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Research on mechanical behavior of multi-strand wire ropes
with different lay directions under axial loads
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Abstract ; Multi-strand wire ropes are widely used in engineering structures and most wires in them are
twisted twice to become double-helix wires. Based on the Love thin rod theory and the analysis of rope
structure before and after deformation, an elastic theoretical model considering the local deformation of
double-helix wires is established when the rope is subjected to axial loading, and the elastic-plastic me-
chanical response of wire ropes is investigated by finite element simulation. Compared with the Costello
model and results of finite element simulation,the model is verified and mechanical behavior of wire ropes

with different lay directions (lang lay or regular lay) is analyzed. It is found that the local response of the
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double-helix wire is different from that of the single-helix wire. The bending and torsional deformations of

the double-helix wire change periodically along the cross-section of the rope. When subjected to axial ten-

sion , the tensile deformation along the wire axis plays a dominant role ,the bending and torsion deformation

of regular lay wires is slightly smaller than that of lang lay wires,and the directions of torsion deformation

for the two cases are opposite to each other. In the normal elastic range , the maximum tensile and torsion

stress of the regular wire rope along the wire cross-section are smaller than those of the lang wire rope ,and

the reaction torque of regular wire rope is also smaller,so it is better than the lang wire rope.

Key words ; multi-strand wire rope ; double-helix wire ;local deformation and stress ;lay direction ;finite ele-

ment method
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