
Accepted Manuscript

Dynamic Stability of a Bar Under High Loading Rate: Response to Local Per-
turbations

K. Ravi-Chandar, N. Triantafyllidis

PII: S0020-7683(14)00362-X
DOI: http://dx.doi.org/10.1016/j.ijsolstr.2014.09.015
Reference: SAS 8511

To appear in: International Journal of Solids and Structures

Please cite this article as: Ravi-Chandar, K., Triantafyllidis, N., Dynamic Stability of a Bar Under High Loading
Rate: Response to Local Perturbations, International Journal of Solids and Structures (2014), doi: http://dx.doi.org/
10.1016/j.ijsolstr.2014.09.015

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our customers
we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and
review of the resulting proof before it is published in its final form. Please note that during the production process
errors may be discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.

http://dx.doi.org/10.1016/j.ijsolstr.2014.09.015
http://dx.doi.org/http://dx.doi.org/10.1016/j.ijsolstr.2014.09.015
http://dx.doi.org/http://dx.doi.org/10.1016/j.ijsolstr.2014.09.015


  

Dynamic Stability of a Bar Under High Loading Rate:
Response to Local Perturbations

K. Ravi-Chandarb,a, N. Triantafyllidisa,c,d,∗
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Abstract

Of interest here is the influence of loading rate on the stability of structures where inertia is taken into

account. The approach currently used in the literature to analyze these stability problems, is the method

of modal analysis that determines the structure’s fastest growing wavelength, which is meaningful only

for cases where the velocity of the perfect structure is significantly lower than the associated characteristic

wave propagation speeds. The novel idea here is to analyze the time-dependent response to perturbations

of the transient (high strain rates) states of these structures, in order to understand the initiation of the

corresponding failure mechanisms.

We are motivated by the recent experimental studies of Zhang and Ravi-Chandar (2006) on the high

strain rate extension of thin rings that show no evidence of a dominant wavelength in their failure mode

and no influence of strain-rate sensitivity on the necking strains. In the interest of analytical tractability,

we study the extension of an incompressible, nonlinearly elastic bar at different strain rates. The dynamic

stability of these bars is studied by following the evolution of localized small perturbations introduced

at different times. It is shown that these structures are stable until the static necking strain is reached

at some point. Moreover their failure pattern is dictated by the distribution of defects, the minimum

distance between necks diminishes with increasing strain rate and there is no dominant wavelength mode,

exactly as observed experimentally in Zhang and Ravi-Chandar (2006).
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