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A. Elaboração da função da parábola do diagrama tensão-
deformação  

Mostra-se a seguir a função da parábola do diagrama tensão-deformação 

para considerar o efeito do material. 

 
Figura A-1 – Diagrama tensão-deformação idealizado. 

 

A parábola inicia na coordenada (0;0) e termina na coordenada 

(0,002;0,85fnom), com isso pode-se usar a equação da parábola. 
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Como se queria demonstrar. 
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B.  

Trecho do programa com Elemento de Barber  

A seguir, apresentam-se trechos do programa utilizado para obter os valores 

de cargas críticas, freqüências naturais, modos de flambagem, modos de vibração 

e carga crítica considerando dano no material. 

 
Figura B-1 – Elemento de Barber. 

 

o Entrada de Dados 

# Características do Elemento e Material 

> t; # Espessura  

> a; b; # Dimensões apresentadas na figura acima; 

> nu:=0.; # Coeficiente de Poisson  

> rho; 

> fnom;  

> ME:=850*fnom;  

> sx:=0: sy:=-1: sxy:=0: 

> Ax:=2; Ay:=2; # Número de funções adicionais a serem adicionadas ao modelo 

> Lx:=2; Ly:=2; # Número de funções de lado a serem adicionadas ao modelo 
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o Condições de Contorno   

# Condições de Contorno para Cada Nó (Equações Convencionais) 

 Obs.: Para restringir um tipo de deslocamento atribui-se um valor de uma mola 

cuja rigidez seja muito grande 

> Axy:=2*Ax*Ay: #Observe que os deslocamentos são 'u' e 'v', por isto está 

multiplicado por 2. 

> Lxy:=2*(2*Lx+2*Ly): 

> TOT:=16+Axy+Lxy: 

> for i to TOT do 

> RestC[i]:=0;end: 

> RestC[1]:= 0e20:  RestC[2]:=0e20: RestC[3]:=0e20:  RestC[4]:=0e20: # Nó 1 

> RestC[5]:=0e20:  RestC[6]:=0e20:  RestC[7]:=0e20:  RestC[8]:=0e20: # Nó 2 

> RestC[9]:=1e20:  RestC[10]:=1e20:RestC[11]:=1e20:RestC[12]:=1e20: # Nó 3 

> RestC[13]:=1e20:RestC[14]:=1e20:RestC[15]:=1e20:RestC[16]:=1e20: # Nó 4 

# Condições de Contorno (Equações Adicionais Externa ou de lado) 

Para prender um dos lados daremos a ele um valor de uma mola cuja rigidez seja 

muito grande 

> Lado[1]:=0e20: #prende em x entre nós 1 e 2 

> Lado[2]:= 1e20: #prende em x entre nós 3 e 4 

> Lado[3]:=0e20: #prende em y entre nós 1 e 3 

> Lado[4]:=0e20: #prende em y entre nós 2 e 4 

# Consideração das Condições de Contorno 

> for i to (Lx+Ly) do 

> RestC[16+Axy+i]:=Lado[1]: 

> RestC[16+Axy+(Lx+Ly)+i]:=Lado[2]: 

> RestC[16+Axy+2*(Lx+Ly)+i]:=Lado[3]: 

> RestC[16+Axy+3*(Lx+Ly)+i]:=Lado[4]: 

> end:  

> TOT1:=0: #TOT1 é o número de restrições igual a 'zero' 

> for i from 1 to TOT do 

>   if RestC[i]=0 then 

>      TOT1:=TOT1+1; 

>   end if; 

> end; 
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o Funções Convencionais 

# Nó 1 

> f1:=1/8*(1-xi)*(1+eta)^2*(2-eta): 

> f2:=1/8*(1-xi)^2*(2+xi)*(1+eta): 

> f3:=1/8*(1-xi)^2*(1+xi)*(1+eta)*a: 

> f4:=1/8*(1-xi)*(1+eta)^2*(1-eta)*b: 

