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ABSTRACT
After a brief theoretical explanation, some important problems of solid mechanics are addressed in the Maple
software environment. Maple is a popular computer algebra system (CAS) developed as a research project at the
University of Waterloo around 1980. This paper covers aspects such as the stress tensor transformations and their
graphical interpretation (Mohr’s Circle), the eigenvalue problem of finding the principal values of the stress tensor
in matrix form and others of interest for graduate and undergraduate engineering students. The aim of this paper is to
present a quite small sample of the huge capabilities of the Maple software for solving mathematical and
engineering problems and, in this way, encourage the students to use the software in their academic and professional
tasks.
Keywords: Maple, Computer Algebra System, Stress Tensor, Mohr’s Circle.
1. INTRODUCTION
In Brazil, introductory lectures on mechanics of solids (or strength of materials, as it is known) are commonly given
at undergraduate levels of most of the engineering courses. The aim of these courses is to supply the basic tools for
stress and strain analysis in the simplest elements such as beams or trusses. Relations between the basic forms of
internal loads (normal, shear, bending and torsion), and normal and shear stresses are developed. Once the students
are able to calculate the stress state on the point of interest, the stress transformations in 2D are addressed in order to
obtain significant values such as the principal stresses, their orientations and the maximum shear stress. From
equilibrium considerations some simple formulas are obtained (see for example Eq. 21) which allows these
calculations.
In a more general sense, the stress and strain are second order tensors with can be conveniently treated through their
matrix representations. When the stress state is three-dimensional the use of matrix methods for solving problems
like the tensor transformation and others becomes mandatory. Despite the fact that students at that level have already
gotten algebra’s courses, some 3x3 matrix calculations “manually” are really tedious and have potential to divert the
attention of students from the truly subject.
The present paper deals with the use of Maple software for treating efficiently both 2D and 3D stress tensor
transformations. Figure 1shows how the subjects are addressed in the paper. The stress tensor and the stress vector,
as well as some mathematical basis of the eigenvalue problem are first formally defined. Then, the Maple software
is utilized for solving important tasks related with this tensor. Among them, the general 3D rotations using Euler
angles and the projection of the stress vector in planes like the octahedral, which is of capital interest for failure
theories of ductile materials, can be mentioned.
Authors are sure that neither Maple nor any other CAS can replace the applied mathematical skills of the students.
The software should always be used as a complement for saving time and obtain error free solutions of laborious
tasks such as matrix multiplication or long involved algebra problems. The user cannot lose at any moment the
physical meaning of what he or she is doing, under penalty of getting absurd results. As already mentioned the aim
of the paper is to show some of the graphical and matrix solver Maple’s capabilities, encouraging students and
engineers in its use to address several problems. It should be pointed out that no explanation about Maple commands
beyond the strictly necessary for the paper’s purposes is provided, so the interested reader should consult the vast
literature about them.
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Figure 1 – The general arrangement of the present paper.
2. THE STRESS VECTOR AND THE STRESS TENSOR
Forces that cause motion and deformation in a material body can be classified into bodyand surfaceforces. Gravity
and inertia are among the best known examples of the first type of forces while contact forces and those which result
from the transmission of forces across an internal surface are examples of the second type.When a plane with unit
normal n̂ is used to cut a body, the intensity of the elementary internal force dFactingin an elementary area dA is
defined as the stress or traction vector t:

F dF

A 0 A
dA

t nˆ  lim

Eq. 1

According to Cauchy’s Lemma (Khan 1995, Mase 2010), there is a tensor , called the Cauchy stress tensor, which
is dependent on the point considered in the deformed body and that is related to the stress vector in the following
way:
Eq. 2
t nˆ  σ  nˆ
nˆ

Of course, there will be a different traction vector t for each inclination of the cutting plane. For simplicity,
however, the superscript of the traction vectors indicating their dependence with the unitary vector normal to the
plane will be omitted from now on.
The complete state of stress at a certain point could only be completely defined after passing infinite planes through
that point. This results in an infinitesimal sphere with an infinite quantity of traction vectors, which obviously cannot

