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Abstract

Flexure of slender structures, composed of filaments in a woodpile arrange-

ment, is theoretically studied. Expressions for the apparent bending stiffness

are derived. The model is validated experimentally using three-point bending.

Computer simulations show that bending is accompanied by lattice shear for

increased porosity. A shear-inclusive micromechanical model for two different

stacking arrangements is developed. This is further refined by including shear

deformation within the filaments, which is supported by numerical simulations

for relatively short filament overhang. The apparent flexure and shear of lattice

beams are attributed primarily to stretch and flexure of the filaments, respec-

tively. Asymptotic formulas for the effective bending stiffness in terms of the

relative density are presented. The apparent bending stiffness scales linearly

with the volume fraction, whereas the apparent shear stiffness scales with the

cube of the volume fraction. Exclusion of lattice shear leads to errors for by

over an order of magnitude in the extreme, unlike void-free solid beams where

shear is a higher order effect. Excellent quantitative agreement with numerical

results is obtained for a wide range of porosity and external aspect ratio, when

lattice shear is included in the model.
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