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Letvos Ladtinas

L Dirscéo longitudinal
T Direcéo trangversal

%y, 3  Coordenadas carlesianas
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u Deslocamento na diregdo x
v Desiocamento na direcéo v
w Dreslocamento na diregdo z
hp Espessura de uma i&mina
(L] Operador inear
{u} Matriz coluna constituida dos desiccamentos
nodais
m E uma laming generica
"Q”M £ os cosficientes eljsticos do material local
n NOmero de laminas

h Espessura total do laminado
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Ledvos Lalinas
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k, S&o os coeficienies de corrego de cisalhamento
!
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flexéo
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l}{ J Polindmio quadrtico de interpoiacio
q
[H ] Polindmic cabico de interpolacio

=

Fungbes de interpoladoras

5 E a coordenada definida ac longo da borda
[J] Matriz jacobina
[Ke] Matriz de rigidez giobal do slemanto
{Fe} Vetor de carga global do elemento
W FPesos parz cadsa ponto de gauss

np Namero de pontos de gauss necessanos
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{ ge} S&0 as deformacies do plang méadio
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Resumo
Abstract

Resumo

SEDAND TAPIA, Luls Gilbarl, Andlise de Placas Laminadas de Material Composto pelo
Método dos  Elementos Finitos, Campinas,. Faculdade de Engenharia Civil,
Universidade Estadual de Campinas, 1998, 148p. Uissertagéio {Mestrado)

Apresenta-se um elemento finito triangular de sete nés para a analise de placas
laminadas de material composto, pelo método dos deslocamentos. E necessario conhecer as
propriedades elasticas do material, os coeficientes de correcéio do cisalhamento, a geometria
da placa, assim como as orientagdes das fibras de cada lAmina. Este modelo ¢ formulado
usando o principio da minima energia potencial total junto com a teoria de deformacgio de
cisalhamento de primeira ordem (Reissner/Mindlin). O elemento ¢ baseado numa
representagfio isoparamétrica aliada a estratégia de interpolagfio interdependente; polindmios
de ordem ciibica para os deslocamentos de flex3io e polindmios de ordem quadratica para a
geometria do elemento, rotagdes e deslocamentos no plano médio. O elemento resultante é
desenvolvido fazendo-se uso de integragdo numérica exata, com os dominios corrigidos e
livre do efeito de travamento de cisalhamento (shear locking). Resultados numéricos sdo
apresentados para demonstrar seu bom comportamento frente a outros elementos triangulares

existentes na andlise de problemas usualis,

Palavras chave

Laminados, Compositos, Placas laminadas, Material composto, Elemento finito triangular.




Resumo
Abstract

Abstract

SEDAND TAPIA, Luls Gilbert, Analysis of Laminated Plates of Composite Materigl by the
finite Element Method, Campinas,: Faculty of Civil Engineering, State University of
Campinas, 1998, 14%p. Disserfation (Mestrado)

A seven-nodal degrees of freedom triangular finite element for analysis of laminated
plates of composite material is presented. It is necessary to know the elastic properties of the
material, the shear correction coefficients, the plate geometry as well as the orientation of the
fibers of each one of the laminates. This model is formulated using the minimum total
potencial energy with the theory of shear deformation of first order (Reissner/Mindlin). The
clement 1s based upon a isoparametric representation with a interdependent interpolation
strategy; bicubic polynomials for the transverse displacements and biquadratic polynomials
for the element geometry, in-plane rotations and displacements. The resulting element,
developed using exact numeric integration, has correct rank and is free of shear locking.
Numeric results are presented to show its good performance when compared with other

existent triangular elements in the analysis of standard test problems.

Words Key

Laminated, Composite, Laminated plates, Composited material, Triangular finite element.
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Capitulo 1

Introducio

As placas laminadas de material composto tém alcangado muita importincia por suas

propriedades ', vantagens e pela variedade das aplicagdes estruturais dos compostos: na
indastria aeroespacial, na construgfio civil e amplamente nas industrias em geral.

