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Session 2, Lecture 4, Skin, Strain Energy Function f/j.

Skin
¢ Characteristics
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e Epidermis: Outer layer; flatten and keratinized cells and fibers; cells die and

flake off (30,000~40,000 cells per minutes

o Stratum corneum: the outer layer of the epidermis composed mainly of
keratinocytes
e Dermis: Inner layer; capillaries, sensory nerve endings, lymphatic vessels,
sweat glands, and hair follicles; Fibroblasts are constantly dividing
e Subcutaneous Fat: hypodermis; 50% of body fat, padding and insulation
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Mechanical Properties of Skin

Biaxial stress and Strain

cennot PI’DVI‘CJE "HJ- 'pu”
‘ comporent.
}cla%ﬁ;nslu}) betlveen all Stresg  aad chain  Co Poren

X Supbost To geld a 2B cmﬁ:{f{ujg«joﬁ%ﬂ Hor o
/weméhmous mox'T(&m‘ov& anc{(.’/r‘_'_‘[) ne- S—Hefs

%SFHU not- S‘MPo&‘Cr}gﬂ{“ r{”b clekw\xz.— a 3P Q'h'egs"—-?'{wu\
)’e,(O\'}“hnSl\l\P‘

# Optaial_ (O&\cl(tra_ exFeh‘mm’fS




& lanirand Fung (1974) \/

:?a‘na | |
[ 3019
(f' X (lang™ of tucy)
30+ ==Y (width of Body] trontverte eafenton rote *1C0Q 1
a0 X Crangth of body)
= ¥ {widh of body
0 I 4
FONIveeIe asfERson fate * | 000 1 ] ‘

20+ Sy ] [

A }
1o Jp— I
9 w2kl 7 ' : : J 0‘

NG N Y
Orthotropic Anisotropic
4
B 12 3 14 I 0 — =0 12— 13 19 T 6
"I hl

How do you define the stress-strain relationship?? f G(CIS*)‘tb
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~ Hyperelasticity
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Deformation of a rectangular membrane
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Finite strains
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Principal Stretches A )=
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x and y are the principal directions

Almansi (Hamel) strain (Eulerian reference system)
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Conjugate stresses

h and hp : thicknesses of deformed and original tissue

Cauchy stress (Eulerian reference system)

p and po: densities of the deformed and original (equal if incompressible)
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e Strain energy per unit oﬂinitiél]volume
e Area between the stress strain curve and the
strain axis from energy conjugates

Strpin energy




,. Alternatively, area between the stress strain curve and the stress axis is the
‘ complementary strain energy density W* l
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Hyperelasticity: i
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e Often with Green strains Ej; and 2" Piola-Kirchhoff stresses Sj; fE;

e Stress-strain relationship derives from a.strain energy density function
° @ non-linearly elastic, isotropic and independent of strain rate

e Biological tissues are modeled via hyperelasticity assuming&m&uj_ﬁ@
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Third-order terms are not important for practical purposes, then,
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Rabbit abdominal skin experiment and “hyperelastic” curve fit
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Figure 7.12:2 Comparison between experimental data and mathematical expression.
The tensile forces F,, F, are given in milli Newton. Lagrange stress T, is equal to F,
divided by A,, the cross-scctlonal area perpendicular to the x axis. Squares:
experimental data. Circles: from Eqgs. (1) and (2) with a, = u,. all s = 0. a, =3.79,
a, = 12.7, a, = 0.587, ¢ = 0.779 N/m?, &, = a, = 1,020 N/m?, and a = 254 N/m%
Crosses: From Eq. (2) with 2, =a,, 7y =7 =0, 74 =75 # 0. @ = 3.79, a, = 184,
a, = 0.587, ¢ = 0.779 N/m?, a, = &, = 1,020 N/m?, and a, = 254 N/m*. y, = 5 =
15.6. From Tong and Fung (1976), by permission. Experimental data are from Lanir
and Fung (1974b).
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. 5/4 Group work

List the names of group members:

lgnoring shear terms, Fung’s strain energy density function for rabbit abdominal
skin (assumed incompressible and biaxially loaded in principal directions) can be

represented given by
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Q: Derive an expression for Cauchy stres@as a function of stretches
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Hint: First obtain an expression for 2nd Piola Klrchhoff stress as a function of
Green strains. Then re- parameterlze this Kirchhoff stress as a function of stretches
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Question 1: Ignoring shear terms, Fung's strain energy density function for rabbit abdominal skin (assumed
incompressible and biaxially loaded in principal directions) can be represented given by
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47112

a) Derive an expression for Cauchy stress sy as a function of stretches Ajand Az.
Hint: First obtain an expression for 2nd Piola Kirchhoff stress as a function of Green strains. Then re-

parameterize the Kirchhoff stress and a function of stretches A1and Az and finally convert Kirchhoff stress to

Cauchy stress.
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b) Using Fung’s parameters (below) for rabbit abdominal skin, plot s; when stretch A, goes from 1 to 2 and

A =1. B i
o, =a, =1,020 N / n’ ~ Cauchy Stress for Rabbit
o, =254 N /nr Abdominal Skin \
c=0.7719 N /nm’ =20
a =3.79 = 2%
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