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A. Modelo Computacional
deslocamentos placa fina.

para a obtencao de esforcos

e
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Calculo da placa circular com teoria de placa
fina

[> restart © with( plots) © with( Lineard lgebra) :
[} swith{linalg) : with{ ExcelTools) : with{ plottools) :

¥ Calculo do polinomio adicional

> Egl = w(x) =Al +Hf-[i] +Cr-|(i]ﬂ+m-|fi]3+|
B ! L) \ L \ L
> Egla = subs{x=0, rhs{Egql) =0 :

> Eglb = subsix =L, rhs{Egql) =0):
¢ ofd

> Eg2 = dw(x) =simplify rh.s| —-— qu] ] :
L\ dx J

> FEg2a = subs(x =0, rhs{Eq2) =0) :

> FEg2b = subs(x =L, rhs(Eq2) =0) :

> Solution = simplify(solve( {Eqla, Eqlb, Eq2a, Eq2b}, {Al, BI, CI,DI})):

> Al == rhs[.ﬁ'r)frcrfﬂnl} (Bl = rh:.'{.fafmirml] :Cl = rha'(.i'o-l'nrionﬂ :Di
= rh.-;[.ﬁ'uﬁ;ﬂanﬂ :

> Egd = rhs{Egl) .

| > Eqd = subs(L=a —b,x=r—b, wir)=Eqg3):

> H#g =3 n=I:b:=9;

> #plotirhs(iEgd), r=3.9):

¥ Funcoes Polinomiais Cubicas Basicas N . +
el

Numero de funciones Basicas
L[> Nyp=a:

¥ Numero de funcoes adicionais

Numero de funcoes adicionais em r

I} N =4:

Numero de funcoes triconométricas
I} Ny == 0: Placa_Fina_es

Y Introducio de dados necessarios para o calculo

¥ Caracteristicas geométricas do elemento (Dimensoes
da placa circular ) [L]

[> b:==3:a:=9:h0:=02:h] :=06:

Densidade de massa [F/L"3]

[> p:=0:

Funcio da variacio de espessura "h"

88
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£ (il — hi) \
— L3 g IIl B .
_L} ho= |k a—b) (r E]J + hi}:

¥ Caracteristicas do material

Coeficiente de Poisson

[> v=03:

Modulo de Elasticidade Longitudinal do material [F/L"2]
|:> E:=2.10":

Rigidez a flexio da placa

> Do= :E"H — !
12:01 —v7)

¥ Caracteristicas do Suelo [F/ L]

Coeficiente de rigidez
[ k=0:

¥ Condicoes das cargas externas
Funcio do carrecamento

|::=~ gz = gqo + L?i—?:—l (r—b) + po- [Fr: -Si]‘llzl“v'a-El} :
Valor da carga linear no bordo interno [F/L]
|:::~ go =-3000:
Valor da carga linear no bordo externo [F/L]
[> g1 :==-5000"
Carregamento de variacio linear [ F/L]
|:> po:=0:
Carregamento Puntual[F]
> P;:i=- 0 :
2-m-b

¥ Condiciones de Apoyo

. fm,rfal =1 IDIS :

b}
= rm,rfa,} =] -I'DI :

- mrﬂa} =] -IDIS:

15
> mmfaq =1-10 :

Armado do vetor Campo de deslocamentos

|:>- interface|rtablesize =30 :
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> ifN =0and N9= (Othen

> fp = M“”’ET{‘H"{E.'? 1, [I'J 1 , i )
. . 3" 20 . 2a X, _ 3x 4 X
> oy =1 IE IE Jpp =X T IE “JP, IE 2 JE
2 3
. X x
Ty =" 7 I
> forifrom 1 toN do
> fp; = c‘aﬂec‘f[ .sribs(L=ﬂ b,x=r—b.fp, ). {r}):
> end do:
> Wwi=fp
= dwlr ==ﬂ-farr£'.1'(f'\'}h,3, 1, DJ :
>

forifrom1to N, do

L

dwlr, | = ar Wi
end do:

dwr = dwlr

ddwr 1= JHafr!'x(ﬁ}w 1, [l] :

forifrom 1 to N, do

L R

¥

d
ddwr, | = ar dwr;
: r

= end do:
= ddwr = ddwr
> du'rﬂ==ﬂ—fﬂrr!'.1'|{h;# 1, [l:] :
> forifrom1toN,, do
d

> dwrg | = — — w.

wré - Elr“‘-‘
= end do:
> dwrd = dwr@
> dw@i= J'r-fmr:'x[f'vrpﬁ,, 1. ﬂ} :
>

forifrom 1 to N, do

d
> dwﬁ'l.‘ = E Wi
= end do:
= dwli= dwi
> ddwé = Mmrix{Npﬁ,, 1, IJ]. :
> forifrom ] h.'n"l.*’p.,1 do
a d
> ddwﬁ:-l 1S T T W
d8 a8
= end do:
= ddw@ = ddw @
Cambio de condicion
> elif N, = 0 and N =0 then

= _fp = Jl’,fﬂn.i‘.{‘i\,l,’pb_h’r’ |,ﬂ] :

. 30” 2., . 2" X L . 3o ¥ )
e T
2 3
. x X
Ipy = A

L
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¥

for i from 1 to NV, do

> fp, = f‘ﬂfffc‘f[ .!-'ri.b.!-'{f_,=ﬂ b, x=r
= end do:
> forn from 1 to N do
> foy  4n = rhs(Egd)
pk
> end do:
> Wwi=fp
» dwf_r = Mﬂmx[h}m +N. L El::l :
> forifrom1tolN  +N do
feld r
> dwlr = ar W; 1
> end do:
> dwr = dwlr:
= ddwr = Mﬂmx[:ﬁ'}m +N, 1. EI} :
-3

for i from 1 to Nph +f‘~.-’r do

a
ddwr‘. 1= = dn-rl.‘ N

>

dr
= end do:
= ddwr = ddwr:
= dwr_ﬂ = Mﬂfﬂx[h}m +N, 1, EI:] :
> forifrom1toN,, +N do

a
> dwrf | = — — w.
“rl.] 30 arH'J.]

