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< Graphics’ ParametricPlot3D";

PART 1: INTRODUCTION

This
program is mainly applied to analyse both stress and strain of material
which are cbtained from the Airy stress function. The function must
be satisfies equations of equilibrium, strain compatibility
equations, stress-strain relations, and boundary c¢onditions.
The program is restrictly used to solve only two-~dimensicnal
problems on rectangular and polar coordinates. The physical
properties of the analysed materials must be homogeneous,
isotropic, and linear elastic. The stress obtained from
the program had no effected of body force and thermal stress.

The program consists of :

part 1 : Intreduction

part 2 : Input type of coordinate system

part 3 : Input variables for rectangular coordinates
part 4 : Input variables for polar coordinates

part 5 : Program

Applications of the program are as follow :
1. Input data on the right hand side
of the under line variables in between the = and ; mark.
2. Select type of coordinate system between
rectangular and polar coordinates from part 2 of the program,

2.1 If rectangular coordinates are chosen, input the
data in the third part of the program, then press Enter bottom.
2.2 If polar covordinates are chosen, input the data

in the fourth part of the program, then press Enter bottom.
3. No need te do anything with the fifth
part of the program which consists of all program details.

A1l data input to part 3 and part 4 of the program are
stress function, type of problem, consgtant values, boundary
region, shape of material, and considered points or sectiomns.

Results cbtained from the application of the program are :
1. calculated results of the components of stress and components of
strain eq:ua.tiohs, components of stress and components of strain at the
considered points, maximum values and minimum values of components of
stress and components of strain, stress equations at the boundary and
the considered sections and maximum values and minimum values
of normal stress and shear stress at the considered sections.
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2. Graphic results of stress distribution, strain distribution,
stress at the boundarys and stress at the considered sections.";

PART 2: INPUT TYPE OF COORDINATE SYSTEM

type@of@coordinates = 2; :

"note:
type@of@coordinates
type@of@ccordinates

1: for rectangular coordinates
for polar coordinates";

n
[\
s

PART 3; INPUT VARIABLES FOR RECTANGULAR COORDINATES

"INPUT DATA";

degpolynomial = {2, 3, 5};
constepoly[l] = {-25, 0, 0}:
const@poly[2] = {0, -37.5, 0};
const@poly[3] = {0, 0, 0};
const@poly(4] = {0, -1245, 12.5};
const@four[l] = 0;
const@four(2] = 0;
const@four([3] = 0;
const@fouri4] = 0;
const@fo_ur]é] =0;
const@four[6] = 0;
const@four[7] =0;
const@fourf8] = 0;
minimum@summation@rec = 1;
maximm@ summation@rec = 10;
Em@o__f@groblem@ﬁ =2;
young@modu@rec = 200;
sheargm_gc_lg@r;_ec= 70;

poisson@ratio@rec=0.3;

minimme@x = -10;
maximmex = 10;
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ninimmey = -1;
maximmey = 1;

'YREQUIRED DATA" ;
coordinatesrec = {{5, 0}, {5, 1}};

csx= {5}:
csy = {0, 0.5};

*If you are new user, see below.

Meaning of variables.

1. degpolynomial:

Polynomial degree in equation of stress function ete. & = 2x?,
degpolynomial ‘= {3};. If there are not polynomial term in equation
of stress function, we must set variable degpolynomial = {};.

2. const@poly[l] - const@poly[4]:

coefficient in equation of stress

function (in the form of polynomial) from this equation.

g = Z(
n=2
constepoly[1] x® +
consteépoly[2] x*(n-1) ¥y +
constepoly[3] x"(n-2) ¥° +
const@poly[4] x*(n-3) ¥* +
constépoly 5] x*(n-4) ¥ +

consté@poly[n] x y*({n-1) +
const@poly [n+l1l] ¥°) kN

We must set input variables only const@poly[l] - const@poly[4] in each
degree of polynomial, because the other constants will be calculated
automatically from biharmonic equation from the program. If there are
many degree of polynomial in stress function, we can set input variables
degpolynomial and constepoly[l] - const@poly[4] in the form of list etec.
2 = 2x%2 + ¥y + 3y’ + 5x%y® - 0.5y°, this stress function compose with
three degree of polynomial that are 2, 3 and 5. Egquation of polynomial
degree 2 is const@poly[1]x® + constépoly[2]xy + const@poly[3]y®, from
equation of stress function, constépoly[l] = 2;. Equation of polynomial
degree 3 is constepoly[1]x® + constepoly[2]x’y + const@poly[3]xy® +
const@poly[4]y®, from equation of stress function, comsteépoly[2] = 1;
and constepoly[4] = 3;. Equation of polynomial degree 5 is const@poly[l]
¥® + constepoly[2]x'y + const@poly[3]x’y’ + const@poly[4]x’y® + conste
poly [5]xy? + constepoly[6]y°, from equation of stress function, conste
poly[4] = 5; and const@pely[6] = -0.5;, in this case we mist set input
variables only const@poly[4]. The method for set input variables in the
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form of list, we will input all degree of polynomial in the samme
rows in between {} mark by £ill comma (,} mark between each

data and set columes of variables const@poly[l] - constépoly|

4] in the same line of each degree of polynomial are as follow.
degpolynomtal = {2,3,5};

constepoly[l] = {2,0,0};
consteépoly[2] = {0,1,0};
const@époly[3] = {0,0,0}:

constepolyf[4] = {0,3,5};
3., const@four[l] - constefour(8]:
Coefficient in equation of stress
function (in the form of fourier series) from this equation.

& = Z(
n=1
(constefour[l] Coshlay] +
const@four[2] Sinh[ay] +
constefour[3] ay Coshlay] +
const@four[4] oy Sinh[ay]) Cos[ax] +
(const@four([5] Coshiay] +
const@four[6] Sinh[ay] +
const@four[7] ay Coshleay] +
constefour[8] ay Sinh[ay]) Sin[ax]) kN

Variable conste@four(l] - const@four[8] can be expression
‘in the function of n, while n is a mmber of summation ete.
constefour[l] = 1/n (a = nn/length of material in x directicn).
4. minimmesunmation@rec and maximumé@summation@rec: :
Beginning and ending of summation term in
equation of stress function (in the form of fourier series) .
5. type@of@probleme@rec:
Type of problem = 1 for plane strain
problem or type of problem = 2 for plane stress problem.
6. youngémodu@rec:
Young's Modulus of Material (GPa).
7. shearémodu@rec:
Shear's Modulus of Material {GPa).
8. poisson@ratio@rec:
Poisson's Ratio of Material.
9, minimm@x and maximumex:
Boundary region of material in x (m) direction (ratioc of material in x
and y directions should be greater than 10 for acceptable results) .
10. minimumeéy and maximmey:
Boundary region of material in ¥ (m) direction (ratio of material in
x and y directions should be greater than 10 for acceptable results).
1l. coordinatesrec:
Value
of coordinates (x,y)} at the consider points. If we want to calculate
components of stress and components of strain at the considered points,
we can set required variables in the form of list etc. The considerx
points has coordinates = (0,0), coordinatesrec = {{0,0}}; or
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The consider two points has coordinates = {0,0) and (1,1},
coordinatesrec = {{0,0},{1,1}}:. If we do not want to calculate
components of stress and components of strain at the considered
points, we must set required variable coordinatesrec = {}:;.

12. csx:

Considered

sections normal to x (m) directions. If we want to see graphics of
stress at the considered sections, we can set required variables csx in
the form of 1ist etc. We want to find stress at the section x = 5m,
cex = {5};. or want to find stress at the two sections x = 5m and x =
10m, csx = {5,10};. If we do not want to see graphics of stress
at the considered sections, we mist set variables ¢sx = {};.

13, c¢sy:

Considered

sections normal to y (m) directions. If we want to see graphics of
stress at the considered sections, we can set required variables osy in
the form of list etc. We want to find stress at the section y = 5m,
esy = {5};. or want to find stress at the two sections ¥ = 5m and y =
10m, esy = {5,10};. If we do not want to see graphics of stress
at the considered sections, we must set wvariables csy = {};.";

PART 4; INPUT WRIABIJES FOR POLAR COORDINATES

"INPUT DATA";

const@polar|l] = 400/ 3;
const@polar([2] = -400/6;
constggola_r [2] = 0;
const@polar(4] = 0;
const@polar[5] = 0;
const@polar{é] = 0;

const@polar[7] = 0;
const@polar[8] = 0;
constQEola.r[g] =0;

const@polar([l0] = 0;
const@polar[il] = 0;
constggola.r [E] = 0;
const@peolar[13] = 0;
const@polar[l4] = 0;
const@polar{l5] =0;
const@polar [16] = 0
const@polar([i7] = 0;
const@polar[18] = 0;
const@polar[19] = 0;
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const@polar[20] = 0;
const@polar[21i] = 0;
minimum@sumation@pol = 2;
maximume summation@pol = 10;
Ezgsgggggroblemggg£=2;
zounggm_o_d_ugal =200;
shear@modu@pol = 70;
poisson@ratio@pol = 0.3;
minimmer = 1;

maximmér = 2;
minimmee = 0;
maximme@s = 2 Pi;

"REQUIRED DATAY;
coordinatespol = {{1.5, 0}, {1.5, Pi/2}}:

asr = {1.5};
ES.Q= {Pis2, Pi}:

"If you are new user, see below.

Meaning of variables.

1. consta@peolarfl] - const@polar([2l]:
Coefficient in equation of stress
function (in the form of fourier series) from this eguation.

g = constepolar(l] Log[r] +
const@polar{2] r"2 +
const@polar[3] r*2 Loglr] +
const@polar[4] x"26 +
const@ﬁolar[S] e +
const@polar[6] x & Cos[@] +
(const@polar[7] "3 +
conste@polar[8]/r +
const@polar{9] r Log[r]) Cos[e] +
const@polar[l0] r & Sin[e] +
{conste@polar[ll] r"3 +
const@polar[l2}l/x +
const@polar[13] r Log[r]) Sin[e] +

PN

n=2

{(const@polar[l4] r*n +
const@polar [15] r”*(n+2) +
const@polar[16] r*(-n) +
const@polar[l7] r"(-n+2)) Cos[nel +
(conste@polar[l8] r“n +



2.

3.

4.

8.

9.
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const@polar({19] x”(n+2) +
const@polar[20] r*(-n) +
const@polar[21l] r*(-n+2)) Sin[ne]) kN

Variable
consteépolar[l14] - const@polar[2l] can be expression in the function of
n, while n is a number of summation etc. const@polar[l4] = 1/n.
minimmesummationepol and maximum@summation@pol:
Beginning and ending of summation term in equation
of stress function (term constepolar[l4] - const@polar{2l]).
type@oféproblem@pol:
Type of problem = 1 for plane strain
problem or type of problem = 2 for plane stress problem.
youngémodu@pol:
Young's Modulus of Material (GPa).
shearemodu@pol :
Shear's Modulus of Material (GPa).
poisson@ratio@pol:
Poisson's Ratio of Material.
winimum@r and maximumer:
Boundary
region of material in r(m) direction, variables r base on r = v (x2 +y?) .
winimum@e and maximmes:
Boundary region of material in
@(rad) direction variables @ base on € = arctanf({y/x)].
For circular disk boundary, range of @ are
variable minimum@e = 0;
wvariable maximum@s = 2Pi;.
For straight boundary, range of & are
variable minimmee -Pis2;
variable maximumes Pi/f2;.
For sector of circulardisk boundary, range of variable minimume@e and
variable maximum@é are between 0 to 2Pi.

coordinatespol:

Value

of coordinates (r,e) at the consider points. If we want to calculate
components of stress and components of strain at the considered points,
we can set required variables in the form of list etc. The consider
points has coordinates = (0,0), coordinatespol = {{0,0}}; orx

The consider tweo points has coordinmates = (0,0) and (1,1),
coordinatespol = {{0,0},{1,1}};. If we do not want to calculate
components ‘of stress and components of strain at the considered
points, we must set required variable coordinatespol = (};.

10. esr:

Considered
sections normal to r (m) directions. If we want to see graphics of
stress at the considered sections, we can set required variables csr in
the form of list etc. We want to find stress at the section r = 5m,
esr = {5};. or want to find stress at the two sections r = 5m and r =
10m, esr = {5,10};. If we do not want to see graphics of stress
at the considered sections, we must set wvariables csr = {};.



82

11l. cse:

Considered sections normal te 8 (rad) directions. If we want to
see graphics of stress at the considered sections, we can set
required variables ¢se@ in the form of list etc. We want to find
stress at the section @ = Pi/2 rad, ¢s& = {Pi/2};. or want to
find stress at the two sections @ = Pif2 rad and & = Pi rad,
cse = {pif2,pi};. If we do not want to see graphics of stress
at the considered sectiocns, we must set variables c¢s6 = (};.";

PART 5: PROGRAM

If]
type@of@coordinates == 1,
stress@func = 0;'
X=.;¥=.;
If[
degpolyno:ﬁial =t={},
a = Array[const, {Max[degpclynomial] + 1, Length[degpolynomial]}}:
a[[1]] = const@poly[1l];
a[[2]] = constepoly[2];
al[3]] = constepoly[3];
a[[4]] = constepoly(4];
Dol
d = degpolynomial [ [i]];
If[

d«<4,

poljnomial@eq:uation =
sumfa[{j, 1]] »x* (d-3+1)+¥y*(J-1), {j, 1, d+1}],
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d>=4,

c[b+1] = (a[fb+1,4i])+dl)/ (d-4)]+
(Zra[[b+3,i]1*(d=-2)tx(b+2)}!) /7 ((d-4)!+bl) +
(a[[b+5,i]]+#(b+4)1)/bl;b=bs+1l;d=d-1

1;
d = degpolynomial[[i]];

polynomial@equation =
Sum [Flatten[Take[Transposefa] [[1]1], d+1] /. Solve[Axray[c, 4 - 3] ==0,
Drop[Take [Transpose[a] [{i]], 4 +1], 4]]11(([j]1] +
yr(3-1)*+x~(d-3+1), {3, 1,d+1}]

stress@func =
stress@func + polynomial@equation, {i, Length[degpolynomial]}

1:
four@equation = Sum '[

{(const@four[l] «+Cosh[n+Pi+y /maximumex] +

const@four[2] #+Sinh[n+Pi + ¥ / maximume x] +

const@four 3] +n+«Pi+y /maximmex »Coshin «Pi +y / maximum&@x] +
const@four[4] *n+Pi+y /maximmex+Sinh[n+Pi+y /maximmex]) +
Cog[n « Pi * x / maximmex] + '