ˆ , however, an
be treated by any convenient method. In a cartesian coordinate system CS with base vectors ˆi, ˆj, k
infinitesimal block of material is commonly used to represent only three traction vectors, with three components
each (Figure 2). This results in a stress tensor with9 components(six independents due to equilibrium requirements).
The stress tensor can then be properly transformed (as will be seen later) to completely describe the stress state in
that point for any orientation n̂ .The matrix representation of vectors and tensors, besides its computational
advantages, allows a better visualization of the above ideas.
 t ˆi   x  xy  xz   ˆi 
 ˆj  
ˆ
 t    yx  y  yz   j 
t kˆ   zx  zy  z  kˆ 
 
  

Eq. 3
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Figure 2 – Cartesian components of the stress tensor in an elementary block of material.
The stress tensor is a physical quantity and as such, it is independent of the CS. A vector (tensor of order n=1 with
3n=3 components), for example, has three components in a cartesianCS but its length, being a scalar, is independent
of that system. In the case of the stress tensor (order 2, 32=9 components) there are three independent invariants
quantities as will be discussed below.
3. EIGENVALUES AND EIGENVECTORS OF THE STRESS MATRIX
From Linear Algebra we knowthat the vector equation:

A x   x

Eq. 4
WhereA is a square matrix, x is a vector and  is an scalar, has a non-trivial solution x0 for certain values of 
called the eigenvalues of A. The corresponding vector solutions x are called the eigenvectors of A.Geometrically, in
an eigenvalue problem we are looking for vectors x such that their multiplication by matrix A has the same effect
that their multiplication by a scalar .For stressed bodies there are some specific orientations of the cutting plane
where the traction vector aligns with the plane unit normal, which mathematically implies in that there is an scalar 
ˆ . Then we can write:
such that t   n

t  σ  nˆ  λ nˆ  λ I  nˆ
σ  λ I   nˆ  0

Eq. 5

 x i
 xy
 xz
det σ   i I    yx
 y i
 yz  0
 zx
 zy
 z i

Eq. 6

WhereI is the identity matrix.In a 3D cartesianCS the specific orientations for which the vectors t and  n̂ have
the same direction and sense are the principal directions (eigenvectors of ) and the  values are the principal
stresses i (i=1,2,3) (eigenvalues of ). In the same way, the Eq. 5 represents ahomogeneous system of linear
equations which has a non-trivial solution if and only if the corresponding determinant of the coefficients is zero.

The development of this determinant produces a polynomial of third degree (characteristic polynomial) in i whose
roots are the principal stresses.

 i3   i2 J 1   i J 2  J 3  0
J 1  tr σ



1
tr σ  2  tr σ 2
2
J 3  det σ
J2 



Eq. 7

In the above equation Ji (i=1,2,3) are the invariants of the stress matrix which can be expressed in terms of the
applied or principal stresses. Both, the set of principal stresses i and the invariants are unique for a given stress
tensor and, of course, have the same value regardless of the CS’s orientation. It is obviously understood that only the
3
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applied stresses are available to solve the characteristic polynomial. In a principal CS(axes 1,2,3) the stress matrix is
reduced to:

 1 0
σ   0 2

 0 0

0
0

 3 

Eq. 8

4. ADDRESSING THE EIGENVALUE PROBLEM IN MAPLE
It is quite simple to solve the eigenvalue problem in Maple environment. Consider for example the following stress
matrix which has been created within the software exactly as it appears here. The units for stresses are MPa=N/mm2
but they are irrelevant for our purposes. For details of all of the Maple commands that will be presented in this
paper, the software’s help system should be consulted.
>

=

Eq. 9

The use of the command Eigenvector which belongs to the package LinearAlgebra with  as argument returns a
vector and a matrix (which we have stored in v and e, respectively). The vector contains the eigenvalues of
(v=[1,2,3]T=[4,1,2]T in this example)and the columnsof the resultant matrix contain the eigenvectors. The ith
column of e is an eigenvector associated with the ith eigenvalue of the returned vector v. Then, the column vector
e=[2,1,1]T, for example (see below), indicates the direction of 1=4 and so on.
>

=

Eq. 10

In order to verify the results provided by Maple, we should multiply each eigenvalue by the matrix  and by the

