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Abstract 

In this paper, we argue that the boundary conditions for Eringen’s nonlocal beam theory have 
to take on the discrete forms similar to those for the first order central finite difference beam 
model for beam buckling and vibration problems. The latter finite difference beam model has 
been found to be analogous to the physical Hencky bar-chain and therefore these two models 
can be regarded as one discrete beam model. Based on the phenomenological similarities 
between this discrete beam model and the Eringen’s nonlocal beam theory, one may calibrate 
the Eringen’s small length scale coefficient e0 which is expected to be a constant appropriate 
to each material. When using the classical continuous nonlocal boundary conditions, we find 
that e0 is not a constant but it depends on the cases of boundary conditions (such as pinned-
pinned, clamped-clamped, clamped-pinned ends). However, this conundrum may be resolved 
if we use the discrete boundary conditions instead. By adopting the discrete boundary 
conditions, analytical solutions for e0 may be obtained and the e0 values finally converge to 
0.289 for buckling problems and 0.408 for free vibration problems regardless of the cases of 
boundary conditions. 
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1. Introduction 

Hencky (1920) proposed a discrete beam model comprising rigid beam segments (of equal 
length) connected by frictionless hinges and elastic rotational springs whose stiffness is given 
by C = EI/a where EI is the flexural rigidity of the beam and a is the segmental length. 
Silverman (1951) pointed that the first order central finite difference beam model is 
analogous to the Hencky bar-chain since it can be shown that the discrete governing 
equations and boundary conditions are mathematically similar. Leckie and Lindberg (1963) 
and Wang et al. (2015a) showed that the central finite difference beam model and the Hencky 
bar-chain model are equivalent discrete beam models provided that the Hencky bar-chain 
model boundary conditions and intermediate restraint conditions take on spring stiffnesses as 
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