{const@four[5] »Cosh[n+Pi+y / maximume x] +

const@four{6] *Sinh([n+Pi *xy / maxinmume x] +

const@four[7} *n*Pi+y /maximmeéx » Cosh[n+Pi +y / maximmex] +
const@four[8] *n+Pi*+y /maximme@x « Sinh[n+Pi+y /maximm@x])
Sinfn +Pi+x / maximume@x] ,

" {1, minimume@sumationerec, maximum@summation@rec}] :
stress@func = stress@func + four@equation;
stress@func = Collect[N[stress@func], {x, v}];:
show[Graphics [Text [
StyleForm("Program Stress Function”,
FontSize - 30, FontWeight -+ "Bold", FontFamily - "Times",

FontColor » RGBColor{Random{ ], Random|[ ], Random[ ]11],
{0, 0}1], ImageSize - {650, 100}];
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Printl]:
Print[];

Print["Stress Function = ", stress@func, " kN"];

Print[];
Print[];

Print["Equations of Stress"];

Print[];

stress@xx = Collect[D[.stress@fu.nc*lO"-3, {v. 2}1, {x, v}1:
Print["oxx = ", stress@xx, " MPa"];

stress@yy = Collect[D[stress@func+10~-3 , {x, 2}], {x, ¥}]:
Print{"oyy = ", stress@yy, " Mpa"];

stress@xy = Collect[-D[stress@func«10°-3, x, ¥], {x, ¥}1:
Print"txy = ", ‘stress@xy, " MPa"j]:;

Print[]:
Print[]:

If]
type@of@prcblem@rec <2,

strain@xx = Collect [Expand [1000 + (1 - poisson@ratio@rec”2) +
({stress@xx - poissone@ratio@rec/ (1 - poisson@ratio@rec) +stresseyy) /
young@modu@rec] ,
{x, ¥}1:
strain@yy = Collect [Expand[1000 « (1 - poisgon@ratio@rec”2) «
(stress@yy - poisson@ratio@rec/ (1 - poissonératiod@rec) »stressexx) /
young@modu@rec] ,
{x, ¥}1: \
strain@xy = Collect [Expand [1000 + stress@xy / shear@modu@rec}, {x, v}],

strain@xx = Collect [Expand [1000 * _

(stress@xx - (poisson@ratio@rec+ stress@yy)) /young@modu@rec], {x, ¥}]
strain@yy = Collect [Expand[1000

(stresseyy - (poisson@ratioc@rec*stressexx)) /youngémodu@rec], {x, y}]
strain@xy = Collect{Expand[1000 + stress@xy / shear@modu@rec], {x, y}]

Print["Equations of Strain"];
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Print[];

Print["exx v, strainexx, " u"]:

Print["eyy = ", straineyy, " u"];
Print["yxy = ", strainexy, " u"]:
Print{];
Print[];

If{

coordinatesrec=1= {},
innercoordinatesrec = {};
Do{

If[

minimum@x <= coordinatesrec[{i, 1]] <= maximume@x &&
minimumey <= coordinatesrec|(i, 2]] <= maximumey,

innercoordinatesrec =
Append [innercoordinatesrec, coordinatesrec[[i]]]

1,
{i, 1, Length[coordinatesrec]}
1:
coordinatesrec = innercoordinatesrec;
Do|

x = coordinatesrec[[i, 1]]:
y = coordinatesrec[[i, 2]}:

Print["Stress Components at (x,y) =", "{",x, ",", ¥y, "})"];
Print[]:

Print{"oxx = ", stress@xx, " MPa"];

Print["oyy = ", stress@yy, " Mpa"];
Print["txXy = ", stresseéxy, " MPa"];
Printi]:
Print[];

Print["Strain Components at (x,¥) =", "(", x, ",", ¥y, ")"]:
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Print(]:;

Print['exx = ", strainexx, " u"];

Print["eyy = ", straineyy, " u"]:
Print["yxy = ", strainexy, " u"};
Print[]:
Print[]:;

, {i, 1, Length[coordinatesrec]}

Print["Boundary Region is x = ", minimwm@x, " to ",
maximme@x, " m and y = ", minimmey, " to ", maximmey, " m"];

Print[]:
Print(]:

setequations =
{stress@xx, stress@yy, stress@xy, strainéxx, straineyy, strain@xy}:;

pixelnumberxx = 64;
pixelnumberyy = 16;

Do
equation = setequations[[k]]:
x =xxmin; y = yynin;

maxvalue = equation;
minvalue = equation;

xxmaxvalue = x;
xxminvalue = x;
yymaxvalue =y;
yyminvalue = y;

Dol

¥ = yymin + {yymax - yymin) j / pixelnumberyy;
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Do{
X = Xxxmin + (Xxmax - xxmin) i /pixelmmberxx;
If[

egquation > maxvalue, :
maxvalue = equation; xxmaxvalue = x; yymaxvalue =y

If|

equation < minvalue,
minvalue = equation; xxminvalue = x; yyminvalue =y

1.
{i, 0, pixelnumberxx}
I,
{3, 0, pixelnumberyy}
1;
If(

¥xmaxvalue == ¥xxmax &&
xxmaxvalue =] = xxmin && yymaxvalue =1 = yymax && yymaxvalue =] = yymin,

xxmaxbox = xxmaxvalue - (xxmax ~ xxmin) /pixelnumberxx;
yymaxbox = yymaxvalue - (yymax - yymin) / pixelnumberyy;

Do|
v = yymaxbox + (yymax - yymin} 2 j / pixelnumberyy~2;
Do [‘
X = X¥xmaxbox + (xxmax - xxmin) 2 i / pixelnumberxx®2;
If[
equation » maxvalue,
maxvalue = equation

1,
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{i, 0, pixelnumberxx}
1,

{3, 0, pixelnunberyy}

1:
If[

xoxminvalue =] = xxmax &&

xxminvalue == xxmip && yyminvalue =! = yymax && yyminvalue =!= yymin,

xxminbox = xxminvalue - (xxmax - xxmin) /pizelnumberxx;
yyminbox = yyminvalue - (yymax - yymin) / pixelnumberyy;

Do[
v = yyminbox + (yymax - yymin) 2 Jj / pixelnumberyy *2;
Dol
x = xxminbox + (Xxmax - xxmin) 2 i / pixelnunberxx”2;
It |
equation < minvalue,
minvalue = equation
1,
{i, 0, pixelnumberxx}
1.

{ji, 0, pixelnumberyy}

1:

mav[k] = Ntmaxva.‘l.ue] ;
miv[k] = N[minvalue];

X=.;¥=.,

{k, 1, Length[setequations]}
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Stress"];

Print[];
Print["oxx max = ", mav]l], " MPa"];
Print["ovy max = ", mav[2], " MPa"];
Print["txy max = ", mav[3], " MPa"];
Print[]:
Print["oxx min = ", miv[l], * MPa"];
Print["oyy min = ", miv[2], " MPa"];
Print["txy min = ", miv[3], " MPa"]:
Print[]:
Print[]:

Print["Maximum

and Minimum

Strain"];

Print{]:;

Print["exx max = ", mav{4], " u"}];
Print["eyy max = ", mav[b], " u"];
Print["yxy max = ", mav[6], " u"];
Print|]:

Print["exx min = ", miv[4], " u"}:
Print["eyy min = ", miv[5], " u"];
Print["yxy min = ", miv[6], " u"];
Print{];

Print[];.

Show[Graphics [Text[

StyleForm|["Stress Distribution",
FontSize <+ 30, FontWeight -» "Bold", FontFamily - "Times",
FontColor -+ RGBColor [Random[ ] , Random[ ], Random[ ]1]],

{0, 0}1], ImageSize » {650, 100}];

"@raphics of oxx distribution;

rectangularstressl =
Plot3D[stress@xx, {x, minimme@x, maximumex}, {y, minimmey, maximmey},
AmbientLight -+ RGBColox[1, 1, 0],
AspectRatic - 0.6,
Axes -» True,
AxesEdge -» {{-1, -1}, {1, -1}, {-1, -1}},
Axeslabel -+ {"x (m)", "y {(m)", "o xx (MPa)"},
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AxesStyle » {AbsoluteThickness[1], RGBColor{0, 1, 0]},
Background -+ RGBColor[0.8, 1, 1],

Boxed -~ True,

BoxRatios -» {3, 1, 1},

BoxStyle » {AbsoluteThickness[1], RGBCelor{0, 1, 0]},
ColorFunction + Automatic,

ColorOutput -+ Automatic,

DefaultColor - RGBColor[0, 0, 0],

DisplayFunction » Identity,

FaceGrids -+ None,

FormatType » $FormatType,

HiddensSurface + True,

Lighting - True,

LightSources - {},

Mesh - True,

MeshStyle » {GrayLevel [0]},

Plotl.abel - None,

PlotPoints «+ 20,

PlotRange -+ Automatic,

PlotRegion -+ {{0.05, 0.95}, {0, 1}},

Shading - True,

TextsStyle » {FéntFamily -+ "Symbol", Fontslant » "Italic", FontSize » 10},
Ticks -» Automatic,

ViewCenter -+ Automatic,

ViewPoint » {1.3, -2.4, 2}};

"@raphics of oyy distribution";

rectangularstress2 =
Plot3D[stresseyy, {x, wininmumeéx, maximumex}, {¥, ninimmey, maximmey},
AmbientLight -+ RGBColox[l, 1, 0],
AspectRatio—» 0.6,
Axes -+ True,
AxesEdge -+ {{-1, -1}, {1, -1}, {-1, -1}},
AxesLabel » {"x (m)", "y (m)}", "o yy (MPa)"},
AxesStyle » {AbsoluteThickness[l], RGBColox[0, 1, 0]},
Background -» RGBCelox[0.8, 1, 1],
Boxed -» True,
BoxRatios ~» {3, 1, 1},
BoxStyle - {AbsoluteThickness[1] , RGBColoxr[0, 1, 0]},
ColorFunction -+ Automatic, :
ColorQutput » Automatia,
DefaultColor » RGBColor[0, 0, 0],
DisplayFunction -+ Identity,
FaceCGrids -+ None,
FormatType <+ $FormatType,
HiddenSurface -» True,
Lighting -+ True,
LightSources = {},
Mesh - True,
MeshStyle + {GrayLevel[0]},
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PlotLabel » None,
PlotPoirnts -+ 20,
PlotRange -+ Automatic,
PlotRegion —+ {{0.05, 0. 95} , {0, 1}},
Shading + True,
TextStyle -» {FontFamily - "Symbol", FontSlant + "Italic", FontSize ~» 10},
Ticks » Automatic,
ViewCenter ~» Automatic,
ViewPoint » {1.3, ~2.4, 2}]:

"Graphics of txy distribution";

rectangularstress3 =
Plot3D(stressexy, {x, minimumex, maximum@x} , {y, mininumeéy, maximumey},
AmbientLight -» RGBColox[1l, 1, 0],
AspectRatic > 0.6,
Axes -+ True,
AxesEdge » {{-1, -1}, {1, -1}, {-1, =1}}.,
AxesLabel - {"x {m)", "y (m)", "t xy (MPa)"},
AxesStyle » {AbsoluteThickness[l], RGBColoxr[0, 1, 0]},
Background -+ RGBColox[0.8, 1, 1],
Boxed - True,
BoxRatios » {3, 1, 1},
BoxStyle -+ {AbsoluteThickness[1l], RGBColor[0, 1, 0]},
ColorFunction » Automatic,
ColorQutput » Automatic,
DefaultColor -+ RGBColor[0, 0, O],
DisplayFunction » Identity,
FaceGrids -» None,
FormatType -+ SFormatType,
HiddenSurface - True,
Lighting - True,
LightSources - {},
Mesh - True,
MeshStyle -+ {GraylLevel[0}l},
PlotLabel - None,
PlotPoints ~» 20,
PlotRange -+ Automatic,
PlotRegion -+ {{0.05, 0.95}, {0, 1}},
Shading -» True, ‘
TextStyle » {FontFamily - "Symbol", FontSlant » "Italic", FontSize » 10},
Ticks -+ Automatic,
ViewCenter -» Automatic,
ViewPoint » {1:3, -2.4, 2}];

Show [GraphicsArray |
{{rectangularstressl}, {rectangularstress2}, {rectangularstress3}}],
ImageSize + {650, T00}];

Print(]-;
Print([};
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Show|[Graphics[Text|
StyleForm|["Strain Distribution",
FontSize -+ 30, FontWeight - "Bold", FontFamily -+ "Times",
FontColor - RGEBColor[Random|[ ], Random{ ], Random[ ]1]1,
{0, 0}]], ImageSize - {650, 100}];

"@Graphics of exx distribution";

rectangularstrainl =
Plot3D[strainexx, {X, minimmex, maximmex}, {y, minimmeéy, maximmey},
AmbientLight + RGBColor{l, 1, 0],
AspectRatio-» 0.6,
Axes - True,
AxesEdge -» {{-1, -1}, {1, -1}, {-1, -1}},
AxesTabel -+ {"x (m)", "y (m)", "e xx (u)"},
AxesStyle » {AbsoluteThickness[l], RGBColor[0, 1, 0]}, .
Background ~» RGBColor[0.8, 1, 1],
Boxed - True,
BoxRatios » {3, 1, 1},
BoxStyle -+ {AbsoluteThickness[1l], RGBColox [0, i, 0]},
ColorFunction » Automatic,
Coloroutput -+ Automatic, _
DefaultColoxr -+ RGBColox[0, 0, 0],
DisplayFunction -+ Identity,
FaceBGrids - None,
FormatType » $FormatType,
HiddenSurface -+ True,
Lighting -» True,
LightsSources - {},
Mesh ~» True,
MeshStyle » {Graylevel[0]},
PlotLabel -+ None,
PlotPoints ~» 20,
PlotRange - Automatic,
PlotRegion -» {{0.05, 0.85}, {0, 1}},
Shading - True,
TextStyle -» {FontFamily -+ "Symbol", FontSlant -» "Italic", FontSize - 10},
Ticks -» Automatic,
ViewCenter -» Automatic,
ViewPoint -+ {1.3, -2.4, 2}];

vGraphics of eyy distribution";

rectangularstrain2 =
Plot3D|[straineyy, {x, minimmex, maximumex}, {y, minimmey, maximmey},
AmbientLight - RGBColor[l, 1, 0},
AspectRatio -~ 0.6,
Axes -» True,
AxesEdge - {{-1, -1}, {1, -1}, {-1, ~1}},
AxesLabel -» {"x (m)", "y {(m)", "e y¥ (#}"},