ˆ is satisfied. The most efficient way to do it in Maple is as
scalar  in such a way that the equation σ  n   i  n
follows:
>

=
Eq. 11

As it can be seen the three vectors are equal and the result is confirmed. The Euclidian norm of the eigenvalues can
be calculated and stored in a new vector (e_norm) as showed below. Then, the columns of e_norm have the
components of the unitary vectors (versors) which, in turn, define the principal directions.
>

=

Eq. 12

There is also the possibility of visualizing these normalized eigenvectors in 3D (Figure 3) using the following
syntaxes:
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Eq. 13
With Maple there is also the possibility of finding the eigenvalues of matrix  by solving numerically or graphically
the characteristic polynomial (p=33 26 +8 in this example) which, in turn, can be obtained after calculating the
invariants Ji and placing them into the Eq. 7.
>

=
=
Eq. 14
=
=

Figure 3 –Normalized eigenvectors of the matrix  in coordinates xyz.
Or, more compactly, using the “CharacteristicPolynomial” command which belongs to the “LinearAlgebra”
package:
>
Eq. 15
=
Numerical and graphical solution of this polynomial (or the principal stresses), are easily obtained as follows:
>
=
Eq. 16
Figure 4 shows that the characteristic polynomial crosses the x-axis at points 4, 1 and 2, as it should. The code for
plot p() is:
Eq. 17
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Figure 4 – Curve of the characteristic polynomial crossing the x-axis at the eigenvalues (4, 1 and 2) of the stress
matrix .
5. THE EIGENVALUE PROBLEM IN PLANE STRESS
Besides being simpler than the 3D stress state, plane stress state has an even a more practical importance. Many
failures in machine elements, for example, begin at the surface of the stressed body and then follow to its interior.
For a classical 2D Cartesian CS the stress tensor is simply:

 x
σ


 
 y 

Eq. 18

Note that in virtue of the symmetry of the tensor, we have omitted the subscripts for shear stresses. In the courses of
mechanics of materials, algebraic equations for principal stresses and their directions for two-dimensional state of
loading are derived from equilibrium considerations of the elementary volume. In this paper, these equations
areobtained using Linear Algebra by symbolically solving the eigenvalue problem. According to Eq. 6the following
determinant must vanish:

det σ   i I  

 x i

0

 y i

Eq. 19

Developing this simple determinant and writing the characteristic polynomial in terms of the invariants of the stress
tensor  we have:

 x   i   y   i    2  0

Eq. 20

 i2   i J 1  J 2  0

After brief algebraic manipulations the solutions of Eq. 20 can be presented in the well-known form (Hibbeler
2008):

 1,2

 x  y
  m  
2


2


  


2

Eq. 21
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Where m=(x+y)/2 is the mean stress. We will now look for the eigenvectors of the stress tensor  (Eq. 18). There
will be one eigenvector (more precisely, one eigenversor) for each eigenvaluealready calculated in Eq. 20. The
expansion of the system of Eq. 5yields:

 x   i  n x    n y  0

  n x   y   i  n y  0

Eq. 22

Where nx and ny are the cartesian components of the eigenvectors. The parametric solution nx=/(x-i)ny satisfies
both equations since 2=(x-i)(y-i), as can be seen in the first line of Eq. 20. Thus, the eigenvectors or principal
directions for each eigenvalue or principal stress are, in terms of their components:

 



n1   x   1  ;


1



 



n2   x   2 


1



Eq. 23

Or, in terms of the principal angle (p1) formed between the x-axis and the n1 direction, for example:

  x  1 
 


 p1  tan 1 

Eq. 24

Since1 is always greater than x, the angle will be positive or negative depending on the -signal convention.The
angle p2=tan-1[(-x-2)/] and is always /2 radians different from p1. Figure 5 shows the vectors n1 and n2 in the
plane xy considering  > 0.Both eigenvectors can be normalized by dividing them by their own modules and in such
case the components are the direction cosines between the principal axes (1-2) and the original ones (x-y),
respectively. A matrix E can then be constructed with these normalized values.
T
nˆ 1  cos  p1  sin  p1 

