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A model for paper-water interaction and the resulting swelling
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Paper is vulnerable to moisture-induced deformations developing over time [1]. To be able to
predict the time-varying mechanical response of a paper sheet, understanding the liquid transport
through the thickness of a paper sheet is key [2,3].

In this work, the time-dependent factors involved in the deformation of a paper strip that is fully or
partially wetted from one side and subjected to different boundary conditions is studied with a one-
dimensional numerical model. We provide a phenomenological model here to describe the dynamic
water flow through the thickness of the paper strip, via the pores, using the unsaturated flow theory.
The pore-fibre water exchange is modelled as a diffusion process dependent on the wetted pore
surface area. The resulting moisture-induced displacements are characterised through a hygro-
elastic material model. The different time scales involved, in the process of imbibition in the inter-
fibre pores, absorption (or water uptake) by the fibres and the resulting hygro-expansion, are
analysed.

The numerical analysis shows a fair agreement with experimental observations. An independent
immersion test provides us with an estimate of the time scales involved in the liquid transport,
which is then used to characterise the out-of-plane bending response of the paper strip.
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