93

AxesStyle - {AbscluteThickness[l], RGBColor[0, 1, 0]},
Background - RGBColor[0.8, 1, 1],
Boxed -» True,
. BoxRatios - {3, 1, 1},
BoxStyle + {AbsoluteThickness{1l], RGBColox [0, 1, 0]},
ColorFunction - Automatic,
ColorOutput -» Automatic,
DefaultCoelor - RGEColor[0, 0, 0],
PigplayFunction » Identity,
FaceGrids -+ None,
FormatType -+ $FormatType,
HiddenSurface » True,
Lighting -+ True,
LightSources - {},
Mesh - True,
MeshStyle » {GraylLevel[0]},
PlotLabel -» None,
PlotPeints » 20,
PlotRange - Automatic,
PlotRegion - {{0.05, 0.95}, {0, 1}},
Shading -» True,
TextStyle + {FontFamily -+ "Symbol", FontSlant -+ "Italic", FontSize - 10},
Ticks -» Automatic, '
ViewCenter -+ Automatic,
ViewPoint - {1.3, -2.4, 2}]1;

"Graphics of yxy distribution”;

rectangularstrain3 = )
Plot3D[strainéxy, {x, minimmex, maximmex}, {y, minimmey, maximmey},
AmbientLight - RGBColor{l, 1, 0],
AspectRatico» 0.6,
Axes -+ True,
AxesEdge -» {{-1, -1}, {1, -1}, {-1, -1}},
AxesLabel » {"x (m)", "y (m)", "v xy (#)"},
AxesStyle » {AbsoluteThickness[1l], RGBColor[0, 1, 0]},
Background -+ RGBColor[0.8, 1, 1],
Boxed » True,
BoxRatios -» {3, 1, 1},
BoxStyle + {AbsoluteThickness[1], RGBColox {0, 1, 0]},
ColorFunction -» Autematic,
ColorQutput - Automatic,
Defaul tColox -+ RGBColox ([0, 0, 0],
DisplayFunction » Identity,
FaceGrids -» None,
FormatType + $FormatType,
HiddenSurface - True,
Lighting -+ True,
LightSources - {},
Mesh » True,
MeshStyle »+ {GrayLevel[0]},
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PlotLabel - None,

PlotPoints » 20,

PlotRange -» Automatic,

PlotRegion - {{0.05, 0,95}, {0, 1}},

Shading - True,

TextStyle -+ {FontFamily - "Symbol", FontSlant - "Italie", FontSize -» 10},
Ticks -+ Automatic,

ViewCenter -» Automatic,

ViewPoint -» {1.3, -2.4, 2}]:

Show [GraphicsArray[
{ {rectangularstrainl}, {rectangularstrain2}, {rectangularstrain3}}],
ImageSize -+ {650, 700}]; ‘

Printl]:
Print[];

Show [Graphics [Text|
StyleForm["Boundary Conditions™,
FontSize - 30, FontWeight » "Bold", FontFamily - "Times",
FontColor » RGBColor[Random[ ], Random | }, Random[ 1]},
{0, 0}]1, ImageSize » {650, 100}];

Print[];
Printil:

X = minimum@x;
Print(["Stress at the Boundary x = ", X, " m" j;
Print|]:

Print['"oxx at x = ", x, " m is ", stress@xx, " MPa"];
Print["zxy at x = ", x, " m is ", stress@xy, " MPa"]:

r@raphics of oxx at x = minimmex";

rectangularboundaryl =
Plot{If[-10%-6 < stress@xx< 10°-6, 0, stressexx], {y, minimme@y, maximmey
AspectRatio - 0.8,
Axes - False,
AxesLabel + None,
AxesOrigin -+ Automatic,
AxesStyle » Nohe,
Background -» RGRColor (0.8, 1, 1],
Coloroutput » Automatic,
DefaultColor - RGBColor [0, O, O],
DisplayFunction -+ Identity,
FormatType - $FormatType,
Frame -+ True,
FrameLabel -+ {"y (m)", "normal stress (MPa)"},
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FrameStyle -» {AbsoluteThickness[1], RGRColorxr{0, 0, 01},
FrameTicks -» Automatic, -

GridLines » Automatic,

MaxBend - 10,

PlotDivision + 20,

PlotLabel -+ None,

PlotPoints - 15,

PlotRange + Automatic,

PlotRegion -+ {{0, 0.95}, {0, 0.95}},

PlotStyle » {AbsoluteThickness[3], RGBColor([l, 0, 0]},
RotateLabel - True,

Text§tyle » {FontFamily - "Symbol", FontSlant » "Italic", FontSize + 10},
Ticks - Automatic];

"Graphics of txy at x = minimumex";

rectangularboundary?2 = }
Plot[I£f[-10"-6 < stress@xy <10"-6, 0, stressexy], {y, mnimmeéy, maximumey
AspectRatio » 0.8,
Ages » False,
AxesLabel » None,
AxesOrigin - Automatic,
AxesStyle -» None,
Background - RGBColor[0.8, 1, 1],
ColerQutput -» Automatic,
DefaultColor » RGBCelox [0, 0, 0],
DisplayFunction -+ Identity,
FormatType -+ $FormatType,
Frame -+ True,
FrameLabel » {"y {m)", "shear stress (MPa)"},
FrameStyle -» {AbsoluteThickness[1], RGBColorf[0, 0, 0]},
FrameTicks » Automatic,
GridLines -» Automatic,
MaxBend -» 10,
PlotDivision » 20,
PlotLabel - None,
PlotPoints -+ 15,
PlotRange »+ Automatic,
PlotRegion -+ ({0, 0.95}, {0, 0.95}},
PlotStyle » {AbscluteThickness{3], RGBColor[l, o, 01},
Rotatelabel - True,
TextStyle » {FontFamily -+ "Symbol”, FontSlant » tITtalic", Fontsize ~» 10},
Ticks -» Automatic];

show[GraphicsArray|
{rectangularboundaryl, rectangularboundary2}], ImageSize » {500, 250}];

Print[]:
Print([]:
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X = maximum@x;
Print["Stress at the Boundary x = ", x, " m"];

Print[];

Print["oxx at x
Print["txy at x

n,x," m.is ", stressexx, " MPa"];
" x,%" mis ", stressexy, " MPa"];

n

."@Graphics of oxx at x = maximumex";

rectangularboundary3 =
Plot[If[-10"-6 < stress@xx < 1076, 0, stressexx], {y, minimmey, maximumay
AspectRatic - 0.8,
Axes -» False,
Axeslabel -+ None,
AxesOrigin - Automatic,
AxesStyle + None,
Background -» RGBColor[0.8, 1, 1],
ColoxrOutput -+ Automatic 7
DefaultColer -» RGBColox[0, 0, 0],
DisplayFunction —» Identity,
FormatType - $FormatType,
Frame - True,
FrameLabel + {"y (m)", "normal stress (MPa)"},
FrameStyle - {AbsoluteThickness({1], RGBColox [0, 0, 0]},
FrameTicks - Automatic, -
eridlines » Automatic,
MaxBend -+ 10,
PlotDivision = 20,
PlotLabel - None,
PlotPoints -+ 15,
PlotRange - Automatic,
PlotRegion + {{0, 0.95}, {0, 0.95}},
PlotsStyle + {AbsoluteThickness (3], RGBColer[l, 0, 0]},
RotateLabel -+ True,
TextStyle » {FontFamily -+ "Symbol", FontSlant - "Italic", FontSize - 10},
Ticks » Automatic]; ‘

wgraphics of Txy at x = maximum@x";

rectangularboundaryd = _
Plot[If[-10"-6 ¢ stress@xy <10%-6, 0, stressexy], {y, minimmey, maximmey
AspectRatio - 0.8, '
Axes - False,
AxesLabel -+ None,
AxesOrigin -» Automatic,
AxesStyle - None, '
Background -+ RGBColex[0.8, 1, 1],
ColorOutput » Automatic,
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DefaultColor -+ RGRColoxr [0, 0, 0],

DisplayFunction -+ Identity,

FormatType -» $FormatType,

Frame - True,

FrameLabel » {"y (m)", "shear stress (MPa)"},
FrameStyle -» {AbsoluteThickness[1], RGBCclox{0, 0, 0]},
FrameTicks - Automatic,

GridLines - Automatic,

MaxBend ~+ 10,

PlotDivision + 20,

PlotLabel -+ None,

PlotPoints + 15,

PlotRange -» Automatic,

PlotRegion- {{0, 0.95}, {0, 0.95}},

PlotStyle -» {AbsoluteThickness[3], RGBColoril, 0, 0]},
RotateLabel - True,

TextStyle » {FontFamily - "Symbeol", Fonts$lant ~+ "Italic", FontSize » 10},
Ticks -» Automatic] ;

Show [GraphicsArray|
{rectangularboundary3, rectangularboundary4}], ImageSize + {500, 250}];

Print(]:;
Printf[];

Y =minimmey;
Print["Stress at the Boundary ¥y = ",y , " o"};
Print[]:

",y," mis ", stresseyy, " MPa"];
", y,"mis ", stress@xy, " MPa"];

Print["oyy at ¥
Print["txy at ¥y

"Graphics of oyy at y = minimumey";

rectangularboundary5 =
Plot[If[-10°-6 < stress@yy < 10"-6, 0, stress@yy], {x, minimmeéx, maxinumex
AspectRatio » 0.8,
Axes -+ False,
AxesLabel - None,
AxesOrigin -+ Automatic,
AxesStyle - None,
Background -+ RGBColor([0.8, 1, 1],
Coloroutput -» Automatic,
DefaultColor » RGBColox [0, 0, 0],
DisplayFunction -» Identity,
FormatType - $FormatType,
Frame - True,
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FrameLabel -+ {"x (m)", "normal stress (MPa)}"},
FrameStyle » {AbsoluteThickness([1l], RGBColor([0, 0, 0]},
FrameTicks - Automatic,

GridLines » Automatic,

MaxBend » 10, '

PlotDivision-» 20,

Plotlabel ~ None,

PlotPoints - 15,

PlotRange -» Automatic,

PlotRegion ~ {{0, 0.95}, {0, 0.95}},

Plotstyle » {AbsoluteThicknessf3], RGBColor[l, 0, 0]},
RotateLabel - True,

TextStyle - {FontFamily - "Symbol", FontSlant » "Italic", FontSize —» 10},
Ticks - Automatic];

n"Graphics of txy at y = minimumey";

rectangularboundary6 =
Plot[If[-10" -6 < stress@xy <10%-6, 0, stress@xy], {x, ninimmeéx, maximimex
AspectRatio » 0.8,
Axes - False,
AxesLabel - None,
AxesOrigin - Automatic,
AxesStyle - None,
Background - RGEColor[0.8, 1, 1],
Colorgutput -» Automatic,
DefaultColor -+ RGBColox[0, O, 0],
DisplayFunction -» Identity,
FormatType - 5FormatType,
Frame - True,
FrameLabel -» {"x (m)", "shear streas (MPa)"},
FrameStyle » {AbsoluteThickness[l], RGBColor{0, o, 0]},
FrameTicks - Automatic,
GridLines » Rutomatic,
MaxBend -+ 10,
PlotDivision ~» 20,
‘PlotLabel + None,
PlotPoints - 15,
PlotRange - Automatic,
PlotRegion - {{0, 0.95}, {0, 0.95}},
PlotStyle +» {AbsoluteThickness[3], RGBColor([1, 0, 0]},
Rotatelabel - True,
TextStyle + {FontFamily - "Symbol", FontSlant —+ "Italic", FontSize -» 10},
Ticks - Automatic];

Show [GraphicsArray|
{rectangularboundary5, rectangularboundary6}]), ImageSize - {500, 250}];

y=.i

Print[];
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Print[]:;

¥ = maximum@y;

Print["Stress at the Boundary v = ",y , " m"];
Print{]:

" y,"mdis ", stresseyy., " MPa"]:;
" y,"mis ", stressexy, " MPa"];

]?rint["oyy at y
Printf"txy at ¥y

vgraphics of oyy at y maximmey";
rectangularboundary? =
Plot[If[-10"-6 < stress@yy <10+-6, 0, stxessa@ayy], {x, minimmex, maximumex
AspectRatio -+ 0.8,
Axes - False,
AxesLabel -+ None,
AxesOrigin -» Automatic,
AxesStyle -» None,
Background -+ RGBColor[0.8, 1, 1],
ColorOutput - Automatic,
DefaultColor -+ RGBColor[0, 0, O],
Displaymnctién - Identity,
FormatType - $FormatType,
Frame -» True,
FrameLabel » {"x {(m)", "normal stress (MPa)"},
FrameStyle -+ {AbsoluteThickness[l1], RGEBColox[0, 0, 0]},
FrameTicks ~» Automatic,
Gridlines -» Automatic,
MaxBend - 10,
Plotbivision » 20,
PlotLabel -+ None,
PlotPoints ~» 15,
PlotRange + Automatic,
PlotRegion -+ { {0, 0.95}, {0, 0.95}},
PlotStyle + {AbscluteThickness[3], RéBColor|l, 0, 0]},
RotateLabel. - True,
TextStyle -+ {FontFamily -+ "Symbol", Fontslant -+ "Italic", FontSize + 10},
Ticks - Autcmatic]; '

"graphics of txy at y = maximumey";

rectangularboundary8 =
Plot[If[-10"-6 < stress@xy < 10*-6, 0, stresséxy], {X, minimme@x, maximume@x
AspectRatio -+ 0.8,
Axes - False,
Axeslabel - None,
AxesOrigin - Automatic,
AxesStyle —» None,
Background -» RGBColor[0.8, 1, 1],
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ColoroOutput » Autematic,

DefaultColor » RGBColoxr[0, 0, O],

DisplayFunction » Identity,

FormatType - $FormatType,

Frame - True,

FrameLabel » {"x (m)", "shear stress (MPa)"},
FrameStyle - {AbsoluteThickness[1], RGBColox[0, 0, 0]},
FrameTicks - Automatic,

Gridlines -+ Automatic,

MaxBend -+ 10,

PlotDivision » 20,

PlotLabel + None,

PlotPoints » 15,

PlotRange -+ Automatic,

PlotRegion - {{0, 0.95}, {0, 0.95}},

PlotStyle » {AbsoluteThickness[3], RGBColor[i, 0, 0]},
Rotatelabel - True,

TextStyle » {FontFamily - "Symbol", FontSlant —» "Italic", FontS8ize -+ 10},
Ticks » Automatic] ;

Show [GraphicsgArray |
{rectangularboundary7, rectangularboundary8}], ImageSize » {500, 250}];

¥=-7

asx = Sort[Seleci;_[Select[csx, #> minimmex&] , # < maximumexk], Less];

csy = Sort[Selec_t{Se].éct[csy, #>minimmeéey&], # < maximmeys] , Less];
If [csx=l= {} || esy =l={},

