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Continuum Mechanics, part 3

Kinematics 3
e Small strains
* Principal stretch
e Summary for kinematics
 Rigid body motion
e Motion and flow
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The case of homogeneous deformation applied to a circle

For more details see the program polardec.m
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SMALL STRAINS AND RoTATIONS
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Rigid-body motion

The equation X;-X; (a;, t) describes the motion of a body. Using
this equation the position x; of each particle a; at time t can be |

calculated

In a rigid-body motion the body moves without changing its
shape. The distances between any two particles do not change. Neither
does the angle between two lines joining a particle to two other
particles.

Each rigid body motion can be decomposed into translation and

rotation.
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Translation is a rigid-body motion of a body in which every
particle undergoes the same trajectory — has the same displacements.

This motion can be described by the equation

X; = a; + ¢; (1), (1)

where vector ¢ 1s independent of position and depends on time only.

Rotation is a rigid-body motion in which every particle follows

the circular trajectory about the axis of rotation with the same angular

velocity.
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Rotation about a coordinate axis, say x,

the coordinates of the current position of the rotated

particle

{x} « {a} "2

» (x4, x:_)
AN
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can be found easily

My

X 1= rcos(o+)= r(cosocosB-sinosinfd) = ajcoso-a, sin o
X7 = rsin(o+p)= r(sinocosP-cosasinf) = asinota,)cos o
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It is obvious that rotation is an orthogonal
transformation (length is preserved) and so the
inverse motion is described by

fa} =[Q]" {x}
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It should be reminded that for a rigid-body motion
the deformation gradient [F] becomes rotation tensor

[R]

[F]=[Q]

and then the right Cauchy-Green deformation tensor
is

[CI=[FI'[FI=[QI'[Q]=I1]

and has the constant value throughout a rigid-body
motion. the same conclusion is valid for the left
Cauchy-Green deformation tensor
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[CI=[FI[F]"=[1].

[t is obvious that Green-Lagrange and Almansi strain
tensors are equal to zero in a rigid-body motion

[El=2(ICI-[1])=[0],

[Al=3({1]-[CI)=0].
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In a rigid body motion the velocity gradient becomes
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