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THE ANALYSIS OF REINFORCED CONCRETE SPANDREL BEAMS UNDER VARIOUS TYPES OF LOADING USING F.E.M

Previous experimental works on the strength and behavior of spandrel beams, which are expensive and time consuming, have
suggested the necessity to establish numerical methods and to provide accurate alternative methods based on experimental measurements.

Thirty-one experimental full-scale spandrel-floor beams were simulated and analyzed using nonlinear three dimensional finite element
method provided by computer program ANSYS14.0 to estimate the ultimate loads, ultimate torque, angle of twist, deflection and crack
pattern. Both solid and hollow spandrel sections were investigated. These beams were classified into two groups according to the types of
loading: Group one: Concentrated point load and Group two: Two point loads. The reinforced concrete beams were modeled using Solid 65
three-dimensional elements with nonlinear analysis. This element is capable of cracking in tension and crushing in compression. Longitudinal
and stirrups reinforcement of the spandrel and floor beams were modeled using link 180 with perfect bond between the reinforcing bars
and the concrete. Solid 185 element was used to model the steel plate and lever arms. The full Newton-Raphson technique was implied to
solve the nonlinear equations. Validation of numerical results was achieved and results showed that, in case of group one, the ratios of
predicted (ANSYS14.0) to experimental ultimate loads, ultimate torque, maximum deflections and angle of twist have average values of 0.97,
0.92, 0.76 and 0.90 respectively. While for the case of group two, the ratios of predicted (ANSYS14.0) to experimental ultimate loads,
ultimate torque, maximum deflections and angle of twist have average values of 1.03,0.91, 0.78 and 0.79 respectively. The predicted crack
patterns are in a reasonable agreement with the test result.

Furthermore, the analysis was extended to get more information about the stresses and strains developed in the beams and to include
the dynamic effects in forms of harmonic and transient dynamic loads.

Parametric studies were provided by establishing new numerical models with different size and sections to investigate the following
effects: Ratios of floor beam length to spandrel beam length (I¢/l5), ratios of floor beam depth to spandrel beam depths (hi/h;), types of floor
beam sections (rectangular and T-sections), longitudinal steel reinforcement and stirrups reinforcement of the floor and spandrel beams,
concrete strength and damping ratios effect on the dynamic response. Some empirical expressions were presented with design
recommendations.




