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a b s t r a c t

In this study we show that some discussions of finite-deformation single-crystal plasticity
are conceptually flawed in their focus on a set referred to as the intermediate config-
uration. Specifically, we prove that what is usually referred to as the intermediate con-
figuration is not a configuration but instead a vector space that we term the intermediate
space. We argue that when applied to single crystals this intermediate space represents
the lattice.

& 2016 Elsevier Ltd. All rights reserved.

1. Introduction

We here consider finite-deformation plasticity based on the multiplicative decomposition =F F Fe p of the deformation
gradient F into elastic and plastic parts Fe and Fp. Our goal is to address a conceptual flaw found in most discussions of this
subject. Specifically, most discussions refer to the existence of an intermediate configuration. But within the context of
continuum mechanics the term configuration generally connotes a region of Euclidean space. In contrast, we prove that the
set termed the intermediate configuration is actually a vector space which we refer to as the intermediate space.

The treatment that follows in Sections 2–5 is developed within the general framework of polycrystalline plasticity;
considerations specific to single crystals, such as the notion of the intermediate space as a lattice space, are the subject of
Section 6.

There is no discussion of constitutive equations.

2. Kinematics of finite deformations

The space under consideration is a three-dimensional Euclidean space . The term point is reserved for elements of ; the
term vector for elements of the associated (three-dimensional) vector space . More precisely, is the translation space for
: given any vector ∈v there are points z1, ∈z2 , ≠z z1 2, such that = −v z z1 2.
Consider a body B identified with the closed region of space it occupies in a fixed reference configuration. We refer to B as

the reference body and denote by X an arbitrary material point of B. A motion of B is then a smooth mapping
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χ= ( ) ( )tx X, 2.1

with χ ( )tX, — for t fixed — being the deformation at time t, and with deformation gradient

χ= ∇ ( )F 2.2

required to satisfy1

> ( )Fdet 0. 2.3

We refer to the deformation as homogeneous if F is independent of X.
We assume that, at each fixed t,

� χ (· )t, is a one-to-one mapping of B onto ¯ ( )tB .

Writing

χ= ( ) ( )− tX x, 2.41

for the corresponding inverse mapping, we can express any function of X as a function of x , and vice versa; the description
in terms of X is called the material description, that in terms of x the spatial description.

The closed region in space occupied by B at time t,

χ¯ ( ) = ( ) ( )tB B, t , 2.5

represents the deformed body. ¯ ( )tB is the set actually observed during the motion; the reference body B serves only to label
material points: any other configuration could equally well have been used as reference. For this reasonwe differentiate— at
least conceptually — between Euclidean space as the ambient space for the reference body B and the copy of that
represents the space through which ¯ ( )tB evolves. In accord with this2:

(A1) the ambient space of B is referred to as the reference space; vectors associated with this space are referred to as material
vectors;

(A2) the ambient space through which ¯ ( )tB evolves is referred to as the observed space; vectors associated with this space are
referred to as spatial vectors.

It is convenient to introduce two copies,

= { }

= { } ( )

the space of all material vectors ,

the space of all spatial vectors , 2.6

mat

spat

of the vector space associated with . In addition we let

= { } = { } ( )Ref reference space , Obs observed space , 2.7
def def

so that

⊂
¯ ⊂ ( )

B Ref, is associated with Ref,

B Obs, is associated with Obs 2.8

mat

spat

and, what is more important, each of the pairs

¯ ( )Ref and Obs, B and B, and 2.9mat spat

is effectively disjoint in the sense that — conceptually — each pair has no common element.
We write φ ̇ for the material time derivative of a field φ; that is, the time derivative of φ with respect to t holding the

material point X fixed:

φ φ̇ = ∂
∂ ( )t

. 2.10

Then

χ= ̇ ( )v 2.11
def

represents the velocity. The velocity gradient

1 So that F is invertible and orientation-preserving.
2 Cf. Fig. 1.
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