19-22

Tém sido propostos muitos modelos matematicos simples e complexos™ para

representar o comportamento dos laminados compésitos, embora tenham apresentado
dificuldades diferentes de uso e soluges, entre elas formulagdes nfo apropriadas'’™*.

Nestes nltimos anos, com o avango da tecnologia e da computacfio, facilitou-se a
implementagao € uso de elementos eficientes® proporcionando, assim, uteis ferramentas para

a analise de laminados compositos.
1.1.- Importincia e justificativa

As placas constituidas por 1dminas de compositos, com fibras que atuam em uma ou
mais direcdes, tém sido intensivamente utilizadas como elementos estruturais devido a
propriedades como: alta relagdo rigidez/peso, resisténcia/peso’®, etc. De acordo com Gosh e
Dey, a utilizagdio de materiais compositos como material estrutural reduz o peso da estrutura
em até 35%. Neste século, as industrias'® e a construcfio civil tornaram-se exigentes na
demanda de novos “materiais” compostos, dando-se assim continuagfio as pesquisas, ficando

em evidéncia sua importancia no presente e no futuro.
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1.2.- Delimitacoes do assunto

O estudo das placas constituidas por ldminas de compositos ¢ mais complexo do que o
das placas formadas por materiais isotrdpicos porque, nas primeiras, a deformagio por
cisalhamento ndo pode ser ignorada. Sua rigidez ao cisathamento ¢ muito pequena comparada
com as rigidezes de membrana e flexéo.

Ainda de acordo com Gosh e Dey, a relagfio entre 0 modulo de Young em uma diregéo e

o modulo de deformacio transversal € da ordem: 20< E %12 < 50, enquanto que em placas

<y A ‘. E
isotropicas ¢: 2< %3 <3

1.3.- Formulacéio de hipéteses

Para representar matematicamente o comportamento de um laminado ¢ necessdrio
utilizar a teoria de placas de Mindlin, na qual as segbes planas normais permanecem planas
com relagfio & sua superficie média, mas nfo necessariamente normais durante e apés a flex@o
(tal rotacio da se¢lo origina deformacdo de cisalhamento transversal, na direcio da
espessura).

Também supde-se que existe uma ligagfo perfeita entre as ldminas (compatibilidade ao
longo das interfaces e sem ocorrer movimento), podendo-se, entdo, representd-la por sua
superficie média, comportando-se como uma placa Gnica que possui propriedades especiais;
além disso suple-se que ela se encontra em um estado plano de tensdes e deformagdes, ou
seja, a componente de deformacfio e tensfo normais & superficie média sfo despreziveis;
ademais, tal superficie média ¢ extensivel (que a carateriza como membrana), portanto, o
comportamento do laminado é de uma membrana ¢ de uma placa de Mindlin juntos.

O laminado pode apresentar deslocamentos u(x, v, 2} € v{x, v, ) nas dire¢des x e v do
plano, deslocamento wix, v, z} na dire¢fo z da espessura que sera considerado como funcio

de x ¢ y apenas e rotagles 6ed, nas diregdes x € y, respectivamente, como se mostra na

Fig1.3.1.
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Segundo a teoria de Mindlin, deformagdes de cisathamento transversais surgem ao

longo da espessura do laminado.

2, W

Ta
£

ii
7

FIGURA 1.3.1 Convengéio de sinais para deslocamentos e rotagdes no plano (ONATE), sabendo

que hp € a espessura de uma ldmina.

5

oy

FIGURA 1.3.2 Elemento finito triangular final de 7 nds para placas laminadas(s).

37

ot




Capitulo 1
introducéc

O sistema de coordenadas cartesianas {%, v, z} esta localizado no plano médio do

elemento finito de placa, sendo o eixo z perpendicular ao seu plano médio, como é mostrado

na Fig.1.3.2 e também na Fig. A.1 do Anexo A.
1.4.- Objetivos da pesquisa

O objetivo deste trabalho ¢ desenvolver um programa de computador utilizando este
elemento finito triangular para a andlise de estruturas compostas por ldminas de material
composto. O elemento finito foi formulado usando o principio da minima energia potencial
total junto com a teoria de deformacdo cisalhante de primeira ordem (Reissner/Mindlin).

