TD1

How to get the files ?

Download: codes_matlab.tar
- Open aterminal and go to your homedirectory « perso» ===> cd
- Create anew repertory ============================> mkdir TD_EF
- Goin TD _EF ————————————————=———=—=—=——=—==== > C( perso/TD_EF

Move « codes_matlab.tar » in TD_EF
& extract (uncompress) files ============= > tar xvf codes_matlab.tar

How to run the programs ?

Matlab code repertory ====|n ====> perso/TD_EF/codes_matlab
Run matlab code: cd perso/TD_EF/code_matab

Jmatlab ./
GMSH repertory ====in ====> perso/TD_EF/gmsh-1.60.1
Run GMSH: cd /usr/local/gmsh-1.60.1/

Jgmsh
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Introduction

Go to matlab codes directory :
Run matlab:

cd perso/TD_EF/codes_matlab
Jmatlab ./

- Some examples: Input file (perso/TD_EF/codes_matlab/input) :

- 3 types of files:

- *.geo: input file gmsh (geometric description)

- *.msh: output file gmsh (Mesh description) <
- *inp: input file matlab_code <
wing ; ' <€
| <
Compress <

< SRR

example

VYV VVYVY

- Tutorial code

Main programm.
Run the code:

linel T fast.m

(« pedagogical » version)

linel T (on the matlab command window)

(« faster » version of linel_T)




Main steps ...

1- Geometric description of the structure: == > intput/file.geo
Users: - geometric definition
- physical line, surface
- mesh refinement parameter
2- Mesh generation: == > input/file.msh
Gmsh: - run gmsh and open file.geo
- Options: mesh, 2D, first order (T3) ou second order (T6)
- save (== > file.msh)

3- Problem definition == > input/file.inp

Users : - define the problem to be solved
(static, dynamic, ..., material properties, boundary conditions ....)

4- Compute the Finite Element approximation

Matlab: -runlinel T orlinel T fast ....




Airplane wing: a simplify model !

Airplane wing
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Input file : input/wing.geo

Mesh generation: wing.geo

Mesh refinement parameter
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Line 4 (4,1)

Physical line(2)
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Line 3 (3,4)

Line 2 (2,3)

Physical line(1)

Line Loop (5) (1,2,3,4) ®
Physical
Surface(1)={3}

Line1(1,2)

1

Physical Line (Boundary conditions)

- Physical Line(1) : (traction force)
Line 2: given traction force
- Physical Line(2) : (displacement)
Line 4: embedding (imposed displacement)



wing.geo

Mesh generation: wing.geo

- Rungmsh: cd perso/TD_EF/gmsh-1.60.1/
Jgmsh

Mesh refinement parameter

- open « wing.geo »
- mesh, 2D (Shortcut: esc F3)
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- option: first order (T3) or second order (T6)
- save (== > generation of wing.msh)
48.0,44.0,0.0,1cl}; - To modify « input file » == > Edit
AY TO DO:
r3ki - change mesh refinement parameter
P - generate the new meshes
e(l) = 5}
a(l) = {2};
e(2) = {4};
face(3) = {1};




Input data: wing.inp

Input file : input/wing.inp

wing.msh Wlnglnp

* ANALY ST < Analyse : Static, plane stress

STATIC, TY PE=PLANEZTREESS
*

Material caracteristic

*MATERIAL, TYPE=ISOTROPIC //////
YOouNG=1]

POISBCON=.3333333
&

Elset 2

__ Domain:
N / ELSET=3 (Physical surface (3))
ELSET=3
w Boundary conditions :
“DBC +——— | Displacement: DBC

ELSET=2, DIR=1, VAL=0.