# Nó 2 

> f5:=1/8*(1+xi)*(1+eta)^2*(2-eta): 

> f6:=1/8*(1+xi)^2*(2-xi)*(1+eta): 

> f7:=-1/8*(1+xi)^2*(1-xi)*(1+eta)*a: 

> f8:=1/8*(1+xi)*(1+eta)^2*(1-eta)*b: 

# Nó 3 

> f9:=1/8*(1-xi)*(1-eta)^2*(2+eta): 

> f10:=1/8*(1-xi)^2*(2+xi)*(1-eta): 

> f11:=1/8*(1-xi)^2*(1+xi)*(1-eta)*a: 

> f12:=-1/8*(1-xi)*(1-eta)^2*(1+eta)*b: 

# Nó 4 

> f13:=1/8*(1+xi)*(1-eta)^2*(2+eta): 

> f14:=1/8*(1+xi)^2*(2-xi)*(1-eta): 

> f15:=-1/8*(1+xi)^2*(1-xi)*(1-eta)*a: 

> f16:=-1/8*(1+xi)*(1-eta)^2*(1+eta)*b: 

> # Função Convencional --> FC 

> FC:=evalm(matrix(2,16,[f1,0,0,f4,f5,0,0,f8,f9,0,0,f12,f13,0,0,f16,0,f2,f3,0,0,f6, 

f7,0,0,f10,f11,0,0,f14,f15,0])); 

 

o Funções Adicional Interna 

> WAx:=1/4*(nx-2)*(1+(-1)^nx)+(1/4*(nx-3)*(1-(-1)^nx))*xi+(-1/4*nx*(1+ 

(-1)^nx))*xi^2+(-1/4*(nx-1)*(1-(-1)^nx))*xi^3+(xi)^nx; 

> WAy:=1/4*(ny-2)*(1+(-1)^ny)+(1/4*(ny-3)*(1-(-1)^ny))*eta+(-1/4*ny*(1+ 

(-1)^ny))*eta^2+(-1/4*(ny-1)*(1-(-1)^ny))*eta^3+(eta)^ny; 

# Função Adicional na direção x 

> WAVxx:=subs(nx=NX,WAx): 

> WAVx:=vector(Ax): 
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> for i from 1 to Ax do 

> NX:=i+3;  

> WAVx[i]:=WAVxx; 

> od: 

> WAMx:=convert(WAVx,matrix); 

# Função Adicional na direção y 

> WAVyy:=subs(ny=NY,WAy): 

> WAVy:=vector(Ay): 

> for i from 1 to Ay do 

> NY:=i+3;  

> WAVy[i]:=WAVyy; 

> od: 

> WAMy:=convert(WAVy,matrix); 

# Fazendo a Multiplicação das funções x por y 

> WAxy1:=evalm(WAMx&*transpose(WAMy)): 

> WAxy2:=convert(WAxy1,vector): 

> WAxy:=matrix(Axy/2,1,WAxy2):# 

> # Funções Adicionais --> FA 

> FA:=matrix(2,Axy,0):  

> n:=0: 

> for j from 1 to Axy by 2 do  

>   FA[1,j]:=WAxy[j-n,1]: 

>   FA[2,j+1]:=WAxy[j-n,1]: n:=n+1: 

> end: 

 

o Funções Adicionais Externas ou de Lado 

> L[x1]:=1/2*(1-xi): 

> L[x2]:=1/2*(1+xi): 

> L[y1]:=1/2*(1+eta): 

> L[y2]:=1/2*(1-eta): 

# Função de Lado na direção x 

> WLVx:=subs(nx=mx,WAx): 

> WLVxx:=Vector(Lx): 

> for i from 1 to Lx do 
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> mx:=i+3; 

> WLVxx[i]:=WLVx; 

> end: 

> WLVx1:=convert(WLVxx,vector): 

> WLMx:=matrix(Lx,1,WLVx1): 

> # Função de Lado na direção y 

> WLVy:=subs(ny=my,WAy): 

