
 

Proposed engineering method could help
make buildings and bridges safer
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Interfacial-dislocation-controlled deformation and fracture in nanolayered
composites. The spacing of the interfacial dislocations, which accommodate
misfit strain between the ferrite and cementite phases, determines the phase
stress and the interfacial dislocation network in the nanolayered-pearlite models.
Various modes of initially activated inelastic-deformation are observed
according to interfacial dislocation spacing because the phase stress and the
interfacial dislocation network influence the resolved shear/normal stress and the
critical resolved shear/normal stress for each inelastic-deformation mode,
respectively. Hence, interfacial dislocation spacings can be a key parameter that
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controls the ductility of drawn pearlitic steels and leads us toward higher ductility
of drawn pearlitic steels. Credit: Kanazawa University

Pearlitic steel, or pearlite, is one of the strongest materials in the world,
and can be made into long, thin wires. The strength of pearlite allows it
to support very heavy weight, and it has the unique ability to stretch and
contract without breaking (ductility). Ductility is important for building
bridges, because even very strong materials can break when subjected to
stretching if they are not ductile enough. This is why structures made of
concrete can still collapse during violent earthquakes. Pearlite is used for
suspension bridges to help them withstand strong shaking while
supporting heavy weight.

Pearlite is made of alternating nanolayers of cementite and ferrite. The
cementite makes it strong, while the ferrite makes it ductile. However,
until now, researchers did not know exactly how the two worked
together to give pearlite its special quality, or how to control their
dynamics to engineer an even better material. Researchers at Kanazawa
University have discovered that disruptions, or dislocations, in the
arrangement of atoms along the interface between a cementite and a
ferrite layer protect the cementite from fracturing under stretching or
compression. Their study was published last month in the journal Acta
Materialia.

"The spacing between dislocations on a cementite-ferrite interface
determines how deformation travels through the nanolayers," the authors
say. "Manipulating the dislocation structure and the distance between
dislocations can control the ductility of pearlite."

The researchers used computer simulations to see how a pearlite wire
would deform with dislocations of different orientations and different
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distances between them along the ferrite-cementite interface. They
found that particular dislocation structures and distances could stop
cracks from forming or spreading throughout the cementite layer.

"Increasing the ductility of pearlite means it can resist more shearing
stress without breaking or tearing," say the authors. This may lead to a
new generation of materials for constructing buildings and bridges that
can withstand stronger earthquakes.

The researchers believe manipulating dislocations consisting of entire
clusters of atoms could be a general technique for enhancing not only
ductility but other properties of materials to meet particular engineering
and construction needs.

  More information: Tomotsugu Shimokawa et al, Interfacial-
dislocation-controlled deformation and fracture in nanolayered
composites: Toward higher ductility of drawn pearlite, Acta Materialia
(2018). DOI: 10.1016/j.actamat.2018.10.061
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