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Introduction
Lightweight corrugated and solid boards are often used for
making packaging boxes. The box-making process requires
the boards to be creased and folded. These processes may
introduce cracks in the boxes so formed. A solution to this
problem requires thorough characterization of the base ma-
terial of the boards - paper. The problem at human and micro
scale is shown below:

Problem Definition
In order to prevent cracking during the converting process,
the strain at any point in the boardmust be limited to the frac-
ture strain of paper. Thorough finite element analysis would
assist in describing the damage levels at various points in
the board. However, this requires a robust material model,
preferably tailor-made to suit the material under considera-
tion. The existing models either require a large number of
experimental constants, or are not completely based on phy-
sical processes at the micro-scale. Thus, a model based on
micro-scale physical phenomena is required to be developed.

Damage Progression
Tensile loading-unloading tests were carried out on paper
samples to observe the damage progression. The damage
is calculated based on reduction of secant elasticity modu-
lus. The loading-unloading test and damage progression are
shown below:
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Micro-mechanical model
Fibers are considered to be held together by inter-fiber bonds
and form chains. Paper is assumed to be a 2D network of
such chains. A schematic of fiber network in paper and indi-
vidual fiber-chains can be shown as:

A fiber chain can be idealized as:

Subsequently, a periodic unit cell can be isolated. Each link
in the cell represents a band of fiber orientations. The unit
cell and the fiber orientations it represents are shown below:

Results
Themodel requires micro-structural parameters such as fiber
properties, the crossing distance and representative orien-
tation θ. After homogenizing the unit cell, the elastic pro-
perties for typical fiber properties have been obtained. The
graphs below show the variation of elastic properties with
fiber orientation angle θ:
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Conclusions
A micro-model, based on physical processes at fiber level is
being developed. The elastic constants obtained from the
model are found to agree with sample material data available
in literature. The model is further being modified to incorpo-
rate friction hinges, bond failure and sliding, which consti-
tute the plasticity of the unit cell.


