[image: image11.jpg]W 1
6p [
r
22,9
- 4
‘ ‘ | |
: 5 10





[image: image1.emf]Simple ﬂexion of a plane curved beam loaded by in-plane loads
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1. Assumptions

– bar assumptions are satisﬁed, beam centreline is a continuous, smooth plane curve,

– beam is prismatic, and the cross section contains  an axis of symmetry lying in the centreline plane,
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– the only non-zero component of the inner resultants is the bending moment Moy, perpendicular to the plane of the beam centreline.
2. Shift of the neutral axis

Now we suppose a rectangular cross section (with two axes of symmetry) and linear stress distribution along the z axis (corresponding to straight bended beams). However, it holds for the strains on the external (subscript ext) and internal (subscript int) beam surface
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It is evident for a curved beam that
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Stresses with different magnitudes being positive in the upper and negative in the lower parts  of the cross section cannot result in a zero resulting force what is one of the assumptions (N=0). It means the neutral axis must be shifted towards the stresses with higher magnitude, i.e. towards the centre of curvature of the beam.
3.  Geometrical relations and stress distribution
The character of strain and stress distribution in cross sections can be evaluated from a onefold elementary element Ω1 of the beam in its deformed and undeformed shapes.  
Since the cross section remains planar also after its rotation and it rotates around a straight line parallel to the y-axis (under conditions of basic ﬂexion) and shifted towards the centre of curvature of the beam (neutral axis of the cross section). Then it holds for elongation of any axial fibre of the beam:  


du = b.z’
The strain of this longitudinal fibre can be expressed as follows:
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and the corresponding stress is 
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what gives a hyperbolic stress distribution. 

4.  Applicability of the simplified calculation

If this distribution is not taken into account and the stresses are calculated similarly to the straight beams, the relative errors of the resulting maximum stress values depend on the relative curvature of the beam h/R; the dependence is expressed in figure below.  
Consequently, the calculation identical with straight beams is acceptable for beams with a low curvature (R/h>5). For the beams with a high curvature (R/h<5) a specific calculation should be realized taking the hyperbolic stress distribution into account.
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