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| mplementation of Plane (2D) Bar Element
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Reason for the last form: symbolic computation. The leagth is irrational
function of the node coordinates, and segregation helps simplification.
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Mathematicavl oduleto Form Stiffness and M ass
Matrices of a 2-Node Plane Bar Element

Pl aneBar 2Sti f f ness[ ncoor _, mprop_, fprop_, opt _]:= Modul e[
{x1,x2,y1l,y2,x21,y21, Em Gn p, a, A, nuner, L, LL, LLL, Ke},

{{x1,yl},{x2,y2}}=ncoor; {x21,y21}={x2-x1,y2-yl};

{Em Gm p, a} =nprop; {A}=fprop; {nuner}=opt;

| f [numer, {x21,y21, Em A} =N[ {x21,y21, Em A} ]];

LL=x21"2+y2172; L=Power Expand[ Sqrt[LL]]; LLL=Si nplify[LL*L];

Ke=(Emr A/ LLL) *{{ x21*x21, x21*y21,-x21*x21,-x21*y21},
{ y21*x21, y21*y21,-y21*x21,-y21*y21},
{-x21*x21, -x21*y21, x21*x21, x21*y21},
{-y21*x21, -y21*y21, y21*x21, y21*y21}};

Ret ur n[ Ke]

(Note: Mass Modules Omitted - Not Used in This Course)
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Test of Plane Bar Element with Numerical I nputs

ncoor ={{0, 0}, {30, 40} };

nmpr op={ 1000, 0, 6/ 10, 0} ;

fprop={5}; opt={True};

Ke= Pl aneBar 2Sti f f ness[ ncoor, nprop, f prop, opt];
Print["Numerical Elem Stiff Matrix: "];
Print[Ke//MtrixForm;

Print["Ei genval ues of Ke=", Chop[ Ei genval ues[ N[ Ke]]]];
Print["Symetry check=", Si nplify[ Transpose[ Ke] - Ke] ] ;

Results of test script (symmetry check output omitted)

Nurmerical Elem Stiff Matrix:
36. 48. -36. -48.
48. 64. -48. -64.
-36. -48. 36. 48.
-48. -64. 48. 64.
Ei genval ues of Ke={200., 0, 0, 0}
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Test of Plane Bar Element with Symbolic Inputs

ClearAll[A Emp, L, o0pt];
ncoor ={{0, 0}, {L,0}}; nprop={EmO, p
, 0}; fprop={A}; opt={False};
Ke= Pl aneBar 2Sti ffness[ ncoor, nprop, f prop, opt];
kfac=Emr A/ L; Ke=Si npli fy[ Ke/ kf ac] ;
Print["Synbolic Elem Stiff Matrix: "];
Print[kfac," ",Ke//MatrixForm;
Print["Ei genval ues of Ke=", kfac,"*", Ei genval ues[ Ke] ];

Results of test script (symmetry check output omitted)

Synbolic Elem Stiff Mtrix:
1 -1 0
AEm 0

L -1
0

o O O O

0
1
0

o O o

AEm
L

Ei genval ues of Ke= x{0, 0, 0, 2}
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Plane (2D) Beam-Column Element in Local System
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Plane (2D) Beam-Column Element in Global System
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Mathematicavl oduleto Form Stiffness and M ass
M atrices of a 2-Node Plane Beam-Column Element

Pl aneBeantCol uim2Sti f f ness[ ncoor _, nprop_, fprop_, opt _]:= Modul e[
{x1,x2,y1,y2,x21,y21, Em Gn p, a, A, | zz, nuner, c, s, L, LL,

LLL, ra, rb, T, Kebar, Ke},

{{x1,y1l},{x2,y2}}=ncoor; {x21,y21}={x2-x1,y2-yl};

{Em Gm p, a} =nprop; {A |zz}=fprop; {nuner}=opt;
LL=Si npl i fy[ x2172+y2172]; L=Power Expand[ Sqrt[LL]]; LLL=L*LL;
c=x21/L; s=y21/L; ra=EnrA/L; rb= 2*En¥lzz/LLL
Kebar = ra*{

