neutral axis exceeds the boundary and enters the upper flange, modification in\the stress condition of
upper flange is x_)eeded. Accuracy of the model is verified by correspondence between the test results
and model and good agreement was observed for specimens which the web axial force did not
exceed the boundary. ’

According to considerable reduction of rotation capacity in the éomposite beam connected to RHS
column with large width-to-thickness ratio 29 and in order to prohibit strain concentration on the
lower flange, it is recommended to avoid composite action. Application of slit between the column
face and concrete slab is recommended in this width-to-thickness ratio which has been proposed by
Tagawa et al. The behavior of this type of composite beam is studied in the next part of this
research. _

According to that proposal, slit may reduce the composite action effects, but comprehensive
investigations regarding contribution of studs which are located on transverse beam and loading -
‘beam in the composite action has not been carried out yet.

Experimental test results showed that existence of slit could reduce the strain on the lower flange.
But improvement of behaviour regarding rotation capacity could be obtained by the removal of studs
at the vicinity of connection.

Finite element study showed that studs of transverse beam contribute in the composite action. It

could be explained that these studs provide constraint condition for the slab and it may be the reason:

of contribution in the composite action. It is'shown that roll of studs of transverse beam are similar
to bearing stress transfer between slab and column face. Considering the actual seismic loading,

removal of studs at the vicinity of connection on both loading and transverse beam is recommended.
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