
Accepted Manuscript

The complex mechanical response of anisotropic materials in simple
experiments

C.O. Horgan, J.G. Murphy, G. Saccomandi

PII: S0020-7462(18)30025-8
DOI: https://doi.org/10.1016/j.ijnonlinmec.2018.05.025
Reference: NLM 3033

To appear in: International Journal of Non-Linear Mechanics

Received date : 11 January 2018
Revised date : 22 May 2018
Accepted date : 29 May 2018

Please cite this article as: C.O. Horgan, J.G. Murphy, G. Saccomandi, The complex mechanical
response of anisotropic materials in simple experiments, International Journal of Non-Linear
Mechanics (2018), https://doi.org/10.1016/j.ijnonlinmec.2018.05.025

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.

https://doi.org/10.1016/j.ijnonlinmec.2018.05.025


The complex mechanical response of anisotropic1

materials in simple experiments2

C.O. Horgana, J.G. Murphybc∗, G. Saccomandid

aSchool of Engineering and Applied Science,
University of Virginia, Charlottesville, VA 22904, USA.

bDepartment of Mechanical Engineering,
Dublin City University, Glasnevin, Dublin, D09 W6Y4, Ireland.

cSchool of Mathematics, Statistics, and Applied Mathematics,
National University of Ireland Galway,

University Road, Galway, Ireland.

dDipartimento di Ingegneria Industriale,
Universita degli Studi di Perugia, 06125 Perugia, Italy.

3

∗ corresponding author. email: jeremiah.murphy@dcu.ie4

Abstract5

The classical stress-strain law for linear incompressible transversely isotropic6

materials is inverted to obtain the infinitesimal strain as a function of the stress.7

This relation is then used to obtain the strain response for two stress controlled8

material characterisation tests, namely simple shear and simple tension. These9

tests typically constitute the experimental basis of constitutive modelling in biome-10

chanics. It is shown that the strain response for transversely isotropic materials is11

radically different from that exhibited by isotropic materials. Specifically it is shown12

that the strain response is fully six-dimensional for both experiments and that the13

new strain components arising as a result of anisotropy can be significant when14

compared to the strains that are characteristic of isotropic materials. It is antici-15

pated that this complexity will be amplified in non-linear models. It is also shown16

that there are orientations of the preferred direction for which a quasi-isotropic17

response is possible, a so-called magic angle effect.18
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