CLEETLS DIReZ . VALoD. ELSET = 2 (Physical Line(2))
s ’ ' Direction 1 ; Value = 0
Direction 2 ; Value =0

*TEC «— |
ELSET=1, DIR=2, VAL=. 0625 Traction : TBC
o ELSET = 1 (Physical Line(1))

Direction 2 :
*ENDFILE Value F=0.0625




Input data: wing.inp

wing.msh Wlnggeo

*ANATLYETH

STATIC, TY PE=PLANEZTREESS
*

*MATERIAL, TYPE=IZOTROPIC
YOUNGE=1

POISBCON=.3333333
&

*BOLID

ELEET=3
* %

*DEC

ELSET=2, DIR=1, VAL=0.
ELSET=2, DIR=2, VAL=0.
* &+

*TBC

ELSET=1,DIE=Z, VAL=. 0A25
*

*ENDFILE

Run matlab :

Linel _T.m

But before ....

. let’'s have a look on the

main program



~

Tables: Analysis, materials

analysis materials| connec Coor. ..

% reads input file

dof displ TD]=read input (pname, fname,t2) ;

®

analysis =
NH: B
NE: &

# nodes
# surface elt

Etag: 3" #3=>T3;‘6’=>T6

ne: 3
ns: 2
ng: 1

# Gauss points

type: 'PLANESTRESST |

nTh: 1

# segment (imposed traction)

neqg: 12 #unknown

analysis.NN =9

File : utility/read_input.m

materials =

type:
Voundg:
polisson:
A

[1x11 char]

1
0.33333330000000
[3x3 doukle]




Tables: connec, coor

[analvsls materials

dof disgpl TD]=read input (pname, fname,t2) ;

connec =
Cconnec Coor. .. %
6 2 7
@ z 3 7
4 o 7
7 o &
1 5 g
g o 4
©) 6 9 5
5 g g
COOE =
1] 0
45.00000000000000 44.00000000000000
45.00000000000000 &O.00000000000000
0 44.00000000000000
15.9999090000000830 14. c6a6EEGEEEGEE4E
31.29999899999385] 29,3333333333328°%
24.00000000000040 S52.00000000000014
0 ZzZ.00000000000000
14.36198494227833  32.70152631834299




Tables: dof & TD & displ

[analvsils materials conhec Coor. .. % reads input file

dof displ TD]|=read input (pname, fname,t2) ;

dof = Displ=|0 O
-1 -10 — 0O 0
1 2 - 0 0
@ / -4 -13 0 O
5 &
DBC (nodes 1, 4 et 8) 0 O
7 8 0 0
here : nodes 1, 4 et 8 \ 7 10 // 0O O
®‘ In both directions -8 =17
(== > values in Displ) 11 12
TD (nodes 2 et 3) : [0 = Initialisation of the Displacement vector:
] ] L - Zero (for unknown dof)
Dir n:2 dir: 2
VAIEZU_OO 0625 val: 0.06250000000000
C nodes: [2 3] - Value of the imposed displacement for
other nodes




Problem formulation

trouver u < C(uP) tel que
q

/g[ﬁ]:Azg[m} de/pf.ngJr/
Q- - Q St

T°.wdS  YweC(0).

w,(z) = u? (2) +u)(z)  €CL(WP) (2,

avec u”)(z) = Z

('n’r.j} | dof ('n!j):[]

et E(D} — Z j\?n

(12,7) | dof{m,7) >0

we)= Y. N@uey eC0)  (ze).

(n,7) | dof(m,7)>0

No(z)uR(z)e, € Ch(uP)

(z)'ué”)gj € Cr(0);

Trouver -_ufj eCp(0) tel que : Yw = Cp(0),

| el Ascluwlav = = [ cluP): Asclu]av




Problem formlation

) ¢ Crn(0) tel que : Yw €Ch(0),
_/ Q[t—thD
2

Trouver u,,
[ el Asclulav
Q

(W} KU}

. ‘ NE
1- / £lu,”) Aig[ﬂdi"—Z/ elup”]: A lw] dY
) VBT -
/ gluy| A glw]dV =
<= [ (B.@)]A]B.().(a) Vo)
JA,
Local stiffness matrix: Ke
Directory: ElementName
Program : Stiff_linel _ElementName.m