cos  p1   sin  p1 
E

 sin  p1  cos  p1  

T
nˆ 2   sin  p1  cos  p1 

Eq. 25

Figure 5 – Schematic representation of the eigenvectors for the stress matrix (Eq. 18) in a xycartesian CS.
6. STRESS TENSOR TRANSFORMATIONS
The transformation of any vector from an unprimed CS to a new one(primed) with the same origin but rotated
through an angle , can be accomplished by the simple equation:
Eq. 26
v'  T  v
WhereT is the matrix transformation whose components are the direction cosines between the primed and unprimed
CS. In 2D, for example:

 cos 
T
 sin 

sin  
cos  

Eq. 27

Note that T has the interesting property that its inverse is equal to its transpose.

7

IJRRAS 13 (1) ●October2012

T 1 

1 cos 
det T  sin 

Durán& al. ● Transformations in the Maple Software Environment

 sin  
TT

 TT

2
2
cos   cos   cos 

Eq. 28

Multiplying the left hand size of Eq. 26by TT and the right hand side by T1, and rememberingthat from the
definition of the inverse of a matrix that T1T = I, we have:
Eq. 29
TT  v'  T 1  T  v  v
which means that, for vectors, the transformation between a primed and unprimed CS is fully reversible. Of course,
ˆ  TT  nˆ ' . Using these results into theCauchy’s Lemma (Eq. 2) it
the same result holds for the unit normal vector n
follows that:

t'  T  t  T  σ  nˆ  T  σ  T T  nˆ '  σ' nˆ '

Eq. 30

σ'  T  σ  T T

which means that, in order to transform the stress tensor between the two coordinate systems (’) it is necessary
to pre and to pos-multiply the original stress tensor by the transformation matrix and its transpose, respectively.
There are some geometrical requisites that T should meet. For example, the scalar product between any two normals
to the stress cube plane must vanish, so as to preserve the perpendicularity between them. Roylance (2001)
recommends the use of Euler angles(http://en.wikipedia.org/wiki/Euler_angles) in the order ,  and  which means
first rotate() the cartesian CS around the z-axis, to the new x’-axis and y’-axis, respectively (see Figure 6). The
second rotation () is performed around the new x’-axis forming the frame x’y”z’. The ultimate rotation () is
around the new z’-axis. The initial frame has a CS composed of xyz-axes and the final frame goes to x’’-y’’’-z’-axes
or XYZ-axes. The transformation matrix using the Euler angles is:

0
0   c   s   0
 c   s   0 1



T   s   c   0 0 c   s    s   c   0




0
1 0  s   c    0
0
1
 0

Eq. 31

Wherethe abbreviations c and sstand for cosine and sine, respectively.
Any stress matrix can be transformed in a principal stress matrix Eq. 8 in a process usually known as
“diagonalization” (Kreyszig 2006) using directly the normalized matrix of eigenvectors E (Eq. 25). Both Eq. 30 and
Eq. 32 are equivalent since E1=E and E=TT.

σ'  E 1  σ  E

Eq. 32

Figure 6 – Euler angles in the convention ZXZ which means first rotating and angle  around the z-axis, then
rotating and angle  around the new x’-axis and finally rotating an angle  around the new z’-axis. The final frame
is XYZ or x’’-y’’’-z’ (http://en.wikipedia.org/wiki/Euler_angles).
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7. MAPLE CODE FOR ROTATING THE STRESS MATRIX USING THE EULER ANGLES
A procedure (named S_rotated) was developed in Maple environment so as to perform the stress tensor
transformation using the matrix method explained above. The code was the following:
>
>

Eq. 33

As it was previously shown, the LinearAlgebra package has the necessary routines for the algebra of matrices, the
non-commutative matrix multiplication among them, and for this reason it is called first. Two parameters are
needed: the original stress matrix and the euler angles vector (in degrees). The procedure creates the transformation
matrix (also called T) according to Eq. 31 and calculates the rotated matrix according to Eq. 30. For illustration
purposes let the stress matrix be the same used in Eq. 9 and let the rotations such as ,  and  are 0, 30o and 0,
respectively. Then, using S_rotated we have:
>

>

>

=

=

Eq. 34

=

8. PLANE STRESS ROTATIONS AND MOHR’S CIRCLE USING MAPLE
Algebraic equations for stress transformations in plane stress are derived from equilibrium considerations in
traditional courses of strength of materials. Of course, using matrix methods, in particular the Eq. 30, the same
results should be obtained. We shall demonstrate it using the Maple´s facilities.Let a given stress matrix Sbe defined
in a Cartesian CS with the in-plane stresses on the xy plane (x, y and xy).

