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In conventional analysis and design of reinforced concrete beams in accordance with most codes, the design for
flexure and shear is done separately and without considering the interaction effects between them. Uncertainty about
shear in reinforced concrete beams due to the brittle nature of concrete in shear behavior causes the shear ductility of
beams not to be used in linear analyzes and considering a large safety margin for the shear ductility of these beams
in non-linear analyses using the plastic hinge method. Axial force and shear force have a significant impact on the
flexural behavior of a concrete element. Axial force and shear force can be either constant due to gravity loads and...
or variable due to seismic loads. The seismic standard ASCE 41-17 in Table 7-10 provides values as the shear
plastic rotation for use in the nonlinear analysis of shear-controlled reinforced concrete beams, based on a single
division (only the distance between the stirrups) and a high margin of confidence. By providing a more realistic
classification, if necessary, shear ductility can also be utilized in non-linear analyses and seismic retrofitting and
rehabilitation projects to meet seismic requirements. In this paper, by an innovative method, 27 reinforced concrete
beams with simply-supported and shear-control are analyzed and evaluated for damage sequences in Response2000,
Excel, SAP2000 software, taking into account the shear-flexure interaction, and the critical shear plastic hinge
rotation values of each one of the beams was calculated. The fiber model will be accurate enough when it correctly
simulates the interaction between V-M-P. Response2000 software is one of the user-friendly software that performs
these calculations for limited sections. The basis of the work is that at first for each beam, the rate of increment
loads of shear-flexure is calculated and after fiber analysis, the complete shear and flexural behavior curve of the
beam is obtained. After ensuring that the shear behavior of the beams is controlled by shear, the values of the shear
plastic rotation related to the critical hinge of each of the modeled beams have been calculated and graphed based on
the beam length variables, stirrup distances and the compressive strength of the concrete. The shorter the length of
the beam, due to the increase in moment stiffness, it is possible to use stirrups with shorter intervals for more shear
plastic rotation. In this case, increasing the compressive strength of concrete also helps to increase the shear plastic
rotation. In short-length beams, if they are not considered deep beams, the distances between the stirrups have an
inverse relationship with the amount of shear plastic rotation, and in longer-length beams, the relationship between
the mentioned parameters will be direct. The longer the length of the beam becomes, because the concrete of the
beam must also serve in moment in addition to shear, it does not have enough strength to yield and tensile the
stirrups with close distances, and in such a situation, by increasing the distance between the stirrups, the shear
plastic rotation can be relatively increased. The maximum amount of shear plastic rotation in reinforced concrete
beam occurs when the length of the beam is short and the distances between the transverse reinforcements are small.
Increasing the compressive strength of concrete also increases the amount of shear plastic rotation in the beam. In
short-length beams, with a small increase in the compressive strength of the concrete, the amount of shear plastic
rotation increases, and in medium and long beams, this increase in compressive strength to increase the shear plastic
rotation requires a significant change. According to the results of the research, values for the shear plastic rotation of
RC beams were presented that can be used in nonlinear analyzes by the plastic hinge method and seismic retrofitting
projects.

Keywords: Shear-Flexure Interaction, Modified Compression Field Theory (MCFT), Distributed Fiber Hinge,
Damage Sequence, Shear Plastic Rotation.