E
e

> / cluy]: A glw] dV
1 S E. -
Local extrenal forces: Fe
Directory: ElementName
Program : nf_traction_ElementName.m

lu-i ds = {‘TF.TF }']'{F::U] l F':'_”rr; _ {‘TF'T&}]{FE“}



_ocal stifness matrix

Local Stiffness Matrix: Ke

= {W.}'[K.{U.}

avec = / B, (a)]"[A][B.(a)]J.(a) dV (a)
G
~ Y wy[Belg,)|T[Al[Be(gy)] Je(a
g=1
% Linear elastic stiffness matrix: T3
gd?::;af Ke=stiff linel T3(T,R)

=T(1l,1); =21=T(2,1); x
x12=T(1,2),; x22=T(2,2); x
S=.5* [ (x21-x11)*(x32-x12)

(x31-x11)*(x22-x12)
Be=[x22-x32,0,x32-x12,0, x
0,x31-%x21,0,x11-x31,0
x31-x21,x22-x32,xll-x%
x32-x12,x21-x11,x12-x

Ke=5*Be' *A*Be;

0,x21-x11;

) ;
12-x22,0;

3

=L

221/ (2%8);

Directory: ElementName

Program : Stiff_linel eementvame.m

S R R R R R R N R R R R R RN
function Ke=stiff linel T6(T,A)
a gauss=1l/6*[4 1 1; 1 4 1; 1 1 4
v_gauss=[1l/¢6 1/6 1/6];
Ke=zeros (12,12);
for g=1:3,

a=a_gauss (g, 1) ;

DN=[4*a(1)-1 0 -4*z3(3)+1 4*a(2)

-d*z (2) 4*(a(3)-a(l));

0 42 (2)-1 -4*a(3)+1 4*a (1)

4* (a(3)-a(2)) =-4*a(1)]"';
J=T"'*DN;
detJ=J(1,1)*J(2,2)-J(1,2)*J(2,1);
invd=1l/detJ*[ J(2,2) -J(1,2);

-J(2,1) J(1,1)]
GN=DN*invJd;
Be=[GN(1,1) 0 GN(2,1) 0 GN(3,1) O

GN(4,1) 0 GN(5,1) 0 GN(6,1) O0;

m
i

0 GN(1,2) 0 GN(2,2) 0
0 GN(4,2) 0 GN(5,2) 0
GN (1, 2) GN (2, 2)
GN (3, 2) GN (4, 2)
GN (5,2) GN(5,1) GN(6,2)

Ke=Ke+Be' *A*Be*detJ*w gauss (g);

GN(1,1)
GN(3,1)

GN(3,2)...
GN (6, 2)
GN (2,
GN (4,

GN(6,1)];

Lot et wa
S




| ocal external forces

Local external forces : Fe

TP dS = {"".‘_}"{/ IN®){Z°(z(b)} T ()
Jre Jx '

Directory: ElementName
Program : nf_traction_eiementvame.m

b db dbg } {'TF.,T&} {F.‘;‘_Llr]‘}

=0 | 1 [

rFrrrrrrrrrrrrrrrrrrrrrrrrrrrrnrrrnrrrerurnrn
function Fe=nf tractions T3 (L,wval,idir)

(1,2);
(2,20
+ (xZ22-x12)"2);

x12Z2=L
x22—

x11=L(1,1);

}:2_ _l2 _J,

EL=EE2*:‘ g 1 f,

010 17;
TD=zercs (2,1);
if idir=0,
TD(idir)=wval;

ddddddd

=
n=[ (x22-x12);

Pressure loading : idir=0

_;:IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

_.;:I-IIIITITI_IIIIII_IIII_III_I_ITIIIII__IIII_TI-I-IIITI-
function Fe=nf tractions T6(L,val,idir)
a gauss=[-1/sgrt(3) 1/sgrt(3)]:
w_gauss=[1 1];

Fe=zeroz (6,1);

for g=1:2

a=a gauss(qg);

DN=[a-.5 a+.5 -2*a3];