>

=

Eq. 35
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Our goal is to obtain the algebraic expressions for these stresses after a rotation around the z-axis to the new x’y’z
CS. If we store the results in a new matrix called S1, then S1=TSTT. Defining the transformation matrix Twe have:
>

=

Eq. 36

The product of the matrices TSTT (matrix product is non-commutative and therefore the order of multiplication
must be respected), using the “dot” operator is available in Maple’s session after loading the LinearAlgebra package.
This is accomplished using the command with(LinearAlgebra) at Maple’s prompt.
>
>

Eq. 37

The result is too large for showing it in the output Maple’s notation and then we will insert it hereafter like a
Microsoft Equation object:

 c  x  s  xy  s  c  xy  s  y c
0
 c  x  s  xy c  c  xy  s  y  s

S1   s  x  c  xy c   s  xy  c  y  s   s  x  c  xy  s   s  xy  c  y c 0


0
0
0


Eq. 38

The non-zero elements in the matrix S1 are the expressions for x’=S11,1, y’=S12,2 and x’y’=S11,2=S12,1we were
looking for. The expandcommand allows us to view the expressions in a more familiar way:
>

=

>

=

>

=

Eq. 39

Let  be the angle of rotation between the old and the new CS. It is customary to download the square exponent of
the sine and the cosine functions using the following trigonometric identities:

sen 2  2 sen cos 

1
1  cos 2 
2
1
cos 2   1  cos 2 
2
sen 2 

Eq. 40

In this way, the final expressions for the components of the stress tensor after rotation are:

 x' 
 y' 

 x  y

2
 x  y

 x' y'  

2




 x  y
2

 x  y

2
 x  y
2

cos 2   xy sen 2
cos 2   xy sen 2

Eq. 41

sen 2   xy cos 2

The symmetry of the rotated stress matrix (or the condition x’y’=S11,2=S12,1) can be confirmed as follows:
>
=
Eq. 42
Through the command eval it is possible to evaluate the components of the transformed matrix S1 at c=cos() and
s=sin(), respectively and also store the result in the variables xl and xyl’. Note that we have chosen the Greek
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letter  instead of which is used in Figure 6 to define a rotation around the z-axis since this is a most commonly
used notation.
>
=

>

=

Eq. 43

We can now visualize graphically the variations of these induced stresses in cartesian and polar coordinates when
the angle  varies. With this aim, let us redefine a new stress matrixS with any numeric values of in-plane (xy)
stresses. Of course, in a real world, these values will correspond with the stress state (measured or calculated) at the
point of interest.
>

=

Eq. 44

In order to simplify the arguments of the plot command we define two new names or variables, xl and xyl
which results from substitution of S values in xl and xyl expressions, respectively. The new expressions are only
functions of the angle .
>

=

>
>

=

Eq. 45

Multiple plots can be obtained by passing a list (or set) of expressions into the arguments of the function plot, as
shown below.

Eq. 46

The command polarplots which is within the plots package is used for plotting in polar coordinates is used. The
syntaxes and the graph follow. Note that in this case the range of  is different from the previous one and this
happens only for a better visualization in polar coordinates.
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Eq. 47

A special purpose procedure has been written in Maple code to plot the induced stresses in cartesian, polar (as
already shown) and also in x coordinates (Mohr’s Circle). The arguments or parameters of this procedure are the
numerical values for the original stress state (x, y and xy) and an identifier of the graph type. This identifier will
take the value 1 for a plot of x’ and x’y’ versus  in cartesian coordinates, the value 2 for the same plot but in polar
coordinates and the value 3 for the Mohr circle. The code of procedure is shown in the appendix while Figure 9
shows the three graphs returned for a fictitious stress state of x=10, y=100 and xy=40, where the comments
already made about units are still applied.