> WLVyy:=Vector(Ly): 

> for i from 1 to Ly do 

> my:=i+3; 

> WLVyy[i]:=WLVy; 

> end: 

> WLVy1:=convert(WLVyy,vector): 

> WLMy:=matrix(Ly,1,WLVy1); 

# Fazendo a Multiplicação das funções x por y 

> WLMx1:=simplify(evalm(WLMx*L[y1])): 

> WLMx2:=simplify(evalm(WLMx*L[y2])): 

> WLMy1:=simplify(evalm(WLMy*L[x1])): 

> WLMy2:=simplify(evalm(WLMy*L[x2])): 

> WLMxy:=stackmatrix(WLMx1,WLMx2,WLMy1,WLMy2); 

> # Funções de Lado --> FL 

> FL:=matrix(2,Lxy,0):  

> n:=0: 

> for j from 1 to Lxy by 2 do  

>   FL[1,j]:=WLMxy[j-n,1]: 

>   FL[2,j+1]:=WLMxy[j-n,1]: n:=n+1:  

> end: 

> print(FL); 

> FTotal:=concat(FC,FA,FL): 

 

o Matriz de Rigidez Elástica 

# Funções Convencional  

# Derivada Primeira em relação à x 

> FCx:=matrix(1,16): 
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> for j to 16 do FCx[1,j]:=evalm(diff(FC[1,j],xi)/a) end: 

# Derivada Primeira em relação à y 

> FCy:=matrix(1,16): 

> for j to 16 do FCy[1,j]:=evalm(diff(FC[2,j],eta)/b) end: 

# Matriz BC 

>FCxy:=matrix(1,16,[diff(f1,eta)/b,diff(f2,xi)/a,diff(f3,xi)/a,diff(f4,eta)/b, 

diff(f5,eta)/b,diff(f6,xi)/a,diff(f7,xi)/a,diff(f8,eta)/b,diff(f9,eta)/b,diff(f10,xi)/a, 

diff(f11,xi)/a,diff(f12,eta)/b,diff(f13,eta)/b,diff(f14,xi)/a,diff(f15,xi)/a, 

diff(f16,eta)/b]): 

> BC1:=matrix(3,16): 

> BC1:=stackmatrix(FCx,FCy,FCxy): 

# Funções Adicionais Internas 

# Derivada Primeira em relação à x 

> FAx:=matrix(1,Axy): 

> for j to Axy do FAx[1,j]:=evalm(diff(FA[1,j],xi)/a) end: 

# Derivada Primeira em relação à y 

> FAy:=matrix(1,Axy): 

> for j to Axy do FAy[1,j]:=evalm(diff(FA[2,j],eta)/b) end: 

# Matriz BA 

> for i from 1 to Axy/2 do 

> dWAxy1[i,1]:=evalm(diff(WAxy[i,1],eta)/b); 

> dWAxy2[i,1]:=evalm(diff(WAxy[i,1],xi)/a); 

> end:  

> FAxy:=matrix(1,Axy,0): n:=0: 

> for j from 1 to Axy by 2 do 

>  FAxy[1,j]:=dWAxy1[j-n,1];  

>  FAxy[1,j+1]:=dWAxy2[j-n,1]; n:=n+1; 

> end:  

> BA1:=matrix(3,Axy): 

> BA1:=simplify(stackmatrix(FAx,FAy,FAxy)): 

# Funções de Lado  

# Derivada Primeira em relação à x 

> FLx:=matrix(1,Lxy): 

> for j to Lxy do FLx[1,j]:=evalm(diff(FL[1,j],xi)/a) end: 
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# Derivada Primeira em relação à y 

> FLy:=matrix(1,Lxy): 

> for j to Lxy do FLy[1,j]:=evalm(diff(FL[2,j],eta)/b) end: 

# Matriz BL 

> for i from 1 to Lxy/2 do 

> dWLxy1[i,1]:=evalm(diff(WLMxy[i,1],eta)/b); 

