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So, the next stress measure that we consider is the second Piola-Kirchhoff stress tensors ok.
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3. Second Piola-Kirchhoff Stress Tensor

+ We have seen that the definition of traction as force per unit area leads to the definition of'stress )
e TR, Y ——

* Forceis defined in the current configuration

+ However, area e measured either in the current or the reference configuration

+ This has lead to the definition of two different stress fields -
+ Cauchy stress that is defined as the mapping of the spatial normal vector n to the spatial traction
vector dp and

+ the first Piola-Kirchhoff stress tensor which maps a material normal vector N to the spatial

traction vector dp
\-__/

+ Athird measure of stress can be defined which rests entirely in the reference configuration.
SLITIE A HICIUIS IS M I R A P

+ This third measure of stress is called the second Piola-Kirchhoff stress tensor
;—V—'u—-

So, we have seen that the definition of traction as a force per unit area leads to the definition
of stress ok. Now force is always defined in the current configuration; however, the area can

always be defined either in the current configuration or in the reference configuration.

So, depending on which area we took we have defined two different stress fields; one of
course, was the Cauchy stress which was defined as the mapping of a spatial normal vector n
to the spatial traction vector dp ok. Again, if we took area in the reference configuration, we
define what was called the first Piola-Kirchhoff stress tensor which maps a material vector N

to the spatial traction vector dp.

Now, it so, happens that we can define a third measure of stress which rests entirely in the
reference configuration. See Cauchy stress rests entirely in the spatial configuration and the

second Piola-Kirchhoff has a part in the spatial configuration another part you can say is in the



material configuration. So, there is a third stress measure that we can define which rests
entirely in the reference or the material configuration. And this third kind of stress measure is

what we call as the second Piola-Kirchhoff stress tensor.
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3. Second Piola-Kirchhoff Stress Tensor °
+ We start with the force traction relation

@ @ e Eq. (129)
¢ Pulling back the vector(dp to the reference configuration gives
dP = F'(dp )
dA
_ ! =
AB- 2@

P =@VdA

where in direct notation iiiy‘// SZ‘,@M {ems

indicial notation Sy = F;;'Pj Eq. (132)
— \,_.-\/
+ Wealsoknowthat P = JoF "= Eq. (120)
N

+ Using this we can write Eq. (132) as

=>5-Flp- Eq. (133)

So, now let us see how we come up with the mathematical expression of the second
Piola-Kirchhoff stress tensor. So, we know the force traction relation. So, this force is given in
terms of the first Piola-Kirchhoff stress tensor and the material area vector by equation 129

ok.

Now, if we pull back the vector dp to the reference configuration and how we can do that?
Ok. So, just like we can pull back the spatial vector d X to material vector d capital X by
multiplying the spatial vector d X by F inverse similarly we can get the pullback of the vector

dp and get its counterpart in the reference configuration. So, d capital P let us say is the vector



corresponding to the spatial vector dp in the material configuration and this is given by dP

equal to F inverse dp.

I can now substitute equation 129 in for the expression of the spatial vector dp ok. So, what I
will get? The material vector dP is F inverse PN d A ok. Now NdA I can write as the material
vector area vector d capital A and then on the left hand side we have something in the material
configuration. So, whatever is here ok. So, this is d A. So, whatever is this quantity is mapping
the area vector d A in the reference configuration to the vector d P in the reference
configuration. Therefore, we can write F inverse p as S and S maps an area vector in the
reference configuration to a vector dp in the reference configuration. So, S is a second order

tensor which is given by F inverse P in indicial notation I can write S subscript capital 1J.

Why capital 1J? Because S resides totally in the material configuration, it is mapping
something in the material configuration to something in the material configuration ok. So, area
vector in the material configuration to vector dp in the material configuration. So, S would
reside totally in the material configuration and in indicial notation this is S 1J is F inverse [ 1 P i

J. So, that is the and you note here both P and F are the 2-point tensors.

Now, we know that the relation between the first Piola-Kirchhoff stress tensor and the Cauchy
stress tensor as J sigma F inverse transpose ok. So, I can substitute P in terms of the Cauchy
stress in equation number 132 here and then I can get the second Piola-Kirchhoff stress tensor.
So, S is called the second Piola-Kirchhoff stress tensor in terms of the Cauchy stress tensor as

following expression. S equal to J F inverse sigma F inverse transpose.
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3. Second Piola-Kirchhoff Stress Tensor

