/IProgramme d'étude du flambage des poutres:Bertin & Rivoire
# include <iostream>

# include <math.h>

# define n 100

usi ng nanespace std ;

void donnes(int p,float I[n],float a,float d,float b,float c,
float f,float g, float h)
{ float S[n];
for (int i=0; i<=p; i++)
{ S[i]l=(c+(d-i*d/p)*(a-c)/d)*b;}
for (int i=0; i<=p+l; i++)
{ 1Li]=S[i]*(C(S[i]/b)*(S[i]/b)+(b*b))/3); }
cout <<" Aire Moment quadratique"
cout <<end! ;
for (int i:0; i <=p; i++)
{ cout <<"[" ;cout <<§[i]; cout <<"]" ;cout <<"[" ;cout <<I[i];cout <<"]" ; cout <<endl ;}
cout <<end! ;
cout <<end! ;

}

voi d raideur (int p, float d,float KGn][n],float K[n][n],float I[n],float C,
float TK[n][n],float TKC n][n],float P,float T[n][n])

float E[n];float Mn];
for (int i=0;i<p;i++)

{

0D (01 =(48° 0/ p) (12 p) (1201 p)) 1 ((4/p) " (/) (&) (&) * (/)
p));

K[ O] [ 1] =(24* (i *d/ p)* (i *d/ p)* (i *d/ p)) / ((d/ p)*(d/ p) *(dl p) *(dlf p) * (dl/ p))
-(6* (i *d/ p)*(i*d/ p))/ ((dl p)*(dl p)*(d/ p)*(dl p));

K[ 1] [ 0] =K[ 0] [ 1] ;

K[ 0] [ 2] =- K[ 0] [O]

K[ 2] [ 0] =K[ 0] [ 2] | |

K[.O] [ 3] =(24* (i *d/ p) * (i *d/ p)* (i *d/ p) )/ ((d/ p)*(d/ p) *(dl p) *(d/ p) * (d/ p)) +
(6% (i *d/p)*(i*d/p))/ ((dlp)*(dlp)*(dlp)*(dip));

K[ 3] [ 0] =K[ 0] [ 3] |

K[ ] [ 11 =(((6* (i *d/ p))/ ((d/ p)*(d/p)) -1/ (d/ p))*((6*(i*dlp))/((dlp)*(dlp))
-1/ (dl p))* (6% (i *dl'p))/ ((d/ p)*(dl p))-1/ (d/ p))*((dl p)*(dl p)))/ 18;

K[ 1] [ 2] =(- 24* (i *d/'p) * (i *d/ p) * (i *d/ p))/ ((dl p) *(df p) * (df p)* (d/ p) *(d/ p)) +
(6% (i *d/p)*(i*d/p))/ ((dlp)*(dlp)*(dl p)*(dIp));

K[ 2] [ 1] =K[ 1] [ 2]; | |

K[ 1] [ 31=(12% (i *d/ p) * (i *d/ p)* (i *d/ p))/ ((d/ p) *(dl p) *(dl p) * (dl/ p))
-(i*dip)/ ((dlp)*(dlp));

K[ 3] [ 1] =K[ 1] [ 3];

K[ 2] [ 2] =K[ 0] [ O] ; | |

K[ 2] [ 3]=- ((24* (i *d/ p)* (i *d/ p) * (i *d/ p))/ ((dl p)*(dl p)*(dl p)*(d/ p) *(d/ p)) +
(6% (i *d/p)*(i*d/p))/ ((dlp)*(dlp)*(dip)*(d/p)));

K[ 3] [ 2] =K[ 2] [ 3] |

K[ 3] [ 31=(((6* (i *d/p))/((d/p)*(d/p))-1/(dlp))*((6*(i*dlp))/((dlp)*(dlp))
+#17(dl p))* (6% (i *dl'p))/ ((d/ p)*(dl p)) -1/ (d/ p))*((dl p)*(dl p)))/ 18;

