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ABSTRACT 

During their service life, concrete structures are subjected to various types of 

dynamic forces. At present, no theory of vibration of cracked concrete structures under 

working loads is available. The objective of the present Thesis is to study the dynamical 

behavior of cracked elastic concrete beams. 

Cracked concrete beams exhibit different flexural rigidities under sagging and 

hogging moments. In this Thesis, such SDOF concrete beams have been modeled as 

bilinear dynamical systems with stiffness and damping coefficients depending upon sense 

of vibration amplitudes. These beams have been shown to exhibit subharmonic resonances, 

jump phenomenon and extreme sensitivity to initial conditions, system parameters, sense of 

sinusoidal force and magnitude of sustained load. 

A new class of first order homogeneous dynamical systems valid for Two-DOF 

concrete beams has been proposed. The displacement space is partitioned into two linear 

and two nonlinear distinct conical regions. In the nonlinear regions, the stiffness and 

damping coefficients are functions non-negatively homogeneous of order zero of nodal 

amplitudes. Depending upon the sustained loads, such beams have been found to execute 

linear or bilinear small vibrations about equilibrium state. Under large applied sinusoidal 

forces, these beams exhibit nonlinear dynamical behavior with the system properties 

changing continuously or abruptly over a large range. Surprisingly, vibrations about the 

passive state exhibit some aspects of linear behavior alongwith modal subharmonics and 

combination subharmonics. Effectiveness of nonlinear tuned mass vibration absorbers has 

also been explored. 

The newly proposed bilinear and first order homogeneous oscillators for modeling 

SDOF and Two-DOF concrete beams respectively constitute significant contributions to 
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the fields of nonlinear vibrations and of dynamics of concrete beams. There is a paucity of 

relevant empirical data. The work reported here is expected to be of significant value for 

design, control and health monitoring of concrete structures. Possible fertile areas for future 

research have been suggested. 
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