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Role of non-uniform confinement on buckling of rods 
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A slender rod confined in a tube or embedded in a soft matrix undergoes constraint buckling
leading  to  the  formation  of  complex  3-dimensional  coil  like  configurations  [1].  This
phenomenon  is  observed  in  soft  microtubules  having  very  low  stiffness  surrounded  by
filament network and viscous cytosol [2] to relatively high stiff drill strings inside bore during
drilling  operations  in  oil  explorations  and  petroleum  industries  [3].  We  investigate
numerically using finite element method (FEM), the non-uniform constrained post-buckling
of rods with stiffness ranging from low values close to the persistence length to stiffnesses of
very large orders.

In our study, the rod is modelled using geometrically exact Simo-Reissner beam model. This
geometrically  non-linear  beam  model  captures  axial  tension,  shear,  torsion  and  bending
modes of deformation and also it  can handle arbitrary initial geometries.  The constraint is
modelled using beam contact model. At critical loads, there is loss of contact at the constraint
surface  and  mechanical  instability  causes  rod  to  undergo  change  in  configuration.  To
overcome the convergence difficulties associated with the mechanical instability, automatic
time stepping was used with the Newton-Raphson based implicit solver. 

The effect of spacing, length and stiffness of rod on load carrying capacity are examined.
Also, the effect of constraint shape, spacing and pre-twist on critical loads are explored. Our
study shows that the shape of constraint has significant influence on the critical loads and the
buckling morphology. We found that anisotropy in the medium can lead to complex non-
helical configurations. We observe that the extreme range of stiffness does not influence the
deformation shape but the critical displacements that leads to onset of the 3-dimensional coil
buckling. We find that pre-twist tends to eliminate the snap-through buckling and leads to
continuous formation of 3-dimensional coiling. 
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