* Inindicial notation Eq. (133) can be written as A S
L S TEN e
Siy = JFH G'i]FJ" = e T = Eq (134)
o~ ] T ) .")
SLr(gE )
+ The tensor Sis called the second Piola-Kirchhoff stress tensor. =~ T J)‘f "U:‘ )
z = -_"-
~JTf'eb =S

! ) . —m_=_. =
+ Itis easy to show that the tensor § is a symmetric tensor and resides completely in the material or

the reference configuration

+ The second Piola-Kirchhoff stress tensor S resides completely in the material or the reference
configuration

+ Itis now worth to investigate the work conjugate strain measure corresponding to the second Piola-
Kirchhoff stress tensor S x

So, in indicial notation I can write S 1J is J F I i inverse sigma ij F inverse J j ok. So, that is the
indicial notation for equation 33. So, this tensor s is called the second Piola-Kirchhoff stress
tensor and you can show that S is a symmetric tensor. So, we can show because S is given by

J F inverse sigma F inverse transpose.

So, if I take S transpose I will get J F inverse sigma F inverse transpose which becomes J F
inverse transpose, transpose sigma transpose F inverse transpose which becomes J F inverse.
And now because Cauchy stress is a symmetric tensor sigma transpose is same as sigma and
then I get F inverse and this expression over here is nothing, but the expression for the second
Piola-Kirchhoff stress tensor. So, this shows that S is a symmetric tensor and it resides

completely in the material or the reference configuration.



So, now we have three stress measures, the Cauchy stress measures which resides totally in
the spatial configuration. We have the second Piola-Kirchhoff stress tensor which reside
totally in the material configuration. And we have first Piola-Kirchhoff stress tensor which

resides somewhere in between it connects the spatial and the material configurations.

So, now it is worth to investigate the work conjugate strain measure corresponding to the

second Piola-Kirchhoff stress tensor.
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3. Second Piola-Kirchhoff Stress Tensor

+ We know that

= d=¢, B =FTEF! Eq. (135

= d=¢,[5] & a.(135)

+ Then, the variation of d becomes
r——

o : Eq. (136)

+ Substitution of Eq. (136) in tie expression for intemal virtual work expression

W - [o i o AvTINE @)
Wit 2 iV G=— g @

= (F-TaEF*l) dvy A:B = t(AB")
Bouﬁ_______/ S AR

ar i
)dVO - / ir (Ja-F’TdETF’l) v
) -

v . B,= r(4B") = T:D
0 A:B = ti(AB 1(A"B

A=JoF " BT = iEF
vw_‘ h»-v—:?,.
AT-7e°¢ B-f 'S¢

So, let us start first we recall that the rate of deformation tensor d was nothing, but the push
forward of the material time derivative of the Green LaGrange strain tensor E and how this

push forward was carried out? It was carried out by pre multiplying the material time



derivative of Green LaGrange strain tensor by F inverse transpose and post multiplying it by F

inverse ok. So, this is given in equation 135.

So, the variation of the rate of deformation tensor d now becomes del d equal to F inverse
transpose del E dot F inverse. Now one thing you have to remember is that E that is Green
LaGrange strain tensor is a symmetric tensor therefore, E dot and del E dot they both are

symmetric quantities.

Now, let us derive what is the work conjugate strain tensor corresponding to the second
Piola-Kirchhoff stress tensor ok. So, as usual we start with the internal virtual work
expression and this is given by following expression ok. So, in the current configuration it is
nothing, but the integration of the double contraction of these Cauchy stress tensor with the

rate of deformation tensor and then integrated over the current volume.

Now, in this expression I can write d V as J d V 0 ok. So, this relation we already know.
Using this relation 1 can transform this integral from integral over the reference current
configuration to integral over the reference configuration. And also from equation 136 I know
that the variation of rate of deformation tensor is given by this quantity over here. So, |
substitute these two quantities in our integral and then finally, I get J sigma double contraction

with the quantity in the bracket integrated over the reference configuration.

Now, we know that double contraction of two second order tensors can be written as trace of
AB transpose. So, using this and realising that A in our case is sigma and B is F inverse
transpose del E dot F inverse then I can write ok. So, A is J sigma. So, this is A and this is B
transpose and now I can open up this bracket of the transpose and I can get J sigma F inverse

transpose del E dot transpose F inverse.