Print[]:
Print[];

show [Graphics[Text|
StyleForm["Considered Section",
FontSize - 30, FontWeight -+ "HBold", FontFamily - "Times",
FontColor - RGEColor[Random| ] , Random[ ], Random|[ ]]],
{0, 0}1], ImageSize » {650, 100}];

If[
csx=1= {},
Dol

x=csx[[1]];

Print[]:
Print[];
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Print["Stress at the Sectiomn x = ", X, * m"];
Print[];

Print["oxx at x
Print{"txy at x

", x," m is ", stressexx, " MPa"];
", x," mis ", stressexy, " MPa"]:

"Graphics of oxx at x = csx[[i]]":

rectangularsectionl = Plot[

I£f[-10"-6 < stress@xx < 10*-6, 0, stressexx], {y, ninimmeéy, maximnumey}
AspectRatio 0.8,
Axes - False,
AxesLabel - None,
AxesOrigin -+ Automatic,
AxesStyle -+ None,
Background -» RGBColor[0.8, 1, 13,
ColoxrQutput -» Autcomatic,
DefaultColor » RGBColor[0, 0, C],
DisplayFunction - Identity,
FormatType < $FormatType,
Frame -+ True,
FrameLabel » {"y (m)", "normal stress (MPa)"},
FrameStyle -» {AbsoluteThickness[1], RGBColor([0, 0, 0]},
FrameTicks -+ Automatic,
GridLines » Automatic,
MaxBend - 10,
PlotDivision -+ 20,
PlotLabel -+ None,
PlotPoints - 15,
PlotRange - Automatic,
PlotRegion - {{0, 0.95}, {0, O.95}},
PlotStyle » {AbsoluteThickness [3], RGBColor[l, 0, 0]},
Rotatelabel + True, '
TextStyle »

{FontFamily - "Symbol", FontSlant - "Italic", FontSize » 10},

Ticks -+ Automatic];

rgraphics of rxy at x = csx[[1]]";

rectangularsection2 = Plot|
If[-10"~-6 < stress@xy <10*-6, 0, stressexy], {y, nminimmey, maximmey}

AspectRatio = 0.8,

Axes - False,

AxesLabel -+ None,

AxesOrigin - Automatic,

AxesStyle » None,

Background » RGBColor{0.8, 1, 1],

ColorCutput » Automatic,

DefaultColor + RGBColor [0, O, O],

DisplayFunction -» Identity,
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FormatiType » $FormatType,
Frame -» True,
FrameLabel »+ {"y (m)", "shear stress (MPa)"},
FrameStyle +» {AbsoluteThickness [1], REBColor([0, 0, 0]},
FrameTicks -» Automatic,
GridLines » Automatic,
MaxBend -+ 10,
PlotDivision -» 20,
PlotLabel + None,
PlotPoints -+ 15,
PlotRange » Automatic,
PlotRegion— {{0, 0.95}, {0, 0.95}},
PlotStyle -+ {AbscluteThickness[3], RGBColox|l, 0, 0]},
RotateLabel - True,
TextStyle +
{FontFamily - "Symbol", FontSlant -» "Italic", FontSize » 10},
Ticks - Automatic];

Show|[GraphicsArray [
{rectangularsectionl, rectangularsecticon2}], ImageSize -+ {500, 250}];

setequations = {stressexx, stresseéxy};

yymax = maximme@y;
yymin = minimum@y;

pixelnumberyy = 32;

Dol
equation = setequations[[k]] ;
¥ = yymin;

maxvalue = equation;
minvalue = equation;

yymaxvalue = y;
yyminvalue = y;

Do [
¥ = yymin + (yymax - yymin) j/ pixelnumberyy;_
I£[
equation > maxvalue,

maxvalue = equation; yymaxvalue =y
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If]
equation < minvalue,
‘minvalue = equél.tion; yyminvalue =y
1:
{3, 0, pixelnumberyy}
1:
If[
yymaxvalue =!= yymax && yymaxvalue == yymin,
yymaxbox = yymaxvalue - (yymax - yymin) / pixelnumberyy;
Dof
¥ = yymaxbox + (yymax - yymin) 2 j / pixelnumberyy " 2;
If[
equation » maxvalue,
maxvalue = equation
1,

{3, 0, pixelnumberyy}

1:
Iff
yyminvalue =!= yymax && yyminvalue =! = yymin,
yyminbox = yyminvalue - (yymax - yymin) / pixelnumberyy;
Do
y = yyminbox + (yymax - yymin) 2 j / pixelnunmberyy~2;
If[

equation <minvalue,
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minvalue = equation

1.

{3, 0, pixelnumberyy}

1:

mav[k] = N[maxvalue] ;
miv[k] = N[minvalue];

¥=.,
{k, 1, Length[setequations]}
1;
Print["Maximum and Mipimum Stress"];
Print([]:

Print["oxx max ", mav[l], " MPa"];
Print["zxy max = ", mav(2], " MPa"];

Print{];

Print["oxx min
Print["txy min

*, miv{l], " MPa"];
", miv([2], * MPa"];

. {1, 1, Length[csx] }

IE[
esy =1= {},
Do [
y =csyl[[i]]:

Print[};
Print(];

Print["Stress at the Section ¥y = ", ¥y, " m" ];
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Print[];

Print["oyy at y = ", ¥y, " m is ", stresseyy, " MPa"];
Print["txy at y = ", ¥y, " m is ", stressexy, " MPa"]:

vGraphics of oyy at ¥y = csy[[i]]";

rectangularsection3 = Plot|

If[-10"*-6 < stress@yy <10"-6, 0, stresseyy], {x, minimmex, maximumex}
AspectRatio -+ 0.8,
Axes -» False,
AxesLabel -+ Xone,
AxesOrigin -+ Automatic,
AxesStyle - None,
Background - RGBColor[0.8, 1, 11,
ColorOutput - Autcmatic,
DefaultColor -+ RGBColeox ([0, 0, 0] ,
DisplayFunction » Identity,
FormatType -+ $FormatType,
Frame -» True,
FrameLabel ~ {("x (m)", "normal stress (MPa)"},
FrameStyle - {AbsoluteThickness[1], RGBColox [0, 0, 0]},
FrameTicks » Automatic,
Gridlines -+ Automatic,
MaxBend - 10,
PlotDivision - 20,
PlotLabel -+ None,
PlotPoints -» 15,
PlotRange » Automatic,
PlotRegion -+ {{0, 0.95}, {0, 0.95}},.
PlotStyle » {AbsoluteThickness [3], RGBColex[l, O, 0]},
Rotatelabel - True,
TextStyle »

{FontFamily - "Symbol", FontSlant » "Italic", FontSize - 10},

Ticks » Automatic];

"Graphics of txy at y = esy{[i]]"!

rectangularsectiond e Plot[
If[-10~-6 ¢ stresse@xy <104-6, 0, stressexy], {x, minimmeéx, maximmex}

AspectRatio - 0.8,

Axes -+ False,

AxesLabel -+ None,

AxesOrigin -» Automatic,

AxesStyle - None,

Background -+ RGBColor[0.8, 1, 1],

ColorOutput -» Automatic,

Pefaul tColor -+ RGBColor [0, O, 0],

biéplay]i‘lmction -+ Identity,

FormatType -» SFormatType,
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Frame - True,
FrameLabel -» {"x (m)", "shear stress (MPa)"},
FrameStyle » {AbsoluteThickness [1] , R6BColox[0, 0, 0]},
FrameTicks » Automatic,
Gridlines -» Automatic,
MaxBend -+ 10,
Plothivision ~+ 20,
PlotLabel -+ None,
PlotPoints ~» 15,
PlotRange » Automatic,
PlotRegion - {{0, 0.95}, {0, 0.95}},
PlotStyle » {AbsoluteThickness[3], RGBColor([1l, 0, 0]},
RotateLabel - True, :
‘TextStyle -+
{FontFamily - "Symbol", FontSlant » "Italic", FontSize - 10},
Ticks ~» Automatic]:;

Show|[GraphicsArray [
{rectangularsection3, rectangularsectiond}], ImageSize » {500, 250}1:

setequationé = {stress@yy, stressexy};

XXmax = maximmex;
xxmin = minimom@x;

pixelnumberxx = 32;

Do[
equation = setequations([[k]] :
x = xxmin;

maxvalue = equation;
minvalue = equation;

xxmaxvalue = x;
xxminvalue = x;

Do
X = Xymin + (xxmax - xxmin) j/pixelnumberxx;
If[
equation > maxvalue,
maxvalue = equation; xxmaxvalue = X

1s
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If]
equation < minvalue,
minvalue = equation; xxminvalue = x
1.

{i. 0, pixelﬁmnberx.x}

I£[
xxmaxvalue =!= xxmax && xxmaxvalue =1 = xxmin,
xxmaxbox = xxmaxvalue - (xxmax - xxmin) /pixelnumberzx;
Do|
x = ¥xymaxbox + (Xxmax - xxmin) 2 j / pixelnumberxx"2;
If]
equation » maxvalue,
maxvalue = equation

1.

{3, 9, pixelnumberxx}

1:
If[

xxminvalue =)= xxmax && xxminvalue =!= xxmin,

xxminbox = xxminvalue - (xxmax - xxmin) / pixelnumberxx;

Do |
x = xxminbox + (Xxxmax - x¥xmin}) 2 j / pixelnmumberxx”2;
If(

equation < minvalue,

minvalue = equation
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1,

{j, 0, pixelnumberxx}

mav [k] = N[maxvalue] ;
miv[k] = N[minvalue] ;

{k, 1, Length[setequations]}

Print["Maximum and Minimam Stress"];

Print(];

Print["oyy max *, mav([l], " MPa"];
Print["zxy max = ", mav[2], " MPa"];

Print[]:

Priﬁt["oyy min
Print["txy min

", miv[1], " MPa"];
", miv([2], " MPa"];

. {i, 1, Lengthlesy]}

r=.; theta=.;

stress@func =

const@polar[l] «Log[x] +
const@polar[2} +r~2 +
const@polar[3] «r"2 +xLogr] +
const@polarf4] »r”2 « theta +
const@polar[5] » theta +
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const@polar{6] +r+theta +«Cos[theta] +
{(constepolar[7l+xr"3 +

const@polar[B] +r" -1+

const@polar[9] »r «Log[r]) «Cos[theta] +

const@polar[10] + r « theta+ Sin[theta] +
(const@polar[ll] +xr"*3 +

const@polar[l2] +xr*-1+

const@polar{l13] #xr *Log{r]) *Sin[theta] +

Sum [

{const@polar[i4] +r*n+

const@polar[15] +x”~ (n+2) +

const@polar{l6] »x"-n+

const@polar[17] #x" (~n+2)) xCos [n » theta] +

(constépolar{l8] *+xr*n+
const@polar[l8] #x" (n+2) +
const@polar[20] +r*-n+
const@polar[21] *xr” (-n+ 2)) +Sin[n » theta],
{n, minimum@ summation@pol, maximume summé.tion@pol}] ;
stress@func = Collect [N[stress@func], {r, thetal}];
Show [Graphics [Text[
StyleForm["Program Stress Function',
FontSize -» 30, FontWeight -+ "Bold", FontFamily -» "Times",

FontColor » RGBColor [Random| j, Random|[ ], Random[ ]]1],
{0, 0}]1], ImageSize -+ {650, 100}];

.

Print{];
Print[];

Print["Stress Function = ", stress@func, " kN"];

Print[];
Print[]:

Print["Equations of Stress"];
Print[];

stress@rr = Collect[D[ stress@func«10~-3, r] fx +
D[ stress@func*10~-3, {theta, 2}] /x"2, {r, theta}]:

Print["orr = ", stress@rr, " MPa"]:
stress@ee = Collect[D[ stress@func+10"-3, {r, 2}], {r, theta}]:

Drint["coe = ", stress@ee, " MPa"};
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stress@reo = Collect[-D[D[stress@func «10- -3, theta] /r, r], {r, theta}];
Print["ore = ", stress@re, " MPa"];

Print[]:
Print[];

If[
typeeof@problemepol < 2,

gtrainerr = Collect [Expand[1000 % (1 - poisson@ratio@poel”2) »
(stress@rr - poisson@ratio@pol / (1 -poisson@ratio@pol) « stressees) /
young@modu@pol],
{r, theta}];
strain@ee = Collect [Expand [1000 « (1 - poisson@ratio@pol”2) *
(8tress@ee - poisson@ratio@pol / (1 - poisson@ratio@pol) + stresserr) /
young@moduépol] , '
{x, theta}];
strain@re =
Collect [Expand [1000 « stress@re / shear@modu@pol], {r, theta}],

strainerr = Collect{Expand|[
1000 % (stress@rr - (poisson@ratio@pol « stress@ee)) Iyoung@modu@pol] ,
{r, theta}]:
strain@ee = Collect [Expand|
1000 « (stress@ee - (poisson@ratio@pol «stresserr)) / young@moduépol],
{r, theta}]:
strain@re =
Collect [Expand[1000 » stress@re f shear@modu@pol] , {xr, theta}]

1:

Print["Equations of Strain"];

Print(]:
Print(["exrr = ", strainerr, " u"];
Print{"eee = ", straineee, " u"];
Print(["yre = ", strainere, " u"};
Print(];
Print[];
If[
coordinatespol =!= {}, .

innercoordinatespol = {};
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Dol
If]

minimum@r <= coordinatespol[[i, 1]] <= maximmer &&
minimme@e <= coordinatespol|[i, 2]] <= maximume@e,

innercoordinatespol =
Append[imnercoordinatespol, coordinatespol[[i]]]

i,

{i, 1, Length[coordinatespol]}

coordinatespol = innercoordinatespol;
Do

r = coordinatespel[[i, 111;
theta = coordinatespeol[{i, 2]]:

Print["Stress Components at (r,e) = ", "(",x,",", theta, ")"];

Print[];
Print{"err = ", stress@rr, " MPa"];
Print["goe = ", stresseee, " MPa"]:;

Print["zre = ", stress@re, " MPa"];

Print[]:
Print([]:

Print{"Strain Components at (r,®) = ", "(", r, ",", theta, ")"]:
Print[]:
Print["err v, straine@rr, "

u"l
Print["ees = ", strainess, " u"]
Print["yré = ", strainere, " u"]

Print[];
Print[];

, {i, 1, Length{coordinatespol]}
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r=.; theta=.;

Print["Boundary Region is r = ", minimm@r, " to ",
maximmeér, " m and @ = ", minimmes, " to ", maxiimmese, " rad"]:

Print[]:
Print[];

setequations =
{stress@rr, stress@ee, stress@re, strain@rr, strain@ee, strainers};

rrmax = maximmer;
rrmin = minimmeér;
f6max = maximume@e;

@emin = minimum@e;

pixelnunberrr = 120;
pixelnumbereé = 8;

Do [
equation = setequations|[k]];
r=rrmin; ‘theta = eemin;

maxvalue = equation;
minvalue = equation;

rrmaxvalue = r;
rrminvalue = r;
éomaxvalue = theta;
écminvalue = theta;
Do [
theta = 66min + (86max - e6min) j / pixelnunberes;
Do
r = rrmin + {rrmax - rrmin) i / pixelnuwnberrr;
If{
equation » maxvalue,
maxvalue = equation; rrmaxvalue = r; éénaxvalue = theta
1:

I£]
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equation < minvalue, '
pinvalue = equation; rrminvalue = r; géminvalue = theta
1,
{i, 0, pixelnumberrr}
1.
{j, 0, pixelnumberes}
1:
If[

rrmaxvalue =!= rrmax &&

rrmaxvalue =!= rrmin && @6maxvalue =! = 96max && 6omaxvalue =! = 66min,

rrmaxbox = rrmaxvalue - (rrmax - rrmin}) / pixelnumberrr;
gemaxbox = ggmaxvalue - (66max - 88min) / pixelnunmberss;

Do
theta = 6maxbox + (86max - &6min} 2 j / pixelnumberes"2;
Do [
r = rrmaxbox + (rrmax - rrmin) 2 i / pizelnumberrr*2;
If]
equation » maxvalue,
maxvalue = equation
1.
{i, 0, pixelnumberrr}
1.

