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ABSTRACT

Boundary conditions are known to have an important influence on the buckling
behavior of cylindrical panels. This project is devoted to a circular cylindrical panel
with two kind of boundary conditions. In the first kind, two curved edges simply
supported and two edges free and in the second kind three edges simply supported and
one edge free. In this project, simulation and analysis of steel cylindrical panels with
various lengthes, thickness, Radius and angles, subjected to axial compression, were
systematically carried out using finite element numerical method and analytical method.

In analytical method, the deflection function and the force function-the Airy
function are formulated with respect to the boundary conditions. The Donnell equations
for linear buckling of shells are reduced to generalized eigenvalue problem with the use
of Galerkin method. The results obtained from analytical methods were compared with
numerical results. A good accordance was observed between the results obtained from
the finite element simulation and the analytical methods. The results of numerical and
analytical investigation are presented in figures.

KEYWORDS

Buckling — cylindrical panels — Axial load — Critical stress — Boundary condition —
Finite element method — Analytical method
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*************************Fi rst Program**************************

> restart;

> with(linalg);:

Warning, new definition for norm
Warning, new definition for trace
> lambda:=m*pi*R/L:

> alpha:=(t"2)/(12*R"2):

m13:=nu*lambda:

> m12:=((1+nu)/2)*n*(pi*lambda/beta):

> m1l:=(lambda”"2)+((1-nu)/2)*(n*pi/beta) 2:

> m21:=((1+nu)/2)*n*(pi*lambda/beta):

> m22:=((1-nu)/2)*(lambda)”"2+((n*pi/beta)"2)+(alpha*(1-
nu)*(lambda)”2)+(alpha*(n*pi/beta)*2)-(psi*(lambda)"2):

> m23:=(n*pi/beta)+(alpha*n*pi/beta)*((n*pi/beta)*2+lambda’2):
> m31:=nu*lambda:

> m32:=(n*pi/beta)*(1+alpha*((n*pi/beta)2+((2-nu)*lambda”2))):
> m33:=1-((lambda”2)*psi)+alpha*(lambda”2+(n*pi/beta)2)"2:
> M:=matrix([[m11,m12,m13],[m21,m22,m23],[m31,m32,m33]]);

>N:=det(M);

>peta:=pi/2:
>R:=0.1513:#Radius of panel
> :=4.032: #Length of panel

> 1:=0.5e-3:#thickness of panel

\OF
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>m:=1:#number of half wave in axial direction
> n:=1:#number of wave in circumfrential direction
>nu:=0.3:
> s:=solve(N,psi);
s :=.1595022919¢-1, 12.01054749

Cawsd 4 (g p97e Sz 0 S 50k o] 59y 5 4T abl (o0 (VO-Y) all, 100 ples s &S
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*************************Second Program**************************

> restart:

> Fi=-E*t*R*f[1]*(sin(Pi*phi/beta)+1/2*sin(2*Pi*phi/beta))*sin(m*Pi*x/L);

> y:=R*phi;
>nabladF:=1/RM*diff(F,phi$4)+2*diff(F,x$2,phi$2)/R"2+diff(F,x$4);#:nabladF:=colle
ct(",{sin(m*Pi*x/L),f[1]});;

> W:=w[1]*(sin(Pi*phi/beta/2)+alpha[3]*sin(3*Pi*phi/beta/2))*sin(m*Pi*x/L);
>(nabla4F-
E*t/R*diff(W,x,x))*(sin(Pi*phi/beta)+1/2*sin(2*Pi*phi/beta)):aa_0:=expand(");
>aa_0:=collect(",{sin(m*Pi*x/L),t,f[1]});;
>aal:=simplify(int(aa_0,phi=0..beta));

>collect(aal,f1):solve(",f[1]);;

128 BwWm?R?L* (9a, +7)
105 7°(20L* +16m°B*R*L* +54*R*m?)

> normal("):collect(",{w[1] alpha[3]});
>subs(L=m*R*beta/k,");
>ffl:=collect(",{m,R,beta,k,t,Pi,w[1],alpha[3]}):ff1:=normal(");

ffl_ @ kzﬂz(gas + 7)W1
" 105 7°(20+16k? +5k*)

>aa_2:=D*(L/RM*diff(W,phi$4)+2*diff(W,x$2,phi$2)/R"2+diff(W,x$4))+(1/R)*diff(F
Xx$2)+N[0]*diff(W,x$2):collect(aa_2,sin(m*Pi*x/L)):aa2:=remove(has,",sin(m*Pi*x/L)
);