> dWLxy2[i,1]:=evalm(diff(WLMxy[i,1],xi)/a); 

> end: 

> FLxy:=matrix(1,Lxy,0): n:=0: 

> for j from 1 to Lxy by 2 do 

>  FLxy[1,j]:=dWLxy1[j-n,1];  

>  FLxy[1,j+1]:=dWLxy2[j-n,1]; n:=n+1; 

> end:  

> BL1:=matrix(3,Lxy): 

> BL1:=stackmatrix(FLx,FLy,FLxy): 

> BTotal:=concat(BC1,BA1,BL1):#Junção das Matrizes "B"   

# MATRIZ DE RIGIDEZ ELÁSTICA  

> KCe:=evalm(transpose(BC1)&*Eo&*BC1): 

> for i to 16 do  

> for j to 16 do  

> KCe[i,j]:=value(Doubleint(KCe[i,j]*a*b*t,xi=-1..1,eta=-1..1));  

> end:end: 

> KAe:=evalm(transpose(BA1)&*Eo&*BA1): 

> for i to Axy do  

> for j to Axy do  

> KAe[i,j]:=value(Doubleint(KAe[i,j]*a*b*t,xi=-1..1,eta=-1..1));  

> end:end: 

> KLe:=evalm(transpose(BL1)&*Eo&*BL1): 

> for i to Lxy do  

> for j to Lxy do  

> KLe[i,j]:=value(Doubleint(KLe[i,j]*a*b*t,xi=-1..1,eta=-1..1));  

> end:end: 

> KCAe:=evalm(transpose(BC1)&*Eo&*BA1): 

> for i to 16 do  
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> for j to Axy do  

> KCAe[i,j]:=value(Doubleint(KCAe[i,j]*a*b*t,xi=-1..1,eta=-1..1));  

> end:end: 

> KCLe:=evalm(transpose(BC1)&*Eo&*BL1): 

> for i to 16 do  

> for j to Lxy do  

> KCLe[i,j]:=value(Doubleint(KCLe[i,j]*a*b*t,xi=-1..1,eta=-1..1));  

> end:end: 

> KALe:=evalm(transpose(BA1)&*Eo&*BL1): 

> for i to Axy do  

> for j to Lxy do  

> KALe[i,j]:=value(Doubleint(KALe[i,j]*a*b*t,xi=-1..1,eta=-1..1)); 

> end:end: 

> mn:=concat(KCe,KCAe,KCLe): 

> pu:=concat(transpose(KCAe),KAe,KALe): 

> qr:=concat(transpose(KCLe),transpose(KALe),KLe): 

> Ke:=stackmatrix(mn,pu,qr): 

> for i to TOT do 

>         if (RestC[i]>0)  then 

>                 for j to TOT do 

>                         Ke[i,j]:=0; 

>                         Ke[j,i]:=0; end do; 

>         Ke[i,i]:=1;end if;  

> end do; 

 

o Matriz de Massa 

> KCm:=evalm(rho*transpose(FC)&*FC): 

> for i to 16 do for j to 16 do  

> KCm[i,j]:=value(Doubleint(KCm[i,j]*a*b*t,xi=-1..1,eta=-1..1));  

> end:end: 

> KAm:=evalm(rho*transpose(FA)&*FA): 

> for i to Axy do for j to Axy do  

> KAm[i,j]:=value(Doubleint(KAm[i,j]*a*b*t,xi=-1..1,eta=-1..1));  

> end:end: 
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> KLm:=evalm(rho*transpose(FL)&*FL): 

> for i to Lxy do for j to Lxy do  

> KLm[i,j]:=value(Doubleint(KLm[i,j]*a*b*t,xi=-1..1,eta=-1..1));  

> end:end: 

# MATRIZ DE MASSA  

> KCAm:=evalm(rho*transpose(FC)&*FA): 

> for i to 16 do for j to Axy do 

> KCAm[i,j]:=value(Doubleint(KCAm[i,j]*a*b*t,xi=-1..1,eta=-1..1)); 