KG[ 0] [ 0] =(36* (i *d/ p) * (i *d/ p)*(i*d/ p)* (i *d/ p) * (i *d/ p)/ (5*(d/ p)*(d/ p) *
(d/ p)*(dl p)*(dl p)*(d/ p))) - (6*(i *d/ p)*(i*d/p)*(i*dl p)/ ((dlp)*(dl p)*(dlp)
*(dlp)))+(9*(i*dl p)/ (4*(dI p)*(dip))): |

KC[ 0] [ 1] =(18* (i *d/ p) * (i *d/ p) * (i *d/ p)* (i *d/ p) * (i *d/ p)/ (5*(dll p)*(d/ p) *
(d/ p)*(dl p)*(d/ p))) - (3*(i *dl p) *(i*dl p)*(i *dl p)* (i *d/ p)/ (2*(dl p)*(dl p)
*(dl p)*(dl'p)))-(2*(i*dl p)*(i*d/ p)*(i*d/p)/ ((dl p)*(dl p)*(d/p)))+

(3% (i *d/ p)*(i*dl p)/ (4*(dl p)*(d/ p))) +(3* (i *d/ p)/ (8*(dl P)));



}

KG[ 1] [ 0] =KC[ 0] [ 1] ;
KCO][2]=-(36*(i*d/p)*(i*d/p)*(i*d/p)*(i*d/p)*(i*d/p)/(5*(d/p)*

(d/ p)*(dl p)*(dl p)*(dl p)*(d/ p))) +(6* (i *d/ p)* (i *d/ p) * (i *d/ p)/ ((dl p)*
(d/p)*(dl p)*(dl p)))-(9* (i *dl p)/ (4*(dlp)*(dl p)));

KG[ 2] [ 0] =KC[ 0] [ 2] ;

KG[ 0] [ 3] =(18* (i *d/ p) * (i *d/ p)* (i *d/ p)* (i *d/ p) * (i *d/ p)/ (5*(dll p)*(d/ p) *
(d/ p)*(dl p)*(dl p))) +(3* (i *dl p) * (i *d/ p)* (i *dl p)* (i *d/ p) / (2*(d/ p) *(dl p)
*(d/p)*(dl'p)))-(2*(i*dl p)*(i*dl p)*(i*dlp)/ ((dl p)*(dlp)*(dIp)))

-(3* (i *d/ p) * (i *d/ p)/ (4*(dl p)* (d/ p))) +(3* (i *d/ p) [ (8*(dl p)));

KC[ 3] [ 0] =KC[ 0] [ 3] ;

KC 11[ 1] =((i *d/ p)/ 16) +(9*(i*d/p)*(i*d/p)*(i*d/p)*(i*d/p)*(i*d/p)/
(5*(dl p)*(d/p)*(dl p)*(dl p)))-(3*(i*d/p)*(i*dl p)*(i*dl p)*(i*dlp)/
(2*(dl p)*(d/ p)*(d/p)))-((i*dlp)*(i*dlp)*(i*dlp)/(6*(dlp)*(dip)))+
((i*dip)*(i*d/p)/(4*(dip))); | |

K 1][2] =-(18*(i*d/p)*(i*d/p)*(i*d/p)*(i*d/p)*(i*d/p)/ (5*(d/p)*

(d/ p)*(dl p)*(dl p)*(d/ p))) +(3*(i *d/ p) * (i *d/ p) * (i *dl p) * (i *dl p)/

(2% (dl p)*(d/ p)*(d/ p)*(dl p)))+(2* (i *d/ p) * (i *dl p)* (i *d/ p) / ((dl p)

*(dl p)*(dip)))-(3*(i*dlp)*(i*dl p)/ (4*(dl p)*(di p)))-(3*(i *d/ p)/ (8*(dIp)));
KC[ 2] [ 1] =K[ 1] [ 2] | | | | |

KC 11[3]=((i*d/ p)/ 16) +(9*(i*d/p)*(i*d/p)*(i*d/p)*(i*d/p)*(i*d/p)/
(5*(dl p)*(d/ p)*(d/ p)*(dl p)))-(5*(i*dl p)*(i*dl p)*(i*dlp)/ (6*(d/p)*(dlp)));
KG[ 3] [ 1] =K 1] [ 3] ;