>aa2*(sin(Pi*phi/beta/2)+alpha[3]*sin(3*Pi*phi/beta/2));aa3:=int(*",phi=0..beta);

\OA



Sslita g5y Ll U s p9me b 51 0 5l (51 Sl gy LS (00 5 Sl s

>aa4:=subs(f[1]=ff1,aa3);

>eql:=subs({L=2.640683158,m=1,E=207e9,R=0.1513,beta=pi/2,t=0.5e-
3,nu=0.3,k=0.09,alpha[3]=(1+4*k"2*nu)/(9+4*k"2*nu)},aal);
>eq2:=subs({L=2.640683158,m=1,E=207e9,R=0.1513,beta=pi/2,t=0.5e-
3,nu=0.3,k=0.09,alpha[3]=(1+4*k"2*nu)/(9+4*k"2*nu)}aa4);
>eq2:=subs(D=E*t"3/(12*(1-nu”"2)),");
>equl:=evalf(eql);
>equ2:=evalf(eq2);
>solve({equl,equ2},{w[1],N[O]});
>evalf(™);
>simplify(™);

{w[1] = 815.3432711*f[1], N[0] = 26657.85586}

@‘S"FUWQT)‘ odLé.'J.mHgAS@u\ o 4.1.».:L>r.o Sy Sy 40 u,u.,Lof @‘fu)b wl.e‘.n)o

Syl cdls o Slhme il b dwle 09 oo Al sl sdl (0+-Y) alasl) yo 45 am

il ) D)z &

N[0] = .2842052555¢-
10*E*t*(.8696104703e13*k 2*beta6*MA2*RA*LA2+.3577647310e 15t/ 2*m 2*RA2
*Peta2*LA2+.7377108755614*t" 2% M *kA6+.6519268435e15*tA2*m M *RA4*heta 4+
14668353986 14*t" 2% N*k"8+.7123493315e15*tA2*m 4 *RA4*beta”4*k"2+.8049706
4508 14*t"2* LN+, 16466121 75e15%tA2* LA *k A 4+.1717270709e 15%tA2* LM *k~2+.618
3896676e12*k"\6*beta 6 * M 2*RA*LA2+.4637922508e 1 3*K M *beta6*mA2*RA*LA2
+.5724235699e13*1"2*m 4*R M *betaM*k 8+.6601951840e 14* 1\ 2*m" 4*R N *beta’4
*kNB+.3385249390e15*tA2*MA*RA*betar4*kn 4+ 45793885576 15+tA2*mA2*RA2*be
tar2*LA2*kN2+.2840651964e15* 1" 2*mA2*RA2*beta 2% L 2%k~ 4+.8872565329e14*t12
*MA2*RA2*beta 2+ LA 2*kA6+.1431058924e14*tA2*mA2*RA2*beta 2% L A2*k"8)/mA2/
RA4/beta™/L"2/(20500.+10645.*k"4+22400.*k"2+2076.*k"6+180.*k"8)

(197502 +0.197)k® + (15.208 & +7.308) k* +
1.895 t2| (0.163:2 +0.254 az, +0.099) K2 (R /1) 3* + (6.341cx? +11.184) k2
- 1 (38.75102 + 4.345) + (39.996 &2 + 0.494) k2
R?B% (5a k* +160a k? +5k* +16k* + 20 + 20)
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*************************Third Prog ram**************************

>restart:

>with(linalg):
>F.=-E*t"2*R*f[1]*(sin(Pi*phi/beta)+1/2*sin(2*Pi*phi/beta))*sin(m*Pi*x/L);
>y:=R*phi;
>nabladF:=1/RM*diff(F,phi$4)+2*diff(F,x$2,phi$2)/R"2+diff(F,x$4);#:nabladF:=colle
ct(",{sin(m*Pi*x/L),f[1]});;

SW[jT*(sin(j*Pi*phi/beta/2)-
alpha[j]*sin(j*Pi/2)*sin(Pi*phi/beta/2))*sin(m*Pi*x/L):W:="*t;
>(1/E*nabla4F-
1/R*diff(W,x,x))*(sin(Pi*phi/beta)+1/2*sin(2*Pi*phi/beta)):aa_0:=expand(");
>aa_0:=collect(",{sin(m*Pi*x/L),t,f[1]});;
>aal:=simplify(int(aa_0,phi=0..beta));

>collect(aal,f1):solve(",f[1]);;

>normal(*):collect(",{w[j],alpha[j]});

