
Illustrating Cauchy And Engineering 

Strain Deformation in 3D

Initialization Code (optional)

Manipulate

ManipulateB

ModuleB8g, p1, p2, p3, p4, p5, p6, p7, p8, e = ee*10^9, Σx = Σxx*10^6,

Σy = Σyy*10^6, Σz = Σzz*10^6, Τxy = Τxyxy*10^6, Τyz = Τyzyz*10^6, Τzx = Τzxzx*10^6<,

g =
e

2 H1 + ΝL
;

Εx =
Σx

e
-
Ν

e
HΣy + ΣzL;

Εy =
Σy

e
-
Ν

e
HΣx + ΣzL;

Εz =
Σz

e
-
Ν

e
HΣy + ΣxL;

Γxy = Τxy�g;
Γyz = Τyz�g;
Γzx = Τzx�g;

8p1, p2, p3, p4, p5, p6, p7, p8< = getCoordinates@strainType, Εx, Εy, Εz, Γxy, Γyz, Γzx, kD;

Style@Framed�Graphics3D@
Rotate@
8
If@plotStyle � 1,

8
8EdgeForm@8Thick, Red<D, FaceForm@Opacity@.3DD,

Polygon@8 p1, p2, p3, p4<D,
Polygon@8 p5, p6, p7, p8<D,
Polygon@8 p4, p3, p7, p8<D,
Polygon@8 p1, p2, p6, p5<D,
Polygon@8 p2, p6, p7, p3<D,
Polygon@8 p4, p8, p5, p1<D
<
<,
8
8FaceForm@8Opacity@0.3D<, WhiteD,
Polygon@8 p1, p2, p3, p4<D,
Polygon@8 p5, p6, p7, p8<D,
Polygon@8 p4, p3, p7, p8<D,
Polygon@8 p1, p2, p6, p5<D,
Polygon@8 p2, p6, p7, p3<D,
Polygon@8 p4, p8, p5, p1<D
<
<
D,
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If@showOriginal,
8Gray, Dashed,

Line@88-1�2, -1�2, 1�2<, 81�2, -1�2, 1�2<,
81�2, -1�2, -1�2<, 8-1�2, -1�2, -1�2<, 8-1�2, -1�2, 1�2<<D,

Line@88-1�2, 1�2, 1�2<, 81�2, 1�2, 1�2<, 81�2, 1�2, -1�2<,
8-1�2, 1�2, -1�2<, 8-1�2, 1�2, 1�2<<D,

Line@88-1�2, -1�2, -1�2<, 8-1�2, 1�2, -1�2<<D,
Line@881�2, -1�2, -1�2<, 81�2, 1�2, -1�2<<D,
Line@88-1�2, -1�2, 1�2<, 8-1�2, 1�2, 1�2<<D,
Line@881�2, -1�2, 1�2<, 81�2, 1�2, 1�2<<D
<,
8<
D,

If@showAxes,
8
8Arrowheads@.02D,
Arrow@880, 0, 0<, ð<D & �� 88.25, 0, 0<, 80, 0.25, 0<, 80, 0, 0.25 <<
<
,

8Text@Style@"x", Italic, FontSize ® Scaled@.04DD, 8.28, 0, 0<D, Text@Style@"y", Italic, FontSize ®

Scaled@.04DD, 80, 0.28, 0<D, Text@Style@"z", Italic, FontSize ® Scaled@.04DD, 80, 0, .28<D
<
<,
8<
D

<, 90 Degree, 81, 0, 0<
D,
PlotRange ® 88-1.3, 1.3<, 8-1.4, 1.4<, 8-1.4, 1.4<<,
Boxed ® False,

ImagePadding ® .1,

ImageMargins ® 0,

SphericalRegion ® True,

ViewPoint ® 84.86215, -27.5746, 5<,
If@plotStyle � 1,

Lighting ® 88"Ambient", White<<,
Lighting ® Automatic

D,
ViewAngle ® 2*Pi�180,
PreserveImageOptions ® If@reset, reset = False; False, TrueD,
ImageSize ® 8280, 420<
D, Antialiasing ® TrueD

F,

Text�GridA9
8Grid@8

8Spacer@39D,
TraditionalForm�HoldForm@ΣxD,
Control@88Σxx, 0, ""<, -500, 500, 1, ImageSize ® Tiny<D,
Spacer@1D,
Dynamic�AccountingForm@Σxx,

