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Abstract
Freezing-induced damage in soft, porous materials is a widespread problem that is still poorly understood, but which

impacts many disciplines such as geology, and material and food sciences [1]. There are two key challenges that

have made it hard to make progress on this problem. Firstly, most samples of interest are not transparent, so it is

hard to directly visualize freezing damage processes. Secondly, materials like food, tissue and clay have complex

fracture properties, and so they break in complex ways. Thus, although freezing damage strongly resembles a

fracture process, it has been challenging to directly applying fracture mechanics to understand it. Here, we develop

a model freezing system, using transparent hydrogels. When we freeze these gels at a constant rate, we observe

the formation of beautifully periodic, ice-filled cracks. By bringing order into the damage process, we now have

an excellent testbed to understand freeze-fracture. We find that the cracks depend on certain parameters such as

temperature gradient, freezing speed and sample geometry thickness, and explain this dependence with a simple

fracture mechanics model to our system. However, while fracture mechanics describes many of our experimental

observations, there are some surprising discrepancies - such as the observed crack tips being much larger than
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expected from theory. Our results demonstrate the great potential for understanding fundamental questions in freeze

damage by applying well-established concepts from fracture mechanics.
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