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Abstract

Paper is used in a wide range of applications, each of which has specific
requirements on mechanical and surface properties. The role of paper strength
on paper performance is still not well understood. This work addresses the
mechanical properties of paper by utilizing fiber network simulation and
consists of two parts.In the first part, we use a three-dimensional model of
a network of fibers to describe the fracture process of paper accounting for
nonlinearities at the fiber level (material model and geometry) and bond
failures. A stress-strain curve of paper in tensile loading is described with the
help of the network of dry fibers; the parameters that dominate the shape of
this curve are discussed. The evolution of network damage is simulated, the
results of which are compared with digital speckle photography experiments
on laboratory sheets. It is concluded that the original strain inhomogeneities
due to the structure are transferred to the local bond failure dynamics. The
effects of different conventional and unconventional bond parameters are
analyzed. It has been shown that the number of bonds in paper is important
and that the changes in bond strength influence paper mechanical properties
significantly.In the second part, we proposed a constitutive model for a fiber
suitable for cyclic loading applications. We based the development of the
available literature data and on the detailed finite-element model of pulp
fibers. The model provided insights into the effects of various parameters on
the mechanical response of the pulp fibers. The study showed that the change
in the microfibril orientation upon axial straining is mainly a geometrical
effect and is independent of material properties of the fiber as long as the
deformations are elastic. Plastic strains accelerate the change in microfibril
orientation. The results also showed that the elastic modulus of the fiber has
a non-linear dependency on a microfibril angle,with elastic modulus being
more sensitive to the change of microfibril angle around small initial values of
microfibril angles. These effects were incorporated into a non-linear isotropic
hardening plasticity model for beams and tested in a fiber network in cycling
loading application model, using the model we estimated the level of strains
that fiber segments accumulate at the failure point in a fiber network.The
main goal of this work is to create a tool that would act as a bridge between
microscopic characterization of fiber and fiber bonds and the mechanical
properties that are important in the papermaking industry. The results of this
work provide a fundamental insight on mechanics of paper constituents in
tensile as well as cyclic loading. This would eventually lead to a rational choice
of raw materials in paper manufacturing and thus utilizing the environment in
a balanced way.
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