J=DN*L;

detJ=sgrt(J(1l)"2+J(2)"2);

TD=zeros(2,1);

if idir>0,

L L LAl L

(
=lze
Th=val /detJ*[J(2) =-J{(1)]"';
and
NL= *la- a ;




Assembly

Trouver ug cCp(0) tel que : Yw =y, (0),

./s; g[’t_&ﬁlﬂ}] cAgw] dV = —]S; g[ui }] c A e[w]dV

, (2 {2) i (3) 57 (& (G} 5 (7 { T‘J ,(,, ()
@ (W = {wl®, wl? W w® o el Wl el el wl ST

2) (2) ,(3) (3) . (5) . (5)  (6) (6} (7). (7}  (9) T
{U} = {'HE L '.-uﬂ U :'.-i:.{i’ R TH R TR TR ..{r:-rfz” 3_.5;, “'}

Trouver {U} € RN tel que : Y{W} RN,  {W}T[K|{U} = {W}"{F},
T L N
(YUY = 3 [ elu): Asclulav
NE :
clul™: A z[w v TP wdsS,
(WYT{F} = ;{ ,/;L,-,.':[L” J: A g[w]dV +/ fawdV +[“1~ wds }




Assembly

Trouver gﬁf’) Cr(0) tel que : Yw € Cr(0), [K ]{U }

th é[ﬂgzo)] rAg[w| dV = — fnh E[Eg))} Aclw]dV ‘ i {F}
+fghi.ydv+fsmzn.yds. {F}z {Fvo|}+ {Fsurf}+ {FU}

Ng

1- /ﬂ lul”]: Az ghw) dV = EL cluy]: A glw] dV
=

Contribution to the|global stiffness matrix: [K]

[ ghual: Asglulav = (WL)RHU.)

avee  [K,] = f& B (a)]T[A][B. ()] J.(2) 4V (a)

Contribution to thejglobal right hand side (imposed displacement): {F'}

A 4
fn e=1 E.




Boundary condition: displacement

Example : Element 5

Trouver -‘t_.aioj €Cp(0) tel que : vw = Cp(0),

L g[g}i_d’] tAzglw] dV = — / E[EEED}]:A:E[E] dv

Qh

+ [ fawdV 4 / TP wds.
ST.h

S
-[-HEDH. n.[JD”. ut® ul Hiﬂ:ﬁ]. -H.'EE‘DM W = 10,0, te"iﬁ:', ee‘f}'_':'. 0, [J}.{'
DYy _ . (D1) (D1} (D8}  (DR)yT (D) (5) (5} T wi7(0) (5) _ (B)T
(U5} ={uy ' uy j~'“i Youy } {U_[—,”'} = {H‘L”, rs:u;.” = {Wy'} ={w; ", wy "}’

{We:5 }T [Ke:S ]{U e=5 } - {O 0

W1(5) W§5)

[ (1D (12) e (13 (14) K (15 16) ] (1)
Ke5 Ke:S Ke:5 Ke:S Ke:5 Ke:5 Ul

(20 1 (22) 1 (29 | (24) ¢ (29 ¢ (26) &
Ke 5 Ke=5 Ke:5 Ke=5 Ke=5 Ke=5 U2

(39 (32) [ 1 (33) (34) |1 (39) (36) (5)
Ke5 Ke5 Ke:5 Ke:5 Ke:5 Ke:S Ul

L
(41 (42)[ e (43) (44) | (49) (46) (5)
Ke 5 Ke 5 Ke:5 Ke:5 Ke=5 Ke=5 U2

(51) (52) (53) (54) (55) (56) (8
Ke5 Ke:S Ke:S Ke:S Ke:5 Ke:S Ul

(62) (62) (63) (64) (65) (66) (8
_Ke 5 Ke:S Ke:S Ke:S Ke:S Ke:5 _ Ul

{\Ne=5 }T [Ke:S ]{U e=5 } = {Weos }T

[ 1/ (33) (34) | [/ (31) (32) (35) (36) |
K Ke=5 0 }_|_ WO }T Ke:S Ke:S Ke:S Ke:5
e=5