KG[ 2] [ 2] =(36* (i *d/ p) * (i *d/ p) * (i *d/ p)* (i *d/ p) * (i *d/ p)/ (5*(dl/ p)*(d/ p) *
(d/ p)*(dl p)*(dl p)* (d/ p))) - (6*(i*d/ p)*(i*dlp)*(i*dlp)/((dlp)*(dlp)*
(d/p)*(dl p)))+(9* (i *d p) 7 (4*(dl p)*(d/p))); |

KG[ 2] [ 3] = (18* (i *d/ p)* (i *d/ p)*(i*d/ p)* (i *d/ p)* (i *d/ p)/ (5*(dl p)*(dl p)
*(d/ p)*(df p)*(dl p)))-(3*(i*dl p)*(i*dl p)*(i*dlp)*(i*dl p)/(2*(dl p)*(dl p)
*(d/p)*(df p)))+(2* (i *dl p)*(i *dl p)*(i*dl p)/ ((dl p)*(dl p)*(d/p)))

+(3% (i *d/ p) * (i *d/ p)/ (4*(dl p)*(d/ p))) - (3*(i *d/ p)/ (8*(dI p)));

KC[ 3] [ 2] =K[ 2] [ 3] | | | | |

KE 3][3]=((i*d/p)/16)+(9*(i*d/p)*(i*d/p)*(i*d/p)*(i*d/p)*(i*d/p)/
(5*(dl p)*(d/ p)*(dl p)*(dl p)))+(3* (i *d/ p)*(i*dl p)*(i *d/ p) * (i *dl p)/
(2*(dl p)*(d/ p)*(d/ p)))-((i *d/ p)*(i*d/p)*(i*dl p)/ (6*(dl p)*(dlp)))
S((i*dip)* (i *d/ p)/ (4*(dI p)));

/[fabrication de la matrice K sur toute la longueur de la poutre.
for(int k=0; k<=3; k++)
{

for(int j=0; j<=3; j++)

TRE2*i +k] [ 2*i +] ] +=K[K] []];

}
for(int k=0; k<=3; k++)
{ for(int j=0; j<=3; j++)
TKC[ 2*i +k] [ 2*i +j ] +=KC[ K] [ 1;
}
cout <<"K =" ; cout <<endl ;
for(int 0=0; 0<2*p+2; o0++)
{ cout <<" ["
for(int s=0; s<2*p+2; s++)
{ cout <<" " <<TK[ o] [s]<<" "

}

cout <<"]" <<endl ;



}

cout <<"KG =" ; cout <<endl ;
for(int 0=0; 0<2*p+2; o++)

{
cout <<" ["
for(int s=0; s<2*p+2; s++)
{
cout <<" " <<TK( o] [ s] <<" "
}
cout <<"]" <<endl ;
}

void EL(float A[n][n],int p,float B[n][n])
{

for(int i=2;i<=2*p+l;i++)
{ for(int j=2;]j<=2*p+l;j++)
% BLil[JI=Ali]1[i];

}

for(int i=2;i<=2*p+l;i++)
{ for(int j=2;]<=2*p+l;j++)

% Bli-2][j-2]=Bli][j];

}

}

void RRNfloat A[n][n],int p,float B[n][n])
{

for(int i=1;i<=2%p;i++)
{ for(int j=1;j<=2%p;]j++)
% Blil[il1=AI]l[il;

}
fOf(i nt i=1;i <:2*p+1; i ++)
{Bi1[2%p] =A1 ][ 2*p+1]

}
for(int j=1;j<=2*p+1;j++)
{Bl[2*p] [j]=A[2*p+1] []];

}
for(int i=1;i<=2*p+l;i++)
{ for(int j=1;j<=2*p+1;j++)
% Bli-1][j-1]1=Bli][j];

