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Abstract

In this paper, the crack in the opening mode I is modeled for reinforced concrete Euler-Bernoulli
beams by a development in the one-dimensional finite element method. In this model,
characteristics of the crack are simulated by use of a rotational spring. In the proposed model,
elements of the beam are divided into two categories, including elements with and without the
crack. In the elements without the crack, the standard governing relationships of the beam are
established with considering the moment of inertia of the reinforced cross section. In the elements
with the crack, a change in the cross-section of the reinforced concrete due to the crack and a
discontinuity in the crack point lead to an improvement in the standard governing relationships.
In this case, the simulation of the crack is done by dividing the element to two sub-elements into
the two sides of the rotational spring. The stiffness matrices of the two sub-elements and the
improved stiffness matrix of the element are derived by satisfying the continuity equation at the
crack point. The effects of the depth and position of the crack and the location and the cross-
section area of reinforcing bars on the static behavior of the reinforced concrete beam are
investigated. Comparing the results of the proposed model with the results of comprehensive
modeling in Abacus software is applied to verify.

Keywords: Finite Element Method, Reinforced Concrete, Euler-Bernoulli Beam Theory, Sub-
Element, Rotational Spring, Abaqus Software.
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