> end; end; 

> KCLm:=evalm(rho*transpose(FC)&*FL): 

> for i to 16 do for j to Lxy do 

> KCLm[i,j]:=value(Doubleint(KCLm[i,j]*a*b*t,xi=-1..1,eta=-1..1)); 

> end; end; 

> KALm:=evalm(rho*transpose(FA)&*FL): 

> for i to Axy do for j to Lxy do 

> KALm[i,j]:=value(Doubleint(KALm[i,j]*a*b*t,xi=-1..1,eta=-1..1)); 

> end; end; 

> ab:=concat(KCm,KCAm,KCLm): 

> cd:=concat(transpose(KCAm),KAm,KALm): 

> ef:=concat(transpose(KCLm),transpose(KALm),KLm): 

> Km:=stackmatrix(ab,cd,ef): 

> for i to TOT do 

>         if (RestC[i]>0)  then 

>                 for j to TOT do 

>                         Km[i,j]:=0; 

>                         Km[j,i]:=0 ; end do; 

>         Km[i,i]:=1; end if;  

> end do; 

 

o Matriz de Tensão 

> sigma1:=matrix(3,1,[sx,sy,sxy]); 

> S2:=matrix(2,2,[sigma1[1,1],sigma1[3,1],sigma1[3,1],sigma1[2,1]]): 

>S:=matrix(4,4,[S2[1,1],S2[1,2],0,0,S2[2,1],S2[2,2],0,0,0,0,S2[1,1],S2[1,2],0,0, 

S2[2,1],S2[2,2]]); 
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o Matriz de Rigidez Geométrica 

# Funções Convencionais 

> FC1:=matrix(2,16): 

> for i to 2 do for j to 16 do 

> FC1[i,j]:=subs(xi=x/a,eta=y/b,FC[i,j]); 

> end; end; 

> uCx:=matrix(1,16): 

> for j to 16 do uCx[1,j]:=evalm((FC1[1,j])) end: 

> uCy:=matrix(1,16): 

> for j to 16 do uCy[1,j]:=evalm(-diff(FC1[1,j],y)) end: 

> vCx:=matrix(1,16): 

> for j to 16 do vCx[1,j]:=evalm(diff(FC1[2,j],x)) end: 

> vCy:=matrix(1,16): 

> for j to 16 do vCy[1,j]:=evalm((FC1[2,j])) end: 

> GC:=stackmatrix(uCx,vCy,vCx,uCy): 

> KCg:=evalm(transpose(GC)&*S&*GC): 

> for i to 16 do  

> for j to 16 do  

> KCg[i,j]:=value(Doubleint(KCg[i,j]*t,x=-a..a,y=-b..b));  

> end:end: 

#Funções Adicionais Interna 

> FA1:=matrix(2,Axy): 

> for i to 2 do for j to Axy do 

> FA1[i,j]:=subs(xi=x/a,eta=y/b,FA[i,j]); 

> end; end; 

> uAx:=matrix(1,Axy): 

> for j to Axy do uAx[1,j]:=evalm(diff(FA1[1,j],x)) end: 

> uAy:=matrix(1,Axy): 

> for j to Axy do uAy[1,j]:=evalm(diff(FA1[1,j],y)) end: 

> vAx:=matrix(1,Axy): 

> for j to Axy do vAx[1,j]:=evalm(diff(FA1[2,j],x)) end: 

> vAy:=matrix(1,Axy): 

> for j to Axy do vAy[1,j]:=evalm(diff(FA1[2,j],y)) end: 
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> GA:=stackmatrix(uAx,uAy,vAx,vAy): 

> KAg:=evalm(transpose(GA)&*S&*GA): 

> for i to Axy do  

> for j to Axy do  

> KAg[i,j]:=value(Doubleint(KAg[i,j]*t,x=-a..a,y=-b..b));  

> end:end: 

#Funções de Lado 

> FL1:=matrix(2,Lxy): 