}
B[ 2*p- 1] [ 2*p- 1] =A[ 2* p+1] [ 2* p+1] ;

void ERNfloat A[n][n],int p,float B[n][n])
{

for(int i=2;i<=2%p;i++)
{ for(int j=2;j<=2%p;j++)
% Blil[il1=AT]l[il;

for(int i=2;i<=2*p+1;i++)



{Bli][2*p]=A[i][2*p+1];

}
for(int j=2;j<=2%p+1;j ++)
{Bl[2*p] [j]=A[2*p+1] []];

}
for(int i=2;i<=2*p+l;i++)
{ for(int j=2;j<=2*p+1;j ++)
{ Bli-2][j-2]=B[i][]];

}
}
B[ 2% p- 2] [ 2*p- 2] =A 2* p+1] [ 2*p+1];
}
void EEMfloat A[n][n],int p,float B[n][n])
{
for(int i=2;i<=2%p;i++)
{ for(int j=2;j<=2%p;]j++)
% BLil[JI=Ali]1[i];
}
for(int i=2;i<=2%p;i++)
{ for(int j=2;j<=2%p;j++)
% Bli-2][j-2]=B[i][j];
}
}
voi d affichermat (float A[n][n], int N1, int N2, float u)
{
for(int i=0; i<2*Nl+u; i++)
{
cout <<"[" ;
for(int j=0 ;j<2*N2+u; | ++)
cout <<" " <<A[I][j]<<" "
cout <<"]" <<endl ;
}
}

voi d cholesky (float Mn][n], int p, float L[n][n],int u)
{ float s; float z;
for(int i=0;i<2*p+u;i++)

{ for(int j=i;j>=0;j=j-1)
{
if(i==j)
{ PP - <D{LiljI=Mi][j];} o o
|0f5(§|_i1)::1){5:|-[|][1]*|-[|][1]:L['][J]ZPOW(('\/U][J]'S),

if((i-1)>1){for(int k=1;k<=i-1;k++)
{
s+=L[i ][ k] *L[i][k];

}
LLiT[j]=pow(Mi][j]-s,05);



if(i>)

{ £ ((i-1)<1){z=0; L[i ] [j1=(Mi1[i]-2)/L[i][i]:}
D =D = TR T MG -2)/
| 1|,

if((i-1)>1){for(int k=1;k<=i-1;k++)
{
f+=L[i][k]*L[J’][k]:

LEETLi]=(Millj]-2)/L[i][i];

}
}
}
}

}
voi d transpmat (float C[n][n],float B[n][n],int p, float u)
{ for (int i=0; i<2*p+u; i++)

{for (int j=0; j<2*p+u; j++)

%B[i][j]=C[J'][i]:}
}

voi d produitmatrice (float A[n][n], float B[n][n],float C[n][n], int p, float u)

{
for (int i =0; i < 2*p+u; i++)
{
for (int j = 0; j < 2*p+u; j++)

for (int z = 0; z < 2*p+u; z++)

CLilli] += Ali][z] * B[z][j];

voi d InvdiagMat (int p, float Mat[n][n],float u)
{

float temp[n][n];int i;
for(i=0;i<2*p+u;i++)
for(int j=0;j<2*p+u;j++)
temp[i][j]=0;
}
for(i=0;i<2*p+u;i++)
{ for(int j=0;j<2*p+u;j++)

temp[i][i]=1/Mat[i][i];
if(jl=i)

temp[i][j]=-Mat[i][j]/Mat[i][i];



for(int k=0;k<2*p+u; k++)

if(k!=i)

{ temp[ k] [i]1=Mat[k][i]/Mat[i][i];

if(j'=i &8k!=i)

temp[ k] [j]=Mat[k][j]-Mat[i][j]*Mat[k][i]/Mat[i][i];

}
%or(int i =0; i <2*p+u; i ++)
Eor(int j =0;j <2*p+u;j ++)

{
yaqi][j]:mnm[i]H]:

}
}
}
voi d prodmatvect ( float A[n][n], float Un], int a,float V[n] )
{
int i;
int j;

for (i=0; i<a; i++)
{V[i]=0;
ior (1=0; j<a; j++) VIi]1+=A[i][j]1*U]]I;

voi d valeupropre (float w[n][n], int p, int u, float e,float res,int d)

{
float g[n]; float gl[n];float g2[n]; float P2; float P1l;int H H=0; float Xx;
x=1000;

float S; float Su;float LA[Nn];LA[nNn]=0;
for(int f=1;f<2*p+u;f++)

{g[ 0] =1;

g[ f]=0;

}
whi | e(x>e)
{P1=0; P2=0;

prodmatvect (w, g, 2*p+u, gl);

cout <<"gl1[0] =" ; cout <<gl1[ 0] ; cout <<endl ;
cout <<"gl[2*p+u-1]=" ; cout <<gl[ 2*p+u- 1] ; cout <<end! ;

for(int i=0; i<2*p+u; i++)

%S += gl[i]*gl[i];

cout <<"S =" ; cout <<S; cout <<end! ;
Su=pow( S, 0.5);

cout <<"Su =" ; cout <<Su; cout <<endl ;



for(int 0=0; 0<2*p+u; o++)
{gl[o] = gl[o]/Su;}

cout <<"gl1[0]=" ; cout <<gl1[ 0] ; cout <<endl ;

cout <<"gl[2*p+u-3] =" ; cout <<gl[ 2*p+u- 3] ; cout <<endl ;
cout <<"gl[2*p+u-2] =" ; cout <<gl[ 2*p+u- 2] ; cout <<endl ;
cout <<"gl[2*p+u-1]=" ; cout <<gl[ 2*p+u- 1] ; cout <<end! ;

prodmatvect (w, g1, 2*p+u, g2);

cout <<"g2[0] =" ; cout <<g2[ 0] ; cout <<endl ;

cout <<"g2[2*p+u-3] ; cout <<g2[ 2* p+u- 3] ; cout <<end! ;
cout <<"g2[2*p+u-2] ; cout <<g2[ 2* p+u- 2] ; cout <<endl ;
cout <<"g2[2*p+u-1] ; cout <<g2[ 2*p+u- 1] ; cout <<endl ;

for(int t= 0; t<2*p+u;t++)
Pl=gl[t] *g2[t] +P1,
for(int t=0;t<2*p+u;t++)

P2=gl[t] *gl[t] +P2;

cout <<"P1 =" ; cout <<P1; cout <<endl ;
cout <<"P2 =" ; cout <<P2; cout <<endl ;
LA[ H+1] =P1/ P2;

x=pow( ( pow( LA[ H+1] *LA[ H+1],0.5) - pow( LA[ H *LA[ H], 0.5)) *( pow( LA[ H+1] * LA[ H+1]
,05) - pow(LA[H *LA[H ,05)),05);
cout <<"x =" ; cout <<x; cout <<endl ;

for(int i=0;i<2*p+u;i++)
{oli]l=g1[i];}

res =LA[ H+1] ;

H++;

d=H;

}

cout <<endl| ; cout <<"Le nombre d'iterations effectuées est de : "
cout <<endl| ; cout <<d; cout <<endl ;
cout <<endl| ; cout <<"La solution du probléme est :" ; cout <<endl ;
cout <<res ; cout <<endl ;

i nt main ()

{ int J=0; while(J<1)
{
int p;float E float I[n];float d;float KCn][n];float a;float b;float c;
float f;float g; float h;float K[n][n];float P;float TK[n][n];
float TKC[Nn][n];
float B[n][n];int w;float T[n][n];float C[n][n];float u;float L[n][n];
float invK[n][n];
float Id[n][n];float LT[n][n];float IL[n][n]; float ILT[n][n];float A[n][n]
; float e;
float LA[n];float res;int za;
cout <<" " : cout <<endl ;




cout
cout
cout
cout
cout
cout
cout
cout
cout
cout
cout
cout
cout
cout
cout
cout
cout
cout
cout
cout
cout
cout
cout
cout
cout

raideur

<<"

<<end|
<<"

