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Collagen hydrogels are an innovative material formed by integrating collagen, a natural
protein, into a hydrogel structure. In vitro collagen molecules can be self-assembled into
fibrils by pH and ionic force control. This process is used to form hydrogels with 95% water
and 5% collagen, stabilized only by supramolecular interactions. These hydrogels mimic
some of the properties of natural tissues, consequently it can have several interesting
applications, mainly in the biomedical sector. When developing new materials,
understanding the coupling between mechanical properties and their architecture is
essential. Modeling provides an analytical description of non-linear mechanical properties.
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Figure 1: Coupling microstructure and mechanical
properties. (a) Macroscopic image of the hydrogel. (b) i YA
Fibrillar microstructure of dried hydrogel. (c) Tensile 0 Dt~
response under a cyclic uniaxial loading. Test 01 0.2 03 04 05 06
conducted while immersed in PBS1X and at a -50
elongation speed of 0.06 s1.
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The macroscopic scale is advantageous because it is easily observable and testable. This
approach provides an overall understanding but doesn’t provide the complex details of
microscopic mechanisms. Incorporating multi-scale details into a model enhances its
reliability and provides a clearer explanation for the overall material behavior observed at
larger scales [1]. As a result, this work attempts to build a simple model [2] that considers all
the complex phenomena that have been observed experimentally: collagen structural
effects, mechano-chemical coupling, inverse poro-elasticity [3], visco-elasticity and visco-
plasticity.
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