Now, this is what we have and then what I can do now is again I know that trace of AB
transpose is trace of A transpose B. So, this property we have already discussed when we

were discussing the mathematical preliminaries that particular section.



So, now this quantity in the bracket if we look closely and I identify A as J sigma F inverse
transpose and B transpose S del E dot transpose F inverse then I can identify that my
integrand is trace of AB transpose that I can write as trace of A transpose B. So, doing that.
So, this is trace of A transpose. So, A transpose will be J F inverse sigma transpose and now,
sigma is a symmetric tensor becomes sigma and B transpose was this. So, B will become F

inverse transpose del E dot. So, that is what we have here. So, this is A transpose and this is

B.
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3. Second Piola-Kirchhoff Stress Tensor b
Wi = 1 SE 4V, §=JF'eFT"
B
= -/Z;G_'SE_MV Eq. (137)

* This shows that the second Piola-Kirchhoff stress tensor is‘work conjugate’wilh the rate of Green-
Lagrange strain tensor in the reference configuration

+ This enables us to write the spatial virtual wol jon as completely as a material virtual work

expression.
0W = [y, 8:SEdVy = [y t- vdA + [y bo-dvdlp = 0 Eq. (138)
—
* Applying the pull-back and push-forward concepts to the Piola-Kirchhoff stress tensor - ‘F@a_
transformation .
=J¢
Push forward operation é s J79,[8] Eq. (139)
Pull back operation 8= F TF‘T )S Jo ! [a- Eq. (140)

And now because trace of A transpose B is nothing, but A contracted with B I can write J F

inverse sigma F inverse transpose contracted with. So, this is our A and this is our B ok.



Now, I can identify this quantity as nothing, but my expression for the second Piola-Kirchhoff
stress tensor ok. So, I can write the integral over reference volume of the double contraction

of the second Piola-Kirchhoff stress tensor with the rate of Green LaGrange strain tensor.

So, from this I can identify I can say that the second Piola-Kirchhoff stress tensor is work
conjugate with the rate of Green LaGrange strain tensor in the reference configuration because
this is same as B sigma del d V ok. So, Cauchy stress was work conjugate with the rate of
deformation tensor in the current configuration and the second Piola-Kirchhoff stress tensor is

work conjugate with the rate of Green LaGrange strain tensor in the reference configuration.

So, as a trivial exercise we can write the spatial virtual work expression completely as a
material virtual work expression which means all the quantities are in the material
configuration and the integration is also carried out in the material configuration. So, my
virtual work expression becomes the internal virtual work written in the material configuration

is equal to the external virtual work written in the material configuration.

So, now I can define what is called the Piola transformation which is nothing but the pullback
and push forward operations which are carried out on the Piola-Kirchhoff stress tensor and
this is called the Piola transformation. So, first I look into the push forward and I know this
relation. The Kirchhoff stress tensor is nothing, but FS F transpose ok. Therefore, because tau
is J sigma therefore, if I substitute j sigma here I can write sigma as J inverse push forward of

the second Piola-Kirchhoff stress tensor.

So, the Kirchhoff stress tensor is nothing, but the push forward of the second Piola-Kirchhoff
stress tensor therefore, sigma is nothing but J inverse times T push forward of the second
Piola-Kirchhoff stress tensor. And now I can invert this relation I can simply invert this

relation over here and get the pullback operation.

So, the second Piola-Kirchhoff stress tensor is nothing, but the pullback of the Kirchhoff stress
tensor and this is carried out in this manner therefore, the second Piola stress tensor is the J

times the pullback of the Cauchy stress tensor because I can substitute sigma here and then



this is nothing, but the pullback of the Cauchy stress tensor. So, these two transformations are
called the Piola transformation and they will be visited again when we are discussing the

objective stress rates which will come in the later slides.
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3. Second Piola-Kirchhoff Stress Tensor &

* Interpretation of the second Piola-Kirchhoff stress can be obtained by studying the rigid body motion

+ In case of rigid body motion F = R and J = 1. Then, the second Piola-Kirchhoff stress tensor is

S=JF'eFT=R'"RL

S
T _ -1 _ AT -
@E,:.Lﬁi,:\, e

[> é;_@} Eq. (141)

+ Comparing the above relation with the following expression
o = QTO,Q d:
it can be seen that components of S coincide with components of(:)expressed in the local set of

orthogonal axes that results from rotating the global Cartesian directions according to R. @ ._P_’l

Now, let us look into the interpretation of second Piola-Kirchhoff stress tensor ok. So, we
have provided an interpretation for the Cauchy stress which can be considered like a true
stress, while the first Piola-Kirchhoff stress tensor can be considered as the engineering stress

or the nominal stress.