= end do:
> dwrf = dwré:
= dwé = Ma.*ri‘-r{h"m +N,. 1, l]:l :
> forifrom | h.'n"l.*’p.,1 +N_do
> dwﬁ'l-‘ 1= T W
= end do:
> dw@i= dw:
> ddw@ = ﬂ-fmr!'x(Npﬁ +N_ 1, ﬂ) :
> forifrom1toN,, +N, do

a d
- ddwﬂl. | = — wl.' 1

' df8 o8

= end do:
= ddw@ = ddw@:
Cambio de condicion
-3

elif Nr = 0 and NB = (1 then

interface| rtablesize =50

v

> pr = JHﬂfTET{JH\':nb_JH\'rr, |,ﬂ} N
i 3 2-x L
> T T T e T
v x
oy =" F :

= for i from 1 mNphdo

b.fpg 1) (1Y)

91
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>

>
>

¥

¥ ¥ %W ¥V Y

Y ¥ %Y VY ¥

¥

v

L A

L

¥ Y ¥V Yy ¥ ¥ ¥ ¥V Y

¥ ™Y Y

¥

foi, = caffecf{sr1bs{£=ﬂ b,x=r —b. fp; 1}’ {r}] :
end do:
for n from 1 to N do
foy 41 = rhs(Eq4)
ph
end do: _
ﬁ = ,Haf?’f_\'{h‘ra' [Jn'l'r.nb E Ja'l'rr], I, ﬂ] :
tor =10

for k from 1 by 1 while k = N do
for i from 1 to Nph + N do

ijr|'+m:. 1 :=fpl'. I-Sil‘l“‘-ﬂ]
end do

fot = {Jﬂ,l,'ph +J"'|'rr]| '.‘.'

end do

w = { fp. fi}

dwlr = Mafr!'x( [:Pv'& +1 ] -{P\';}h +Nr:], 1, 'D} :

for i from 1 to [NB — 1]- [Nﬂ.? +Nr} do
dwl i1 ar Wi
end do

dwr = dwlr

ddwr = Mafr!'x[: [:N& +1 :] -{Nph +Nr:], 1, 'El'] :

for ifrom 1 to {Ne 1) (Npp +N;) do
ddwr; | = ; dwr; |

end dio:
ddwr = dawr

dwrg = Mafr!'x[ [N& +1 ] -{Nph +Nr], 1, 'D] :

for i from 1 to {f‘v’a — 1]- [Nm +Nr}du
d d

dwrg, | = H 3, Wi

end d

dwré = dwré

dwg = Ma.*rr'.‘r{ {N +1 } [h}m + Nr}, 1. [IJ :

L]

for i from 1 to (Nﬂ — 1]- [ +Nr} do

N
. d
dwE’i =T w

as !

end dix
dwd = dw@
ddw@ = Mmri.x'[ [NH +1 }-{Nph_ + Nr], 1. EI] :
for i from 1 to {Pv'a + 1]- [h-’m +Nr} do

ad
ddw@, | == — W

' da da

end do
ddw & = ddw@

‘ambio de condicion

elif N =0 and NB = {J then

interface| rtablesize =50

92
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> fpi= JHG”’ET{JH\'}”F 1,0):

. 37 2.8
= =]-— + == fpp, =1
iy IE I Jrs
2 2
Iy = A F :
> forifrom 1 to Nphdn
> fp = c'ﬂfffc'f[ sribs(L=a b, x=r
= end do:
> ft = ﬂ-fa.rrfx(h'a- (J"v}]b], 1, []] :
> fof i=10:
>

for k from 1 by 1 while k = N _do
for i from 1 to Nph + N do

L

ple
1 ] ':“\'},b do

v

for i from 1 to (NB +

> dwﬁ'“ = —

2 &

> end do:
> dw@ = dw@

> forifrom 1 to [NB— 1]"H"'}:-ﬁ' do

d
> ddu'&l. = W
’ a8 48

= end do

> Jﬁrl'+mr. 1 :=fpl'. I-Sil‘l[i‘-Eﬂ]
= end do
> toi = {Nphj ok
= end do:
> wi= { fp, fi}
= dwlri= Mafrix[ (NH +1 j -Nph, 1, 'D'} :
= forifroml to [NB— 1}-1“9}_& do
> dwlr | = ar Wi
> end do:
> dwr = dwlir
> ddwr = Matrix( (Ng+ 1) N, 1.0) :
= forifrom 1 to {NB— 1]-1"\% do
> dd“'ri, 1= E dH-TI-' 1
= end do
> ddwr = ddwr
= dwrd = M'afr!'x( [:J“u'rﬂ +1 :| 'Nﬂh’ 1, ﬂ} :
> forifrom 1 to {h-’a— l}ﬁlwdu

P d d
> ; _——— —— W

“rl.] A0 arHJ.]

> end do:
> dwrd = dwr@
3

dwg = Marrfx( {Pv'a +1 }-N 1 EI:| :

> ddw@ = Mﬂrr!'x( (N& +1 }-ﬁ'}w 1, D) :

b.fp 1). (r})

93
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L: ddw 8 := ddw @
> endif

¥ Deformada y sus Derivadas Parciales
_3* W

= dwr:

= ddwr:

[:- dwré:

= dw@:

= ddw@:

¥ Calculo das integrais
¥ Integracio da primeira parte

[> VI = Matric((Ng+1)- (N +,).1,0) :
= forifrom I to (Na + IJ -{pr +N,) do

f 1 1
. FII 1 ﬂ'dwrj-l 1+ T 'd”_"]'. T+ Y -dﬂ’wﬂi |]

i r 4

= end do

> VIT = Transpose( V1) :

> M1 = Muliiply(VI, VIT) :
= INTI = Mmr:'x( (NB +1 } [Nm — Nr], [NH +1 ] '{’""‘}m +Nr], EI] :
> forifrom 1 to {Na +1 ] -{Pv’m +Nr:| do
= forjfrom | to {NE + Ij -(pr +Nr] do

a ln

> ”"'T'Fl'._.i = fva{f[J r Do ﬂ-ﬂ ?’L‘lﬂ dr ]
b0

> enddo

| > end do

= INTT = INTI:

V¥ Integracio da segunda parte

[> V2= Matrix((Ny+1)-(N +V,). 1.0 :

(
> furefmmltu(f‘v +I] h- +f‘vj|dn
r

B
> F3£1:=( “r]}
= end do:

> Vi:= JH{??’ET{ {JH\'rE Ly 1] '{J"\'rpﬁ +JH'|'rr], 1, U} :
> forifrom 1 to {NE + 1) (N =N, ) do

= V3

[

I I 1
= [_ .d“-r‘_ 1 -+ —__"ﬂ'd'l-l-'a 1 |
r ) d )
r

/
> end do

> WIT := Transpose|V2) :