Utiliza-se uma representagfio isoparamétrica com uma metodologia de um campo de

interpolagfo interdependente, a saber: polindmios quadraticos (6 termos) para o0s

deslocamentos (u, v) e as rotagdes (&, 6} no plano, e polindmios ciibicos (10 termos) para

os deslocamentos transversais {w}.

Procurou-se desenvolver a pesquisa de uma maneira facil de compreender ¢ com a
finalidade de servir de consulta para trabalhos futuros semelhantes. As expressdes
matematicas estdo acompanhadas de suas respectivas teorias e solugdes; além disso, se for
necessario, hé calculos adicionais nos Anexos e Apéndices. Um dos motivos para que este
trabalho seja didatico é a pouca literatura a respeito do tema, o que demandou muito tempo na

sua preparagiio; a recompensa sera, com certeza, um bom aprendizado.
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Capitulo 2

Revisdo de Literatura

2.1.- Origens

Como mostra a historia, desde a antigiiidade até nossos dias a tecnologia continua em
evolugdo e a procura de novos “materiais” tem despertado sempre muito interesse dos
pesquisadores que buscam com a combinagdo de materiais com determinadas propriedades
para obter um outro com propriedades especificas capaz de possuir s0 as vantagens destes, por
exemplo os Hebreus usavam palhas cortadas na fabricagio de tijolos, os samurais japoneses
usavam metais laminados no forjamento da suas espadas, os artesfos do extremo oriente
usavam um material composto com papel estratificado de vérios tamanhos para produzir
formas e contornos desejados e outras culturas, como os Incas Peruanos, faziam uso de
materiais laminados na confec¢fio de instrumentos cirGrgicos, em pegas de artesanato € em

seus armamentos.
2.2- Revisio resumida da literatura
O numero de publicagdes tratando de placas formadas por compositos € exfensa,

podendo-se citar, por exemplo, os trabalhos publicados por Lo e outros em 1977, Panda e

E\Iatar:cljan8 em 1979, Kant e outros em 1982, Reddy em 1984, Noor em 1992, o qual
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apresenta vasta lista de trabalhos sobre o tema em foco, Gosh e Dey 1992 e Sivakumaran
1994 e outros, notando-se pela primeira e pela ultima data que o assunto € atual.

Muitos elementos finitos triangulares foram propostos, embora tenham apresentado
diferentes dificuldades, por exemplo o baseado na teoria de Poisson-Kirchhoff'® | que omite a
influéncia da deformagfio por cisalthamento valida para placas finas isotrépicas € que nas
placas constituidas por lAminas de compdsito ndo pode ser ignorada. Outros elementos finitos

tdm tendéncia ao travamento de cisalhamento® (Shear Locking), e outros foram
desenvolvidas usando formulago ndo apropriada para laminado'”'® .
Elementos que usam reducfio seletiva na integragfo, ou seja, menor integraciio para

energia de cisalhamento '

transversal ou distorgdo t&m dado bons resultados principalmente
aqueles de alta ordem na matriz de rigidez que nfio resultam em energia nula (falsos modos de
certas condigdes de fronteira). O emprego de fatores de redugio”™ na energia de cisalhamento
diminui ainda mais tais problemas.

Dentre os varios elementos finitos para a analise de placas espessas ou moderadamente
espessas (a/t<10) , surgidos nos tltimos anos, um dos mais recentes ¢ um elemento
triangular ™ muito eficiente. Este elemento é baseado em uma teoria de deformagdo de
cisalhamento de primeira ordem com polindmios de ordem quadratica para os deslocamentos
e rotacGes no plano, ¢ polindmios de ordem cubica para os deslocamentos de flexdio,
utilizando-se integragdo numérica exata ¢ nfo apresentando o efeito de travamento de
cisalhamento. Este elemento, que tem 13 nds, e que ndo é facil de implementar nos programas
computacionais de elementos finitos, foi utilizado neste trabalho.

