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lllustrating Cauchy And Engineering
Strain Deformation in 3D

Initialization Code

Manipulate

Mani pul at e[

I\/bdule[{g, pl, p2, p3, p4, p5, p6, p7, p8, e=eex10"9, ox = oxx *10"6,
oy =oyy*1076, o0z =0zz%10”"6, tXy = txyxy *10"6, tyz = tyzyz+«10"6, tzx = tzxzx*10"6},

e
g=———;
2 (1+v)
oX v
eX=— - — (oy + 0z);
e e
oy v
ey =— - — (oX + 0z);
e e
oz v
€z =— - — (oy + oX),;
e e
¥Xy = TtXy /9,
YyzZ =1tyz /g,

YZX = tZX/Q;

{p1, p2, p3,

Styl e[Framed @G aphi cs3D[

Rot at e [
{
If[plotStyle-=1,
{
{EdgeFor m[ {Thi

Pol ygon[{ p1,
Pol ygon[{ p5,
Pol ygon[{ p4,

ck,

p2,
pé,
p3,

Pol ygon[{ pl, p2,
Pol ygon[{ p2, p6,
Pol ygon[{ p4, p8,

}
b
{

p4, p5, p6, p7, p8} =get Coordi nat es[strai nType, ex, ey, €z, ¥Xxy, ¥yz, ¥zX, KI;

Red}], FaceForm[Opacity[.311,

p3,
p7,
p7,
pé,
p7,
p5,

p4}1,
p8}1,
p8}1,
p5}1,
p3}1,
p1}]

{FaceFor m[{Opacity[0.3]}, Wite],

Pol ygon[{ p1,
Pol ygon[{ p5,
Pol ygon[{ p4,
Pol ygon[{ p1,
Pol ygon[{ p2,
Pol ygon[{ p4,

p2,
pé,
p3,
p2,
p6,
p8,

p3,
p7,
p7,
pé,
p7,
ps5,

p4}1,
p8}1,
p8}1,
PS5},
p3}1,
pl}]
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I f [showOri gi nal,
{Gay, Dashed,

Line[{{-1/2, -1/2, 1/2}, {1/2, -1/2, 1/2},
(172, =172, -1/2}, {-1/2, -1/2, -1/2}, {-1/2, -1/2, 1/2}}1,

Liner{{-1/2, 172, 1/2}, {1/2, 1/2, 172}, {1/2, 1/2, -1/2},
(-1/2, 172, -1/2}, {-1/2, 1/2, 1/2}}1,

Line[{{-1/2, -1/2, -1/2}, {-1/2, 172, -1/2}}],

Line[{{1/2, -1/2, -1/2}, {1/2, 1/2, -1/2}}1,

Line[{{-1/2, -1/2, 1/2}, {-1/2, 1/2, 1/2}}1,
Line[{{1/2, -1/2, 1/2}, {1/2, 1/2, 1/2}}]

I f [showAxes,
{
{Arrowheads[. 02],
Arrow[{{0, O, O}, #}] &/e {{.25, 0, 0}, {O, 0.25, 0}, {0, O, 0.251}}
}

{Text [Style["x", Italic, FontSize - Scaled[.04]], {.28, 0, 0}], Text [Style["y", Italic, FontSize -
Scal ed[. 0411, {0, 0.28, 0}], Text [Style["z", Italic, FontSize - Scaled[.04]], {0, O, .28}]

}
{}
1

}, 90 Degree, {1, 0, 0}
1,
Pl ot Range » {{-1.3, 1.3}, {-1.4, 1.4}, {-1.4, 1.4}},
Boxed - Fal se,
| mgePaddi ng » . 1,
| mageMar gi ns - 0,
Spheri cal Regi on - Tr ue,
Vi ewPoi nt -» {4. 86215, -27.5746, 5},
If[plotStyle-=1,
Lighting » {{"Anbient", Wite}},
Li ghting » Aut omati c
1,
Vi ewAngl e » 2% Pi /180,
Preservel mageOptions -» | f [reset, reset = Fal se; Fal se, True],
| mageSi ze » {280, 420}
1, Antialiasing-True]