= V3T = Transpose(V3) :
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| > M2a:= Multiply(V2, V3T) :
[> M2b:= Multiply(V3, V2T) :
> M2 :=Martrix((v—1)-M2a+ (v —1)-M2b) :
> INT2:= an’x( (NB +1 }-[Np,j_— Np). (Ng+ 1) (Nyy +N,). 03
> forifrom I to (Ny+ 1) (N, +N ) do
> for jfrom 1 to{NE + I] - {pr +Nr]| do

a 1%

> INT2, ;= m;fU f Do-M2, rde dr]
B0

= end do

= end do

> INT2 = INTZ:

V¥ Integraciao da terceira parte

[> Va= Matrix( (Ng+ 1)+ (N +N,). 1.0 :
> forifrom 1to (Ny+1)- {hpﬁ, +N,ydo

r
> 1-"-1; = [ir dwr, | - — dw8, ]
> end do
> VAT := Transpose(V4) .
| > M3:=2.(1—v)  Multiply( V4, V4T) :
[> INT3 = Matrix( (Ny+ 1)+ (Npy +N,). (Ng+ 1) (N +N,). 0) :
> forifrom | ta{NB +1) (Npp +N;) do
> for jfrom 1 t{}{NE +1 ) '[‘“"'rpﬁ' +Nr] do

a 2n
> INT3, = ,_w;f[” Do-M3, -rdﬁdr]
B0
> end do
= end do

_[:- INT3 = INT3 :

¥ Matriz de Apoios
_3' Km = JH(I”"E-.T{ [Ja'l'r.nh Ly Jﬂ",’r] '{JH\'rE + I], {J“'l'rph +Jai'rr] ' {J“\'ra Ly 1], U] :

> interface|rtablesize=350) :

> if Nr= 0 and Na= Othen
> o= M-:m'rit{h}lh, 1, 'El'} :

> Hml. = mr:rfa] : le | = mola, : R‘m_a = mafa3: Hm4l = nrﬂfa4:
> VR = Rm

> elit N, = 0 and N =0 then

> Rm: —Mmrn{ﬁ el ﬂ]

> H’mL | = molay: le | = mola, : R'ml y = molay: Hm“l | = molay
> forn from 1 toN do
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L N A A v

L

L

L L A

Y ¥V ¥

¥

L A L A R

v

v

L

v

R"T!"" +n, | = D
ph

end da:
VR := Em

elif N, = 0 and N, = 0 then
R = Prf-:?rir{ﬁ}m +N_ 1, ﬂ] :

Hml,] = mr:rfa] : le = mD]ﬂ__,:le =

for » from 1 tnNrdu

H"T!"" +n, 1 = D
ph
end do:
Rma == J'ri'a.*rf.*r{l“vra- |:J“\"N_ +Nr}, 1. EI] :
tot =10
for kfrom 1 by 1 while k = N do
for i from 1 mN +N do
Hmar+”m . Rm
end do
far = [Ja'l'rph +1“'|'rr] K
end da:
VR :== {Km. Rma)
elif N =0 and N = () then

R = Mm.-ru{hph, . ]

Hmu = mola, ﬁ'ml = mD]ﬂliﬁ'm_,* =

Rma = J'ri'a.*rf.x'{NB- [J"\'rm}, 1, UJ :
tof =10

for k from 1 by 1 while & = N do
for i from 1 to N +Nrd0

Rma. Rm

i+ ro, I
end do

tot = (N, ) -k

end dao:

VR :== {Km. Rma)

end if:

VR:

for i from 1 to {Nph +Nr:| -{NB + l]du
Km; ;= VR,

end dao:

¥ Matriz de rigidez elﬁstica
Ke i= Matrix( (Ny+1)- (N, +N,), (Ng+ 1)+ (N,

for i from 1 to {f‘v + 1} }'v +N_y do
for jfrom 1 to [f‘v ] f‘v + N} do
le]l‘._."_ {L“v’TI - +INTZ; +INT1‘ }

end do
end do:

r) d
) d

8

ma-l’a3 : Hm4l |

molay Huhl | = molay

+N,).0:

= mola 4

96
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¥ Matriz de rigidez de apoio elastico

> wT = Transpose (w) :

| > Buz = Multiply(w, wT) :

> Dimension| Buz) :

> KApe oo = Marrr'x{ .[N + I] - {N , TN r)s {NE + 1}-(!‘?},& +Nr},l]} :
> forifrom I tu{ } (N + }

> forjfrom 1 to{ } [f‘v +N }

a 2n

% [mF’f-.'.!u_w:m]‘.J. = ﬁ'ﬂ{f( Ic'J J Bri:”-rdﬁ dr}
' \ kD J

> end do

= end do:

mpf-.’.!a.wim :

¥ Vetor de carregamento distribuido
[> 4= Matrix( (Ny+1)-(N,5 +N,). 1,0):

= forifrom 1 to ["-.- ) [Nm +Nr} do

Il-lm

[ a 2x b
| J w, | qz-nde dr|
“bB0 4

> g, = evalf

> end do:

¥ Vetor de forca pontual
> Pi= Matrix((Ng+1)- (N, +N,), 1,0) :

> forifrom 1 to [NB— 1}- (Vs +Nr} do

{ b 2% y
= Pi. I — fw;_{f| f J 'L1.'I.l I-P:r.dl.:l dr
Fl

L> end do:

¥ Obtencao dos deslocamentos generalizados
I} Kiiagica = (Ke+Km+KApp, ..} -
[} Kiny = !'nversf[ﬁ'

f-.'.fc.l.'rn'..'u} :
W=y )
' [> Cn = evalm{KInv.VF)

¥ Deformada

[> Deformada = expand| Transpose(w).Cn) :

> _pfaf.:i‘d( ke theta, Deformada, 1) theta=0_.2*Pi, r=>b .a, coords= cylindrical,
axesfont= | "ROMAN", 22” :

’V:- mnmurpfm( [r, theta, D.Ej-brmﬂda]. I]’ theta=0.2*Pi, r="5..a, coords

97
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= c'jl.'f!'ndrfmf] :
T 1)
> evalf| subs| 8= —,r=>5, Deformada | :
2 .