Nos estudos feitos* como parte deste trabalho, o elemento finito foi transformado por
meio de condensagdio estatica junto com as equacdes de “restrigiio linear ao cisalhamento
transversal” num elemento triangular de 7 nos, com 5 graus de liberdade nos € primeiros nos €

com 1 grau de liberdade no no situado no seu baricentro.

2.3.- O laminado composito

Os compésitos laminados® so formados por duas ou mais laminas de diferentes
materiais que sfo ligadas entre si, sendo que cada ldmina tipica ¢ composta de fibras de um

material embutidas segundo uma orientago preestabelecida em um material matriz diferente.

TR

]
et
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Estas laminas s@o homogéneas que podem ser ortotropicas sob o enfoque
macromecinico, ndo importando a heterogeneidade causada pela combinagfo dos diferentes
materiais na construgio da lamina'. Tem-se em conta que cada 1dmina tem orientadas suas
fibras de maneira distinta. Desta forma obtém-se, para as diversas diregdes, resisténcia €
rigidez diferentes.

Se este arranjo de ldminas compondo o laminado nfio for simétrico em relago a
superficie média do mesmo, havera acoplamento entre seus modos de deformagio: o principal

acoplamento € aquele entre deformagfio normal e flexdo.

[
e
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Capitulo 3
Modelagem Teoérica

3.1.- Estado de tensio e deformacéio nos laminados

A posigdo deslocada do corpo pode ser descrita através de trés deslocamentos que sdo

fungdes das posigbes de cada um de seus pentos, definindo-se, assim, o campo de

5.6
deslocamentos do corpo para esse ¢aso™ como:

u(x:yaz) = u()('x:y) wi» Zgy(.x,y)
v(x,y,2) =vy(x,¥) —z0,.(x,¥)
w(x,y,z) =w,(x,»)

Onde:
20y, (x, y) e 26 (X, y) Sdo fungdes lineares das rotagdes ao longo da espessura do

laminado, ou seja: u = 29, € vi= z8, , que

caracteriza placa moderadamente espessa.
u, v, w  componentes de deslocamento nos eixos x,y ¢ z,
respectivamente.

u,,v, s80 os deslocamentos no plano da superficie média da placa,

geram as deformagdes de membrana.
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W, ¢ 0 deslocamento transversal da superficie média da placa, gera
deformacfio de flexo.
f ’Qy sdo as rotagdes das normais da superficie média da placa com
resperto aos eixXos X € y respectivamente.

As deformagdes elasticas lineares (Tensor de deformacgio especifica) sdo obtidas

derivando convenientemente as expressdes dadas anteriormente, resultando:

& ,l.(g"_u__,_&) _L(g@wm)”
Exe Sy €y & 2Wa7& T\EgT A
_ - @ 1t . ar
Eij = &y &y & 2(& + @)
sim. &, sim. %

Utilizando-se notag@o de engenharia:

em%:b;ro:Zg

I 0 o | _ -
Eax y;y Y2l la Yo, a LEY
2 & & &) & &
o
_ Yoyz | & Yo, o
&y = w5 & 2(‘% * @*)
sim. €2z sim. %—
De maneira matricial ;
- < 0 0
& 0 < 0
» & u
&
- 0 0 £
< Ry ﬁ 4:9
Vxy & & 0
w
0 £ <
yyz & &
& é
V) |5 0 &l

]
fo
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Na forma compacta:

Onde:

{ g} ou g Matriz coluna constituida por deformagdes elasticas

lineares no ponto” .

[ L] Operador linear.

{u} Matriz coluna constituida dos deslocamentos u, ve w de

todos os pontos do elemento.

