
 

What doesn't crack them makes them
stronger

October 10 2019, by Steinar Brandslet

  
 

  

The picture shows how a crack (the transition from black to white) moves
through two plastic sheets that are “glued” together. They have been sandblasted
and then placed in an oven so that they are fused where there is contact between
them. This creates a situation that is close to the theoretical models. By looking
at how this crack front moves, PoreLab can test its theories. Credit: Knut Jørgen
Måløy, Department of Physics, University of Oslo

What doesn't kill us makes us stronger, according to philosopher
Friedrich Nietzsche. Who would have thought that a similar notion
might apply to materials?

"The reason concrete is so strong is because it's so weak," says Professor
Alex Hansen, head of PoreLab, a Centre of Excellence for outstanding
research at the Norwegian University of Science and Technology
(NTNU) and the University of Oslo (UiO).
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Researchers at PoreLab work mostly with porous materials like concrete,
and in their world, this sort of thing can happen. Among other things, the
researchers consider what happens in materials subjected to stress, and
some of their findings are a bit unexpected.

Why, for example, does concrete function in this way? Concrete looks
compact, but it's actually full of tiny holes. These holes make the
material stronger. Professor Hansen starts with the basics:

"When you get a crack in your car's windshield, you can stop that crack
from spreading by drilling a hole in it," he says. An untreated crack has a
high concentration of force at the tip of the crack. If you drill a hole at
this point, the force instead spreads around the hole and lessens the
pressure on the glass.

Something similar occurs in the porous concrete. If there's a crack in the
concrete, the force gets distributed throughout the material due to all the
holes. People have known about these force mechanisms at least since
the Middle Ages. The builders of the Kristiansten fortress in Trondheim
in the 17th century put the remains of dead animals into the material. As
the animals rotted and emitted gases, they made the material porous and
thus stronger.

But this doesn't explain why materials can become even stronger under
strain. The idea flies in the face of intuition—shouldn't the material get
weaker instead? What's going on?

Doctoral candidate Jonas Tøgersen Kjellstadli from NTNU's Department
of Physics can explain the process. He has collaborated with Hansen,
researcher Srutarshi Pradhan and Ph.D. candidate Eivind Bering—also
from the same department—in studying the phenomenon. "The strong
parts of the material surround the weak parts and protect them," says
Kjellstadli.
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A material like concrete isn't equally strong everywhere, though it may
look like it. An apparently uniform material has weak and strong zones.
These zones are randomly scattered throughout it.

In the computer models used by Kjellstadli, the strong zones are spread
around in the material. They protect the weak zones when the fibres are
subjected to stressors. This happens to such a strong degree that the
material is stabilized and becomes less vulnerable to such stresses.

This effect only applies where the strong and weak zones are unevenly
distributed throughout the material. And it only applies up to a certain
threshold. The material is constantly being stressed to some maximum
threshold or another, where the force of a stress can no longer be
absorbed. Sooner or later, the material will then fail catastrophically and
suddenly.

The researchers envision possible applications, as well. What if you
could use this basic knowledge to predict when a material will fail?
When does the stress finally get to be too much? "We use the same
computer models as when we observe that materials are strengthened by
the stress load," says Hansen.

To that, they add practical experiments, continuing until the stress load
becomes too great for the material.

Hansen has been interested in this topic since 2000, when he heard about
mines in South Africa that would suddenly collapse. Understanding these
same principles could someday be used as an aid during tunnel
construction, or to predict earthquakes. These ideas are still speculative,
and their applications lie in the somewhat distant future. But the
researchers' ambitions are high.

"We're working on coming up with a general model for when
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catastrophic failure sets in, says Hansen.

Whether this goal is even possible, they don't yet know—but this is
exactly the kind of high-risk research PoreLab has been charged with
carrying out. The potential gains are huge if they succeed.

"In our computer models, we're observing that the elastic energy of the
material reaches a peak just before it fails," says PoreLab researcher
Pradhan. He has been working specifically on predicting when a material
will crack ever since he started studying under Professor Bikas K.
Chakrabarti at the Saha Institute of Nuclear Physics in Kolkata, India in
2000. "We believe this has the potential to expand into real situations,"
Pradhan says.

Maybe their goal isn't impossible after all.
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Variation of elastic energy shows reliable signal of upcoming
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