(42 (42) (45) (46)
_Ke=5 Ke=5 Ke:5 Ke=5_

° |
e=5

(W5} [Ks){Us} = (Wi MK {US” H+ (Wi} RS {05 ™}

[




Boundary condition: displacement

Element 5 0 )7 [KE KE2KE KEPKE KED | [OP
0 Kete Koo K K9 K KEZD | 0y
ik o 1] [RERERT kR )| [ur]|
T ) | KE KE KD KEKE KE)| up
8
0 Kes KZP K2 K KE KE | U
8
O ) KO KEPKED KEPKED KD | [UP
—_— _ (O T e (000 () (0)1 Tl (0D)7 p+ (D)
{Ws}" [Ks[{Us} = {W5 " }"|[Ks™ " [{Us " |+ {W5 "} [[Kg™ " {Us" }
dof =
nodes=connec(e.:) e nodes=[1 5 §] ?
dofe=dof(nodes.:) — dofe=[-1 -10; 1 —1p Q
AN 1 5 =
S . ) )
dofe=reshape(dofe'.[1.6]) — dofe=[-1-105 6 -8 -17] _4  _13 g
pe=find(dofe=0); - pe=[3 4]<Local’ numbering g G g
Ie=dofe(ne): —>__ | Ie=[5 6]:Global’numbering 5 >
K(Ie.Ie)=K(Ie.Ie)+Ke(pe.pe): 10 S
pe UDe=find(dofe<0); — [pEtle S aE _ _17 ~
Te UDe=-dofe(pe UDe): —> | Ie UDe=[1 108 17]: 11 1w L
UDe=displ(Ie_UDe)'; —— | UDe=[0 0 0 0]:

F(Ie)=F(le)-Ke(pe.pe UDe)*UDe




Ke(pe,pe); nedq:

— 1Dk
m
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P
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Matlab translation ...

analysis =

NN: 2
MNE:

Etag: '3°7
ne:

r[1,Dnel); ng:
type:
nTh: 1

3
2)'1); ng: 2
1

tn oy @ B -] e B
LU T T W T o B W B U N L N N |
[ o BT A o R o A s |

Ee=stiff linel T3(T,materials.A);

Displacement
boundary condition

Fe=nf_tractions_T3(L,val,idir);




Post traitement: Cauchy Stress components

Directory : ElementName . o ]
Program : StressG_linel_eemeniame.m {éliﬁ ()} = [Belg){Ve}, {o}= [-'l_ 1€}

Al

4 e
*+
At}
[t

¥x31-x21,x22-x32,x11-x31,
xX32-x12,x21-x11,x12-x22]/(2%8);

stressG= (A*Be*VJa) ';

_;:IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII __;:IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
% E-__':,.E__i: ::_"'E__'______i"E '__,:;,_— =T O T [ O O R |‘-| PP P rrrrrrrrrrrrrrn
<t rrrrerrrrrrrrrrrrrrrrrrrrnrrrrrrvrrernronrererona - — -7 T M i T TT
T = = 2 = = = = = = = 2 ® 3= = = 3 = = = = 2 = = = = 2 ® = ® ® m m = = = =2 = =2 2 = Tuncrci sl ST ressa=sTressis linel _Gl_;_"‘a; fe)
function stressG=stressG linel T3 (T, A, Ve)
a2 gauss=1l/6*[(4 1 1; 1 4 1; 1 1 4];
x11=T(1,1); x21=T(2,1); x31=T(3,1); stressG=zeros(3,3);
®x12=T(1,2); =®22=TI(2,2); x32=T(3,2); for a=1:3
1 ' RERY, ) LU MT ety
S=.8* [ (x21-x11)* (x32-212) - e o ; it .
e 2 11y % (k22-%127 ) a=4d Jgauss \d, 1)
®x31l-x11) HLZ2-x12)); T ca 4 e 4 -
_ ) \ — \ - Sy R DN=[4*a(1l)-1 0 -4*a(3)+1 4*a(2)
Be=[x22-x32,0,x32-x12,0,x12-x22,0; —4%3(2) 4% (a(3)-a(1))
0,x31-x21,0,x11-x31,0,x21-x11; 0 4% y .. -