Sabendo que ¢,, =0 teremos:

W(gc_u0+z%9y) [(?%uoﬂ-zz%é?y)-f—(%w)wzgg@y)} [(Qy)+('§c—wo)]

g = [%VO"Z%Q;:} [(—Qx)Jr(g:Wo)]

sim. 0

Ordenando adequadamente os membros dessa matriz tem-se:

Exx " e
{SP}m Eyy = w%v{) —z%@x
Pl |(Gro+ o)+ 250~ 565

Ou

.
28
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£ vz 0
& & B_V yx Axx
0
{ap}m g)»vo +z w—g}—ﬁx = 98w r T I3 Xy
3 g 2 Ve 0
'%)"uo +-'(§“VO Egy*a—gx 73:31 ’?"xy
De forma compacta:
{EP}:{SO}M{Z}
Onde:
{80} sdo as deformagdes do plano médio.
{ g’} sdo as curvaturas da placa.
E por dltimo:
Y yz _ ~hg}c + % Wo
tr}= le,+<
V xz " Wo
Onde:
{ 4 } s#o as deformagdes de cisalhamento

transversais ao plano xy.
As relagOes constitutivas para um material ortotropico, em relagio a um sistema de

coordenadas, definido no elemento finito, como mostra a Fig.1.3.2, para estado plano de
tensdes (O'zz = 0) , 530 representadas por:

2)
(o} =[35]" (=}
Onde :

m ¢ uma ldmina genérica.

(0} ={o. o, 7,)

éf.f —>[,J=126 ver Anexo A
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Assim, sdo feitas as operagdes junto com

(m)

o Onéx + 128y + Grs7ny Cxxd T OxxB + Oxx(
Oy =08 + 0208, + gV =40 1pd T OB + Oy
Ty Qhetx + OasEy + Uo67 xy Tyd T TgB +TnC

Onde:

Ted = p(EL cos* ¢+Ep sen? ¢)+ Ao Epv+ GLT)°052 o sen? ¢J.

g &
........... *_(Ma;;uo + z—écvﬁy)

TR = _sz;pETu(cos“ ¢ +sen? qb)—i— (Eyo+ Epv~ 4GLT)9052 ¢sen’ qz}].
~H(Zv-220,)
G = _(u(EL cos? $—Er sen? gﬁ)u (UTLE_TU +2Gr7 )(0052 - sen? @))cosgsen (ﬁ]

........... * {[*’gjug + ";%VOJ + Z(%Qy - ggx)}

Oyypd = [ULTE’TU(0054 ¢ +sen” ¢)+ (E;v+Epv- 4GLT)0052 ¢sen2 ¢j‘

........... *(Euo + 259}/)

OB = [U(ET cos ¢+ £ sen” ¢)+ vy pErv+2G; 7 )eos® gsen? ¢}.

........... * [g—v{) - z%@x]

Ty = [(U(E I sen? ¢~ Er cos? ¢)+ (o7 Epo+2G; 7 )(0052 ¢ —sen’ ¢))cos psen ¢].

........... *(Guo+ g )+H{40,-26.)

3
¥
S




Capituio 3
Modelagem Tedrica

Tyyq = t(U(EL cos” g—Er sen? gé)w- (UTLETU + 2GLT)(COSZ ¢— sen? g)cosg sengé].
........... * (—(—g;ﬂg -+ ch-@y)

T8 = [(U(EL sen” RS cos® ¢)+ (uﬂ;ETu + ZGLT)(COSZ ¢ sen® g)cosgsen ¢].