3, NumberSigns ® 8"-", "+"<, NumberPadding ® 8"0", "0"<, SignPadding ® TrueD,
Spacer@3D,
"MPa",

Button@"zero", Σxx = 0, Appearance ® "Palette", Background ® LightBlue, ImageSize ® 845, 20<D,
Spacer@47D
<,

8
Spacer@1D,
TraditionalForm�HoldForm@ΣyD,
Control@88Σyy, 0, ""<, -500, 500, 1, ImageSize ® Tiny<D,

,
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Control@88Σyy, 0, ""<, -500, 500, 1, ImageSize ® Tiny<D,
Spacer@1D,
Dynamic�AccountingForm@Σyy,

3, NumberSigns ® 8"-", "+"<, NumberPadding ® 8"0", "0"<, SignPadding ® TrueD,
Spacer@3D,
"MPa",

Button@"zero", Σyy = 0, Appearance ® "Palette", Background ® LightBlue, ImageSize ® 845, 20<D,
Spacer@1D
<,

8
Spacer@1D,
TraditionalForm�HoldForm@ΣzD,
Control@88Σzz, 0, ""<, -500, 500, 1, ImageSize ® Tiny<D,
Spacer@1D,
Dynamic�AccountingForm@Σzz,

3, NumberSigns ® 8"-", "+"<, NumberPadding ® 8"0", "0"<, SignPadding ® TrueD,
Spacer@3D,
"MPa",

Button@"zero", Σzz = 0, Appearance ® "Palette", Background ® LightBlue, ImageSize ® 845, 20<D,
Spacer@1D
<,

8
Spacer@1D,
TraditionalForm�HoldForm@Τx,yD,
Control@88Τxyxy, 300, ""<, -500, 500, 1, ImageSize ® Tiny<D,
Spacer@1D,
Dynamic�AccountingForm@Τxyxy,

3, NumberSigns ® 8"-", "+"<, NumberPadding ® 8"0", "0"<, SignPadding ® TrueD,
Spacer@3D,
"MPa",

Button@"zero", Τxyxy = 0,
Appearance ® "Palette", Background ® LightBlue, ImageSize ® 845, 20<D, Spacer@1D

<,

8
Spacer@1D,
TraditionalForm�HoldForm@Τy,zD,
Control@88Τyzyz, 0, ""<, -500, 500, 1, ImageSize ® Tiny<D,
Spacer@1D,
Dynamic�AccountingForm@Τyzyz,

3, NumberSigns ® 8"-", "+"<, NumberPadding ® 8"0", "0"<, SignPadding ® TrueD,
Spacer@3D,
"MPa",

Button@"zero", Τyzyz = 0,
Appearance ® "Palette", Background ® LightBlue, ImageSize ® 845, 20<D, Spacer@1D

<,

8
Spacer@1D,
TraditionalForm�HoldForm@Τz,xD,
Control@88Τzxzx, 0, ""<, -500, 500, 1, ImageSize ® Tiny<D,
Spacer@1D,
Dynamic�AccountingForm@Τzxzx,

3, NumberSigns ® 8"-", "+"<, NumberPadding ® 8"0", "0"<, SignPadding ® TrueD,
Spacer@3D,
"MPa",

Button@"zero", Τzxzx = 0,
Appearance ® "Palette", Background ® LightBlue, ImageSize ® 845, 20<D, Spacer@1D

<

<, Alignment ® Left, Spacings ® 8.4, .2<, Frame ® False, FrameStyle -> Directive@Thickness@.005D, GrayDD
<,
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8
Grid@8
8Button@"reset view", reset = True, ImageSize ® 895, 28<D, Spacer@3D,
Button@"reset stress", Σxx = 0; Σyy = 0; Σzz = 0; Τxyxy = 0; Τyzyz = 0; Τzxzx = 0, ImageSize ® 895, 28<D<

<D
<,

8
Grid@8
8Spacer@23D, Style@"shear strain type", 12D,
RadioButtonBar@Dynamic@strainTypeD,
8"cauchy" -> Style@"Cauchy", 12D, "eng" -> Style@"engineering", 12D<D,

Spacer@22D
<
<, Alignment ® Left, Spacings ® 8.5, .5<, Frame ® False, FrameStyle -> Directive@Thickness@.005D, GrayDD

