How cool are cracks: a burning issue for paper 
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ABSTRACT 

Material failure often involves important heat exchange, sometimes with high temperature -- thousands of degrees -- reached at crack tips. Such temperature may subsequently alter the mechanical properties of the material and finally facilitate their rupture. Thermal runaway weakening processes could sometimes explain stick-slip motions and even be responsible for deep earthquakes. To understand and prevent catastrophic rupture events, it is thus crucial to establish an accurate energy budget of fracture propagation through measurement and assessment of the various energy dissipation mechanisms. Here, sheets of paper are torn apart under tension at slow imposed speed in a controlled mechanical setup, while the temperature is monitored using and infrared camera. Taking into account the thermal diffusion and the energy losses towards the surrounding atmosphere, we formulate a simple analytical solution linking the temperature field to the Joule heating during crack propagation.

Combining calculations and numerics, we relate the temperature field around a moving crack tip to the part  of mechanical energy converted into heat. Monitoring the slow crack growth in paper sheets with an infrared camera, we measure a significant fraction  =12% +/- 4%.

In addition, we show that chemically released heat accumulation could weaken our samples with microfibers combustion, and lead to a fast crack (dynamic failure) regime triggered by the exothermal reaction. We show how the velocity of the crack during this fast stage is selected by heat diffusion through the process zone.
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 Fig. 1 Experimental IR measurements of temperature (in K) along a crack propagating in paper.
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�Fig. 2 Numerical model of closeup of the temperature excess (in K) generated along the process zone. Length units are in microns.