]

Text eGrid|[{
{(Gid[{
{Spacer [39],
Tradi ti onal For meHol dFor m[oy 1,
Control [{{oxx, O, ""}, -500, 500, 1, InmageSize->Tiny}],

Spacer [1],
Dynami c @ Account i ngFor m[oxXx,
3, NunberSigns - {"-", "+"}, NunberPaddi ng-» {"0", "0"}, SignPadding- Truel],
Spacer [3],
" MPa",

Button["zero", oxx =0, Appearance - "Pal ette", Background - Li ght Bl ue, | nageSi ze » {45, 20}],
Spacer [47]
}

{

Spacer [1],

Tradi ti onal For meHol dFor m[oy ],

Control [{{oyy, O, ""}, -500, 500, 1, InageSize-»>Tiny}],
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Spacer [1],
Dynami c @ Account i ngFor m[ayy,
3, NunberSigns -» {"-", "+"}, NunberPadding- {"0", "0"}, SignPadding- Truel],
Spacer [3],
" MPa",

Button["zero", oyy =0, Appearance - "Pal ette", Background - Li ght Bl ue, | mageSi ze » {45, 20}],
Spacer [1]
N

Spacer [1],
Tr adi ti onal For meHol dFor m[o, 1,
Control [{{ozz, O, ""}, -500, 500, 1, InmageSize>Tiny}],

Spacer [1],
Dynam c @ Account i ngFor mlozz,
3, NunberSigns -» {"-", "+"}, NunberPaddi ng-» {"0", "0"}, SignPadding- Truel],
Spacer [3],
" MPa",

Button["zero", ozz =0, Appearance - "Pal ette", Background - Li ght Bl ue, | mageSi ze » {45, 20}],
Spacer [1]
1

Spacer [1],
Tradi ti onal For meHol dFor m[cy, y],
Control [{{zxyxy, 300, ""}, -500, 500, 1, |nmageSize - Tiny}],

Spacer [1],
Dynam c @ Account i ngFor m[ TxyXxy,
3, NunberSigns -» {"-", "+"}, NunberPadding- {"0", "0"}, SignPadding- Truel],
Spacer [3],
" MPa",

Button["zero", txyxy =0,
Appear ance - "Pal ette", Background - Li ght Bl ue, | mageSi ze » {45, 20}], Spacer [1]
B

Spacer [1],
Tradi ti onal For meHol dForm[zy, .1,
Control [{{zyzyz, O, ""}, -500, 500, 1, |nageSize -»Tiny}],

Spacer [1],
Dynami c @ Account i ngFor m[zyzyz,
3, NunberSigns -» {"-", "+"}, NunberPadding- {"0", "0"}, SignPadding- Truel],
Spacer [3],
" MPa",

Button["zero", tyzyz =0,
Appear ance » "Pal ette", Background - Li ght Bl ue, | mageSi ze » {45, 20}], Spacer [1]
N

Spacer [1],
Tradi ti onal For meHol dFor m[z; 1,
Control [{{zzxzx, O, ""}, -500, 500, 1, ImageSi ze »Tiny}],

Spacer [1],
Dynam c @ Account i ngFor m[tzxzX,
3, NunberSigns - {"-", "+"}, NunberPaddi ng- {"0", "0"}, SignPadding- True],
Spacer [3],
" MPa",

Button["zero", tzxzx =0,
Appear ance - "Pal ette", Background - Li ght Bl ue, | mageSi ze -» {45, 20}], Spacer [1]

}, Alignnment » Left, Spacings » {.4, .2}, Frame » Fal se, FrameStyl e -> Directive[Thi ckness[.005], G ay]]

