
Chapter 15 Corrections – updated 112406 
 
Page 509, Replace “Problem 15.2.1” by “Example 15.2.1” 
 
Page 515, Replace “Problem 15.3.1” by “Example 15.3.1” 
 
Page 516, Figure 15.9; The square in this figure should have the word 
“Undeformed” under it like the square in Figure 15.8. 
 
Page 518, Replace “Problem 15.3.2” by “Example 15.3.2” 
 
Page 520, Figure 15.12; The unlabeled upper right corner of the square should 
be labeled “(1, 1).” See Figure 15.10 
 
Page 525, Figure 15.13; It would be more reasonable if the transverse cross 
section in the deformed rectilinear parallelopiped on the right were of less cross-
sectional area the transverse cross section in the undeformed rectilinear 
parallelopiped on the left. 
 
Page 527, Example 15.5.1; (1) Change “15.9” in line 2 of this example to “15.10.” 
(2) Observe from Problem 15.3.1 that equation (15.42) may also be written as  
(F-1)T!dA = J-1da, in the usual form for the multiplication of vector by a matrix. (3) 
In the third line from the bottom of the Example replace “Figure 15.7” by “Figure 
15.8” and “Figure 15.8” by “Figure 15.10.” (4) In the last line of the Example 
replace “(2/√3, -1/√3, 0)” by ““(2/√5, -1/√5, 0).”  
 
Page 528, In problem 15.5.2; Replace “Figure 15.8Ó by “Figures 15.8, 15.9 or 15.10.Ó 
 
Page 528, Add the following new problem directly after problem 15.5.2; 15.5.3 
(new) Use the result proved in problem 15.3.1 to derive the derive the alternate form of 
equation (15.42), 
  (F-1)T!dA = J-1da.  (15.42 alternate)  
 
Page 529, equation (15.49); The subscripted boldface upper case “O” should be 
a subscripted boldface lower case “o.” 
 
Page 530, Last equation on the page; Replace T1I

2PK by TII
2PK . 

 
Page 531, At the end of section 15.6, first  delete problem 15.6.1 and replace it 
by the following new version of 15.6.1, then add the problems that follow 15.6.1: 

15.6.1 Consider a unit cube subjected to a uniaxial extension. A net force P1 in 
the x1 or XI direction creates this uniaxial extension. The motion is described by 
x1 = (1 + t) XI, x2 =  XII, x3 = XIII. Note that each face of the unit cube has an 
initial area Ao that is unity, Ao = 1.  Estimate the first Piola-Kirchhoff stress T1PK, 



then calculate the Cauchy stress T = J-1 T1PKáFT and the second Piola-Kirchhoff 
stress  (T2PK "  F-1áT1PK = JF-1áTá (F-1)T). 
15.6.2 Consider a unit cube subjected to a biaxial extension. A net force P1 in the 
x1 or XI direction and a net force P2 in the x2 or XII direction create this biaxial 
extension. The motion is described by x1 = (1 + t) XI, x2 = (1 + 2t) XII, x3 = XIII. 
Note that each face of the unit cube has an initial area Ao that is unity, Ao = 1.  
Estimate the first Piola-Kirchhoff stress T1PK, then calculate the Cauchy stress T = 
J-1 T1PKáFT and the second Piola-Kirchhoff stress  (T2PK "  F-1áT1PK = JF-1áTá (F-1)T). 
15.6.3 Consider an object that is the unit cube deformed by deformation gradient 
tensor F given in Problem 15.3.1 on page 515. If the homogeneous second Piola-
Kirchhoff stress tensor T2PK is given by 
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determine the Cauchy stress tensor T and the first Piola-Kirchhoff stress tensor 
T1PK. 
15.6.4 Consider an object that is the unit cube deformed by deformation gradient 
tensor F given in Problem 15.3.1 on page 515. If the homogeneous second Piola-
Kirchhoff stress tensor T2PK is given by 

 T 2PK
=

10 3 0

3 20 0

0 0 1

!

"

#
#
#

$

%

&
&
&

, 

determine the stress vector acting on the sloping face whose normal is (2/#5, -
1/#5, 0) in the deformed configuration. 

 
Page 531, Please add the following paragraph at the end of section 15.7. 

Note that the components of the three stress tensors are Tij , Ti!
1PK  and T!"

2PK . 
In this notation the specific coordinate systems (spatial vs material or Eulerian vs 
Lagrangian) employed are specified by the alphabet used for the coordinate 
indices, Latin for the spatial system and Greek for the material system. Since 
Fi! = Ri"U"! = Vij Rj!  one sees that Ri! is a two-space tensor and represents the 
rotation associated with the deformation from the material to the spatial 
coordinate system. Compare the formulas Tij , Ti!