{ 1,0,0,-21,0,0},{0,0,0,0,0,0},{0,0,0,0, 0, 0},
{-1,0,0, 1,0,0},{0,0,0,0,0,0},{0,0,0,0,0,0}} +
rb*{

{ o000,0,0},{0, 6, 3*L,0,-6, 3*L},{O,3*L, 2*LL,0,-3*L, LL},
{ o,0,0,0,0,0},{0,-6,-3*L,0, 6,-3*L},{0,3*L, LL,O,-3*L,2*LL}};

T={{c,s,0,0,0,0},{-s,c,0,0,0,0},{0,0,1,0,0,0},

{0,0,0,¢,s,0},{0,0,0,-5s,c¢,0},{0,0,0,0,0, 1}};
I

’O 7 )
Ke=Tr anspose[ T] . Kebar . T; |f [numer, Ke=N[ Ke]];

Ret ur n[ Ke]
1;

(Note: Mass Modules Omitted - Not Used in This Course)
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Test of Plane Beam-Column
Element with Numerical I nputs

ncoor ={{0, 0}, {3, 4}}; nprop={100, 0, 84/5, 0}; fprop={125, 250};
opt ={ True};

Ke= Pl aneBeantCol um2Sti f f ness[ ncoor, nprop, f prop, opt];
Print["Nunerical Elem Stiff Matrix: "];
Print[Ke//MtrixForm;

Print["Ei genval ues of Ke=", Chop[ Ei genval ues[ Ke]]];

Results of test script

Nurmerical Elem Stiff Matri x:

2436. 48. -4800. -2436. -48. -4800.
48. 2464. 3600. -48. -2464. 3600.

-4800. 3600. 20000. 4800. -3600. 10000.

-2436. -48. 4800. 2436. 48. 4800.
-48. -2464. -3600. 48. 2464. -3600.

-4800. 3600. 10000. 4800. -3600. 20000.

Ei genval ues of Ke={34800., 10000., 5000., O, 0, 0}
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Test of Plane Beam-Column "ot Fen

Element with Symbolic I nputs

ClearAl[L,Emp, Al zz, 0opt];
ncoor ={{0, 0}, {L, 0}}; nprop={Em O, p, 0}; fprop={A Izz};
opt ={ Fal se};

Ke= Pl aneBeantCol um2Sti f f ness[ ncoor, nprop, f prop, opt];
Print["Synbolic Elem Stiff Mtrix:"]; kfac=EntA/L;
Ke=Si npl i fy[ Ke/ kfac]; Print[kfac," ", Ke//MatrixFornj;
Print["Ei genval ues of Ke=", kfac,"*", Ei genval ues|[ Ke]];

Results of test script

Synmbolic Elem Stiff Mtrix:
1 0 0 -1 0 0
121 61 121 6|
0 A|_gz Aiz 0 - Ang AEZ
0 61zz 412z 0 _61lzz 21zz
AEm AL A AL A
L -1 0 0 1 0 0
0 _12I§z _61lzz 0 12I§z _61lzz
AL AL AL AL
0 6AI\EZ 2IAzz 0 B GAl\ZLZ 4IAzz
. AEm 21zz 6 (41zz+1zzL?)
Ei genval ues of Ke= T «{0, 0, 0, 2, A INK: }
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Space (3D) Bar Element
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Global Stiffness of 3D Bar Element

K®© —
X21X21 X21Y21 X21Z21 —X21X21 —Xo1Y21 —X21Z21
X21Y21 Y21Y21 X21Z21 —X21¥Y21 —Y2i1Yo1 —Y21Z:1
E©A® X21221 Y2121 221221 —Xo1Z21  —Y21Zp1 —Z221221
¢3 —X21X21  —X21Y21 —X21d;:a X21X21 X21Y21 X21221
—X21Y21  —VYo1Yo1 —Xo1Z21 X21Y21 Y21Y21 Y21221
| —X21Z21 —Y21Zo1  —Z21221 X21221 Y21221 221771