<<endl ;

<<"

<<endl ;

<<"

<<end|
<<end|
<<end|
<<end|
<<end|
<<end|
<<end|
<<end|
<<end|
<<end|
<<end|
<<end|

<<endl ;

<<end|

<<"cas 1 encastrement - libre : tapez 1"
<<"cas 2 rotule - rotule mobile : tapez 2 "

programme par "

cout

<<endl ;

Bertin Morgan”

et"

Rivoire Pascal"

cout

cout <<"vous allez rentrer les donnees du probleme"
cout <<endl! ; cout <<"Module d'Young : (MPA) "

<<endl ;

:cin >>E;

cout <<endl! ; cout <<"quel est le pas de discretisation?" ;
cin >>p;
<<"valeurs pour la base inferieure"
<<"longueur?" ;cout <<endl ; cin >>a;
<<"largeur?" ; cout <<endl| ; cin >>b;

cout
cout
cout
cout
cout
cout
cout

cout

<<"valeurs pour la base superieure (largeur = constan te)"

<<"longueur?" ; cout <<endl ; cin >>c;
<<"hauteur?" ; cout <<end| ; cin >>d; cout <<endl ;
<<"precision des resultats, epsilon"

<<"condition limite"

: cout <<endl ;

; cout <<endl| ; cin >>e;

: cout <<endl ;

<<"cas 3 encastrement - rotule mobile : tapez 3 "

<<"cas 4 encastrement - encastrement mobile : tapez 4
cin >>w;
donnes (p, !, a,d, b, c, f, g, h);system ("pause” );

(p,d, KG K, I, E TK, TKC, P, T);

i f (w==1){EL(TK, p, B); u=0;}

i f(w==2){RRN TK, p, B); u=0;}

i f(w==3){ERN TK, p, B); u=-1;}

i f(w==4){EENTK, p, B); u=-1;}

i f (w==1) {EL(TKC, p, C); u=0;}

i f (w==2){RRN TKC, p, C); u=0;}

i f (w==3){ERN TKC, p, C);u=-1;}
i f (w==4) {EEN TKC, p, C); u=-1;}
cout <<endl ; cout <<" K(limite) ="

affichermat

affichermat

cholesky (C,p,L,u); for (int i=0;
{for (int j=0;
%IL[i][J']:L[i][J']:}

: cout <<endl ;

(B, p, p, u) ; system ("pause" );
cout <<endl ; cout <<" KG(limite) ="
(C, p, p, u); system ("pause" );

cout <<endl ; cout <<"L ="
affichnermat (L, p, p, u);
transpmat (L, LT, p, u);
InvdiagMat (p, L, u);

cout <<endl| ; cout <<"inversede L ="

affichermat

produitmatrice
cout <<endl ; cout <<"inverse de L*L ="

affichermat
InvdiagMat

cout <<endl ; cout <<"inverse de LT ="

affichermat

cout <<endl ; cout <<"inverse de KG ="

produitmatrice (LT, L, inVK, p, u);

affichermat

produitmatrice

affichermat

: cout <<endl ;
i <2*p+u; i ++)

j <2*p+tu; | +4)

: cout <<endl ;
system ( "pause” );

: cout <<endl ;

(L, p, p, u) ; system ("pause" );
(L, IL,ILT, p,u);

: cout <<endl ;

(ILT, p, p, u); system ( "pause" );
(p, LT, u);

: cout <<endl ;

(LT, p, p, u) ; system ("pause" );

: cout <<endl ;

(invK, p, p, u) ; system ("pause" );
(invK, B, A, p, u);

cout <<endl! ; cout <<" INKG*K ="

(A, p, p, u);system ("pause" );

: cout <<endl ;

: cout <<endl ;

: cout <<endl ;

' : cout <<endl| ;



valeupropre (A, p,u,e,res,za);

system ( "pause” );
/I cout<<"voulez vous recommencer?";cout<<endl;cout <<"Qui tapez 0, non tapez 1"
cout <<endl ; cin >>J; cout <<end! ;}