Momento Mr
sonm o B B e H ey il 8
ri=-Do 3o a5 eforma a | +v [ = eformada, | 2" 30

d 3
—— Deformada, | E
a8 oL

> plot3d( [r, theta, Mr], theta=0 . 2#Pi, r=b .. a, coords = cylindrical, axesfont
L = ["ROMAN", 22]) :
| > contourplot([r, theta Mr], theta=0.2*Pi, r="b..a, coords= cylindrical)

o
> fva{f[mbs| 8= %,r=b, Mr]] :
b

Momento M6

1 o : 1 d d a
> M@ =-Do-| — - — Deformada, , + — — —— Deformada, , +v-—
[ r dr o L1 ;7 08 28 T L1 ar

== Deformada, ,

> plot3d( [r, theta, M), theta=0..2* Pi, r=b..a, coords= cylindrical, axesfont
=|["ROMAN", 22]) :
> contourplot( [r, theta, M@], theta=0.2*Pi, r=b _a, coords= cylindrical) .

P x 3
> fm{}"[mbs| B=—,r=4.35, ME] J :
9 2

Cortante Qr

d o d : 1 9 0 :
> Qr:=-Do [FFF Deformada, | + e Deformada, | ?
d da o 4
== Deformada, | + e T Deformada, , | :

;> plotdd( [r, theta, Qr], theta=0..2 *Pi, r=5 ..a, coords= cylindrical) :
]

Y Y
- fva{f[jub.i[ﬁ= s F=d, QF’| | :
2 .

Tension Max
i ﬁ':”?’ R
> O™
_:- pfarj"d( | r, theta, g . |, theta=0.2*Pi, r=b.a, coords = cylindrical, axesfont
= ["ROMAN", '22]) E

> cr:-nmurpfw[

r, theta, g,

Ltheta=0.2*Pi, r==>F..a, coords= c'}'ffndrfcaf) :
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B. Modelo Computacional para a obtencao de esforcos
deslocamentos placa espessa

Calculo da placa circular espessa

|:> restart = with{ plots) : with{ LinearAlgebra) : with{linalg) :

BN PR AR Para Liberar gamm

¥ Polinomio adicional

#

|:} Eq4Par = I 1 [ [EI'-\"J I]J"'J :

L. /
/ (-
Fi2-x \I - 2,.\- 5 127m)
> Egtlmpar == I\—'zL"] 11-]1 | B 1_1 :
LAY . /

|:> EqiPar = collect{subs{L=a — b,x=r— b, EqdPar), {r}) :
L L> Egdlmpar = simplify(collect{subs(L=a — b, x=r — b, Egdlmpar), {r}}):

V¥ Funcoes Basicas N 5= 6
P

Numerao de funcies hisicas

|:=~ NM =6

Y Polinomios
> interface(rtablesize= 100} :
> FuncBasicas = Mmrit{f\f}‘,,, L, U:] %

r
> FuncBasicas, | = L]

e

> FuncBasicas, | = | 1

[
e N Sl T P
i S

> FuncBasicas, | =

S

> FuncBasicas, | =

> FuncBasicas; | =

S S e

> FuncBasicas, | =

> forifrom 1 toNMdo
> FuncBasicas; | = E‘f.?”vl.“r;'?[: .vrfb.r[l =a — b, x=r — b, FuncBasicas; |], {F’}} :
> end do:

Y Numero de fungoes adicionais

Numero de funcoes adicionais em w { Nw=S06 pode numero par, contem polinomio par e
impar)

[:- Nw:i=6:

Numero de funcies adicionais em r

> Ner=6:

Numero de funcies adicionais em @

[> Nopg:==6:

Numera de fungdes trigonométricas adicionais circunferenciais
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Numero total de polindmios adicionais radiais

\J_:a- Ng:=10:
[> NR = Nw + Nor + Np@:

P Deslocamentos em z e giros , Girosemr e em 6

¥ Vetor de deslocamentos
|:3" H: =W
|:==- ek

¥ Deformacoes

¥ Deformacio emr
> g, = Marrix(( (N6+1)- (N, +(2: NR})). 1,0):
> forifrom 1 to( (No+1)-(N,, +(2-NR))) do

> (EFT:I,'_ 1 = E [ur]"l]
> end do
il

V¥ Deformacio em 6
> &= Marrix(( (NO+1)-(N,, +(2-NR))). 1,0):

(> forifrom 1 to( (N6+1)-(N, +(2:-NR))) do
1

> (a7 (35 00),) + ((),.)

> end do

> B _:
&

¥ Deformacio cisalhante rz
> ¥, = Matrix(( (N6+1):(N,, + (2- NR))). 1,0):
[> forifrom I tn[ iNg+1)- [‘“"'}?b + (2 NR‘]]} do

= (Tr:] = [ai: ["r};.]\l & i% {u:]i'.]]

il 4
= end do

_} Tr: ;

¥ Deformacio cisalhante 6z
> Y, = Matrix(( (N6+1)-(N,, + (2: NR))). 1,0) :
> forifrom 1 to ( (Ne+1)-(N,, +(2- NR))) do

i (“f&)a L [%% ), I] E |:'313 {”B}i . ]
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> end do
> Y.l
L &

¥ Deformacio cisalhante r

[> 4pi=Marrix( ( (N6+1): (N, + (2- NR})). 1.0} :
> forifrom1to( (N@+1)-(N,, +(2- NRj)) do

- (i, = (3 )+ (e, ) (2]

> end do

> et

¥ Introducao de dados iniciais

¥ Caracteristicas geométricas do elemento (Dimensoes da placa
circular ) [L]

[> b=3:a:=9:h0 :=02:h] =06"

Densidade de massa [M/L"3]

[:- p=0:

Funcio da variacio de espessura ""h"

[; ho= (ABLZRO) b)) 4 ho
L ola— b)) .

¥ Caracteristicas do material

Coeficiente de Poisson

[> vi=103:

Modulo de Elasticidade Longitudinal do material [F/L]*2
[> E=2.10":

Modulo de Elasticidad transversal do material [F/L]*2

> G= — £ :

2.(1+v)
Rigidez a flexiao da placa
[} E"i= ————— £ = !

