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The Influence of Initial Deformations on the Ultimate
Strength of Beams

KA o

Susumu Nishida and Hirofumi Hoshina

1. Introduction

In the presence of initial imperfections, deflections grow continuously with
load and equilibrium of beams is stable. The phenomenon of buckling appears as
the indefinite growth of deflections as the load approaches its ultimate strength.
The initial deflections and residual stresses may severely weaken the ultimate
strength of beams.

Thus, there is need to analyze the buckling of beams with initial
imperfections.

2., Differential Equations,Boundary Conditions and Inelastic Stiffnesses

The following assumptions are used: (1) the length is considerably larger
than the cross sectional dimensions; (2) the cross sections are not distorted;
(3) the shear strain due to shear in equilibrium with the change of normal stress
is small and can be neglected; and (4) the shear strain in the middle surface for
open intervals of cross section and in the planes normal to that of thin walls is
small and can be neglected.

In view of the above assumptions, the three-dimensional expressions of
strain-displacement relationships are reduced to one-~dimensional expressions and
the virtual work principle is used to derive all the equilibrium equations and
associated boundary conditions.

A primary source of difficulty in the inelastic analysis of beams is that the
normal elastic reference axes lose their significance after the advent of
yielding. For the ideal elastic-plastic stress-strain relationship, the
inelastic stiffness may be derived using the total strain theory.

3. Transfer Matrix Method

The equilibrium equations, the boundary conditions and the force-displacement
relations may be represented by the field transfer matrix. A computer program
was developed here to provide the numerical results utlizing the successive
approximation method for the solution of nonlinear equations.

4, Numerical Results and Remarks

Ultimate strength of the beams with initial deflections is computed subjected
to a uniform bending moment. The boundary conditions are simply supported in
vertical, lateral and torsional displacements and free in warping at the both
ends. Ultimate strength of the beams considerbly decreases with initial
deflection. If the maximum initial displacement is equal to the each beams,
the small effect of the deformed pattren of initial deflections can be recognized
for all range of normalized slenderness ratio.

5. Conclusion

From the numerical examples of the simple supported beams, the effect of the
deformed pattern of initial deflections were discussed. Then, it was found
that the typical initial deflection of beams can be stand for the first term of
Fourier series.

* Department of Civil Engineering, Kanazawa Institute of Technology

—186—



