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Abstract

This paper presents an extension of a simple and convenient method proposed by Kienzler and Herrmann [An ele-
mentary theory of defective beams. Acta Mech 1986;62:37-46] to estimate the stress intensity factors of cracked beams
and bars. This method is based on an elementary beam theory estimation of the strain energy release as the crack is
widened into a fracture band. As an extension, the power of the simple beam theory analysis is demonstrated by appli-
cation to cracked T-beams subjected to a bending moment, shear forces and a torsion. Moreover, the present work
addresses the coupled bending-torsional vibration of cracked T-beams within the context of the dynamic stiffness
matrix method of analysing structures.
© 2005 Elsevier Ltd. All rights reserved.
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1. Introduction

The knowledge of the stress intensity factors plays an important role in fracture control. Stress intensity
factors for many configurations are available in the literature [2-4]. The results were obtained by means of
analytical and numerical methods as well as by finite element and boundary element methods. Unfortu-
nately, solutions for many structural configurations are not available in the handbooks. Simple engineering
methods for a fast and close approximation of stress intensity factors in cracked or notched beams have
been proposed by a large number of researchers. In 1986, Kienzler and Herrmann [1] assumed that the
strain energy release rate G for crack extension is equal to that for crack widening so that Irwin’s G-K rela-
tion can be used to determine the stress intensity factors K.
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Nomenclature
M bending moment
EI bending stiffness of the uncracked section

Er bending stiffness of the cracked section
moment of inertia of the uncracked section
moment of inertia of the cracked section
Young’s modulus and shear modulus
width of the fracture band

strain energy of the body

axial force

tension stiffness

area of the uncracked section

area of the cracked section

torque

torsional rigidity

localization operator or Boolean matrix
polar moment of inertia of the uncracked section
polar moment of inertia of the cracked section
shear force

shearing factor

slope of the stress diffusion lines

stress intensity factor for mode I

stress intensity factor for mode 11

stress intensity factor for mode 111
Poisson’s coefficient

crack length

flange width of the T-section

width of the rectangular cross-section
height of the cross-section

breadth flange of the T-section

web width of the T-section

eccentricity of the neutral axis

geometric function

strain energy release rate
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0,y, h' rotations and deflection of the cross-section across the line-spring
k. stiffness matrix of the line-spring

E, shear centre of the T-section

G, mass centre of the T-section

m mass per unit length

I, polar mass moment of inertia per unit length

Xy distance of separation between the elastic axis and the mass axis
t time

H* coefficient for plane stress and plane strain

H(y) amplitudes of the sinusoidally varying vertical displacement
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