{j, 0, pixelnumberes}

TE[

rrminvalue =!= rrmax &&
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rroinvalue =)= rrmin && yyminvalue =! = 66max && yyminvalue =!= 68min,

rrminbox = ryminvalue - (rrmax - rrmin) /pixelnumberxr;
geminbox = éeminvalue - (66max - 66min) / pixelnumberos;

Dol
theta = gominbox + (66max - 86min) 2 j / pixelnumberes~2;
Dol
r = rrminbox + (rrmax - rrmin) 2i/ pixélnumberrr" 2;
If][
equation < minvalue,
minvalue = equation
1.
{i, 0, pixelnumberrr}
| P

{j, 0, pixelnunbereg}

1:

mav[k] = N[maﬁﬂue] ;
miv[k] = N[minvalue];

=.; theta=.,

{k, 1, Length[setequations]}

Print["Maximum and Minimum Stress"];
Print{];
Print["orr max

Print["ooe max
Print{"tre max

at , mav[l} . " 1~£Pa"] :
" ; ma.v[2] R 1" mau] H
n’mav{a]’ i Mpa_n];

u

Print[];

Print["orr min v, miv([1], " MPa"};
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Print{"coo min = ", miv[2}, " MPa"]:
Print{"tre min = ", miv[3], " MPa"];

Print{];
Print[];

Print["Maximum and Minimwom Strain®};
Print[};

Print["err max = ", mav[4], " u"];
Print["eoo max = ", mav[5], " u"]:
Print["yr& max = ", mav{6], " u"]

Print[]:

Print{"err min = ", mivf4], " u"]; )
Print{"eee min = ", miv[5], " u"];

Print["yre min = ", miv([6], " u"];
Print[]:

Print[];

Show[Graphics[Text [

StyleForm["Stress Distribution",
FontSize -» 30, FontWeight -+ "Bold", FontFamily + "Times",
FontColor - RGEColor{Random[ ], Random[ ], Random[ ]]],
{0, 0}1]1, ImageSize » {650, 100}];

"Graphics of orr distribution";

polarstressl = CylindricalPlot3D[ stressexr,
{r, minimme@r, maximum@r}, {theta, minimme@¢, maximmes},
AnbientIight -» RGBColor[l, 1, 0],
AspectRatio 0.7,
Axes - True,
AxesEdge -» {{-1, -1}, {1, -1}, {-1, -1}}.,
AxesLabel » {"x (m)", "y {m)", "o rr (MPa)"},
AxesStyle » {AbsoluteThickness[l], RGBColer[0, 1, 0]},
Background -» RGBColox[0.8, 1, 1],
Boxed -+ True,
BoxRatiocs » {1, 1, 0.7},
BoxStyle » {AbscluteThickness[1] , RGBColoxr[0, 1, 0]},
ColorOutput -» Automatic,
Defaul tColor -+ RGRColor[0, 0, 0],
Display¥unction -+ Identity,
FaceGrids » None,
FormatType -+ 5FormatType,
Lighting -» True,
LightSources —+ {},
Plotlabel -+ None,
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PlotPoints -» 20,

PlotRange -+ Automatic,

PlotRegion » {{0.05, 0.95}, {0, 1}},

Shading -+ True,

TextStyle » {FontFamily - "Symbol", Fontslant -» "Italic", FontSize » 10},
Ticks -» Automatic, '

ViewCenter -» Automatic,

ViewPoint - {1.3, -2.4, 2}]-;

"Graphics of o099 distribution";

polarstress2 = CylindricalPlot3D| stress@es,
{r, minimume@r, maximmer}, {theta, minimmees, maximmee},
AmbientILight - R@BColor[l, 1, 0],
AspectRatio=- 0.7,
Axes - True,
AxesEdge » {{-1, -1}, {1, -1}, {-1, -1}},
Axeslabel - {"x (m)", "y (m)", "o 6@ (MPa)"},
AxesStyle » {AbsoluteThickness[l], RGEBColox[0, 1, 0]},
Background -+ RGBColor[0.8, 1, 1],
Boxed »+ True,
BoxRaties -+ {1, 1, 0.7}, _
BoxStyle » {AbsoluteThickness|[l], RGEColer [0, 1, 0]},
ColorOutput -» Automatic,
DefaultCelor + RGBColox[0, 0, 0],
DisplayFunction + Identity,
FaceGrids -+ None,
FormatType + $FormatType,
Lighting »+ True,
LightSources ~+ {},
PlotLabel - None,
PlotPoints -+ 20,
PlotRange - Automatic,
PlotRegion - {{0.05, 0,95}, {0, 1}},
Shading -+ True,
TextStyle » {FontFamily - "Symbol", FontSlant »+ "Italic", FontSize -+ 10},
Ticks - Automatic,
ViewCenter -+ Automatic,
ViewPoint - {1.3, -2.4, 2}];

“graphics of tre distribution";

polarstress3 = CylindricalPlot3D[ stressere,
{r, minimme@r, maximmer}, {theta, minimume@s, maximmee},
AnbientLight - RGBColor[1l, 1, 01,
AspectRatio - 0.7,
Axes - True,
AxesEdge -+ {{-1, -1}, {1, -1}, {-1, -1}},
AxesLabel - {"x (m)", "y (m)", "t re (MPa)"},
AxesStyle - {AbsoluteThickness{l], RGBColor[0, 1, 0]},
Background + RGBColor[0.8, 1, 1],
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Boxed » True,

BoxRatios -+ {1, 1, 0.7},

BoxStyle » {AbsoluteThickness[1], RGBColox [0, 1, 0]},
ColoxrOutput -+ Automatic,

Defaul.tColor -» RGBColor[0, 0, O],

Display]:“unctidn -+ Identity,

FaceGrids » None,

FormatType + $FormatType,

Lighting » True,

LightSources - {},

PlotLabel -» None,

PlotPoints - 20,

PlotRange » Automatic,

PlotRegion - {{0.05, 0.95}, {0, 1}},

Shading - True,

TextStyle -+ {FontFamily - "Symbol", FontSlant -+ "Italic", FontSize - 10},
Ticks -» Automatic,

ViewCenter -+ Antomatic,

ViewPoint —» {1.3, -2.4, 2}]:

Show[GraphicsArray[{{polarstressl}, {polarstress2}, {polarstress3}}],
ImageSize » {650, 700}];

Print{]:
Print[]:;

Show [Graphics [Text [
StyleForm[" Strain Distributionn,
FontSize -+ 30, FontWeight -» "Bold", FontFamily ~ "Times",
FontColor -+ RGEColor[Random|[ ], Random[ ], Random|[ ]]1],
{0, 0}]1, ImageSize » {650, 100}];

*@raphics of err distribution";

polarstrainl = CylindricalPlot3D[ strain@rr,
{r, minimme@r, maximmer}, {theta, minimmeée, maximmeo},
AmbientLight + RGBColor{l, 1, 0],
AspectRatio » 0.7,
Axes -+ True,
AxesEdge » {{-1, -1}, {1, -1}, {-1, -1}},
AxesLabel » {"x (m)", "y (m)", "e rxr (u)"},
AxesStyle » {AbsoluteThickness[l], RGBColor[0, 1, O]},
Background -+ RGBColor{0.8, 1, 1],
Boxed -» True,
BoxRatios » {1, 1, 0.7}, .
BoxStyle » {AbsoluteThickness[l], RGBColor[0, 1, 0]},
ColorOutput -+ Automatic,
DefaultColor - RGBColor[0, 0, 0],
DisplayFunction -+ Identity,
FaceGrids -+ None,
FormatType » SFormatType,
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Lighting -+ True,

Lightsources - {},

PlotLabel -» None,

PlotPoints » 20,

PlotRange - Automatic,

PlotRegion -~ {{0.05, 0.95}, {0, 1}},
Shading - True,

TextStyle -+ {FontFamily -+ "Symbol", FontsSlant » "Italic", FontSize » 10},
Ticks -+ Automatic,

ViewCenter -+ Automatic,

ViewPoint » {1.3, -2.4, 2¥];

"Graphics of eg6 distribution";

polarstrain? = CylindricalPlot3D| strainesee,

c{r, ninimmeér, maximme@r}, {theta, minimumees, maximmee},
AmbientlLight » R6BColor([1l, 1, 01, /
AspectRatio- 0.7,

Axes = True,

AxesEdge - {{-1, -1}, {1, -1}, {-1, -1}},

AxesLabel » {"x (m)", "y (m)", "e @6 (u)"},
AxesStyle » {AbsoluteThickness[1l], RGBColor[0, 1, 0]},
Background -+ RGBColoxr[0.8, 1, 1],

Boxed - True,

BoxRatios —+ {1, 1, 0.7},

Béxstyle - {AbsoluteThickness[l] , RGBColor[0, 1, 0]},
ColorOutput - Automatic,

DefaultColor » RGBColor [0, 0, 0],

DisplayFunction » Identity,

FaceGrids -+ None,

FormatType - $Format'1‘ype .

Lighting ~» True,

LightSources -+ {},

PlotLabel + None,

PlotPoints -+ 20,

PlotRange - Automatic,

PlotRegion -» {{0.05, 0.95}, (0, 1}},

Shading + True,

TextStyle - {FontFamily - "Symbol", FontSlant » "Italic", FontSize ~ 10},
Ticks -+ Automatic,

ViewCenter -» Automatic,

ViewPoint —» {1.3, -2.4, 2}]:

"Graphics of yre distribution";

polarstrain3 = CylindricalPlot3D| strainere,
{r, minimmeér, maximumer}, {theta, minimmeée, maximmes},
AmbientLight - RGBColoril, 1, 0],
AspectRatio—» 0.7,
Axes -+ True,
AxesEdge » {{-1, -1}, {1, -1}, {-1, -1}},
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AxesLabel » {"x (m)", "y (m)", "y r@ ()"},
AxesStyle -» {AbsoluteThickness[l], RGBColor[0, 1, 0]}, . ‘
Background + RGBColox [0.8, 1, 1], A
Boxed - True, ‘

BoxRatios-» {1, 1, 0.7},
BoxStyle » {AbsoluteThickness[l], RGBColox [0, 1, 0]},
ColorOutput » Automatic,
- DefaultColor -» RGBColor[0, O, 0],
DisplayFunction -» Identity,
FaceGrids - None,
" FormatType -» $FormatType,
Lighting -» True,
LightSources » {},
PlotLabel - None,
PlotPoints - 20,
PlotRange -» Automatic,
PlotRegion - {{0.05, 0.95}, {0, 1}},
Shading -+ True,
TextStyle -+ {FontFamily - "Symbol", FontSlant -+ "Italic", FontSize » 10},
Ticks ~» Automatic,
ViewCenter - Automatic,
ViewPoint » {1.3, -2.4, 2}];

Show [GraphicsArray({{polarstrainl}, {pelarstrain2}, {polarstrain3}}],
ImageSize » {650, 700}];

Printi{]};
Print[]:;

Show{Graphics[Text|[
StyleForm["Boundary Conditions®,
FontSize - 30, FontWeight - "Bold", FontFamily - "Times",
FontColor + RGBColor [Random[ ], Raridom[ j, Random[}]].,
{0, 0}]], ImageSize » {650, 100}]1;

Print[]:
Print[]:

Which [
maximmeg - minimmee == 2 Pi,
r =minimumer;
Print["Stress at the Boundary r = ", r, " m"];
Print[]:

Print["orr at r
Print["tre at r

", r," mis ", stresserr, " MPa"];
", r," mis ", stress@re, " MPa"];
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"Graphics of grr at r = minimumer";

circulardiskboundaryl = Plot[

If[-10"-6 < stress@rr < 10" -6, 0, stress@rr], {theta, minimumes, maximme
AspectRatio - 0.8,
Axes -» False,
AxesLabel - None,
AxesOrigin -+ Automatic,
AxesStyle - None,
Background - RGBColor([0.8, 1, 1],
ColorOutput -+ Automatic,
DefaultColor -+ RGBColoxr[0, 0, 0],
DisplayFunction - Identity,
FormatType + $FormatType,
Frame -+ True,
Framelabel -+ {"6 (rad)", "normal stress (MPa)"},
FrameStyle -+ {AbsoluteThickness[1l] , RGBColoxr{0, 0, 0]},
FrameTicks -+ {{0, Pi/2,Pi, 3Pis2, 2Pi}, Automatic, None, None},
Gridlines -+ {{0, P1/2,Pi, 3Pi /2, 2Pi}, Automatic},
MaxBend - 10,
PlotDivision - 20,
PlotLabel -+ None,
PlotPoints » 15,
PlotRange -+ Automatic,
PlotRegion- {{0, 0.95}, {0, 0.95}},
PlotStyle » {AbsoluteThickness|[3] , RGBCelox[1l, 0, 0]},
Rotatelabel -» True,
TextStyle - :

{FontFamily - "Symbol", FentSlant - "Italic", FontSize -+ 10},

Ticks » Automatic]:

"Graphics of tre at r = minimumer":;

circulardiskboundary2 = Plot][
If[-10~-6 < stress@re<10*-6, 0, stressere], {theta, minimmeée, maximume
AspectRatic - 0.8,
Axes - False,
Axgsl.abel -+ None,
AxesOrigin + Automatic,
AxesStyle - None,
Background -» RGBColor([0.8, 1, 1],
ColorOutput -» Automatic,
DefaultColor —» RGBColor ([0, 0, 0],
DisplayFunction -+ Identity,
FormatType - $FormatType,
Frame -+ True,
Framelabel -+ {"e (rad)", "shear stress (MPa)"},
Frame$tyle -+ {AbsoluteThickness[1], RGBColor[0, 0, 0]},
FrameTicks » {{0, Pi/2, Pi, 3Pi/2, 2Pi}, Automatic, None, None},
Gridlines -» {{0, Pi/2,Pi, 3Pi/2, 2Pi}, Automatic},
MaxBend » 10 .
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PlotDivision— 20,
PlotLabel -+ None,
PlotPoints -+ 15,
PlotRange » Automatic,
PlotRegion » {{0, 0.95}, {0, 0.95}},
PlotStyle -+ {AbsoluteThickness[3] , RGBColorx(l, 0, 0]},
RotatelLabel ~ True,
TextStyle »
{FontFamily - "Symbol", FontSlant » "I talic", FontSize -+ 10},
Ticks -+ Automatic];

Show[GraphicsArray[
{¢irculardiskboundaryl, circulardiskboundary?2}], ImageSize » {500, 250}];

r=.;

Print[]:
Printf(]:

r = maximm@r;

Print["Stress at the Boundary r

!"r’!l ml‘]; -
Print[];

Print["orr at r
Print{"rre at r

", r,"™m is ", stress@rr, " MPa"];
",r,"mis ", stress@rg, " MPa"};

"Graphics of orr at r = maximmer";

circulardiskboundary3 = Plot]
If[-10"-6 < stress@rr <10*-6, 0, stress@rr], {theta, mininum@s, maximme
AspectRatio- 0.8,
Axes -» False,
AxesLabel -+ None,
AxesOrigin - Automatic,
AxesStyle -+ None,
Background -+ RGBColox[0.8, 1, 1],
Coloroutput -» Automatic,
Defaul tColor - RGBColor[0, 0, 0],
DisplayFunction + Identity,
FormatType -+ $FormatType,
Frame - True,
FrameLabel -+ {"& (rad)", "normal stress (MPa}"},
FrameStyle + {AbsoluteThickness([1] , RGBColox ([0, O, 0]},
FrameTicks -+ {{0, Pi/2,Pi, 3Pi/f 2, 2Pi}, Automatic, None, None},
Gridlines + {{0, Pi/f2, Pi, 3Pi /2, 2Pi}, Automatic},
MaxBend - 10,
PlotDivision-~ 20,
PlotLabel -» None,
PlotPoints -+ 15,
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PlotRange -+ Automatic,
PlotRegion -+ {{0, 0.95}, {0, 0.95}}%,
PlotStyle -+ {AbsoluteThickness[3], RGBColox[1, 0, 0]},
RotateLabel -» True,
TextStyle -

{FontFamily » "Symbol", FontSlant -+ "Italic", Font8ize » 10},
Ticks - Automatic] ;

"Graphics of tr6 at r = maximumer";

circulardiskboundary4 = Plot]| .
If[-10"-6 < stress@re <10~ -6, 0, stresse@re], {theta, minimmese, maximme
AspectRatio -+ 0.8, :
Axes -» False,
Axesl.abel -+ None,
AxesOrigin - Automatic,
AxesStyle - None,
Background + RGBColor[0.8, 1, 1],
ColoxrOutput -+ Automatic,
DefaultColor -» RGBColox[0, O, 0],
DisplayFunction —+ Identity,
FormatType » $FormatType,
Frame -» True,
FrameLabel -+ {"@ (rad)", "shear stress (MPa)"},
FrameStyle - {AbsoluteThickness[l1], RGECelox[0, 0, 01},
FrameTicks - {{0, Pi/2,Pi, 3Pi /2, 2Pi}, Automatic, None, None},
Gridlines » {{0, Pi/2, Pi, 3Pi /2, 2Pi}, Automatic},
MaxBend - 10, '
PlotDivision - 20,
PlotLabel -+ None,
PlotPoints =+ 15,
PlotRange - Automatic,
PlotRegion- {{0, 0.95}, {0, 0.95}},
PlotStyle -» {AbsoluteThickness[3] , R&BColor[l, 0, 0]},
RotateLabel -+ True,
Textstyle -+
{FontFanily - "Symbol", FontSlant » "Italic", FontSize » 10},
Ticks -» Automatic];

Show [GraphiésArray [
{circulardiskboundary3, circulardiskboundary4}], ImageSize - {500, 250}]

;
mpaximm@sd - minimmee == Pi,

theta = maxinmume@e;

stressegl = stress@es;

stressrgl = stresse@rg;

theta =z minimmees;
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stresse62 = stress@ee /. r -+ -r;
stressr62 = stress@re /. r- -x;

MaAXr = paximume@r;

minr = minimmer;
Print["Stress at the Straight Boundary"]:
Printf]:;

Print["eoee at ¥y » 0 is ", stresseel, " MPa"];
Print["oee at ¥y < 0 is ", stressee2, " MPa"];
Print["tre at ¥ » 0 is ", stressrel, " MPa"];
Print["tre at ¥ < 0 is ", stressre2, " MPa"];

"Graphics of ¢g96 at halfplane boundary"; -

halfplaneboundaryl = Plot {Which[r < -minr,
If[-10"-6 < stressgee2 <107-6, 0, stressgo2], -minr < r <minr, 0, minr < r,
If[-10~-6 < stress68l < 10" -6, 0, stressesl]}, {r, -maximmer, maximmer}
AspectRatio -+ 0.8,
Axes » False,
AxesLabel - None,
AxesQrigin -» Automatic,
AxesStyle -» None,
Background -» RGEColox[0.8, 1, 1},
Coloroutput -+ Automatic,
DefaultColoxr -+ RGBColor{0, 0, 0],
DisplayFunction -+ Identity,
FormatType » $FormatType,
Frame -» True,
FrameLabel -» {"y (m)", "normal stress (MPa)"},
FrameStyle » {AbsoluteThickness[1l] , RGBCeolox[0, 0, 0]},
FrameTicks + Automatic,
Gridiines - Automatic,
MaxBend - 10,
PlotDivision— 20,
PlotLabel —+ None,
PlotPoints » 15,
PlotRange -+ Automatic,
PlotRegion- {{0, 0.95}, {0, 0.95}},
PlotStyle + {AbsoluteThickness[3], RGBColox[l, 0, 0]},
RotatelLabel -+ True,
TextStyle -
{FontFamily -+ "Symbol" , FontSlant » "Italic", FontSize - 10},
Ticks - Automatic];

"Graphics of tro at halfplane boundary";

halfplaneboundary2 = Plot{Which{[r < -minr, '
If[-10%-6 < stressro2 < 10" -6, 0, stressre2], -minr s r sminr, 0, minr < r,
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If[-10"-6 < stressrel < 10" -6, 0, stressrol]], {r, ~maximmeér, maximmer}
AspectRatio - 0.8,
Axes ~» False,
AxesLabel -+ None,
AxesOrigin - Automatic,
AxesStyle -» None,
Background » RGBColor[0.8, 1, 1],
ColorOutput » Automatic,
DefaultColor -+ RGBColoxr [0, 0, 0],
DisplayFunction -» Identity,
FormatType -» $FormatType,
Frame =+ True,
FrameLabel » {"y {m)", "shear stress (MPa)"},
FrameStyle -+ {AbscluteThickness[1l]) , RGBColoxr]0, 0, 0]},
FrameTicks +» Automatic,
GridLines -+ Automatic,
MaxBend - 10,
Plotbhivision - 20,
PlotLabel - None,
PlotPoints » 15,
PlotRange -+ Automatic,
PlotRegion » {{0, 0.95}, {0, 0.95}},
Plotstyle -+ {AbsoluteThickness[3], RGBColor[l, 0, 0]},
RotateLabel » True,
TextStyle »
{FontFamily -+ "Symbol", FontSlant -» "Italic", Fontsize » 10},
Ticks -» Autematic];

Show[GraphicsArray[
{halfplaneboundaryl, halfplaneboundary2}], ImageSize -+ {500, 250}];

theta=.;,

maxiﬁum@e -minimmes > 0,

r = minimume@r;

Print["Stress at the Boundary r = ", r, " m"];
Print(];

Print["orxr at r

", r,"mis ", stress@rxr, " MPa"];

Print["tre at r ", r,"mdis ", stresse@ére, " MPa"}l;

"Graphics of orr at r = minimumer";

sectorboundaryl = Plot|
If{-10*-6 < stress@rr<10"-6, 0, stress@rr], {theta, minimmes, maximme
AspectRatio - 0.8,
Axes - False,
AxesLabel - None,
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AxesOrigin - Automatic,
AxesStyle -+ None,
Background - RGBColor([0.8, 1, 1],
ColoroOutput - Automatic,
DefaultColor -+ RGBCeloxr [0, 0, 0],
bisplayFunction - Identity,
FormatType -+ $FormatType,
Frame -» True,
FrameLabel - {"@ (rad)", "normal stress (MPa)"},
FrameStyle -» {AbsoluteThickness[1l] , RGBColox[0, 0, 0]},
FrameTicks -» Automatic,
Grididines - Automatic,
MaxBend - 10,
PlotDivision =+ 20,
PlotLabel » None,
PlotPoints » 15,
PlotRange -+ Automatic,
PlotRegion- {{0, 0.95}, (0, 0.95}},
PlotStyle -+ {AbsoluteThickness([3] , RGBColor([l, 0, 0]},
RotateLabel + True b
TextStyle -»
{FontFamily - "Symbol", FontSlant +» "Italic", FontSize » 10},
Ticks -+ Automatic}: ‘

"Graphics of tro at r = minimumer";

sectorbound.axyz = Plot[
If[-107-6 < stress@re <10~ -6, 0, stress@re], {theta, minimmes, maximime
' AspectRatic -+ 0.8,
Axes » False,
AxesLabel - None,
AxesOrigin -+ Automatic,
ExesStyle » None,
Background -+ RGRColox[0.8, 1, 1],
ColorOutput » Automatic,
DefaultColor + RGBCelor[0, ¢, 0],
Di splayFunction - Identity,
FormatType -» $FormatType,
Frame -» True,
FrameLabel - {"& (rad)", "shear stress (MPa)"},
FrameStyle -+ {AbsoluteThickness[1l] , RGBColor[0, 0, 0]},
FrameTicks » Automatic,
Gridldines -+ Automatic,
MaxBend -+ 10,
PlotDivision —» 20,
PlotLabel - None,
PlotPoints < 15,
PlotRange - Automatic,
PlotRegion-» {{0, 0.95}, {0, 0.95}},
PlotsStyle » {AbsoluteThickness{3], RGBColor[l1l, 0, 0]},
RotateLabel - True,
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TextStyle -
{FontFamily - "Symbol", FontSlant » "Italic", FontSize » 10},
Ticks » Automatic];

Show[GraphicsArray |
{sectorboundaryl, sectorboundary2}], ImageSize - {500, 250}];

Print(];
Print{}:

r = maximmer;
Print["Stress at the Boundary r = ", r, " m"];
Printl]:

Print["orxr at r»
Print["tre at =x

",xr,"mis ", stress@rr, " MPa"];
, " mis ", stressere, " MPa"];

n
R

' "Graphics of orr at r = maximtm@:r:"}

sectorboundary3 = Plot|[

If[-10"-6 < stress@rr < 10*-6, 0, stress@rr], {theta, minimmee, maximme
AspectRatio~» 0.8,
Axes -+ False,
AxesLabel - None,
AxesOrigin - Automatic,
AxesStyle » None,
Background -+ RGBColor[0.8, 1, 17,
ColorOutput - Automatic,
DefanltColor - RGBColoxr [0, O, 0],
DisplayFunction -+ Identity,
FormatType - $FormatType,
Frame -+ True,
FrameLabel + {"@ (rad)", "normal stress (MPa)"},
FrameStyle -» {AbsoluteThickness[1l] , RGBColor[0, 0, 0]},
FrameTicks »+ Automatic,
Gridldines -» Automatic,
MaxBend - 10,
PlotDhivision- 20,
PlotLabel - None,
PlotPoints -+ 15,
PlotRange -+ Automatic,
PlotRegion -~ {{0, 0.95}, {0, 0.95}},
PlotStyle -+ {AbsoluteThickness|[3], RGBColor[l1l, 0, 0]},
RotatelLabel -+ True, ‘
Textstyle »

{FontFamily -» "Symbol”, FontsSlant » "Italic", Fontsize + 10},

Ticks » Automatic];
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*Graphics of Tre at r = maximumer":

sectorboundary4 = Plot| :
If[-10"-6 < stress@re<10"-6, 0, stress@re], {theta, minimmes, maximme
AspectRatio » 0.8,
Axes - False,
AxesLabel - None,
AxesOrigin -+ Automatic,
AxesStyle +» None,
Background -» RGRColor[0.8, 1, 1},
Coloroutput -+ Automatic,
Dbefaul tColor + RGBColorx [0, 0, 4],
DisplayFunction + Identity,
FormatType » $SFormatType,
Frame - True,
FrameLabel - {"& (rad)", "shear stress (MPa)"},
FrameStyle - {AbsoluteThickness[1], RGBColor([0, 0, 0]},
FrameTicks -+ Automatic,
GridLines + Automatic,
MaxBend - 10,
Plotbhivision » 20,
PlotLabel - None,
PlotPoints + 15,
. PlotRange —» Automatic,
PlotRegion -+ {{0, 0.95}, {0, 0.95}},
Plotstyle » {AbsoluteThickness[3], RGBColor[l, 0, 0]},
Rotatelabel -+ True, A
TextStyle -»
{FontFamily - "Symbol", FontSlant » "Italic", FontSize - 10},
Ticks -+ Automatic];

Show[GraphicsArray|[
{sectorboundary3, sectorboundary4}], ImageSize » {500, 250}];

Print[];
Print[];

theta = minimmee;
Print["Stress at the Boundary @ = ", theta, " rad" ];

Print[]:

1]

Printf"ose at & ", theta , " rad is ", stress@es, " MPa"];
Print["tre at @ = ", theta, " rad is ", stressers, " MPa"];

*"Graphics of o9 at theta = minimum@e";
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sectorboundaryb =