> for i to 2 do for j to Lxy do 

> FL1[i,j]:=subs(xi=x/a,eta=y/b,FL[i,j]); 

> end; end; 

> uLx:=matrix(1,Lxy): 

> for j to Lxy do uLx[1,j]:=evalm(diff(FL1[1,j],x)) end: 

> uLy:=matrix(1,Lxy): 

> for j to Lxy do uLy[1,j]:=evalm(diff(FL1[1,j],y)) end: 

> vLx:=matrix(1,Lxy): 

> for j to Lxy do vLx[1,j]:=evalm(diff(FL1[2,j],x)) end: 

> vLy:=matrix(1,Lxy): 

> for j to Lxy do vLy[1,j]:=evalm(diff(FL1[2,j],y)) end: 

> GL:=stackmatrix(uLx,uLy,vLx,vLy): 

> KLg:=evalm(transpose(GL)&*S&*GL): 

> for i to Lxy do  

> for j to Lxy do  

> KLg[i,j]:=value(Doubleint(KLg[i,j]*t,x=-a..a,y=-b..b));  

> end:end: 

# MATRIZ GEOMÉTRICA  

> KCAg:=evalm(transpose(GC)&*S&*GA): 

> for i to 16 do  

> for j to Axy do  

> KCAg[i,j]:=value(Doubleint(KCAg[i,j]*t,x=-a..a,y=-b..b));  

> end:end: 

> KCLg:=evalm(transpose(GC)&*S&*GL): 

> for i to 16 do  

> for j to Lxy do  
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> KCLg[i,j]:=value(Doubleint(KCLg[i,j]*t,x=-a..a,y=-b..b));  

> end:end: 

> KALg:=evalm(transpose(GA)&*S&*GL): 

> for i to Axy do  

> for j to Lxy do  

> KALg[i,j]:=value(Doubleint(KALg[i,j]*t,x=-a..a,y=-b..b));  

> end:end: 

> gh:=concat(KCg,KCAg,KCLg): 

> ij:=concat(transpose(KCAg),KAg,KALg): 

> kl:=concat(transpose(KCLg),transpose(KALg),KLg): 

> Kg:=stackmatrix(gh,ij,kl): 

> for i to TOT do 

>         if (RestC[i]>0)  then 

>                 for j to TOT do 

>                         Kg[i,j]:=0; 

>                         Kg[j,i]:=0 ; end do; 

>         Kg[i,i]:=1;end if;  

> end do; 

 

o Carga Crítica 

> M:=evalm(-inverse(Ke)&*(Kg)): 

> Pc1:=([eigenvalues(M)]); 

> Pc11:=0: 

> for i from 1 to TOT do 

>         if (Pc1[i]<>-1.) then 

>         if (abs(Pc1[i])>abs(Pc11)) then 

>                 Pc11:=evalf(Pc1[i]) 

>         end if; end if; 

> end; 

> Pc11; 

> Pc:=1/Pc11; 

 

o Modos de Flambagem 

# Cálculo do Autovetor 
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> xd:=([eigenvectors(M)]): 

> TOT11:=TOT1+1: #Somei 1 pq tem o autovalor '-1' 

> for i from 1 to TOT11 do 

>         Digits:=6: 

>         if (xd[i][1]=evalf(Pc11)) then 

>                  xd1:=xd[i];  

>         end if: 

> end: 

> xd11:=xd1[3][1]:  

> ModFun:=evalm(FTotal&*xd11); 

# 1º Modo na direção 'u' 

> Modou:=subs(xi=x/(a),eta=y/(b),ModFun[1]): 

> plot3d(Modou,x=-a..a,y=-b..b,axes=boxed); 

# 1º Modo na direção 'v' 

> Modov:=subs(xi=x/(a),eta=y/(b),ModFun[2]): 

> plot3d(Modov,x=-a..a,y=-b..b,axes=boxed); 

  

o Freqüência Natural 

# Freqüências Numéricas 

> interface(displayprecision=25): Digits:=25: 