}
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{
Gid[{
{Button["reset view', reset =True, | mageSi ze » {95, 28}], Spacer [3],
Button["reset stress", oxx =0; oyy =0; 0zz =0; txyxy =0; tyzyz =0; tzxzx =0, | mageSi ze -» {95, 28}]}
iy
h
{
Gid[{
{Spacer [23], Style["shear strain type", 12],
Radi oBut t onBar [Dynam c [strai nType],
{"cauchy" -> Styl e["Cauchy", 12], "eng" -> Styl e["engi neering", 12]}],
Spacer [22]
}
}, Alignment - Left, Spacings - {.5, .5}, Frame » Fal se, FrameStyl e -> Directive[Thi ckness[.005], Gay]]
b
{
Gid[{
{
Spacer [46],
Styl e["Young's nodul us E", 117,
Control [{{ee, 90, ""}, 90, 260, 1, | mageSize »Tiny}],
Spacer [3],
Dynami c @ Account i ngFor m[ee,
3, NunberSigns - {"", ""}, NunberPadding- {"0", "0"}, SignPadding- Truel],
Spacer [3],
"GPa",
Spacer [46]
N
{
Spacer [3],
Style["poisson ratio v", 117,
Control [{{v, .3, ""}, .01, .5, .01, InageSize->Tiny}],
Spacer [1],
Dynam c @Account i ngFor m[v,
{2, 2}, NunberSigns - {"", ""}, NunmberPadding- {"0", "0"}, SignPadding- Truel],
SpanFr onlef t
N
{
Spacer [3],
Styl e["exaggeration factor", 1117,
Control [{{k, 25, ""}, 1, 35, 1, ImageSize->Tiny}],
Spacer [1],
Dynami c @ Account i ngFor m[k,
2, NunberSigns - {"", ""3}, NunberPadding- {"0", "0"}, SignPadding- Truel],
SpanFr onlef t
}
}, Alignnent » Left, Spacings - {0, .8}, Frame » True, FrameStyle ->Directive[Thi ckness[.005], G ay]
]
h
{
Gid[{
{Spacer [11], Style["stress tensor (MPa)", 11], Spacer [11]},
{
Styl e [Row[

{Text @Styl e[Tradi tional FormeHol dFor m[ {{ox, tTx,y, Tx,z}, {Ty.x» Gy, Ty,z}, {Tz,x, Tz,y, 02}}11, " =",
Dynani ce@Tr adi t i onal For m[ {
{Account i ngFor m[ oxx,
3, NunberSigns » {"-", "+"},
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Nunber Paddi }19 - {"0", "0"}, SignPadding - True], Accounti ngFor m[txyxy,

3, NunberSigns - {"-", "+"}, NunberPadding- {"0", "0"},

Si gnPaddi ng » True], Accounti ngFor m[tzxzx,

3, NunberSigns » {"-", "+"}, NunberPadding- {"0", "0"}, SignPadding- True]
}
{Account i ngFor m[txyxy,

3, Nunber Signs -» {"-", "+"},

Nunber Paddi ng » {"0", "0"}, SignPadding- True], AccountingFor m[oyy,

3, NunberSigns » {"-", "+"}, NunberPadding- {"0", "0"},

Si gnPaddi ng - True], AccountingForm[ztyzyz,

3, NunberSigns » {"-", "+"}, NunberPadding- {"0", "0"}, SignPadding- True]
}
{Account i ngFor m[tzxzx,

3, NunberSigns -» {"-", "+"},

Nunber Paddi ng » {"0", "0"}, SignPaddi ng- True], AccountingForm[tyzyz,

3, Nunber Signs » {"-", "+"}, NunberPaddi ng-» {"0", "0"},

Si gnPaddi ng -» True], Accounti ngForm[ozz,

3, NunberSigns » {"-", "+"}, NunberPadding- {"0", "0"}, SignPadding- True]
}

11

}1, 111, SpanFromnleft
}
}, Alignnment - Center, Spacings - {6.5, .8},
Frame -» Fal se, FraneStyle ->Directive[Thi ckness[.005], Gray]]

