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4.博士生多元成果评价机制
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5.培养的国家级人才列表
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6.出版的研究生教材及成果推广
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Continuum Mechanics

Lecturer: Yang Liu and Yibin Fu
A 20-hour course for MSc students

at Tianjin University

1 Introduction

Continuum: a set of elements such that between any two of them there is a third element
(ie. no gaps).
There is no perfect continuum since matter is discontinuous, consisting of atoms and molecules

etc.
Thus, strictly speaking, water, air, metal etc are not perfect continua.
A honeycomb structure is not a continuum, nor is a skyscraper.

However, no matter how big or small the gaps are, if the lengthscale of the phenomenon that
we are trying to understand is much larger than that of the gaps, we can approximate our

object of study as a continuum. This is the approach used by Continuum Mechanics.

For instance, although a skyscraper is not a perfect continuum, for the purpose of determining
its natural frequency of transverse vibration, it can be approximated as a continuum (more

precisely a cantilever beam).

Objectives of this course: (i) to derive in a rational way the governing equations for both
elastic solids and Newtonian fluids, and (ii) to explain the principles that should be ob-
served /applied when studying other materials such as plastic materials, viscoelastic materi-

als, and non-Newtonian fluids.

Linear Elasticity (isotropic material): Navier’s equations, developed in 1820s

Fluid Mechanics (Newtonian fluids): Navier-Stokes equations, developed in 1840s
Continuum Mechanics: started in 1940s by C. Truesdell (1919-2000) and R. Rivlin (1915-
2005)
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Lecture 24: Hyperelasticity

5.8 Hyperelastic materials
Definition

A material is said to be hyperelastic if there exists a function W (F'), called the strain energy

function and measured per unit volume in the reference configuration B,, such that

J'W = tr (oD) = tr (o). (5.32)
Material time differentiation of W gives
. OW . )
W = aTFiA = {r {(&W)F} =1r {(BfW)LF} =tr {F(B,aW)L},
iA

and we can therefore rewrite equation (5.32) as

L OW
_ _ g1
tr(IIL) =0, wherell=0—J FBF'

Since L is arbitrary for any specified F', we deduce that II = 0 and so
| L OW ow
=J'FP— = J T 5.3
7 oF 7Y AOF, (5:33)
showing that the strain energy is a potential function for the stress. It follows immediately

that the nominal stress s is given by
s ow - ow
- Ai — P FiA.

5.34
A (534

Restriction imposed by the principle of objectivity

The principle of objectivity requires W(F) = W(C), and for an isotropic hyperelastic
material W must be invariant under the transformation F' — F@Q), or equivalently, C' —
(FQ)TFQ:

W(C) = W(Q"CQ) ¥ orthogonal Q. (5.35)

Thus, from the representation theorem of isotropic functions,
W:W(IB,H,HI), (5.36)

where [z, 1, 1] are the common invariants of C' and B. Now

olg oIl ol1I
—— =2F;4, —— =2(IgF;s — By F;
aFjA jAs aFjA ( BL'jA jk kA); BF:,-A

= 2[IIF, L.

88
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8.博士生参与(或工程博士促成的科研项目)科研项目及科技获奖情况
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