> Freq:=evalm(inverse(Ke)&*Km): 

> Freq1:=sort([eigenvalues(Freq)]); 

> Freq11:=0: 

> for i from 1 to TOT do 

>         if (Freq1[i]<>1.) then 

>         if ((Freq1[i])>(Freq11)) then 

>                 Freq11:=evalf(Freq1[i]) 

>         end if; end if; 

> end; 

> FrequenciaModo1:=1/sqrt((Freq11)); 

> Freq12:=0: 

> for i from 1 to TOT do 

>         if (Freq1[i]<>Freq11) then 

>         if (Freq1[i]<>1.) then 
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>         if ((Freq1[i])>(Freq12)) then 

>                 Freq12:=evalf(Freq1[i]) 

>         end if; end if; end if; 

> end; 

> FrequenciaModo2:=1/sqrt((Freq12)); 

> Freq13:=0: 

> for i from 1 to TOT do 

>         if (Freq1[i]<>Freq11) then 

>         if (Freq1[i]<>Freq12) then 

>         if (Freq1[i]<>1.) then 

>         if ((Freq1[i])>(Freq13)) then 

>                 Freq13:=evalf(Freq1[i]) 

>         end if; end if; end if; end if; 

> end; 

> FrequenciaModo3:=1/sqrt((Freq13)); 

 

o  # Modos de Vibração 

> xdF:=([eigenvectors(Freq)]): 

# 1º Modo 

> TOT11:=TOT1+1: #Somei 1 pq tem o autovalor '-1' 

> for i from 1 to TOT11 do 

>         Digits:=4: 

>         if (xdF[i][1]=evalf(Freq11)) then 

>                  xd1F1:=xdF[i];  

>         end if: 

> end: 

> xd11F1:=xd1F1[3][1]:  

> ModFunF1:=evalm(FTotal&*xd11F1): 

# 1º Modo direção 'u' 

> ModouF1:=subs(xi=x/(a),eta=y/(b),ModFunF1[1]): 

> plot3d(ModouF1,x=-a..a,y=-b..b,axes=boxed); 

# 1º Modo direção 'v' 

> ModovF1:=subs(xi=x/(a),eta=y/(b),ModFunF1[2]): 

> plot3d(ModovF1,x=-a..a,y=-b..b,axes=boxed); 
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# 2º Modo 

> TOT11:=TOT1+1: #Somei 1 pq tem o autovalor '-1' 

> for i from 1 to TOT11 do 

>         Digits:=5: 

>         if (xdF[i][1]=evalf(Freq12)) then 

>                  xd1F2:=xdF[i];  

>         end if: 

> end: 

> xd11F2:=xd1F2[3][1]:  

> ModFunF2:=evalm(FTotal&*xd11F2): 

# 2º Modo direção 'u' 

> ModouF2:=subs(xi=x/(a),eta=y/(b),ModFunF2[1]): 

> plot3d(ModouF2,x=-a..a,y=-b..b,axes=boxed); 

# 2º Modo direção 'v' 

> ModovF2:=subs(xi=x/(a),eta=y/(b),ModFunF2[2]): 

> plot3d(ModovF2,x=-a..a,y=-b..b,axes=boxed); 

# 3º Modo 

> TOT11:=TOT1+1: #Somei 1 pq tem o autovalor '-1' 

> for i from 1 to TOT11 do 

>         Digits:=5: 

>         if (xdF[i][1]=evalf(Freq13)) then 

>                  xd1F3:=xdF[i];  

>         end if: 

> end: 

> xd11F3:=xd1F 3[3][1]:  

> ModFunF3:=evalm(FTotal&*xd11F3): 

# 3º Modo direção 'u' 

> ModouF3:=subs(xi=x/(a),eta=y/(b),ModFunF3[1]): 

> plot3d(ModouF3,x=-a..a,y=-b..b,axes=boxed); 