To be compare with stiff linel T3 ... invysl/derdr[ J(2,2) -J(1,2
- ) J 1

)i
J(2,1 1,1)1:
_;,__\IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII l'r |I ‘r ..’
...................................... T
¥ Linear elastic stiffness matrix: T3 ST A Sy
RN RN AR RN RRRNRRERN AR RRNANY Be=[GN(l,1) 0 GN(2,1) 0 GN(3,1) O
function =gt iff o T3I(T, L o 1% . 9 3 e 9 .
tunction Ke=stiit linel T3(T,A) GN(4,1) 0 GN(5,1) 0 GN(&e,1) 0O;
- J—— 4 X ~ —_ A (2l T ‘1 h?
e 4 P - P T I | [ [ T
®x11=T(1,1); ®21=T(2,1); =x31=T(3,1); 0 GN(1,2) 0 GN(Z,2) GN (3, 2)
x12=T(1,2); x22=T(2,2); x32=T(3,2); 0 GN(4,2) 0 GN(L,2) 0 GNI(&,2);
= L=+ [/ T=w]11V* [w3F =1 Y= P | i AT F q 3 FRT 4 FRT [ T 4
§=.5% ((x21-x11)* (x32-x12) =. .. GW(l,2) GN(1l,1) GN(2,2) GN(2,1).
(x31-x11)*(x22-x12)); N {2 VoenT P Ty e " 9 %
Be=[x22-%x32,0,%32-x12,0,x12-x22,0; GN(3,2) GN(3,1) GN(4,2) GN(4,1)
0,x31-x21,0,x11-x31,0,x21-x11; GN (5,2) GN(5,1) GN(6,2) GN(e&,1)]:;
31-x21 -x%3 11-x31 iy N o F T ke Tham kT T b
x31-x21,x22-x32,x11-x31, ... stressG(g,:)=(A*Be*Ve) ';
x32-x12,x21-x11,x12-x22]/(2*5); . =
Ke=S*Be'*A*Be; sng




Post traitement: Cauchy Stress components

Matlab function: ic = find(dof>0);
= > returns the indices of « dof »
ic=find(dof>0) ; that satisfy the condition

displ (ic)=U(dof(ic % and copie
stress=zeros (analy % i izl "stress"
counter=zeros (analy % "counter"
for e=l:analysis.NE, % computes nodal stresses
nodes=connec (e, 1);
T=coor (nodes, 1) ; % creates element
Ve=reshape (displ (
stressG=sval ([ '=tres=s %
analysis.Etag F
stressN=sval (['G2] %
analysis.Etag
stress (nodes, 1) ==s % adds stresses to triangle nodes
counter (nodes)=co
aend
for icomp=1:3
stress (:, icomp)=stress (:, icomp) ./counter; % naive average of stresses
end
_:_:_:IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
= T T 1% Extrapolation fronm points to nodes: T3
_:;_tIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
Extrapolation from Gauss points to nodes: T6 - : :
.Hlll1llllllHllllllllHllllllllHlllllllllHl function qH;EzH_TELTqu}
function gN=G2N Té& (T, gG)
gN=[gG; gG; gG]l:
N=1/9*[2 -1 -1 4 1 4;
-1 2 -1 4 4 1;
-1 -12 1 4 4];
xg=[ones (3,1) N*T]; % physical coordinates of gauss points
M=[ones(&,1) TI];
gi=M* (xg\gG) ; 3 linear extrapoclation to nodes




EX 1: Extract some information

Write matlab code lines:

- To display total number of element

- To display total number of nodes

- To find all nodes that belong to the line x=0

Ex 2: Assembly

» 1-How is compute the coefficients
K(5,7),K(5,10) and K(12,9) ?