(1-v)

V¥ Caracteristicas do Suelo [F/ L]

Coeficiente de rigidez
L |:> kr==10:
¥ Fator de correciio do esforco cortante (Reddy)

|:> FR==fva{f‘ /L,: :
L '-._\l ]‘—' r
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Funcio do carregamento

[> gzi=go+ 12l 920 (4 —po-[:r] sin(N@-8) :

(a— k)

Valor da carga linear no bordo interno |F/L]

[> go :==-50000:

Valor da carga linear no bordo externo | F/L|

[> g7 =-50000:

¥ Condicoes das cargas externas

Carregamento de variacio linear | F/L]

|:>- po =0:
Carregamento Puntual[F]
> Ppi=- 0 :

2-m-b

Condicoes de apoio

5
- ma!a] =='D-I'D] :

> mola = I-IDE;

> ma!a3 =1 I'D]S:

> mola ==I-ID]S:

L 4
> mia_j_l_l_ll: 102

> mola_=1-10""
[

¥ Calculo das integrais

Primera Integral

I} e T == Transpom:(srr] :
> fBr:= Mm’npf_v{srr, a’rT} :

> [Mimension{Br) :

( h
a 2=x_2

> Kri_r. = gvalf E"-Jf J
k=0

b

|4|::u-

> Kr = Marric( ( (N9+1)-(N,, +(2-NR)) ). ( (N@+1j-(N,, + (2- NR})).0) :
> forifrom | to [ (N@+1)- (N, + (2 NR‘J}} do
> for jfrom 1 to [ (Ne+1)- (N, +(2 h-’ﬁ‘]}} do

Br, J.-rd: dadr
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|j end do
= end do
= [:- Kr:

¥ Segunda integral

I} e08T = Tm.nspor;c[eﬂg) ]
> Bo:= Mnm'ph-(s .E‘&?T:] :
> K@= Matrix

((
> forafrumltcr( (NE+1)-(Ny, + (2- hﬁ‘}}}
( (N6+1)- (N, + (2 NR)))do

&

> for jfrom | to

J
a Im E
> K= evalf |E™[ | | Bg rdzdodr
b'o 7 &
> end do )
= end do
|::s Ke:

¥ Terceira Integral

[> Bar = Muliiply(e,, &T) :

> fnra'framltu[ (Ne+1)- (N + (2 NR]}}da
> forjframltcr( (INg+17- |: + (2 NR]}}do
i

> K@, = evalf | v- ” [ Ber, rdzdo dr

b0 Y h
2 J
> end do
L= end do
_|::. Ke:

¥ Quarta Integral

> Bro:= J'rfm’n'p.l'_v{en, EEET} :

= forifrom | tn[ (INg+1}- [Np',? +(2 NR]}} do
> for jfrom | tn[ iNg+1)- [pr + (2 NR]}} do

f

|-.I|:a-

a_ In
> Kr6, ;= evalf v-E"-JJ Bré, rdzdedr
b0 h

= ¢nd do

(Ne+1)-(N, +(2- hRJ}} ([Ne+|]-{h;h+[Q-NR}]_],UJ:

> K@ == Marrix({ (Ne+1)-(N,, + (2: NR)))., ( (N6+1):(N,, + (2 NR))),0):

> Kr@:= Matrix(( (No+1)-(N,, + (2- NR})), ( (Ne+1)-(N,, +(2: NR)}),0):
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>
HE

>

>
>

E
[>

>

>

b

end do
Krg:

¥ Quinta Integral

wzT = Transpose(]rrzj :
Brz = Mu!ffp.l’yl:‘fr:, :I!'ZT:] :

Krz == Matrix( ( (N6+1)- (N, + (2- NR)}), ( (Ne+1)-(N,, +(2- NR))).0) :
I'Dra'fmmltn[ iNeg+1)- ( +{2 NR]}}du
fnrjfromltu( iNg+1)- [ +|{2-NR‘]}}|:IG
Y
2x E
Krz, | = evalf FR?-G-H [ Brs jrezdear
bdo 1 a
end do ]
end do
Krz:

V¥ Sexta Integral

Wl = Transposc("f&} :

Ber = Mu!'rfpf}'("r’k, }HCT} g

K := Matrix( ( (Ne+1)- (N, + (2- NR)) ) |: (Ne+1)- (N, +(2: NR))). []} :
forifrom I to( (N@+1)-(N, +(2-NR))) do

for j from 1 tn( (Ne+1)- (N, +(2- N}i‘]}} do
h
., a Im 2
Ke, ;= evalf| FE-G-[ [ | Bey razdoar
blo 7k
end do )
end do:

V¥ Sétima Integral

woT = Transposehrrg) g
M!Ifffpf}'('frﬂ. }rE'T) ;
Kcrg = Mafrfx( |: (Ne+ 1 ]-(F"u-'ml1 +(2- NR) ] :] [ iNe+1)- ENM + (2- NR])},'EI'] g
for i from 1 tu( iNg+ 1 ‘,--(pr + (2 NR]}} do
for j from 1 tn( iNg+1 }'(Np-'? + (2 NR]}} do
h

Berag:

a 2n 2

KC?’H]. i — fva{f GJ J f HC?’H ?’d.‘_ de dr
: b0 © &

/
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|:=- end do
> end do:

[} Kera:

¥ Vetor de carregamento aplicado

¥ Carregamento distribuido

[> d:=(w):

> g = Matrix( (N6+1)- (N, + (2- NR)). 1,0} :

> forifrom 1 tn( (N@+1)-(N,, +(2- Pv’.'i‘]}} do
f a 2-n

> g; = evalf J J d; rqzordd dr
LB

> end do:

¥ Forca Puntual
> Pi=Matrix{ (N§+1)-(N,, +(2: NR)), 1,0) :

> forifrom 1 tn[ iNg+1)- (;’\-’m + (2. Pv’.'i‘]}} do
b 21-m

> P‘._] = em{f'[J f d; l'P:dﬁdr

070

| > end do

I Vetor do carregamento Total
L LG vE=1g+P):

¥ Matriz de rigidez elastica KE

[> Kp = Matrix(Kr + K&+ Kr6+K6) :
I} K oy = Matrix(Krz + K&t + Kcré) ©

|} Ky = Ky + Kigan:

¥ Matriz de rigidez de apoio elastico KAp ‘
Elastico

;>~ uzl = Transposc{u:] :

| > Buz = Multiply(u_, uzT') :

> KApgiagico = Matrix( | (N6 +1)-(N + (2-NR)) ). ( (N@+1)-(N,, +(2: NR} ) ). 0} :
> forifrom 1 to [ (Ne+ ]]-{Nph + (2. NR,'I}] do

> forjfrom 1 to [ (N6 + ]]-{h}m + (2 NR)]._] do

a.ln 4

= [mf’f-.'.'u.erim]“. = f"'ﬂff[ ﬂ'?"J J Buz; ;rdedr
' \ k-0 J
> end do
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>
[

>

LJ

L L

L

end do:
mpf;'?u.wim :

¥ Matriz de Apoios

K,y = M ((N6+1) (N, +

Mafr:’_\( (Ne+1): [JN}JE—(E-AWJ},],U:] :

miala

[K,mra]l_ T mola, : [K,mra):,_ = mola,: [Km.'a)j_1 = molay: [Km.'ah .

