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Control of crack formation and material property by using nonlinear response of
memory in paste under external perturbations
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Due to its plasticity, a densely packed colloidal suspension, called a
paste, remembers the direction of its vibration, shear and magnetic field, and these memories
control preferential directions for cracks to propagate. To reveal the mechanism of this memory
effect of paste, systematic experiments to imprint and rewrite memories in paste and numerical
simulations based on theoretical models are performed. It is shown that a memory of vibration is
kept as a residual tension along the vibration inside plastic media and a memory of shear is
maintained as an elongated clusters of colloidal particles along shear direction. As for a memory of

magnetic field, X-ray CT scan reveals that magnetic colloidal particles rotate and move to make
chains toward the direction of magnetic field. These structures called memories in paste control the
crack formation. By irradiating ultrasonic waves to paste, we find that memories in paste are
erased and the breaking strength of the material increases.
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