<,

8
Grid@8
8
Spacer@46D,
Style@"Young's modulus E", 11D,
Control@88ee, 90, ""<, 90, 260, 1, ImageSize ® Tiny<D,
Spacer@3D,
Dynamic�AccountingForm@ee,

3, NumberSigns ® 8"", ""<, NumberPadding ® 8"0", "0"<, SignPadding ® TrueD,
Spacer@3D,
"GPa",

Spacer@46D
<,

8
Spacer@3D,
Style@"poisson ratio Ν", 11D,
Control@88Ν, .3, ""<, .01, .5, .01, ImageSize ® Tiny<D,
Spacer@1D,
Dynamic�AccountingForm@Ν,
82, 2<, NumberSigns ® 8"", ""<, NumberPadding ® 8"0", "0"<, SignPadding ® TrueD,

SpanFromLeft

<,

8
Spacer@3D,
Style@"exaggeration factor", 11D,
Control@88k, 25, ""<, 1, 35, 1, ImageSize ® Tiny<D,
Spacer@1D,
Dynamic�AccountingForm@k,

2, NumberSigns ® 8"", ""<, NumberPadding ® 8"0", "0"<, SignPadding ® TrueD,
SpanFromLeft

<
<, Alignment ® Left, Spacings ® 80, .8<, Frame ® True, FrameStyle -> Directive@Thickness@.005D, GrayD
D
<,

8
Grid@8
8Spacer@11D, Style@"stress tensor HMPaL", 11D, Spacer@11D<,
8
Style@Row@
8Text�Style@TraditionalForm�HoldForm@88Σx, Τx,y, Τx,z<, 8Τy,x, Σy, Τy,z<, 8Τz,x, Τz,y, Σz<<DD, " = ",

Dynamic�TraditionalForm@8
8AccountingForm@Σxx,

3, NumberSigns ® 8"-", "+"<,
, D,

4 Printed from the Mathematica Help System

©1988-2013 Wolfram Research, Inc. All rights reserved.Printed by Wolfram Mathematica Student Edition



3, NumberSigns ® 8"-", "+"<,
NumberPadding ® 8"0", "0"<, SignPadding ® TrueD, AccountingForm@Τxyxy,
3, NumberSigns ® 8"-", "+"<, NumberPadding ® 8"0", "0"<,
SignPadding ® TrueD, AccountingForm@Τzxzx,
3, NumberSigns ® 8"-", "+"<, NumberPadding ® 8"0", "0"<, SignPadding ® TrueD

<,
8AccountingForm@Τxyxy,

3, NumberSigns ® 8"-", "+"<,
NumberPadding ® 8"0", "0"<, SignPadding ® TrueD, AccountingForm@Σyy,
3, NumberSigns ® 8"-", "+"<, NumberPadding ® 8"0", "0"<,
SignPadding ® TrueD, AccountingForm@Τyzyz,
3, NumberSigns ® 8"-", "+"<, NumberPadding ® 8"0", "0"<, SignPadding ® TrueD

<,
8AccountingForm@Τzxzx,

3, NumberSigns ® 8"-", "+"<,
NumberPadding ® 8"0", "0"<, SignPadding ® TrueD, AccountingForm@Τyzyz,
3, NumberSigns ® 8"-", "+"<, NumberPadding ® 8"0", "0"<,
SignPadding ® TrueD, AccountingForm@Σzz,
3, NumberSigns ® 8"-", "+"<, NumberPadding ® 8"0", "0"<, SignPadding ® TrueD

<
<D

<D, 11D, SpanFromLeft

<
<, Alignment ® Center, Spacings ® 86.5, .8<,
Frame ® False, FrameStyle -> Directive@Thickness@.005D, GrayDD

<,

9
GridA9
8Style@"strain tensor", 11D<,
9
StyleARowA9Text�Style@TraditionalForm�HoldForm@8

8Εx,
Dynamic�If@strainType � "eng", Spacer@12D, Style@"1�2", 8DD HΓx,yL,
Dynamic�If@strainType � "eng", Spacer@12D, Style@"1�2", 8DD Γx,z<,
8Dynamic�If@strainType � "eng", Spacer@12D, Style@"1�2", 8DD Γy,x, Εy,
Dynamic�If@strainType � "eng", Spacer@12D, Style@"1�2", 8DD Γy,z<,
8Dynamic�If@strainType � "eng", Spacer@12D, Style@"1�2", 8DD Γz,x,
Dynamic�If@strainType � "eng", Spacer@12D, Style@"1�2", 8DD Γz,y,
Εz<<DD, " = ",

