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Deformations of Cantilever Strips and Beams with Small Elastic Strains
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Abstract

Elastic deformations of an infinitely long strip and a beam loaded by uniform pressure upon
their upper surfaces, with the fixed-free end dondition, are considered within the range of small
strains. All local governing equations are satisfied up to first order in strains, and to take into
account the higher order terms neglected in the local governing equations, the overall equilibrium
is imposed exactly up to the leading order. The success of the approach relies upon the semi
-inverse method and the decomposition of deformations in which the classical linear theory guides
the solution. The solution bridges the gap between the two extremes-the classical solutions valid
only for infinitesimal deformations and the solutions from the technical theories for deformations
with large rotations. The solutions may be used to confirm the technical theories and to verify
numerical sclutions obtained from finite element analysis.
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Table 1 Comparison of results for plane strain cantilever strips under uniform pressure with the
maximum strain approximately 0.50x1073

2a/l1 p/E ki/a Deflection at the free end, X ({)/2a

Present Classical B Kirchhoff’s
theory theory theory

1/10 1.8849x10-° 4.0211x 10! 2.4868 %102 2.4868 x 1072 2.5132x1072

1/20 4.6937x107 1.6021 9.9868 x 10-? 9.9868 x 10~2 1.0013x 107t

1/30 2.0846x 1077 3.6021 2.2487%x107* 2.2487x 10! 2.2513x10!

1/50 7.5017x 1078 1.0002 x 10* 6.2485x10* 6.2486x 107! 6.2512x 107!

1/80 2.9301x10°® 2.5604 x 10* 1.5998 1.5998 1.6000

1/200 4.6892x10°° 1.6006 x 102 9.9963 9.9977 9.9966

1/500 7.5169x 10710 1.0022 %102 6.2360 x 10! 6.2416 < 10! 6.2360 % 10*

1/2000 48680 x 10~ 1.6616x 10* 9.6269 %102 9.7582 x 102 9.6269 x 10*

1/5000 1.1931 x 1011 1.5908 x 103 3.9320x10° 3.3114 x 103 3.9320 x 10°
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7hol WS R wiyg 3 HIE
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