Now, let us see what is the interpretation of the second Piola-Kirchhoff stress tensor and that
can be obtained by studying the rigid body motion ok. So, if there is a rigid body motion then
we know that the deformation gradient tensor is nothing but the rotation because the right

stress tensor U will be equal to 1 and by right polar decomposition which is equal to R U, U is



1 that is identity matrix therefore, the deformation gradient tensor F will be nothing, but the
rotation tensor R and then the Jacobian will be one because under rigid body motion the

volume does not change. So, Jacobian is 1 ok.

In that case the second Piola-Kirchhoff stress tensor can be obtained as. So, this is S equal to J
F inverse sigma F inverse transpose and now because F is R therefore, and J is equal to 1 I can
get R inverse sigma R inverse transpose and now I know that RR transpose is identity. I know
that R is an orthogonal tensor. So, RR transpose is identity. So, I can write R inverse as R

transpose therefore, R inverse transpose will be equal to R ok.

So, I can substitute this here and I can substitute this here and then I can show that the second
Piola-Kirchhoff stress tensor is R transpose sigma R and now if I compare this relation I
compare this relation with the following relation sigma dash is Q transpose sigma Q. So, this is
the relation for the component of the Cauchy stress how they transform when the coordinate

system itself is rotated.

So, this is the relation and then I can see that the components of the second Piola-Kirchhoff
stress tensor coincide with the components of the Cauchy stress expressed in the local set of

orthogonal axes that results from rotating the global coordinate directions according to R.

So, if I do that in that case my Q is R transpose if I just rotate then I get the similar expression.
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3. Second Piola-Kirchhoff Stress Tensor i

+ Show that S is objective

+ Under the action of superimposed rigid body rotations Q on the current configuration, the

transformation of the deformation mapping, deformation gradient tensor, the Jacobian, and the
el ol Wi (e anilen) e iy ——L__\ e i T

; B i A ~
Cauchy stress tensor are given by f":F’ Q = ‘i Q..> j’ 4 @E

Now, another point to look into is to inquire whether the second Piola-Kirchhoff stress tensor
is an objective quantity. Objective means under the super impose rigid body rotation how does
its component transform and because its a second order tensor and that as an exercise you can
do to show that indeed S is a second order tensor, we want to see whether the components of

S or the S itself transforms according to the relation for an objective second order tensor.

So, under the action of super impose rigid body rotations Q on the current configuration, the
transformation of the deformation gradient tensor the deformation mapping the Jacobian and
the Cauchy stress ok. So, this we had already discussed and they are given by psi tilde is Q psi,
F tilde is Q F, J is J tilde because its a scalar quantity. So, it does not change and sigma tilde is

Q sigma Q transpose ok. In that case the second Piola-Kirchhoff stress tensor in the rotated



configuration can be written as S tilde is J tilde F tilde inverse sigma tilde F tilde inverse

transpose.

Now, I can substitute for F tilde here sigma tilde from here and J tilde from here and I can
write S tilde is J times F inverse Q transpose and then Q tilde is Q sigma Q transpose. So, this
is sigma tilde this relation over here is nothing but F tilde inverse because if you take F tilde

inverse it will be F inverse Q inverse and because Q is orthogonal it is equal to Q transpose.

So, that is what we get here and then F inverse transpose. So, if I take F inverse transpose
here F tilde inverse transpose, it will be equal to Q transpose transpose which is Q and F
inverse transpose. So, that is what I get here. So, this is nothing but F tilde inverse transpose
and now I noticed that Q transpose Q is identity. So, in this relation over here let me rub all

this.
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3. Second Piola-Kirchhoff Stress Tensor 2

+ Show that S is objective

¢ Under the action of superimposed rigid body rotations Q on the current configuration, the
transformation of the deformation mapping, deformation gradient tensor, the Jacobian, and the
e —

TIPS
Cauchy stress tensor are given by S PJO" =1 \Q > fi @\_:

Gji This shows tha




So, in this relation over here Q transpose Q this is identity and also this Q transpose Q will be
identity; therefore, what I get is J F inverse sigma F inverse transpose which is nothing, but the

expression for the second Piola-Kirchhoff stress tensor.

