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Abstract

The concept of strain originates from the one-dimensional stretch of a line element, defined as
the ratio of change in length to original length. This simple and intuitive definition forms the
basis for stress and deformation analysis in classical elasticity. However, most classical
nonlinear measures — such as the Green—Lagrange strain, the Euler—Almansi strain, and even
the Hencky (logarithmic) strain — lose their direct connection to the underlying stretch.

This talk returns to the fundamental stretch-based definition and develops a systematic
hierarchy of higher-order strain measures that preserve this connection in three dimensions. A
family of strains are introduced based on the concept of line stretch, with higher-order terms
generated through a consistent, natural mathematical procedure. The binomial (Seth—Hill)

family of strains, defined as , with as the right stretch tensor,
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which unifies all classical stretch-based strains, including Cauchy (m=1), Green-Lagrange (
m=2), Hencky (m - 0), and Almansi (m=—1). Particularly, higher members (m > 3)provide
systematic nonlinear corrections for extreme deformations as higher-order strain measures.
The strain tensors are shown to be objective and vanish for rigid rotations. A complete stress
theory is developed within the framework of work conjugacy, leading to explicit expressions for
the conjugate stress, the Kirchhoff stress, and the equations of motion.

The proposed higher-order strains fill a long-standing gap in the theory of elasticity by
providing a systematic, stretch-based hierarchy that unifies linear and nonlinear behavior. The
second-order strain is the Green—Lagrange strain, while higher orders open new possibilities for
modeling complex materials under extreme conditions. The framework is extensible to any
order and can serve as a foundation for numerical implementation, experimental validation, and
the development of new constitutive models in soft matter mechanics, biological tissues, and
emerging materials.
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