Dynamic�TraditionalFormA9
9padIt1@100*Εx, 85, 4<D,
padIt1@180�Pi*If@strainType � "eng", Γxy, Γxy�2D, 85, 4<DDegree,
padIt1@180�Pi*Γzx�If@strainType � "eng", 1, 2D, 85, 4<DDegree
=,
9padIt1@180�Pi*Γxy�If@strainType � "eng", 1, 2D, 85, 4<DDegree,
padIt1@100*Εy, 85, 4<D,
padIt1@180�Pi*Γyz�If@strainType � "eng", 1, 2D, 85, 4<DDegree
=,
9padIt1@180�Pi*Γzx�If@strainType � "eng", 1, 2D, 85, 4<DDegree,
padIt1@180�Pi*Γyz�If@strainType � "eng", 1, 2D, 85, 4<DDegree,
padIt1@100*Εz, 85, 4<D
=
=E

=E, 11E
=
=, Alignment ® Center, Spacings ® 80.3, 1<,
Frame ® False, FrameStyle -> Directive@Thickness@.005D, GrayD
E
=,

8
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8
Grid@8
8
Row@8Text�Style@"show original", 12D, Control@88showOriginal, True, ""<, 8True, False<<D<D,
Row@8Text�Style@"show axes", 12D, Control@88showAxes, True, ""<, 8True, False<<D<D,
Row@8Style@"select 3D style", 12D, RadioButtonBar@Dynamic@plotStyleD, 81, 2<D<D
<
<, Alignment ® Left, Spacings ® 81, .4<, Frame ® True, FrameStyle -> Directive@Thickness@.005D, GrayD
D
<

=, Alignment -> Center

E,

88strainType, "eng"<, None<,
88plotStyle, 2<, None<,
88reset, False<, None<,
88Εx, 0<, None<,
88Εy, 0<, None<,
88Εz, 0<, None<,
88Γxy, 0<, None<,
88Γyz, 0<, None<,
88Γzx, 0<, None<,

ControlPlacement ® Left,

SynchronousUpdating ® True,

SynchronousInitialization ® True,

ContinuousAction ® True,

Alignment -> Center,

ImageMargins ® 0,

FrameMargins ® 0,

Paneled ® True,

Frame ® False,

TrackedSymbols :>

8Σxx, Σyy, Σzz, Τxyxy, Τyzyz, Τzxzx, strainType, k, ee, Ν, reset, showOriginal, showAxes, plotStyle<,
Initialization ¦

I
H*definitions used for parameter checking*L
integerStrictPositive = HIntegerQ@ðD && ð > 0 &L;
integerPositive = HIntegerQ@ðD && ð ³ 0 &L;
numericStrictPositive = HElement@ð, RealsD && ð > 0 &L;
numericPositive = HElement@ð, RealsD && ð ³ 0 &L;
numericStrictNegative = HElement@ð, RealsD && ð < 0 &L;
numericNegative = HElement@ð, RealsD && ð £ 0 &L;
bool = HElement@ð, BooleansD &L;
numeric = HElement@ð, RealsD &L;
integer = HElement@ð, IntegersD &L;
H*--------------------------------------------*L
padIt1Av_?numeric, f_ListE := AccountingForm@v,

f, NumberSigns ® 8"-", "+"<, NumberPadding ® 8"0", "0"<, SignPadding ® TrueD;
H*--------------------------------------------*L
padIt1Av_?numeric, f_IntegerE := AccountingForm@Chop@vD,

f, NumberSigns ® 8"-", "+"<, NumberPadding ® 8"0", "0"<, SignPadding ® TrueD;
H*--------------------------------------------*L
padIt2Av_?numeric, f_ListE := AccountingForm@v,

f, NumberSigns ® 8"", ""<, NumberPadding ® 8"0", "0"<, SignPadding ® TrueD;
H*--------------------------------------------*L
padIt2Av_?numeric, f_IntegerE := AccountingForm@Chop@vD,

f, NumberSigns ® 8"", ""<, NumberPadding ® 8"0", "0"<, SignPadding ® TrueD;
H*--------------------------------------------*L

getCoordinatesAstrainType_String, Εx_?numeric, Εy_?numeric, Εz_?numeric, Γxy_?numeric, Γyz_?numeric,
Γzx_?numeric, k_?integerStrictPositiveE := Module@8p1, p2, p3, p4, p5, p6, p7, p8, aΤxy, aΤyz, aΤzx<,
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Γzx_?numeric, k_?integerStrictPositiveE := Module@8p1, p2, p3, p4, p5, p6, p7, p8, aΤxy, aΤyz, aΤzx<,

aΤxy = Sin@Γxy�2D;
aΤyz = Sin@Γyz�2D;
aΤzx = Sin@Γzx�2D;