So, what we see here that the second Piola-Kirchhoff stress tensor has no effect when a super
impose rigid body rotations are applied. So, this shows that F S indeed is an objective tensor.

Now coming to the decomposition of stresses ok.
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4. Decomposition of Stress

* In many applications like plasticity or biomechanics, it is required to decompose the Cauchy stress

tensor @ into hydrostatic ang@w', This is given by
-2+ e (12)

o p=sio =01 Eq. (143)
S~ \m
/ { k\'I
D d=0-pl [4(T): EVE-— Pl Eq. (144)
B . {wg_.\LYS';/

=) Cidilo  me

+ Similarly we can decompose the first Piola-Kirchhoff tensor as
P

_ / =i _ ) =if

P=J@ +p)F 7+pJF

=P :+ JF T Eq. (146)
= =<ZU’F*T5 Eq. (147)

So, in many applications for example, in plasticity and in biomechanics and also in
incompressible hyper elasticity which unfortunately we are not doing in this cours;e because of
the time constraint, but if you apply the concepts of this course for compress incompressible

hyper elasticity, there you will have to deal with decomposition of stress.



So, we are just discussing how the stresses can be decomposed and not only in incompressible
hyper elasticity, there are many application like plasticity biomechanics where you are required
to decompose the Cauchy stress tensor into what is called a hydrostatic part and a deviatoric

part sigma dash.

So, sigma the Cauchy stress can be decomposed as deviatoric part sigma dash plus a
hydrostatic part which is p times identity tensor I where p is the pressure and then p is defined
as 1 by 3 trace of the Cauchy stress tensor ok. So, it is also trace of sigma can be written as
sigma contracted with the second order identity tensor I ok. So, this is 1 by 3 sigma double
contacted with I therefore, the deviatoric part of the stress can be obtained as sigma minus the

hydrostatic part and also you can show that the trace of the deviatoric part is equal to 0.

So, if you take trace on both the sides you get trace of sigma minus p trace of I and then trace
of I ok. So, trace of sigma and p is nothing but defined as 1 by 3 trace of sigma and trace of |
is nothing, but 3. So, 3 cancels out and you have trace of sigma minus trace of sigma which is

equal to 0. So, the trace of the deviatoric part of the Cauchy stress tensor will be equal to 0.

Similarly, we can decompose the other two stress measures that is the first Piola-Kirchhoff
stress tensor and the second Piola-Kirchhoff stress tensor. So, we know that the first
Piola-Kirchhoff stress tensor is written I written as J sigma F inverse transpose as we have

seen here.

Now, I can substitute sigma given by equation 142 and then I can write P as j sigma dash plus
p I F inverse transpose when I open up the bracket the first term becomes J sigma dash F
inverse transpose and then the second term is p J F inverse transpose ok. I can write then the
part which contains the deviatoric part of the Cauchy stress as P dash which is the deviatoric
part I define that as a deviatoric part of the first Piola-Kirchhoff stress tensor P dash plus p J F

inverse transpose.



So, the first Piola-Kirchhoff stress tensor can be decomposed into what is called a deviatoric
part and a volumetric part where P dash is a deviatoric part is J sigma dash F inverse

transpose.
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4. Decomposition of Stress

* Similary for the second Piola-Kirchhotsiress tensor given by
=9 8=JF'oF"
L e SR

§=JF "' (o +pI) F"
—

S=M-T+

Q71 — F*lFfT
_d =il
=) S=s#F+piC Eq. (148)
=58 = JFlgE" Eq. (149)

+ The tensors P’ and §' are called the true deviatoric components of P and S.,

Similarly, for the second Piola-Kirchhoff stress tensor, I can start from the definition of the
second Piola-Kirchhoff stress tensor which is given I J F inverse sigma F inverse transpose. I
can substitute the decomposition of the Cauchy stress tensor a sigma dash plus p I and I can
open up the bracket ok. I can open up the bracket and I can write J F inverse sigma dash and F

inverse transpose plus p J F inverse F inverse transpose.

Now, I know that the right Cauchy green tensor is F transpose F or C inverse is F inverse F
inverse transpose and if [ see here this is F inverse F inverse transpose which is nothing, but C

inverse. So, I can write S as ok so, this should not be here. So, S as the deviatoric part plus a



volumetric part where S dash is nothing, but J F inverse sigma dash F inverse transpose and

this is called the deviatoric part of the second Piola-Kirchhoff stress tensor.