........... *[g_vo - gg@)

ToC = {GLT (0052 ¢ —sen? ¢)2 +{Epv+ Equ - QULTETD)0082 $sen? ¢»},

........... * {(é%uo + ?%Vg) + Z[%By - «%Qx)}

bj

3 L o )

Onde:

{T}(m) = {Tyz » Txr }T

O —>i,j=45 ver Anexo A
Operando tem-se:
{I“yz}(m) _ gﬁ?fyz 4 __Q_j'i}/xz
Txz Qas? vz + U557 xz
Onde:

tye = Gy c05% 6+ Gyrsen® o[ -6 + L )+ (G - GrpJeosgsengl]
e

.......... * (9}" -+ EW@)

txz = (Grr — Gy Joosgsen ¢(— Oy + -g;wo) + (GL 7 cos? ¢+ Gy sen? gé)

.......... *(gy +*§%W0)

32
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Considerando a contribuigiio das n» ladminas que compdem o laminado, obtém-se os
momentos fletores, forcas normais e forgas cortantes por unidade de comprimento,

integrando, na espessura de cada 1dmina, as tensGes normais e cisalhantes como mostra a
Fig.3.1.1.

rere e o ——————_" T—.F T— —— ] —

phano medio

mininle
M

laminado

FIGURA 3.1.1 Geometria de uma placa laminada de material composto retangular

{SIVAKUMARAN}).
Onde:
i} ntmero de laminas.
h espessura total do laminado.
3.2.- Forcas Normais
(1m) Mo
no Cxx Nyg +Nyp+ Ny Ny
{N}= ZL;:H Oyt de=) mary Npg+ Nyp+Nyc =3 Ny
m=1 @@, Nkwiéﬁgqﬂ'kﬁayc A ﬁﬂy
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Onde:

Ny = lU(EL cos” o+ Ly sen’ ¢S)+ 2{up Epv 4+ GM«)cos2 qésen?‘ ¢_l.

0, 228
........... {Z@"G 2@)9

Nyo = (U(EL cos? ¢ - Eysen? (UTLETU@EGLT)(COS ¢ —sen ¢))cos¢sen¢]

2
........... *z (—g—ug +«g~c~v0j Z—-(g; gf‘@x)}

Nya= lULTETU(COS4 ¢+ sen* ¢)+ (E o+ Lprv—4Gyp )0032 ¢sen2 ¢J.

*i .0 Vi
........... (z&ug &9},)

é z2 2
........... *(za-}—vo— 5 @9)

= [(U(EL cos? ¢ — Er sen® ¢S)+ (o Epo+ ZGLT)(COSB ¢ —sen” ¢))cos gsen ¢].

........... *{Z(gu0+——g—v{}]+ﬁ(§ 'y 259 )}

Ny = l(u(EL cos? - Er sen” qzi)— (I)RETU + 2GLT)(<:052 ¢— sen’ @))cosgsen ¢j.
........... *( éiuo -i-’?',2 o g )

Nyp = [(U(E T sen? ¢~ Ey cos? ¢)+ (op Epv+ ZGLT)(COSZ ¢ - sen’ @rycosdsen ¢}.

2
........... * (zwgva - %%QXJ

........... *{z[—%—ug +~§7v0)+ 2(@,9);“29 )}
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3.3.- Momentos de Flexdo

(m) hme!
nog Oxx n MxxA+MxxB+MxxC My
=l ’[xy i+l MxyA ”?-M:Q’B-}M n Mxy

Onde:

My = l”(EL cos* ¢~§~ET sen? ¢)+ 2UTLETUCOSZ ¢ sen? ¢J.

........... *(%z——g?uo+ Al 9

Mp = [ULTETI)(COS ¢+sen.4 ¢)~i~ Z(ELU+ETU—4GLT)COSZ ¢sen2 ¢].

........... (44v0-%20,)

........... *%i(gmug +‘§;"0)"§*%‘1‘(§76’y ~~§{-9x)}

My = DLTETU(COS4 ¢+ sen? ¢)+ (Ervo+Epv— 4GLT)0082 $sen” ¢J.

2 3
x| Z7 zZ0 g
........... 5 &u +5- W&H}')

B = (ET cos* g+ E I sen” ¢)—i~ v pErv+ ZGLT)COSZ ¢sen2 ¢].