= mafa5 : [Krm.u'a :] 6 1

for n from 1 to (2- NR) do
[Krma.l’a }.-\-' =10

+u 1
ph

= molag:

end do:
elif NR = 0 and N6 > 0 then
mola ’Hﬂfﬂ"'( {Np_s, + (2- NR) :], 1, 0:] I

[KMU.G}L | = mola, [K”“’“"’):’_ ] = mola, [K

mala :] 31 = mo!a} : [K

= mola,: [K

rmun'u:]ﬁ 1 = mﬂfﬂf::

for n from 1 to [2- NR) do

[K'MHE}N +u 1 =
ph

end do:

K otar = J'ri’mre'x[:}\-’ﬂ- ("\'}m_ (2 }\-’R]}, 1, l]] :
tot =0

for k from 1 by 1 while k =< N@do

for i from 1 toNJ,m +i2- NR} do

-1

[Krmafai') i+ tor 1 = [Kmm'a :]i. 1
end do

tof = {Nph + (2 NR)] -k
end do:

Kmm’a = {:

end if:
for i from 1 to {N +(2-NR) ] N+ 1)do

K

mola’ Krmn'u('}

[ 1pmr3] { mm‘u]
end do:

K.-i Nl :

Y Obtengﬁu dos deslocamentos generalizados

m’al’m[ Kf-.' - K.-ﬂ,pu_l‘a + KAP f-.'.'u.wi..'ﬂ] :

.Hum '] =

K icn = su!:l.s(r=b, 'E"“"I’"[:Kf-_?amcu}) :
#ﬂ'&’f[ Kf-.'.'a.wira) :

Kinv == im-er.se(n'l.’a-l’nr(.‘(f__hm.m)} :
Cn == evalm{Kinv. VF) :

mala :] 11

(2: NR)Y). ( (NO+1)-(N,, +(2-NR)}).0):

> ifNR > 0 and No=0 then

> K
= molay: (K

= mola,

:(K

mola :l 51

maola ) 51
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Y

[~
[>

E

>

>

>

d = {w):
Deformada = expand| Transpose(d).Cn) :

> p!'affl'd( |'r, theta, Dejbmmdal_ |'|, theta=0_.2*Pi, r=>b .a, coords= cyvlindrical, axesfont= ["RD]\-‘[AN",

22|:|:

r:r:rmcrrirpfaf[ [r, theta, Deﬁ?rmada] | ], theta=0.2*Pi, r=5..a, coords= c_vﬁm’rimf) z

M

. s ’ )
evalf [.mb.s[ﬁ= bR r=>b. Deformada, 1 J :

Momento Mr

Mr == Matrix( (N@+1)- (N, + (2: NR)), 1,0) :
forifrom 1 to( (N@+1)-(N, + (2 NR}}) do
rd h

2
My, | = evalf £~-J h ((2),,+v (2), ) 2%
end do: _
CT == transpose(Cn) :

Mrr == evalf (CT. Mr) :
p!’af&l’d( |_r, theta, Mrr, |J= theta=0.2#Pi, r=>b..a, coords= cylindrical, axesfont= [ "ROMAN", 22]) 3

r:r:rnmurpfaf( [r, theta, Mrr, | ], theta=0.2#*PL r=b..a, coords= cyﬁndﬂ'mf] z

b
evm’f[sub:[ﬁ= %, r=4.35, Mrr, ']J g

Momento M6

[> Mo = Marix( (NO+ 1)+ (N,, + (2- NR)), 1,0) :
> forifrom1to( (N@+1) '(Nph + (2 NR}I}) do

f k

2
> M& | = evalf EJ' (e +vife zdz
il evalf Elk[: m}i'.l {rr)“]

L 2
> end do
| > Meg:= evalf (CT. Mg :

> p!'a!.‘i‘d'( |_r, theta, Mg, | I, theta=0.2*PL, r="5b .a, coords = cylindrical, coords= cylindrical, axesfont

= ["ROMAN", 22:} :
r:r:rnmurpfaf[ l'r, theta, Meg, |], theta=0.2#*Pi, r=5b..a, coords= c}'ﬁndrfcal’:] 2

eva!f[sub:[ﬁ= %, r=435, Meg, ]] ] :

¥ Cortante Qr
[> Or = Ma:m-( (N@+1)- (N, +(2- NR]}, 1,0] -
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> forifrom1to( (Ne+1}- (N, +(2-NR})) do
h

2

= Q= FRZ'G'J {1:}"']11:

[F1ES

L= end do
L> Qr = evalf (CT. Qr):
> p-l'r.)r:?d{ [r, theta, () L ], theta=0_2+Pi, r=b .a, coords = cylindrical, axesfont= [ "ROMAN",

2’2|]:

| > cﬂnmrirpfor[ [r, theta, er. |]= theta=0..2*Pi, r==b..a. coords =c'}'ff:m‘rfca!:] X

_:- eva{f[suba‘[6= % r=435, er. ]] } :

Tensao ormax

[} or == Matrix( (N@+1)- (N, + (2- NR)), 1,0) :

> forifrom 1 to( (Ne+ ]]-{Nph + (2. NR}}] do
— i I b

P Wl-l E L{E"}J',|+\r (E jl.lj

> end do

= (= .a'u.b.s[;= i m'ﬁ A

L 2w}

;:- arr = evalf (CT. or) :
> p!'arjd( lr, theta, { arr) - J theta=0.2*Pi, r=">b..a, coords = cylindrical, avesfont = | "ROMAN",

i 22]):

> canmru’pfar[ |r, theta, { arr) iy |, theta=0_2*PL, r=5 .a, coords =c}.!'i'ndricaf:] :

( i
> m'a&"[suhslﬁ= 5 r=>b. arr, 1] J g
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C. Modelo Computacional para a obtencao de frequéncias da placa
espessa.