1PK  and T! "
2PK  with the constitutive 

equations (15.53) (15.55) and (15.56), respectively, and note that it is only the 
spatial coordinate that is associated with the rotation, not the material coordinate. 
There is no correction for the rotation in the material coordinate system if the 
functional dependence is assumed directly on the deformation measure in material 
coordinates. 

 
Page 532, sixth line. Remove the upper case C that follows the first ! I

2 . 
 
Page 534, Add the following problems at the end of section 15.8 after Problem 
15.8.1: 



15.8.2 Verify the result (15.60), then derive the result (15.61) from (15.60). 
15.8.3 Determine the Cauchy stress tensor T and the second Piola-Kirchhoff 
stress tensor T2PK for an elastic isotropic material subjected to the deformation in 
Example 15.2.1. Specify the numerical value of the functional dependencies of 
the functions ao, a1 and a2 as well as those of ho, h1 and h-1.  

 
Page 534, the line directly above equation (15.76); Replace since C = U2 = FFT, 
! C

! F
= 2F  by C = U2 = FTF. Both C = U2 = FFT and ! C

! F
= 2F are incorrect equations. 

 

Page 535, equation (15.79); replace “T* = F !
"W

"E
Ó by ÒT1PK = F !

"W

"E
.Ó 

 
Page 535, middle line between equations (15.80) and (15.81), replace “(15.72)” 
by “(15.79).” 
 
Page 535, line between equations (15.82) and (15.83), replace “c! 1 ” by “C!1 .” 
 
Page 535, second line above equation (15.84); replace “(15.78)” by “(15.83).” 
 
Page 535, Add the following material at the end of section 15.9: 

Problems 
15.9.1 Derive the result !W

!C
=
!W

!E
:
!E

!C
=
1

1

!W

!E
, (15.78), using the indicial 

notation and the formula 2E = C - 1. Hint: It is useful to first derive the 

formula !E"#

!C$%

=
1

2
#%##$"  from 2E!" = C!" # "!" .  

15.9.2 Derive the result (15.76) using the indicial notation. Hint: It is useful 

to first derive the formula !C"#

!F
i$

=
!

!F
i$

(F
k"Fk# ) = %

ik
%"$ Fk# + F

k"% ik%#$  beginning from 

the definition C = FT·F in the indicial notation C! " = Fk! Fk" .  

15.9.3 Derive the first result of (15.81), namely  ! I
C

! C
= 1. 

15.9.4 Derive the result (15.83), 

T2PK = 2[{
! W
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+ IC
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2 ] , from the last of 

(15.77), T2PK = 2
!W

!C
, using (15.80), W = W (I

C
, II

C
, III

C
) , (15.81) { !IC

!C
= 1 , 

! II
C

! C
= I

C
1 " C , 

!III
C

!C
= III

C
C
"1 } and the Cayley Hamilton theorem, 

C3 ! I
C
C2

+ II
C
C ! III

C
= 0 . 

15.9.5 Take the derivative of the Cayley Hamilton theorem, 
C3 ! I

C
C2 + II

C
C ! III

C
= 0 , with respect to C and employ the three formulas 



(15.81) { !IC
!C

= 1 , 
! II

C

! C
= I

C
1 " C , 

! III
C

! C
= III

C
C

" 1 } to eliminate the expressions 

that are the derivatives of the invariants with respect to C. Then multiply 
through this result by C and simplify. What is the significance of the final 
result? Is it a correct equation? Would it be a correct equation if the 
equations (15.81) were not correct? 

 
Page 537, Add the following material at the end of section 15.10: 

Problems 

15.10.1 Derive (15.94) { T = ! p1 + µ(
1

2
+ " )B ! µ(

1

2
! " )B! 1 } from (15.95) 

{W =
1

2
µ[(
1

2
+ ! )(I

B
" 3) + (

1

2
" ! )(II

B
" 3)] } using (15.92) { T = !p1 + h1B + h

!1B
!1 } 

and (15.93) { h1 = 2
!W

! IC
, h! 1 = ! 2

"W

" IIC

}. 

15.10.2 Calculate the components of the Cauchy stress T in a Mooney-

Rivlin material (15.94) {T = ! p1 + µ(
1

2
+ " )B ! µ(

1

2
! " )B! 1 } when the material 

is subjected to a simple shearing deformation given by x1 = XI +kXII, x2 = 
XII, x3 = XIII. Require that the normal stress acting on the surface whose 
normal is the x3 or XIII direction be zero. 
15.10.3 Calculate the components of the Cauchy stress T in a neo-Hookian 
material (15.96) {T = ! p1 + µB } when the material is subjected to a simple 
shearing deformation given by x1 = XI +kXII, x2 = XII, x3 = XIII. Require that 
the normal stress acting on the surface whose normal is the x3 or XIII 
direction be zero. 