So, these tensors P dash and S dash are called the true deviatoric components of P and S.
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4. Decomposition of Stress

+ However, remember that unlike the trace of the devatioric part of the Cauchy stress tensor equal to

zero the trace of the deviatoric part of the first and second Piola-Kirchhoff stress tensors is not equal

/ !

+ Now taking double contraction of Eq. (147) with F we get

P.F = F—’. f\@ :A«U&BT)

tozeroi.e.

E
P.F = tr(Ja’F'TFT) A:B = t:(AB") = t(A"B)
Y
PiF = (s (FF)')
P.F = t(Jo')
P:F = 0 Eq. (150)

However, unlike we have seen that the trace of the deviatoric part of the Cauchy stress equal
to 0, the trace of the deviatoric part of the first Piola-Kirchhoff stress tensor and the second
Piola-Kirchhoff tensor stress tensor are not equal to 0 ok. So, this is one difference with the

Cauchy stress.

But if I take the double contraction of the deviatoric part of the first Piola-Kirchhoff stress
tensor which is P dash with the deformation gradient tensor F, I can write J sigma dash F

inverse transpose double contracted with F and now A contracted with B is nothing, but trace



of AB transpose trace of AB transpose and this is my A and this is my B. So, this is A into B

transpose.
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4. Decomposition of Stress “

+ However, remember that unlike the trace of the devatioric part of the Cauchy stress tensor equal to

zero the trace of the deviatoric part of the first and second Piola-Kirchhoff stress tensors is not equal

+ Now taking double contraction of Eq. (147) with F we get

B i
"'F = )2 AR - R
A:B = LegaR)
P.F = tr(Jo' A:B = tt(4B") = tr(A"B)
P = (o

to zeroi.e.

P.F = D Eq. (150)

Now, I can concentrate now on the these two expressions and I can take the transpose outside
and I can write J sigma dash F, F inverse transpose. Now FF inverse is nothing, but identity
and therefore, J sigma dash identity which becomes J sigma dash ok. So, I get trace of J sigma
dash which is nothing but j times of trace of sigma dash and now trace of sigma dash with a
trace of the deviatoric part of the Cauchy stress tensor is equal to 0. So, J into 0 and this gives
me the double contraction of the deviatoric part of the first Piola-Kirchhoff stress tensor with

the deformation gradient tensor is equal to 0.



(Refer Slide Time: 33:25)

4. Decomposition of Stress “

+ Now taking double contraction of Eq. (149) with C we get
s

§:.c = JFYWFT'.C

ir'
§:c = Jtr< FTF) A:B=t:(A"B
A —
L%
s.Cc = Jtr(F‘la"T)
e NN

i m—
Z)

Similarly, I can take the double contraction of the deviatoric part of the second
Piola-Kirchhoff stress tensor with the right Cauchy green tensors C ok. So, if I take this I get J
F inverse sigma dash F inverse transpose contracted with C and now because this is A and this

1s B.

So, A contracted with B is nothing but trace of A transpose B I can write this as J trace of A
transpose and this is B ok. So, this completely is A transpose B. So, I can open up this
bracket, take the transpose I get F inverse sigma dash transpose F inverse transpose F
transpose F. So, F inverse transpose F transpose is nothing but identity and now I get j trace

of F inverse sigma dash transpose F ok.

Now, if I realize that now I realize that A transpose B is same as trace of AB transpose where

A for me now is F inverse sigma dash transpose and B here for me is F. So, A transpose. So,



A transpose for me is here F inverse sigma dash transpose and B is F therefore, A transpose B

is trace of AB.

So, I can write trace of A becomes sigma dash F inverse transpose and B transpose becomes F
transpose ok. So, I get sigma dash F inverse transpose F transpose and we have already shown

that F inverse transpose transpose is nothing but identity and this gives us J trace of sigma

dash ok.

And now trace of the deviatoric part of the Cauchy stress tensor is 0. Therefore, we have
shown now that the double contraction of the deviatoric part of the second Piola-Kirchhoff
stress tensor which is S dash with the right Cauchy green tensor C gives us 0 ok. So, they are

you can say they are orthogonal to each other.

So, the next we have to discuss is the objective stress measures.