>subs(L=m*R*beta/k,");
>ffl:=collect(",{m,R,beta,k,t,Pi,w[j],alpha[j]}):ff1:=normal(");

SHEHHHHTHHHIHEH for 1<>]

> # we defined: b=(i"2-16)*(i"2-4), k=m*R*beta/
>ffl_i:=select(has,ff1,i):af[i]:=remove(has," ,w[i]):af[j]:=subs(i=j,af[i]);;
>ff1_Noi:=remove(has,ff1,i);

>ff1l_exact:=ff1_Noi*afi*w[i];

128 Brkagw,

ff1l exact =——— Sy >
- 15 77 (5k" +16k“ +20)t

SH===============f(qr i<>j
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>nabladw:=1/RM*diff(W,phi$4)+2*diff(W,x3$2,phi$2)/R"2+diff(W,x$4):

> aa2:=D1/t*nabladw+1/R*diff(F,x$2)+ sigma
[0]*diff(W,x$2):collect(aa2,sin(m*Pi*x/L)):

> aa2*(sin(i*Pi*phi/beta/2)-
alpha[i]*sin(i*Pi/2)*sin(Pi*phi/beta/2)):aa3:=int(",phi=0..beta):
>aa3:=subs(f[1]=ff1,aa3):
>eq2:=subs(L=m*R*beta/k,m=1,R=302.6*t,beta=Pi/2,alpha[i]=(i"2+4*k"2*nu)/(1+4*k
A2*nu),alphalj]=("2+4*k"2*nu)/(1+4*k"2*nu),D1=E*t"3/(12*(1-nu"2)), sigma [0]=
sigma0*E,nu=0.3,aa3):
>remove(has,eq2,x):collect(",{w[j].t,E}):remove(has," {t,w[j].E}):

>pp:="

> #indets(pp,string);

> expand((pp)):pp:=collect(",sigma0):

#select(has,pp, sigma0):aa:=remove(has,", sigma0):

#ss:=remove(has,pp, sigma0):

> #ss+sigmaO*aa-pp:expand(™);

SH== == == for |:J
>W1:=subs(j=i,W);fff1:=subs(j=i,ff1);

>nabladw:=1/R M*diff(W1,phi$4)+2*diff(W1,x$2,phi$2)/R 2+diff(W1,x$4):

>
aa2:=D1/t*nabladw+1/R*diff(F,x$2)+sigma[0]*diff(W1,x$2):collect(aa2,sin(m*Pi*x/L
)):

> aa2*(sin(i*Pi*phi/beta/2)-
alpha[i]*sin(i*Pi/2)*sin(Pi*phi/beta/2)):aa3:=int(",phi=0..beta):

>aa3:=subs(f[1]=fff1,aa3):
>eq2:=subs(L=m*R*beta/k,m=1,R=302.6*t,beta=Pi/2,alpha[i]=(i"2+4*k"2*nu)/(1+4*k
A2*nu),D1=E*t"3/(12*(1-nu”2)),sigma[0]=sigma0*E,nu=0.3,aa3):
>remove(has,eq2,x):collect(",{w[i],t,E}):remove(has,”,{t,w[i],.E}):

>qq:="

#indets(pp,string);

> expand((gq)):qq:=collect(",sigma0):
>#select(has,qq,sigma0):aa:=remove(has,",sigma0):

#ss:=remove(has,qq,sigma0):

> #ss+sigma0*aa-qq:expand(");
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>M:=41:

S:=array(sparse,1..(M-1)/2,1..(M-1)/2):

> A:=array(sparse,1..(M-1)/2,1..(M-1)/2):

> for ii from 3 to M by 2 do for jj from 3 to M by 2 do if (ii=jj) then A[(ii-1)/2,(jj-
1)/2]:=A[(ii-1)/2,(jj-1)/2]+subs(i=ii,qq):S[(ii-1)/2,(jj-1)/2]:=S[ (ii-1)/2,(jj-
1)/2]+subs(i=ii,qq): else A[(ii-1)/2,(jj-1)/2]:=A[(ii-1)/2,(jj-
1)/2]+subs({i=ii,j=jj},pp):S[(ii-1)/2,(jj-1)/2]:=S[(ii-1)/2,(jj-1)/2] +subs({i=ii,j=jj }.pp) fi:
od: od:

>h:=evalm(A-sigma0*S):

>evalf("):

>det("):;

>sol:=solve(",sigma0):

>dd:=subs(k=.05,sol);

>sigma:=simplify(dd);

o0 :=0.00016566
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