Figure 7 –Induced stresses according to Eq. 41 for the applied stresses given by the matrix S.
9. STRESSES ON A SINGLE SURFACE
If the stresses on a single surface are of interest, it will not be necessary to use the Eq. 30 for a complete
transformation. In these cases the projection of the stress vector on the normal vector to the surface (i.e, the dot
product of tand n̂ ) gives the normal stress. Using the Cauchy stress tensor (Eq. 2) we have:

  t  nˆ  σ  nˆ  nˆ
   x l 2   y m 2   z n 2  2 xy lm  2 yz m n  2 zx n l

Eq. 48

where l, m and are the direction cosines of the surface in relation to the frame where  has been defined. It should be
emphasized that the first operation is a multiplication of a 3x3 matrix versus a column vector (3x1), which results in
a 3x1 column vector. The second operation is a scalar product between two column vectors. Being t the resultant of
the normal and shear stresses and remembering that the square of one vector is its own scalar product which results
in the sum of the squares of its components, we have:
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Figure 8 – Polar plot of normal and shear stresses variations of the S matrix for 0< </2.

Figure 9–Plots of induced normal and shear stresses in cartesian, polar and x coordinates after calling the graph
procedure for a fictitious stress state of x=10, y=100 and xy=40. The maple code for this procedure is shown
in the appendix.

 2  t 2
2

 2   x l   xy m   zxn  2   yx l   y m   yz n  2  ...

Eq. 49

...   zxl   yz m   z n    2
2

It is time to implement the above calculations in Maple since Eq. 49 does not show a simple algebra. We will load
the Student[LinearAlgebra] package, and then define the stress matrix and the direction cosines vector, both in
symbolic notation:
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=
Eq. 50

>

=

Note that we must store the matrix and the vector with different names of those used inside the structures, otherwise
it would constitute a recursive assignment. We proceed to make the two matrix multiplicationsof Eq. 48 and then
expand the result:
>

=
Eq. 51

The normal stress has been stored in the name normal_stress and in order to obtain the Eq. 49 we should double (not
squaring) the vector t=1.n1, resulting in:

>

=

Eq. 52

10. STRESSES ON THE OCTAHEDRAL PLANES
Perhaps the most important application of projecting the stress vector in a single plane occurs when this plane has
equal direction cosines in relation to the principal axes. This is the octahedral plane and the shear stress acting on it
is used in the well-known von Mises failure theory. Our Maple code is ready to provide us with the normal h and
shear stress h on the octahedral planes. We only should keep in mind (and introduce them, in some way, in the
Maplesession) two important things: the stress matrix in the principal axes has the form of Eq. 8 and the following
relation holds for the octahedral planes:

l 2  m2  n 2  1
lmn

Eq. 53

1
3

Let us to define the stress tensor in principal axes and the unitary normal vector to the octahedral plane:
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=

Eq. 54
>

=

The normal stress in the octahedral plane is calculated as above using Eq. 48 but replacing the value of direction
cosines according to Eq. 53:
>

=
Eq. 55

which is one third of the trace of  or (see Eq. 7):

h 

J1
3

Eq. 56

The Pythagorean form of Eq. 49 is used again to obtain the octahedral shear stress h as a function of the principal
stresses:
>

=

Eq. 57

which can be expressed in the most familiar and compact form:

h 



1
1   2 2  1   3 2   2   3 2
3



1
2





1
2
2 J1  3 J 2
3



Eq. 58

The relation between h and the stress invariants can be checked in Maple by first defining them in the principal
axes. Using the 1 matrix already defined in Eq. 50 we have:
>

=

Eq. 59
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=

=
Then a new name for the shear stress on the octahedral plane is defined in accordancewith the right hand side of Eq.
58 and the result compared with Eq. 57.
>

=

Eq. 60

This demonstrates that both, the shear and normal stresses on the octahedral planes can be expressed as invariants of
the stress tensor and therefore used in failure criterions.
11. THE VON MISES FAILURE CRITERION LOCUS IN MAPLE
For ductile materials such as metals, the von Mises yield criterion (von Mises, 1913) states that yielding begins
when the octahedral shear stress h reaches a critical value hc that is the same for any stress state. In the classical
tension test (2=3=0), e.g., at the onset of yielding (1=Sy) where Sy is the yield strength, the critical octahedral
shear stress is:

 hc 

2
Sy
3

Eq. 61

In Maple this expression can be obtained after manipulation of the previous result for hwhich was stored in the
name shear_octahedral_stress in accordance with Eq. 57.
=
Eq. 62
In the same way, at the onset of yielding the normal equivalent von Mises stress is equal to the yield strength( ~
=Sy). The expression for ~ is obtained by equating Eq. 58 and Eq. 61and then solving for Sy.