(Derivation in Exercise 6.10)
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Mathematicaviodule to Form Stiffnessand M ass
Matrices of a 2-Node Space Bar Element

SpaceBar 2Sti ff ness[ ncoor _, nprop_, fprop_, opt _]: =Modul e[
{x1,x2,y1,y2,z1,z2, Em Gnm p, a, A nuner, x21,y21, z21, L, LL, Ke},
{{x1,y1, z1}, {x2,y2, z2} }=ncoor;
{x21,y21, 221} ={x2-x1,y2-y1,z2-z1};
{Em Gm p, a} =nprop; { A} =f prop; {nuner}=opt;
I f [numer, {x21,y21, z21, Em A} =N[ {x21, y21, z21, Em A}]];
LL=Si npl i fy[x21"2+y2172+z21"2]; L=Power Expand[ Sqrt[LL]];
Ke=( Ent A/ (LL*L))*
{{ x21*x21, x21*y21, x21*z21,-x21*x21,-x21*y21,-x21*z21},
{ y21*x21, y21*y21, y21*z21,-y21*x21,-y21*y21,-y21*z21},
{ z21*x21, z21*y21, z21*z21,-z21*x21,-2z21*y21,-2z21*z21},
{-x21*x21, - x21*y21, - x21*z21, x21*x21, x21*y21, x21*z21},
{-y21*x21, -y21*y21, -y21*z21, y21*x21, y21*y21, y21*z21},
{-221*x21, -z21*y21, -z21*221, z21*x21, z21*y21, z21*z21}};
Ret ur n[ Ke] ;

(Note: Mass Modules Omitted - Not Used in This Course)
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Test of Space Bar Element with Numerical | nputs

ncoor={{0,0,0},{2,3,6}}; nprop={343,0, 6/10, 0};
fprop={10}; opt={True};

Ke= SpaceBar 2Sti f f ness[ ncoor, nprop, f prop, opt];
Print["Numerical Elem Stiff Matrix: "];
Print[Ke//MtrixForm;

Print["Ei genval ues of Ke=", Chop[ Ei genval ues[Ke]]];

Results of test script

Nunerical Elem Stiff Mtri x:
40. 60. 120. -40. -60. -120.

60. 90. 180. -60. -90. -180.
120. 180. 360. -120. -180. -360.
-40. -60. -120. 40. 60. 120.
-60. -90. -180. 60. 90. 180.
-120. -180. -360. 120. 180. 360.

Ei genval ues of Ke={980., 0, 0, 0, 0, 0}
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Test of Space Bar Element with Symbolic I nputs

ClearAlI[A Emp, L, Opt];
ncoor ={{0, 0, 0}, {L, 2*L, 2*L}/ 3}; nprop={Em O, p, 0};
fprop={A}; opt={Fal se};

Ke= SpaceBar 2Sti ff ness[ ncoor, nprop, f prop, opt];

kf ac=A*Em L; Ke=Si nplify[ Ke/kfac];

Print["Synbolic Elem Stiff Mtrix: "];

Print[kfac," ", Ke//MatrixForm;

Print["Ei genval ues of Ke=", kfac,"*", Ei genval ues[Ke]];

Results of test script

Synmbolic Elem Stiff Mtrix:
1 2 2 1 2 2
9 9 9 9 9 79
2 4 4 2 4 4
9 9 9 9 "~ 9 9
2 4 4 2 4 4
AEm 9 9 9 9 "9 79
L 2 2 1 2z 2
9 9 9 9 9 9
2 4 4 2 4 4
"9 "9 "9 9 9 9
2 4 4 2 4 4
9 "9 9 9 9 9
Ei genval ues of Ke= ALEm*{O, o, 0, 0, 0, 23
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