Calculo das frequéncias da placa espessa

|:> restart @ withi plots) : with( LinearAlgebra) : with(linalg) :
[:- alias{gamma="p) :

» Polinomio adicional

» Funcoes Basicas N o 6
p

» Numero de funcoes adicionais

» Deslocamentos em z e giros, Girosemr e em 0
P Vetor de deslocamentos

¥ Deformacoes

¥ Rotaciio relativa respeito do eixo r
| Mm’rfx({ (Ne+1) -{Nph + (2 P\-'Rfl}}, 1, l:l:| :
> forifrom 1 to | (Ng+1)- [Nph + (2- NR) ) do

> (), = 27 (%)
> end do
_} H:r:
¥ Rotacio relativa respeito do eixo 6
> ug :=Marrr'_1-[[ (Ng+1)- [Nph +{2- NR) } }, 1. ﬂ] 2
(> forifrom I to ( (Ng+1)- [h-’ph + (2 Pv’R]}} do
TN T L
T )™ 2 ae (%),
> end do:

- o
K ILB.

¥ Deformacao em r
[> e, == Matrix( ( (N6+1): (N, + (2- NR)}). 1,0):
= forifrom 1 to [ iNg+1)- (f‘v’m + (2. Pv’R]” do
3
=R, e ()
> end do:
} Err:

_|:> f}inren.ﬂf}n(E"} :
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V¥ Deformacio em 6

> e = Marrix(( (N6+1) (N, +(2:NR))).1,0):

(> forifrom 1 to( (N6+1)-(N, +(2:NR)))do
LA

g (E“”}H o [[ a8 (““}f. |] * [{"']:.J]

> end do

> B

> Dfmfnsfan(E") :

as

V¥ Deformacio cisalhante rz

> Y. = Matrix( ( (N6@+1)-(N,, +(2-NR))). 1,0):

> forifrom 1to( (N&+1): (N, +(2-NR))) do

iy e (2 AR
I:"rr:]l“'_ [-El; [“'}HJ | ar {H::IH,-

> end do

> Tt

¥ Deformacao cisalhante 6z
> ¥, = Matrix( ( (N6+1)- (N, + (2 NR)}). 1,0} :
> forifrom 1 to( (N@+1)-(N, +(2: NR)}) do
> {1 — (1. 8 V42
(‘rﬁ:)“ o [ r ae (%), |J L 5z (“a), ]
> end do:
-
L L

V¥ Deformacio cisalhante ro
> Yg= Marrix( ( (N@+1)-(N,, +(2:NR)}). 1,0):
> forifrom 1to( (N&+1) (N, +(2-NR))) do

> () - L% ("), J N [% i{”rh l] [ {“Br}“ ]
= end do:
> Y

» Introducao de dados iniciais
» Calculo das integrais

» Matriz de Rigidez KE

» Matriz de rigidez de apoio elastico KAp
Elastico
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P Matriz de Apoios

¥ Matriz de Massa

¥ INERCIA TRANSLACIONAL

= nzl = Transpaa‘e[u:} :

> Bmii= J“riirfp!_r[u:, JI:T] :

= KI

Maza

= Matrix( ( (NO+1)- (N, + (2- NR)}), ( (N@+1)-(N, + (2- NR))), 0} :

> forifrom 1 to (Ne+1) -{Nph + (2 NR}] do
> forjfrom | to (Ng@+1) -[NP,, + (2 NR]J do

h
2 a.lm

> (KIMMJIJ_==p-J JJ Bmi, yrdedr dz

1]

ta] =

> enddo
> enddo

= Ki,

Maza ”

>

>
-3
[>

b

b

>

VY INERCIA ROTACIONAL
W Inercia Rotacional eixo r

wrT = Tmna'pﬂsf[ur} :

Bm2 = JHuEfip.l’y( f. rirT] :

K240 :=Marr£.1'|:|: (NE+1)- (N, + (2 NR) )), ( (Ne+ 1)+ (N + (21 NR}}], 0):
for i from | to (N@+ ]}-[f\-’ph + (2 f‘v’ﬁ‘j} do

for j from | to (Ng+ ]}-[f\-'p,, + (2 f‘v’R‘J} do

tal =

a. 2w

.

I:szd_m}u = P'J ) LJG Bm’QL J--rdB dr dz
2

end do

end do

Kz.ﬁd’d.m :

Y Inercia rotacional eixo 8

wdl = T?’ﬂi‘].'i_pﬂ‘.‘if{rla:] :
Bm3 = Mu!ffp-l’y{ria, riﬁﬂj :
K3, = Marrix( |: iNg+1)- [:ﬂr}l,? + (2- NR) ) ) { (Ne+1) '(Nph + (2-NR) ) j l]:l :
for i from | to (N@+ ]}-[f\-’ph + (2 Pv’ﬁ“j} do
for jfrom 1 to (N8 + ]]-[f\-},h +i2 f‘v’ﬁ‘]l] do
h

=
2 a lx

P
K3 =p J Bm3, rdedr dz
( _Hu.m} i J ! " '|C| LJ

2
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h J

4

= ¢nd do
> end do
Kj.’rfu.m:

= K1 pppen T K200 T K3

Masa -

Frequéncias

=} KEE:J.UIL'U _— (KE_;_ K.-tnn_m + KAPE{H.‘HFE{J] :

|> A= Eig‘:ﬂ\'a]ucsiJHHI{I’J:F!.\'[MW?’ETIP‘JPEF’SE[Kﬂdmka], Kytasa) J g
| > @ = Matrix( (N, + (2- NR))-(Ne+ 1), |,0) :

> forifrom 1 to {Np,‘ + (2 NR}] (Ne+1)do

{ 1

| ciiyt
> o = evalf [T] 1

L i J
= end do:

> interface(rtablesize=150) :

> = sort{ Column{w, 1)) : Re(w) :

> A= Matrix( (N8+1)- (N, + (2- NR)) . 1 )

> for i from 1 to( (Ne+1): (hp + (2 NR}] ) do

_ p-h
:s?h“-—a- / ; s L

L 12-(1-v)

= end do:
> Re(h):

Modos de vibracao

:b Evl, Evc = Eigenvecto rs|:M!.r.l’fl"pl’y(Marﬂ'xfm’fr.sf[K’Mm], K, Elasrica ] :
[> 5:= Re(Evl) :

L> sorf(s, ~<"):

¥ Primeiro modo de vibracao

;:’ DesG1 = Transpose(Re(Eve( .., 11})) :

> Modal :== Multiply{ DesGI, w) :

> pfﬂfﬁd{ [r, theta, Modal, J, theta=0.2*Pi, r="5 .a, coords= cylindrical, axesfont= | "ROMAN",
)

> r:onmurpfar( lr, theta, Madol, J, theta=0.2#*Pi, r="Fk..a, coords= c_v.l’:'mfﬂ'm!) g

¥ Segundo modo de vibracao

;h- DesG2 = Transpose|Re(Eve( ..,5))) :