Plot[If[-10" -6 < stress@ee < 10"-6, 0, stress@eg], {r, minimmer, maximme
AspectRatic -+ 0.8,
Axes -+ False,
AxeslLabel - None,
AxesOrigin » Antomatic,
AxesStyle - None,
Background -» R€BColoxr[0.8, 1, 1],
Coloroutput » Automatic,
DefaultColor -» RGBColor[Q, 0, 0],
DisplayFunction - Identity,
FormatType -+ SFormatType,
Frame -» True,
FrameLabel » {"r {(m)", "normal stress (MPa)"},
FrameStyle » {AbscluteThickness|[1l] , RGBColox[0, 0, 0]},
FrameTicks -+ Automatic,
GridlLines - Automatic,
MaxBend -» 10,
PlotDhivision —» 20,
Plotlabel - None,
PlotPoints -+ 15,
PlotRange -» Automatic,
PlotRegion-» {{0, 0.95}, {0, 0.95}},
PlotStyle » {AbsoluteThickness{3], RGBColor[l, 0, 0]},
Rotatelabel » True,
TextsStyle »

{FontFamily - "Symbol", FontSlant » *Italic", FontSize -» 10},

Ticks - Automatic}; '

"Graphics of tre at theta = minimmee";

sectorboundary6 =
Plot[If[-10"-6 < stress@x6 <10"-6, 0, stressers], {r, minimmeér, maximme
AspectRatio » 0.8,
Axes - False,
AxesLabel » None,
AxesOrigin » Automatic,
AxesStyle -» None,
Background -+ RGBColorf0.8, 1, 1],
ColorOutput -» Automatic,
Defaul tColor » RGBColor (0, 0, 0],
DisplayFunction + Identity,
FormatType -+ $FormatType,
Frame -+ True,
Framelabel - {"r (m}", "shear stress (MPa)"},
FrameStyle - {AbsoluteThickness[1] , RGBColor{0, 0, 0]},
FrameTicks -» Automatic,
GridLines -» Automatic,
MaxBend -+ 10,
PlotDivision —» 20,
PlotLabel -» None,
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PlotPoints » 15,
PlotRange - Automatic,
PlotRegion - {{0, 0.95}, {0, 0.95}},
PlotStyle » {AbscluteThickness{3], RGBColor[l, 0, 0]},
RotateLabel -+ True,
Te:ﬁtstyle -+
{FontFamily -+ "Symbol", FontSlant - "Italic", FontSize » 10},
Ticks - Automatic]

Show [Graphicsarray |
{sectorboundary5, sectorboundaryé6}], ImageSize » {500, 250}];

theta =.;

Print{]:
Print[];

thetz = maximumes;
Prin{:["stress at the Boundary © = ", theta, " xad" ]:
Print{];

Print["cee at @ = ", theta , " rad is ", stress@eg, " MPa"];
Print["rre at € = ", theta , " rad is ", stress@re, " MpPa"];

"Graphics of ¢@@ at theta = maximume@e";

sectorboundary’? = ‘
Plot[If[-10" -6 < stress@oe < 10"-6, 0, stresse@88], {r, minimmer, maximme

AspectRatic » 0.8,

Axes - False,

AxesLabel + None,

AxesQrigin »+ Automatic,

AxesStyle » None,

Background + RGBColox[0.8, 1, 1],

Coloroutput -+ Automatic,

DefaultColoxr » RGBColox [0, 0, 0],

Display]i‘uncﬁion ~+ Identity,

FormatType -+ $FormatType,

Frame -» True,

FrameLabel » {"x (m)", "normal stress (MPa)"},

FramesStyle + {AbsoluteThickness[1l] , RGBColoxr{C, O, 0]},

FrameTicks - Automatic,

Gridlines -» Automatic,

MaxBend - 10,

PlotDivision—» 20,

PlotLabel - None,

PlotPoints - 15,

PlotRange -+ Automatic,

PlotRegion- {{0, 0.95}, {0, 0.95}},
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PlotStyle » {AbscluteThickness[3] , RGBColor[l, 0, 0]},
RotatelLabel + True,
TextStyle —»

{FontFamily - "Symbol" , FontSlant » "Italic", FontSize » 10},
Ticks - Automatic];

"Graphics of rre at thetza = maximomeo";

sectorboundary8 =

Plot[If[-10"-6 < stress@re <10"~-6, 0, stress@re], {r, minimmeér, maximme
AspectRatio + 0.8,
Axes - False,
AxesLabel - None,
AxesOrigin -» Automatic,
AxesStyle -» None,
Background -» RGBColor[0.8, 1, 1],
ColorOutput » Automatic,
DefaultColor -+ RGBColoxr{[0, 0, 0],
DisplayFunction » Identity,
FormatType - $FormatType,
Frame -+ True,
FramelLabel - {"r (m)", "shear stress (MPa)"},
FrameStyle -+ {AbsoluteThickness[1], RGBColox{0, O, 0]},
FrameTicks - Automatic,
Gridlines -+ Automatic,
MaxBend - 10,
PlotDhivision » 20,
PlotLabel - None,
PlotPoints » 15,
PlotRange -+ Automatic,
PlotRegion - {{0, 0.95}, {0, 0.95}},
PlotStyle -+ {AbsoluteThickness[3] , REBColor[1, 0, 0]},
RotatelLabel -» True,
TextStyle - .

{FontFamily -+ "Symbol", FontSlant » "Italic", FontSize - 10},

Ticks -» Automatic];

Show[GraphicsArray [
{sectorboundary7, sectorboundary8}], ImageSize » {500, 250}];

theta=.

csr = Sort[Select[Select[csr, # » minimum@rs] , #  flaximumeérs] , Less] ;
cs6 = Sort[Select[Select[cse, # » minimmess] , # < maximumeeiL] , Less] ;
If[

csr=l={}{| cse=1= {}.
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Print|];
Print[j ;
Show [Graphics [Text[
StyleForm|["Considered Section",
FontSize -+ 30, FontWeight -+ "Bold", FontFamily ~» "Times",
FontColor - RGBColor[Random|[ ], Random | ], Random| ]]].,
{0, 0}1], ImagesSize -+ {650, 100}];

Xf{

Do

r=csx[[i]];

Print[];

Print[]:

Print["Stress at the Section r = ", r, " m" ];
Print[]:

Print|"ocrr at r = ", r, " m is ", stress@rr, " MPa"];
Print["tre at r = ", r, " m is ¥, stress@xre, " MPa"];

"Graphics of orr at r

n

esr[[i]]";

polarsectionl = Plot [If[-10"-6 < stress@rr < 10" -6, 0, stresse@rr],
{theta, minimmee, maximme@s}, ' ‘
AspectRatio » 0.8,
Axes -+ False,
AxesLabel -» None,
AxesOrigin - Automatic,
AxesStyle —+ None,
Background » RGRColox[0.8, 1, 17,
ColorOutput » Automatic,
DefaultColor - RGBColor[0, 0, 0],
DisplayFunction - Identity,
FormatType » $FormatType,
Frame -» True,
FrazﬁeLabel -+ {"& (rad)", "normal stress (MPa)"},
FramesStyle » {AbscluteThickness[1], RGBColor [0, 0, 0]},
FrameTicks » Which[maximm@e -mininnme@e ==2P°Pi, {{0, Pi/2, Pi,
3pi/2, 2pri}, Automatic, None, None}, maximme@e - minimum@e == Pi,
{{0, Pis4,Pif2,3Pi/4, Pi}, Automatic, None, None},
maximmee - minimmeeo » 0, Automatic],
GridLines » Which[
maximme@es - minimumes ==2Pi, {{0, Pi/2, Pi, 3Pi/2, 2Pi}, Automatic},
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maximm@e - minimume@e ==Pi, {{0, Pi/4,Pi/2,3Pi/4, Pi}, Automatic},
maximmes -~ minimmee » 0, Automatic], ’
MaxBend - 10,
PlotDivision - 20,
PlotLabel - None,
PlotPoints -» 15,
PlotRange + Automatic,
PlotRegion -+ {{0, 0.95}, {0, 0.95}},
PlotsStyle » {AbsoluteThickness[3], RGEBColox[1l, 0, 0]},
Rotatel.abel -» True,
TextStyle = ‘
{FontFamily - "Symbol", FontSlant » "Italic", FontSize » 10},
Ticks - Automatic];

"Graphics of tr@ at r = esr{[i]]";

polarsection? = Piot{If[-10" -6 < stress@re < 10" -6, 0, stressero],
{theta, minimme@e, maximumes} ,

AspectRatio -» 0.8,

Axes -+ False,

AxesLabel -» None,

AxesOrigin - Automatic,

AxesStyle » None,

Background - RGBColor[0.8, 1, 1],

ColorCutput - Antomatic,

DefaultColor -» RGBColoxr ([0, O, O] ,

Display¥unction -+ Identity,

FormatType » $FormatType,

Frame - True,

FrameLabel » {"® (rad)", "shear stress (MPa)"},

FrameStyle » {AbsoluteThickness{1l], RGBColox[0, 0, 0]},

FrameTicks - Which[maximmee - minimm@e == 2Pi, {{0, Pi/2, Pi,

3Pi/2, 2Pi}, Automatic, None, Nene}, maximume@e - minimumee == Pi,

{{o, Pi/f4,Pi/f2, 3Pi/ 4, Pi}, Automatic, None, None},
maximum@6 - minimmeée > 0, Automatic],

GridLines -» Which|[
maximum@s - minimmee==22i, {{0, PL/2,Pi, 3Pi/2, 2Pi}, Automatic},
maximmme@s - minimmeo ==Pi, {{0, Pi/4,Pi/2,3Pi/4, Pi}, Automatic},
maximmee - minimmee » 0, Automatic],

MaxBend -+ 10,

PlotDivision-+ 20,

PlotLabel -+ None,

PlotPoints » 15,

PlotRange » Automatic,

PlotRegion ~» {{0, 0.95}, {0, 0.95}},

PlotStyle -+ {AbsoluteThickness[3], RGBColor[1l, 0, 0]},

Rotatelabel - True,

TextStyle -+ .

{FontFamily - "Symbol", FontSlant <+ "Italic", FontSize -» 10},
Ticks -+ Automatic];
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Show{ .
GraphicsArray [ {polarsectionl, polarsection?}], ImageSize » {500, 250}];

setequations = {stress@rr, stressere};

86max = maAximme e;
é6min = minimmee;

pixelnumberoe = 32;

Dol
equation = setequations|[[k]] ;
theta = @6min;

maxvalue = equation;
minvalue = equation;

gemaxvalue = theta;
esminvalue = theta;

Do{
theta = gomin + (@gmax - gemin) j / pixelnumberss;
If[
equation » maxvalue,
maxvalue = equation; é8maxvalue = theta
1;
If[
equation < minvalue,
minvalue = equation; eésminvalue = theta
I,
{i, 0, pixelnumberee}
17
If[
gemaxvalue =1= egmax && 6maxvalue =1 = gemin,

eéemaxbox = eémaxvalue - (86max - §6min) / pixelnumberee;
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Dol
theta = @6maxbox + (6max - 66min) 2 j / pixelnumberee~2;
If[
equation > maxvalue,
maxvalue = equation
1,

{j, 0, pixelnunmberea}

=
eeminvalue =| = gémax L& eeminvalue =| = gomin,
geminbox = @eminvalue - (66max - 66min) / pixelnumberes;
Do|
theta = #6minbox + (¢6max - 66min) 2 j / pixelnumberge”~ 2;
If[
equation < minvalue,
minvalue = equation
I,

{j, 0, pixelnumbereg}

1;

mav [k] = ¥[maxvalue];
miv[k] = N[minvalue];

theta=.,

{k, 1, Length[setequations]}

1:
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Print["Maximum and Minimm Stress"];
Print[]:;

", mav[1l], " M:Pa"]}
n N mav[z] . n ma“] ;

Print{"orr max
Print["rx& max

Print[];

Printf"orr min

v, miv[1i], * MPa"];
", miv([2], * MPa"];

Print["tre min

, {i, 1, Lengthicsr]}

If]
csé =1= {},
Do|
theta = ese[[i]];

Print{]:;
Print[]:;

Print["Stress at the Section @ = ", theta, " rad"];
Print[];

Priﬂt{"cee at @ = ", theta, " rad is ", stress@see, " MPa"]:
Print{"tre at @ = ", theta , " rad is ", stress@re, " MPa"];

"Graphics of o8& at @ = cse[{i]]":

polarsection3 = Plot|
If[-10"-6 < stress@ee < 10"~-6, 0, stressee9], {r, minimmer, maximmer}
AspectRatic -+ 0.8,
Axes - False,
AxesLabel -+ Hone,
AxesOrigin - Autcmatic,
AxesStyle -» None,
Background » RGBColoxr[0.8, 1, 1],
ColorOutput -+ Automatic,
befaultColor » RGBColor{0, 0, 0],
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DisplayFunction -+ Identity,
FormatType + $FormatType,
Frame - True,
FrameLabel » {"r (m)", "normal stress (MPa)"},
FrameStyle -» {AbsoluteThickness[1], RGBColox ([0, O, 0]},
FrameTicks » Automatic,
Gridlines + Automatic,
MaxBend - 10,
PlotDhivision -+ 20,
PlotLabel -+ None,
PlotPoints -+ 15, :
PlotRange + Automatic, .
PlotRegion - {{0, 0.95}, {0, 0.95}},
PlotStyle - {AbsoluteThickness [3], RGBColor[l, 0, 0]},
RotatelLabel » True,
TextStyle -+ '
{FontFamily + "Symbol", FontSlant -» "Italie", FontSize » 10},
Ticks - Automatic] ;

"Graphics of tre at 6 = cse[[di]l";

polarsectiond = Plot|

IE[-10"-6 < stress@rg < 10"-6, 0, stressere], {r, minimmer, maximma@r}
AspectRatio -+ 0.8,
Axes —+ False,
AxesLabel - None,
AxesOrigin ~+ Automatic,
AxesStyle - None,
Background - RGBColor[0.8, 1, 1],
ColorxCutput » Automatic,
DefaultCeolor - RGBColor[0, 0, O],
DisplayFunction - Identity,
FormatType - $§FormatType,
¥Frame - True,
FrameLabel -» {"r (m)", "shear stress (MPa)"},
FrameStyle -+ {AbsoluteThickness{l], RGBColoxr[0, O, 0]},
FramaTicks -+ Automatic,
Gridlines -+ Automatic,
MaxBend - 10,
PlotDivision - 20,
PlotLakbel - None,
PlotPoints - 15,
PlotRange -» Automatic,
PlotRegion- {{0, 0.95}, {0, 0.95}},
PlotStyle » {AbsoluteThickness[3], R@iGolor([l, 0, 0]},
Rotatelabel -+ True,
TextStyle -