b
Gi d[{
{Style["strain tensor", 111},
Styl e [Row[{Text @Styl e[Tradi t i onal For meHol dFor m[ {
{ex,
Dynani cel f [strai nType == "eng", Spacer [12], Style["1/2", 8]] (¥x,y).
Dynami cel f [strai nType == "eng", Spacer [12], Style["1/2", 8]] ¥x 2z},
{Dynami cel f [strai nType =="eng", Spacer [12], Style["1/2", 8]] ¥y, x, €y,
Dynani cel f [strai nType == "eng", Spacer [12], Style["1/2", 8]1 ¥y 2},
{Dynami cel f [strai nType == "eng", Spacer [12], Style["1/2", 811 ¥z x,
Dynami celf [strai nType == "eng", Spacer [12], Style["1/2", 8]] ¥z y.
€}}311, " =",
Dynani ceTradi ti onal For m[{
{padl t1[100 xex, {5, 4}],
padlt1[180/Pi =If [strai nType ="eng", wxy, ¥xy/21, {5, 4}1™9ee,
padlt1[180/Pi #yzx /1 f [strai nType ="eng", 1, 2], {5, 4}]9ree
{padit1[180/Pi »yxy /1f [strai nType ="eng", 1, 2], {5, 43 1bearee,
padlt1[100 xey, {5, 4}1,
padl t 1[180/Pi xyyz /I f [strainType ="eng", 1, 2], {5, 4}]%9ee
{padl t1[180/Pi »xyzx /1f [strainType == "eng", 1, 2], {5, 4}]™9°e,
padl t 1[180/Pi xyyz /I f [strai nType ="eng", 1, 2], {5, 4}]1%9ee,
padlt1[100xez, {5, 4}]
. 11]
}. Alignnent » Center, Spacings - {0.3, 1},
Frame -» Fal se, FraneStyle ->Directive[Thi ckness[.005], G ay]
{
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Gid[{

{
Row[ {Text @Styl e["show original", 12], Control [{{showOriginal, True, ""}, {True, False}}1}1,
Row[ {Text @St yl e["show axes", 12], Control [{{showAxes, True, ""}, {True, False}}1}1,
Row[{Styl e["sel ect 3D style", 12], Radi oButtonBar [Dynam c[plotStyle], {1, 2}1}]

}

}, Alignnment - Left, Spacings - {1, .4}, Frane » True, FraneStyle ->Directive[Thickness[.005], Gray]
]
}

}, Ali gnment -> Center

],

{{strai nType, "eng"}, None},
{{plotStyle, 2}, None},
{{reset, Fal se}, None},
{{ex, 0}, None},

{{ey, 0}, None},

{{ez, 0}, None},

{{¥xy, 0}, None},

{{yyz, 0}, None},

{{¥zx, 0}, None},

Control Pl acenent - Left,
Synchr onousUpdat i ng -» Tr ue,
Synchronouslnitialization- True,
Cont i nuousActi on - True,
Al'i gnnent -> Center,
| mageMar gi ns - 0,
FrameMar gi ns - 0,
Panel ed - Tr ue,
Frame - Fal se,
TrackedSynbol s : >
{oXX, oYy, ozz, TXYXYy, tyzyz, tzXZX, StrainType, k, ee, v, reset, showOrigi nal, showAxes, plotStyle},
Initialization:
(
(xdefinitions used for paraneter checkingx)
integerStrictPositive= (IntegerQ[#] &&# >0 &);
integerPositive = (IntegerQ[#] & # 20 &);
nunericStrictPositive = (El ement [#, Reals] & # >0 &);
nunericPositive = (El ement [#, Real s] & # 20 &);
numericStrictNegative = (El enent [#, Real s] & # <0 &);
numeri cNegative = (El enent [#, Real s] & # <0 &);
bool = (El ement [#, Bool eans] &);
nuneric = (El enent [#, Real s] &);
integer = (El enent [#, Integers] &);