> Modo2 :== Multiply| DesG2, w) :

> pfﬂfﬁd{ [r, theta, Moda2, ], theta=0_2 *Pi, r=>5 _a, coards= cylindrical, avesfont= [ "ROMAN",

22]):
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|_|_:=- -:amr:rurpfar( |_r, theta, Modo2, ], theta=0.2*Pi, r=b..a. coords= c'_v-l’fm'r!'caf} :

¥ Terceiro modo de vibracao

[::- DesGG3 = Transpose(Re(Eve( ., 8))) :
[> Modo3 = Multiply( DesG3, w) :
> pl’eridl[ |_r, theta, Modo3, J, theta=0_2*Pi, r=b _a, coords= cylindrical, axesfont= [ "ROMAN",
22]):
_I::’ -:me.fr:rurpfar[: | r, theta, Mode3, |, theta=0.2*Pi, r=b..a. cr:rr:erd.'i=c'_v-l’fm'r!'ca!'} :
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D. Modelo Computacional para a obtencao da carga critica de
flambagem da placa espessa.

Calculo da carga critica de flambagem da placa circular
espessa

(> restart - with( plots) : with{ LinearAlgebra) © with{linalg) :
|:> aligs{ gamma="§) :

P Polinémio adicional

» Funcoes Basicas N = 6
ph

» Numero de funcoes adicionais

P Deslocamentos em z e giros , Girosem r ¢ em 0
P Vetor de deslocamentos

P Deformacoes

» Introducio de dados iniciais

P Calculo das integrais

b Matriz de rigidez elastica KE

» Matriz de rigidez de apoio elastico KAp

Elastico

¥ Matriz Geometrica KG

¥ Primeira Integral
= T = Tmnspﬂ&c(rr;] :
> Bzri= Mu[rr’pe’y(rr- :r:rT} :

[> Kﬂ?’:=11’fﬁfri¥(( 1"!9"']] {J’\l +[2 JNR ]:I | LJ"\'H+I] (1“\"})_&"'[2'1“!?‘:]:]),0):
> forifrom 1 mt (Ng+17)- [h - NR) } o
> for jfrom 1 lo[ Pv g+1) A-R] } o
f

,__1 a Im

> Koy =evalf| || [ 0B, raodre:
! h"b70

L2 J
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|j- end do
> end do;

_[:- Kor:

V¥ Segunda integral

I} uzfl = Trampose(ri;&;] :

> Bzeg:= J'ri'u.l’rip.l'_'p{ 2y ri:HT:] :

> Kogg:= Jlrfdrr!'x[ [ iNg+1) [er'?_ (2 NR]}}, { (Ne+ 1) '{Nph + (2 NR}] :], ﬂ:| :

= forifrom | tl:r[ iNg+ ]}-(Nm +(2- P-.-'.'i’]]} do

> for j from 1 tn[ iNg+ ]}-[h},‘.} + (2. N.'i’]]}du
{ ok

2 alm

> Kog, ;= n'a{;"j J[ GB-B:EI-IJ--rdEldr dez | :
h B
2
> enddo
> end do
| L= Ko#:

Rigidez Geometrica
L [:- K& = Kar + Ko®:

» Matriz de Apoios

¥ Carga Critica

= Kf-.'!dsri..‘a = [Kf-.' T K.—i,r:rj_l‘a + mpff!um'ca] :

> KOG = subs(P=1, KG):

> A= Eigcn'-'ﬂ]uc!i[:J'ri'rifrfp{r[,'rfmri\'fnvfra'f[Kﬂd_“m
> Per = Vf-r‘fﬂ?’[ [Pv}m + (2 NR]] ((Ne+1), 1, ﬂ} :
> forifrom | to {P\«;h +(2 NR}]-[P\«'H+ 1) do

> Por; = m'a{f'r 1

klr'

)-KG)):

> end do
> Po = Re{Pcr):

> interface(riablesize= 150 :

| > select{type, Po, negative)

115
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E. Modelo Computacional para a obtencao da carga critica de
flambagem dinamica da placa espessa.

Calculo de flambagem dinimica da placa espessa

|:> restart : with{ plois) © with{ LinearAlgebra) : with{linalg) :
PR EE SR Para Liberar scamma

P Polinomio adicional

b Funcoes Basicas N L= 6
po

» Numero de funcoes adicionais

P Deslocamentos em z e giros , Girosemr e em 0
P Vetor de deslocamentos

P Deformacoes

¥ Introducao de dados iniciais

¥ Caracteristicas geométricas do elemento (Dimensoes da placa
circular ) [L]

[} b:=27:a:=9:h0:=08:hi = 0.8: P :=-773599214393585 10 : & := 5.5142749 :
Densidade de massa [M/L"3]

[> p=27000:

Funcdo da variacio de espessura "h"

> b= (AR () 1ho:
L Vo (a—b) '; '

» Caracteristicas do material

» Condicoes das cargas externas

P Condicoes de apoio

p- Calculo das integrais

P Matriz de rigidez elastica KE

- Matriz de rigidez de apoio elastico KAp
Elastico
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- Matriz de Apoios
P Matriz de Massa

b Matriz Geometrica KG

¥ Matriz de Carga Seguidora KL

|:> KL = Jlrfafrfx{ iNg+1) -(;’\‘rﬁ, + (2- NR) ]|, (Ne+1)- [pr + (2- NR) ], D} :
[> (KLl 5= evalf( 2-7a-P) : (KL), s = evalf (2-ma-P) :
_[> KL:

¥ Frequéncia de Vibracao
[> KG:= (KG+KL):
> KGL = (1.KG) :
E" Kptasica ™= (Kp T K e T KAPRgi00)
> A= [.".’GL— Kiasica)
= 0= Eigcn‘-‘ﬂlucsl:Mufffp-l’}'{J'rfafr!'xfrn’fr.if[f-’a b Kppaea) } :
> = Matrix( (N, + (2-NR))- (Ne+1), 1,0} :
> forifrom | to {Nph + (2 NR}]-[J'\-’&J+ 1) do
{

ra| ==

> @ = evalf (L)
[ ﬂ
L )
> end do
> interface(rtablesize=150) :
> @ = sort| Coltmn(m, 1)) @
> A= Mafrix[ iNg+1)- [Nph_ (2- NR) ) L EI} :
> for i from 1 to ( (Ne+ ]]-{Nph + (2 NR}) ) do

« . 2 p-h
> A =a / . E-h?’ o w

gl (1-v)

= end do:
> Al
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