{FontFamily - "Symbol", FontSlant - "Italic", FontSize » 10},

Ticks - Automatic];

Show|
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GraphicsArray[{polarsection3, polarsectiond}], ImageSize +» {500, 250}];
setequations = {stress@es, stresse@re};

rrmax = maximumn@r;
rroin =minimumer;

pixe.slnmnberrr = 32;

Do
equation = setequations[[k]];
¥ = rrmin;

maxvalue = equation;

minvalue = equation;
,

rrmaxvalue = r;
rrminvalue = r;

Do
r = rrmin + {rrmax - rrmin) j/ pixelnumberrr;
I£][
equation » maxvalue,
maxvalug = equation; rrmaxvalue = r
1:
If[
equation < minvalue,
minvalue = equation; rrminvalue=r
i
{j, 0, pixelnumberrr}
1:
IE[
rrmaxvalue =!= rrmax && rrmaxvalue =)= rrmin,

rrmaxbox = rrmaxvalue - (rrmax - rrmin) / pixelnumberrr;
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Do
r = rrmaxbox + (rrmax - rrmin) 2 j / pixelnumberrr”2;
Crf]
_ equation » maxvalue,
maxvalue = equation
1,

{3, 0, pixelnumberrr}

I:
I£(
rmj.nvalue =!= rrmax && rrminvalue == rrmin,
rraminbox = rrminvalue - (rrmax - rrmin) / pixelnumberrr;
Do
r = rroinbox + (Xrmax - rrmin) 2 j / pixelnunberrr*2;
If]
equation < minvalue,
minvalue = equation
1,

{3, 0, pixelnumberrr}

mav [k] = N[maxvalue];
miv[k] = N[minvalue];

{k, 1, Length[setequations]}

1:
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Print["Maximum and Minimum Stress"];
Print[]:

", mav[l], " MPa"};
", mav[2], " MPa"];

Print["o88 max
Print["rr& max

Print[]:;

Print["¢6e min
Print["rre min

", miv[l]}, " MPa"];
", miv[2], " MPa"];

, {i, 1, Length[cse]}
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degpolynomial

o e e o 17 ’ o ae o ] rar v
AatuiurasisidunasAuluglinglulleayn q duduifidy sansgesiaidunanmduda 2xy
+ 3xy? + x° azléidn degpolynomial = {2, 3, 5% B MANNTIRNNATUANARlLEmanTaq

Twaludealfinuus degpolynomial = { };

const@poly[1]-const@poly(4]

] & o ° e Py o
AeAfuiler@nsansaumsindludlesdinile 4 4 sbusnFaemusifusessuiuaesiouls x an

wnlutiaenauaunag

d = E( const@poly[1]x" +

n=2

—1)

const@poly[21x "y +

const@poly[31x" 'y +

const@poly[4]x"y’ +

—4)

const@poly[51x "y’ +

const@poly[n]xy™ " +

const@poly[n—+1]y" ) KN

§wiumndulsrdnirassunsivaludlealuvenfinndy 4 Tdsunsuassinnsnuanidn
FutlsrRvFimsathuaddaednlui@® lunistiournaes const@polyl1]-const@polyl4] Tusansiwali
Fesusiazdusy ssdastleuvdntesirdudssing Inseiunsnaasdusulusonds degpolynomial
Fagidid aNNNFTRIRIITUARNMANAS 2+ y+3y +5x Y -0.5y°

degpolynomial = {2, 3, 5}

const@poly[1] = {2, 0, Ok



143

const@poly[2] = {0, 1, O}
const@poly[3] = {0, 0, O};
const@polyl(4] = {0, 3, 5k

const@four] 1]-const@four(8]

' £ rar -
AaAndaLseBns lusunisaasieifuanadiuluglaasaynsuyFasanannis

o= E(( const @ four[1jcosh[ay] +

const @four[2]sinh[oy] +

const @four[3]aty coshlay] -+

const @four[4]ay sinh[aty] )cos[ax] +
(const@four[S]cosh[ay] +

const @ four[6]sinh{oy] +

const@four{7]ay coshlay] +

const @ four[8]ay sinh[ay] ) sinfax] ) kN

lunstteuduilsz@nsusiazmanaunsodeulfer lugdaesiouds n 1Hidu const@four[1] = 1 /

J ' -
n: laefidn o = n7t /7 Avnuene lufisnae x

minimum@summation@rec
maximum@summation@rec

1
a9 a

AaAGERuLaTAgaiETawuLs n TuanmszasienduaouduluglaeseaynsayFas

e@of@problem

Aagluuvafisassiigmiusruusesfinueendy
tleyuuuumuATanzuY
type@of@problem@rec = 1;

ThyMuLIIAINLALI TN

type@of@problem@rec = 2;
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oung@modu@rec

AeAdenlugialumloe Gpa

shear@modu@rec

-

AnAdeflugdalumios Gpa

oisson@ratio@rec

o

Aadnsdauansiaaag

minimum@x
maximum@x
minimumi@y
maximum@y

o o e . doa d8 o ¥
AeseLiamzesdanTifiatsod umireiuss Saluitlaziiuuali x>>y

coordinaterec

o e GJ ] - a i 1
AefifinaetqafidaantmmeuAiesdilsznaua s duuaasilsznaumanaaieas lumbosmsidu
= el A = 1] . kg L]
AfpAdaniRatsanfAe (x y) = (0, 0), (1, 1) a¥ld91 coordinaterec = {(0, 0), (1, 1)} @l

Aean1snsuAn Al sznauAsAukezesilsznauamataaiqale o Widawuea coordinaterec
={k

P | o o - o e : o a ; o
ﬁﬂWﬂ@l'ﬂ?‘Ju'}ﬁﬂ]ﬂ\'!“ﬁ']mﬂﬂﬁﬂﬁﬂqﬁ‘wqq?m'\ﬂﬂﬂﬁLlnu X BAZUNK ¥y AN IMLILTN r;i"aﬁmi‘wms{m
v oo w o ool & . o 2
ANALTREGR x = 5,10 WA (oAMeFRIRINAUTERILIWIRALLNY x) azl@dq osx = {5,10)

t = d - &
drlireantsRasanaraduiiniviale o Winowue csx = { §
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4 a£a, s &
1.6 metlautagalussuufnaiiein

| 7 | =3 - 4 =l = e ?1 Il=nl W 4
dnfandinrziacidusaranuetealussuuiindeds  WiGudileensieudays
. o v 4 ;
type@of@coordinates = 2; Tugaufl 2 aaslusunsy amivdstiendeyslugoudl 4 eelilsunsadadl

- |
FTEQCLRUMAIN

const@poiar]{1]-const@polar[13]

' a e o PR
AaAnduszfns luannisesieiduanuilugdeesiim@edoninannis

® = const@polar[1lin[r] +

const@po!ar[Z]r2 +

const@polar[3]r” In[r] +

const@polar[4]r° 6 +

const@polar[5]0 +

const@polar[6]rOcos8 +

(const@polar{7]r’ +

const@polar[8]/r +

const@polar{9]r In[r]) cos[6] +

const@polar[10]r8sin@ +

(const@polar[11]r" +

const@polar[i2/r +

const@polar{13]r In[r]) sin[B] kN

const@polar[14]-const@polarf21

AadndndszAns luannsaesiaiduaaaiAuluglessaunsayFedauauns
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D = E‘.(( const @polar[14]r" +

n=2z

const@polar[151r ™" +

const@polar[16]r"" "+

+2)

const@polar[17] " ) cosnd +

( const@polar[18]r" +

const@polar[191r™™ +

const@polarf20]r" " +

const@polar[21] r' ™™ ) sinn® )kN

: a &£, | ar '
TunistlaudduilsyBnsusiasmanatsnsadeulvaglugilenssiauils n Iy const@polar[14] = 1

/in;

minimum@summation@pol

maximum@summation@pol

i
= [ 1 o

AaAGusuazAgaieresious n luannsvesierifuaudulugdeesaynsuyGes

type@of@problem@pol

Aagtuuuriagesiiyumlussuusedificieand

Tk UUANATE AL

type@of@problem@pol = 1;
TEUMILILIA AW E WL

type@of@problem@pol = 2;

oung@modu@pol

AaAndarilugdatumies Gpa

shear@modu@pol

Aaddeflugdaluuios Gpa
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poisson{@ratio@pol

o

Aednsigiuyesilians

minimum@r
maximum@r
minimum{@9
maximum{@0

Aevauumresiasiinatsanlumictunuas rad Arugnéu Tnsuiniseanith 3 nedie
Faauuuuananay

minimum@g = 0;

maximum@@ = 2Pi;

Fagifhunueieszuo

minimum@g = -Pi/2;

maximum@®8 = Pi/2;

Faaiunuudousinuasenas

MinMUM@N WAT maximum@8 agjszudne 0-2Pi 1ae¥ maximum@e > minimum@8

coordinatepol

a < ' - o ,
ﬁﬂWﬂﬂ&lﬂﬁ“iﬂﬂﬁﬂ\in’]?ﬂ?ﬁﬂﬂﬁﬂﬂﬂﬂ?:ﬂﬂﬂﬂ?ﬂuLﬁuuﬁxﬂ\‘lﬁﬂ‘i‘zﬂ‘El‘lJﬂ’J’mLﬂ%ﬂﬂiﬂ“ﬂ')ﬁlmﬂﬁ‘lm:

rad ANAIFLLEY AFRAFaen1sRantaife (n 0) = (1, TT/2), (2, 2T) a¥léi9n coordinatepol = {(1,

- . 1 ' L 2 - .J
Pif2), (2, 2P); dlaidasnansusiesilssnaurmAunasasilsznauraeTaaiigale o 1%

NG coordinatepol = { };

|23
@
=

2]
%]
e

ae o o o o v o o o« a
ARAANSTUILIR VT AR NS aINITRIITUFRILLNL T LAZUNU 6 FINAIALIEIY AaInTTRaNTaN
oy e ol ¥ . . ,
ANELIANTGA = 5,10 WA (AReMARINAUIzUTWRiLLNY 1) azlf9n csr = {5,10) &

. - dow = .
LsifiasnisRansananadunnidisale «q Winauue csr = { §;
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NMARUIN A

Aaad1ans gl sunsy

ar ] | ooas L¥ a n=l L (4 1
aatrenslfldsunsalussuufinemidewiutigunaangd 4.13 Tnansdmundsiaudssing 4

k4

fa ikl

Al

type@of@coordinates = 1;
degpolynomial = {2, 3, 5};
const@poly[1] = {-25, 0, O};
const@polyi2] = {0, -37.5, 0};
const@poly{3] = {0, 0, O}
const@poly[4] = {0, -1245, 12.5};
const@four(1}- const@fourf8} = o;
minimum@summation@rec = 1,
maximum@summation@rec = 100;
type@of@problem@rec = 2;
young@modu@rec = 200;
shear@modu@rec = 77; .
poisson@ratio@rec = 0.3;
minimum@x = -10; .

maximum@x = -10,

minirmum@y = ~1;

maximum@y = 1,

¢oordinaterec = {{0, 1}, {5, 1}, {10, O}};

csx = {0, 5}
{
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Program Stress Function

Stress Function = -1245.v% +0.xv' - 2.5y% + % (-25, -37.5y+12.5y%} kN

Equations of Stress

oxx = -7.47y+0.075x2 v+ 0. xy? - 0.05y® MPa
ayy = -0.05-0.075y+0.028y" MPa

tay = 0. y® +x (0.075- 0,075 y?) MPz

Equations of Strain

exx = 0.075-37.23715y+0.3752% v+ 0. zy% - 6. 2875 y® u

B

eyy = —0.25+10.83y—0.1125x2y+0.xy2+0.2y3 M

wxy = 0.y® +x (0.974026-0.974026y%) u

Stress Components at (x,y) = (5,0
oxx = 0 MPa

oyy = -0.05 MPa

tzy = 0.37% MPa

Strain Components at (z,y) = (5,0)

EXL 0.075 u
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yxy = 4.87013 u

Stress Components at (x,y) = (5,1)

oxXx ~-5.645 MPa

1l

oyy = -0.1 MPa

txy = 0. MPa

Strain Components at (x,y) = (5,1)

exx = -28.075 u

eyy = 7.9675 u

yry = 0. u

Boundary Region is x = -10 to l0mand ¥y = -1 to 1 m

Maximum and Minimum Stress

oxx maxz = 7.52 MPa

oyy max = -6.93889x1071% Mpa
txy maz = 0.75 MPa

oxx min = -7.52 MPa

oyy min = -0.1 MPa

txy min = -0.75 MPa

Mazimum and Minimum Strain
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exx max = 37.6 u
eyy max = 10.78 u

yxy max = 9.74026 u

exx min = -37.45 u
eyy min = -11.28 u
yry min = -9.74026 u

Stress Distribution
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Strain Distribution
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Boundary Conditions

Stress at the Boundary x = -10m

oxx at x = -10 m is 0.03y+0.y2—0.05y3 MPa

tay at x = -10 m is 0. y¥ - 10 (0.075- 0.075 y?) MPa

Stress at the Boundary = = 10 m

oux at z = 10 m is 0.03y+ 6. y? - 0.06y® MPa

txy at # = 10 m is O.y3+10 (0.075—0.0753{2) MPa
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Stress at the Boundary vy = -1 m

oyy at vy = -1 m is -6.93858%x 107 MPa

Txy at ¥y = =1 m is 0.+ 0.z MPa

Stress at the Boundary ¥y = 1 m

oyy at ¥y = 1 mis 0.1 MPa

tzy at y = 1 m is 0. +0. z MPa



155

Considered Section

Stress at the Section x = 5 m

oz at » = 5 m is -5.595vy+ 0. y2—0.05y3 MPa

2y at ¥ = 5 m is 0.y3 +5 (0.075-0.075y?) MPa

Maximum and Minimum Stress

ox¥x maxz = 5,645 MPa

txy maz = 0.375 MPa

ox¥ nin = -5.645 MPa

tay min = G. MPa
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Stress at the Section vy = 0O m

aoyy at ¥y = 0 m is -0.05 MPa

Xy at v = 0 m is 0.075x MPa

Maximum and Minimum Stress

oyy max = -0.05 MPa

txy max = 0.75 MPa
oyy min = -0.05 MPa
txy min = -0.75 MPa
Stress at the Sectiony = 0.5 m

oyy at v = 0,5 m is -0.084375 MPa

tZzy at ¥y = 0.5 m is 0.+ 0.05625x MpPa
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Maximum and Minimum Stress

oyy max = -0.,084375 MPa

txy max = 0.5625 MPa

ayy min = -0.084375 MPa

Xy min = -0.5625 MPa
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