# 3º Modo direção 'v' 

> ModovF3:=subs(xi=x/(a),eta=y/(b),ModFunF3[2]): 

> plot3d(ModovF3,x=-a..a,y=-b..b,axes=boxed); 
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o Redução da Matriz de Rigidez Elástica 

> interface(displayprecision=25): Digits:=25: 

# Usando o Módulo de Elasticidade Tangente--->>>Et 

> sigma1:=0.85*(fnom)*(1-(1-epsilon1/0.002)^2); 

> MEt1:=diff(sigma1,epsilon1); 

> if (sx<>0) and (sy=0) then 

>  epsilon1:=abs(sx)/(t*ME); end if: 

> if (sy<>0) and (sx=0) then 

>  epsilon1:=abs(sy)/(t*ME); end if: 

> MEt:=evalf(MEt1); # Módulo de Elasticidade Longitudinal em kN/cm² 

> #Matriz Constitutiva para o concreto fissurado 

> Et:=evalm(matrix(3,3,[1,nu,0,nu,1,0,0,0,lambda])*(MEt/(1-nu^2)));  

# Matriz de Rigidez Elástica Reduzida 

> KCet:=evalm(transpose(BC1)&*Et&*BC1): 

> for i to 16 do  

> for j to 16 do  

> KCet[i,j]:=value(Doubleint(KCet[i,j]*a*b*t,xi=-1..1,eta=-1..1));  

 > end:end: 

> KAet:=evalm(transpose(BA1)&*Et&*BA1): 

> for i to Axy do  

> for j to Axy do  

> KAet[i,j]:=value(Doubleint(KAet[i,j]*a*b*t,xi=-1..1,eta=-1..1));  

 > end:end: 

> KLet:=evalm(transpose(BL1)&*Et&*BL1): 

> for i to Lxy do  

> for j to Lxy do  

> KLet[i,j]:=value(Doubleint(KLet[i,j]*a*b*t,xi=-1..1,eta=-1..1));  

 > end:end: 

> KCAet:=evalm(transpose(BC1)&*Et&*BA1): 

> for i to 16 do  

> for j to Axy do  

> KCAet[i,j]:=value(Doubleint(KCAet[i,j]*a*b*t,xi=-1..1,eta=-1..1));  

 > end:end: 
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> KCLet:=evalm(transpose(BC1)&*Et&*BL1): 

> for i to 16 do  

> for j to Lxy do  

> KCLet[i,j]:=value(Doubleint(KCLet[i,j]*a*b*t,xi=-1..1,eta=-1..1));  

 > end:end: 

> KALet:=evalm(transpose(BA1)&*Et&*BL1): 

> for i to Axy do  

> for j to Lxy do  

> KALet[i,j]:=value(Doubleint(KALet[i,j]*a*b*t,xi=-1..1,eta=-1..1)); 

 > end:end: 

> mnt:=concat(KCet,KCAet,KCLet): 

> put:=concat(transpose(KCAet),KAet,KALet): 

> qrt:=concat(transpose(KCLet),transpose(KALet),KLet): 

> Ket:=stackmatrix(mnt,put,qrt): 

 > for i to TOT do 

 >  if (RestC[i]>0)  then 

 >   for j to TOT do 

 >    Ket[i,j]:=0; 

 >    Ket[j,i]:=0 ; end do; 

 >  Ket[i,i]:=1;end if;  

 > end do;  

# Carga Crítica Reduzida 

> Kered:=evalm(Ke-Ket): Kd:=evalm(Kg-Kered): 

> Md:=evalm(-inverse(Ke)&*(Kd)): 

> Pc1d:=sort([eigenvalues(Md)]); 

> Pc11d:=0: 

> for i from 1 to TOT do 

>  if (Pc1d[i]<>-1.) then 

>  if (abs(Pc1d[i])>abs(Pc11d)) then 

>   Pc11d:=evalf(Pc1d[i]) 

>  end if; end if; 

> end; 

> Pc11d; 

> Pcd:=1/Pc11d; 
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