H*set coordinates of 8 corners of cube based on type of strain*L
If@strainType � "eng",

p1 = 8-1�2 + k H-Εx�2 + aΤzxL, -1�2 + k H-Εy�2 - aΤxyL, 1�2 + k HΕz�2 - aΤyzL<;
p2 = 81�2 + k HΕx�2 + aΤzxL, -1�2 + k H-Εy�2 + aΤxyL, 1�2 + k HΕz�2 - aΤyzL<;
p3 = 81�2 + k HΕx�2 + aΤzxL, 1�2 + k HΕy�2 + aΤxyL, 1�2 + k HΕz�2 + aΤyzL<;
p4 = 8-1�2 + k H-Εx�2 + aΤzxL, 1�2 + k HΕy�2 - aΤxyL, 1�2 + k HΕz�2 + aΤyzL<;
p5 = 8-1�2 + k H-Εx�2 - aΤzxL, -1�2 + k H-Εy�2 - aΤxyL, -1�2 + k H-Εz�2 - aΤyzL<;
p6 = 81�2 + k HΕx�2 - aΤzxL, -1�2 + k H-Εy�2 + aΤxyL, -1�2 + k H-Εz�2 - aΤyzL<;
p7 = 81�2 + k HΕx�2 - aΤzxL, 1�2 + k HΕy�2 + aΤxyL, -1�2 + k H-Εz�2 + aΤyzL<;
p8 = 8-1�2 + k H-Εx�2 - aΤzxL, 1�2 + k HΕy�2 - aΤxyL, -1�2 + k H-Εz�2 + aΤyzL<
,

p1 = 8-1�2 + k H-Εx�2 - aΤxy�2 + aΤzx�2L,
-1�2 + k H-Εy�2 - aΤxy�2 + aΤyz�2L, 1�2 + k HΕz�2 - aΤyz�2 - aΤzx�2L<;

p2 = 81�2 + k HΕx�2 - aΤxy�2 + aΤzx�2L, -1�2 + k H-Εy�2 + aΤxy�2 + aΤyz�2L,
1�2 + k HΕz�2 - aΤyz�2 + aΤzx�2L<;

p3 = 81�2 + k HΕx�2 + aΤxy�2 + aΤzx�2L, 1�2 + k HΕy�2 + aΤxy�2 + aΤyz�2L,
1�2 + k HΕz�2 + aΤyz�2 + aΤzx�2L<;

p4 = 8-1�2 + k H-Εx�2 + aΤxy�2 + aΤzx�2L, 1�2 + k HΕy�2 - aΤxy�2 + aΤyz�2L,
1�2 + k HΕz�2 + aΤyz�2 - aΤzx�2L<;

p5 = 8-1�2 + k H-Εx�2 - aΤxy�2 - aΤzx�2L, -1�2 + k H-Εy�2 - aΤxy�2 - aΤyz�2L,
-1�2 + k H-Εz�2 - aΤyz�2 - aΤzx�2L<;

p6 = 81�2 + k HΕx�2 - aΤxy�2 - aΤzx�2L, -1�2 + k H-Εy�2 + aΤxy�2 - aΤyz�2L,
-1�2 + k H-Εz�2 - aΤyz�2 + aΤzx�2L<;

p7 = 81�2 + k HΕx�2 + aΤxy�2 - aΤzx�2L, 1�2 + k HΕy�2 + aΤxy�2 - aΤyz�2L,
-1�2 + k H-Εz�2 + aΤyz�2 + aΤzx�2L<;

p8 = 8-1�2 + k H-Εx�2 + aΤxy�2 - aΤzx�2L, 1�2 + k HΕy�2 - aΤxy�2 - aΤyz�2L,
-1�2 + k H-Εz�2 + aΤyz�2 - aΤzx�2L<

D;

8p1, p2, p3, p4, p5, p6, p7, p8<
D

M

F
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