« where does it come from ? dof = connsc =

* which elements contribute to its - . .
S -1 -10

computation ~ ) ; . 5 .

« which coefficients of K, contribute to 3 4 4 ? h

its computation ? -4 -13 7 9 6

5 & 1 5 A

» 2 —What is the contribution of : 7 E g ? 4

9 10 6 9 5

K 2(1,2), K 4(4,6) and K_5(1,6) g -17 5 9 a
- Verify with the code 11 1z




EX 3: Potential energy (DM)

 1- Matlab code lines to evaluate the potential energy for the FE solution

| . .
P(ﬂh) — 9 / ;[ﬂh] A;[ﬂh] dL /
< Jy,

. 52:‘:

foy, dV / TP ., dS
JS51.n

« 2- Convergence analysis (Wing case)

Plot the potential energy in function of the number of elements
(mesh refinement) for T3 and T6 elements.

wing.inp
 3- Compute the potential energy for the example ‘
« compress.inp » | v O
Work in pairs Compress.inp
Send by email: ( ) I
Your names

Hand in next session |
| .

Matlab code lines
1 pages (max) of comments and analysis
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Correction EX 1: extract some information

Write matlab code lines:

- To display total number of element: == > NbElement = analysis.NE
or ==> NbElement = size(connec,1)

- To display total number of nodes: == > NbNodes = analysis.NN

or ==> NDbNodes = size(coor,1)

- To find all nodes that belong to the line x=0
SXO0=find(coor(:,1)<(1.d-4));

== > SXO0 contains the list
SXO0="| (column) of the nodes that

belong to the line x=0
1

4
8




Correction EX 2 — Assembly (1/2)

* 1-Howis compute the coefficient K(5,7), K(5,10) and
K(12,9) ?

* where does it come from ?
* which elements contribute to its computation ?
* which coefficients of K, contribute to its computation ?

K(5,7)

- Node 5 (direction 1) & Node 6 (direction 1)
- Element 7

- K(1,4) =K_7(5,1)

* 2 —Same question for K(5,10) dof = connec =
K(5,10) 1 —10 & 2 7
- Node 5 (direction 1) & Node 7 (direction 2) 1 o 2 3 7
- No common support of shape functions 3 4 4 9 7
- K(5,11) =0 -4 -13 7 e &
& 1 5 o
* 3 — Same question for K(12,9) : a g 4
- Node 9 (direction 2) & Node 7 (direction 1) o 10 & o 5
. Elements 3 & 4 -g -17 5 o &
L K(12,9) = K_3(4,5) + K_4(4,1) 11 1z




Correction EX 2 — Assembly (2/2)

« 2 —Whatis the contribution of :
K 2(1,2), K 4(4,6) and [ K 5(2,3) and K_5(3,2)]

K _2(1,2)
dof 2=1 < Node:2Dir1« dof=1
dof 2=2 < Node : 2 Dir2 « dof =2
K(1,2) — K_2(1,2) (but #)

K _4(4,6)
dof_4 =4 — Node : 9 Dir 2 « dof = 12 dof = connec =
dof 4=6 < Node : 6 Dir 2 « dof =8
K(12,8) «— K_4(4,6) (but #) 1 ~10 B 2 7
1 2 2 3 7
K_5(3,2) and K_5(2,3) 3 4 4 o 7
dof_5=3 <> Node : 5Dir 1 <> dof=5 -4 -13 Ll 9 d
dof_5 = 2 <> Node : 1 Dir 2 «> dof = -10 i : ;— ; i
Fru(5) «— K _5(3,2) *U’\(.1)’\2 (but #) 10 . 5 c
K_5(2,3) does not contribute _ 17 c 3 5
11 1=z




Hints EX 3: Potential energy

)i Aicluy ]V = [ fagav - [ 17w,a8
- N Qn

S1.n

Prove:  P(u,)- z( FIKJU)-{u.) }j LoF [KJU- U] PU®)