1
1   2 2  1   3 2   2   3 2
~ 
2



1
2

Eq. 63

The name mises_stressis assigned to the equivalent von Mises stress in Maple and the code is the following:
>

=
Eq. 64
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Now let us consider the case of plane stress with, e.g. 3=0. The condition ~ =Sy can be algebraically manipulated
(from Eq. 63) with the aim of getting a locus for safe design against yielding.

~ 2  S y 2   12   2 2   1 2
2

2

  1    2   1 2
    
1
2
S  S 
S
y
y
y
   

Eq. 65

The Eq. 65 represents an ellipse in 1x2 coordinates. In order to obtain this expression in Maple we first extract the
square root content of Eq. 64 and divide it by two, using the built-in Maple commandop which extract operands
from an expression.
>

=
Eq. 66

For plotting the von Mises failure criterion (against yielding) locus we only need to equal Eq. 66 to 1 and use the
implicitplot command of the plots package. Any loading that generates combination of stresses inside the ellipse will
be safe against yielding. The yielding of ductile materials under constant loading was not the only to be predicted by
the von Mises theory. Some combinations of reversed biaxial loading, including pure torsion, have also shown good
agreement with the von Mises failure criterion locus (Juvinall 2000).

Eq. 67

Figure 10 – The von Mises yield locus in plane stress (3=0) as plotted in Maple using the code showed in Eq. 67.
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12. CONCLUSIONS
Some important concepts of solid mechanics and in particular related to the stress tensor transformations were
addressed with the help of the powerful software Maple.We have used Maple in teaching for some years and this
paper summarizes only a small partof this work. We are convinced, however, that the compactness of the Maple
codes presented here for solving major problems will motivate many students and engineers dealing with stress
analysis to seriously consider the possibility of using the software from now on. If it really happens, our objectives
will be fully meet.
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14. APPENDIX
Maple code for plotting the induced stresses in cartesian, polar and x (Mohr’s Circle) coordinates.
> restart;
>graph:=proc(sx,sy,txy,graphtype)
> local sxl,txyl,theta_p,s1,s2,g1,g2,m1,g3,g4,g5,g6;
>sxl:=sx*cos(theta)^2+sy*sin(theta)^2+2*txy*sin(theta)*cos(theta);
> txyl:=(-sx+sy)*sin(theta)*cos(theta)-txy*(sin(theta)^2-cos(theta)^2);
> theta_p:=evalf[4](<1/2*arctan(2*txy/(sx-sy)),1/2*arctan(2*txy/(sx-sy))+Pi/2>);
> s1:=evalf[4](eval(sxl,theta=theta_p[1])):
> s2:=evalf[4](eval(sxl,theta=theta_p[2])):
> g1:=plot([sxl,txyl],theta=-Pi/2..Pi/2,thickness=3,legend=["sigma","tau"]):
> g2:=plots[polarplot]([sxl,txyl],theta=0..Pi/2,thickness=3,legend=["sigma","tau"]):
>m1:=<sx,sy|txy,-txy>;
> g3:=plot(m1,thickness=3):
> g4:=plottools[circle]([(s1+s2)/2,0],(s1-s2)/2,thickness=3):
> g5:=plottools[circle]([s1/2,0],s1/2,thickness=3):
> g6:=plottools[circle]([s2/2,0],s2/2,thickness=3):
ifgraphtype=1 then
>plots[display](g1);
>elifgraphtype=2 then
>plots[display](g2);
>elifgraphtype=3 then
>plots[display](g3,g4,g5,g6,scaling=constrained);
> end if;
>end:
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