(k= mmm e *)
padit1[v_?nuneric, f_List]:=AccountingForm[v,

f, NunberSigns -» {"-", "+"}, NunberPadding- {"0", "0"}, SignPadding- True];
(k= m e m e e e - *)
padl t l[v_?nurreri c, f_Int eger] : = Account i ngFor m[Chop[V],

f, NunberSigns - {"-", "+"}, NunberPaddi ng- {"0", "0"}, SignPadding- True];
(hmmmm e - *)
padlt2[v_?numeric, f_List]:=AccountingFormv,

f, NunberSigns - {"", ""}, NunberPadding - {"0", "0"}, SignPadding- True];
(hmmmmm e - *)
padl t 2[v_?nuneri c, f_Int eger] : = Account i ngFor m[Chop[V],

f, NunberSigns - {"", ""}, NunberPaddi ng-» {"0", "0"}, SignPadding - True];
(k= mmm e *)

get Coor di nat es [st rainType_String, ex_?numeric, ey_?nuneric, ez_?nuneric, yxy_?numeric, yyz_?nuneric,
yzx_?nuneric, k_?integerStrict Positive] :=Mdul e[{pl, p2, p3, p4, p5 p6, p7, p8, atxy, atyz, atzx},
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1

atxy = Sin[yxy/21;
atyz =Sin[yyz/2];
atzx = Sin[yzx/2];

(xset coordinates of 8 corners of cube based on type of strainsx)

| f [strainType ="eng",

pl=(-1/2+k (-ex/2 +atzx), -1/2+k (-ey/2 -awxy), 1/2+k (ez/2 -atyz)};

p2={1/2+k (ex/2 +atzx), -1/2 +k (-ey/2+atxy), 1/2+k (ez/2 -atyz)};

p3={1/2+k (ex/2+atzx), 1/2+k (ey/2 +arxy), 1/2+k (ez/2 +atyz)};

p4={-1/2+k (-ex/2+atzx), 1/2+k (ey/2-atxy), 1/2+k (ez/2 +atyz)};

p5={-1/2+k (-ex/2 -atzx), -1/2 +k (-ey/2 -atxy), -1/2 +k (-ez/2 -atyz)};

p6={1/2+k (ex/2 -atzx), -1/2 +k (-ey/2 +awxy), -1/2+k (-ez/2 - atyz)};

p7={1/2+k (ex/2-atzx), 1/2+k (ey/2 +awxy), -1/2+k (-ez/2 +atyz)};

p8=(-1/2+k (-ex/2 -atzx), 1/2+k (ey/2 -atxy), -1/2+k (-ez/2 +atyz)}

pl={-1/2+k (-ex/2 -atxy /2 +atzx/2),
-1/2+k (-ey/2 -atxy/2+atyz/2), 1/2+k (ez/2-atyz/2 -atzx/2)};

p2={1/2+k (ex/2-atxy/2+atzx/2), -1/2+k (-ey/2 +atxy /2 +acyz/2),
1/2+k (ez/2-atyz /2 +atzx/2)};

p3={1/2+k (ex/2 +atxy/2 +atzx/2), 1/2+k (ey/2 +axy/2 +atyz/2),
1/2+k (ez/2 +atyz/2 +atzx/2)};

p4={-1/2+K (-ex/2 +atxy/2+atzx/2), 1/2+k (ey/2-atxy/2 +atyz/2),
1/2+k (ez/2 +atyz /2 -atzx/2)};

p5={-1/2+k (-ex/2 -atxy /2 -atzx/2), -1/2+k (-ey/2 -atxy /2 -atyz/2),
-1/2+k (-ez/2 -atyz /2 -atzx/2)};

p6={1/2+k (ex/2-atxy/2 -atzx/2), -1/2+k (-ey/2 +axy /2 -atyz/2),
-1/2+k (-ez/2 -atyz/2 +atzx/2)};

p7={1/2+k (ex/2 +atxy/2-atzx/2), 1/2+Kk (ey/2 +atxy/2 -atyz/2),
-1/2+k (-€ez/2 +atyz /2 +atzx/2)};

p8={-1/2+K (-ex/2 +atxy/2-atzx/2), 1/2+k (ey/2-atxy/2-atyz/2),
-1/2+k (-€ez/2 +atyz /2 -atzx/2)}

1

{pl, p2, p3, p4, p5, p6, p7, p8}
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