 
Page 540, line 1 of the figure caption for Figure 15.18; replace “cm/mm” by 
“cm/min” 
 
Page 540, Figure 15.19; Replace “III – rabbit” by “III – 6 rabbit.” 
 
Page 541, line 2 of the figure caption for Figure 15.20; replace “cm/mm” by 
“cm/min” 
 
Page 543, Figure 15.22; “Lagrangian stress, T,”-> “Lagrangian stress T,” 
 
Page 547, Add the following material at the end of the last paragraph of section 
15.11;  

ÒPlots of the experimental data and the theoretical curves based on the first two 
equations of (15.106) and the first two equations of equations (15.108) and 
employing the numerical values of öA( p) and Ĉ( p)and given by (15.109) are shown 
in Figure 15.26. In this figure the squares indicate experimental data and the 



circles indicate model predictions from (15.106) and (15.108) using the numerical 
values of öA( p) and öC( p) and given by (15.109).Ó   

 
Page 547, Add the following material at the end of section 15.11: 

Problems 
15.11.1 Determine the value of the quantity  

öE( p) ! öC( p) ! öE( p) = öC11
öE1

2 + öC22
öE2

2 + 2 öC12
öE1

öE2 + öC66
öE6

2  
using the value of the öC( p) matrix given by (15.109) and the principal 
stretches at the points A and C in Figure 15.25. What is the dimension of 
öE( p) ! öC( p) ! öE( p) ? 

15.11.2 Determine the value of the stresses T̂
I

2PK ( p)  and T̂
II

2PK ( p) associated 
with the principal stretches at the points A and C in Figure 15.25. Use the 
values of the matrices of constants Â( p) and öC( p) matrix given by (15.109) 
and the fact that c = 0.779 Pa. 
15.11.3 (new) Determine the value of the rate of change of the tangent 

moduli with strain, ! öT
I

2PK ( p )

! öE
I

( p )
  and 

! öT
II

2PK ( p)

! öEII
( p)

, associated with the principal 

stretches at the points A and C in Figure 15.25. Use the values of the 
matrices of constants öA( p) and öC( p) matrix given by (15.109) and the fact 
that c = 0.779 Pa. 

 
Page 548, In the second line of the caption for Figure 15.25 replace “that is” by 
“that E22 = öE2  is” and in the third line of the caption replace “that is” by “that 
E11 =

öE1  is .” 
 
Page 549, in the line after (15.110) replace “J = detF = IIIC = IIIB,” by “J = detF = 
! IIIC =!  IIIB,.” 
 
Page 550, In the caption of Figure 15.26; Replace “(15.103)” by “(15.106)” in two 
places and replace “(15.105)” by “(15.108)” in two places. Replace “(15.106)” in 
the last line by “(15.109).” Delete the two long dashes “-“ in the second line and 
the word “with” in the third line. Replace “stress is” by “stress Tx

1pk is” in the 
second line. The caption should read: 

Figure 15.26 Plots of the experimental data and the theoretical curves based on 
the first two equations of (15.106) and equations (15.108). The tensile forces Fx, 
Fy are given in milliNewtons (mN). The stress Tx

1pk  is equal to Fx divided by Ax, 
the cross-sectional area perpendicular to the x-axis. The squares indicate 
experimental data. The circles indicate model predictions from (15.106) and 
(15.108) with the numerical value of öA( p) and Ĉ( p)and given by (15.109).  From 
Tong and Fung (1976) 

 
Page 552, at the end of section 15.12 add the following: 

Problem 



15.12.1 Demonstrate that a
o
!C ! a

o
and ao !C

2
! aoare indeed invariant under 

all orthogonal transformations. Hint, recall the transformation laws for 
vectors (A77) {

� 

v
(L )

= Q! v
(G) } and tensors (A83) {

� 

T
(L)

=Q !T
(G )

!Q
T }. 

 
Page 555, replace the problem 15.12.1 by the following problem 15.13.1: 

15.13.1 Derive the equation (15.130),  

T
1PK (t ) = T1PK (e) (t )G(0) + T

1PK (e) (t ! s)
0

t

"
#G(s)

#s
ds =

#

#t
T

1PK (e) (t ! s)
0

t

" G(s)ds  

from (15.129)  

  T1PK
(t ) = T1PK (e)

(0
+
)G(t ) + G(t ! s)

0

t

"
#T 1PK (e)

#s
ds, 

using integration by parts. 

 
Page 556, in the reference to Fung (1972) the pagination should be “181-208” 
rather than “101-208.” 