(220, 2204
........... 50550

kU(EL sen ¢ - Ey cos? ¢)+ (vpr Epv + 2Gr )(0052 ¢ —sen’ g))cosgsen qﬁ].

.......... L Gup+ L )+ 2(26,-20,)

]
&
It

Lt
Ly
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Mayys = _U(EL cos® ¢ — Epsen? ¢)+ (vprErv+ 2GLT)(0052 ¢ —sen® @) cos gsen qzﬁ].

Myp = U(EL sen? ¢~ Er cos® ¢)+ (vp 7 Eqv+2Gy 5 Xcos® ¢ —sen® #)cos ¢sen¢}.

2 3
........... {(24w-22e.)

Myyo = GLT(°032 ¢ —sen’ ¢)2 +(Ejv+ Epo - ZULTETu)cosz gzivsen2 ¢]..

3
........... *{Zz (gllo-i-%l?()j Z (@)gy gc@ )}

3.4.- Forc¢as Cortantes

o
710,

k if Séo os coeficientes de corregdo de cisathamento.

o o T

Onde:

0y =617 c05% 9+ Gy sen? g}{(~6, + £y )+ (G ~Giry eos gsen]
.......... *2(9}, %%Wg)

Oxz = [(GLT _GTT)COS¢Sen ¢’]Z("9x +”§,”Wo)+(GLT cos? o+Grp sen? 9:5)

.......... *z(éy +—§c~w0)

Conhece-se que :




3.5.- Representacic Matricial

Em seguida apresentam-se de maneira matricial as relagdes esforgos-deformagtes para a
superficie média da placa, que representa o laminado.

Desta forma serfio utilizadas as resultantes das tensdes agindo na superficie média do
laminado, tal como é mostrado na Fig.3.5.1, agrupadas em uma Unica expressfo matematica,
simplificando consideravelmente os calculos, em que cada resultante de tensfo serd calculada

somente uma vez, ndo importando o numero de iAminas consideradas.

z
@] N
N T Nove | X *
Qy, w? o, —
N
y ‘Qx N
N Y
‘x/ _"N L xy
N/ N
X
F 4
Xy
T Mﬁ*#
M o
xy M, .
M
) J MW
o —¥ My
M

FIGURA 3.5.1 Esforcos por unidade de comprimento (4).

Lo
]
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©} gyl LS 6 srs | V)

8x1
Onde:
* Os elementos da matriz [A] (Rigidez de membrana) sio representados como:
n hm%._ " f— hm%}
Ay =2, IQIJdZZ 297 |
m=1p_ m=1 h,
Onde:
@; —>1,J=1256 ver Anexo A
Assim:
—~ - hﬁ,A
o |79 2012 20 Al Aip e
[4]= 2 Up 02| = Ayy Az
* O acoplamento entre os efeitos de membrana e de flexdo ¢ representado pelos
elementos de matriz [B] dados por:
I ‘hm: — o 5 hmu
By =3 [20ydz=%3 0,2 |
m=lp m=1 A,
Onde:

@ - [ J=126  ver Anexo A
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Assim;
717 2 2 .
L1521 5012 50 Biy By Big
- ZZ —_— 2 = .
[B]= Y S0n 50 = By By
- ) 7 e ,
m=] sim. & Q66 i sim. Bse

*  Os elementos da matriz [D] (Rigidez de flexfio) tém a forma:

£ hm-'rl

n
_ 2"‘" _ 1 3 ml
DIJ“ZIZQJJdZ"§Z i
=1 hm m=l1 hm
Onde:
@; -» [ J =126  ver Anexo A
Assim:
Z3 ey ZS — hm+1 .
T 5% leG Dy D Dig
_ A 3
IED) 5Y9n 3 £.05 = Dpy Dog
m=1 . .
sim, —3—Q 6 |, Sim. Degg
* A rigidez de membrana associada aos efeitos de cisalhamento transversal,

considerando distribuicio parabolica, que na realidade existe em placas ¢

cascas laminadas, é:

m+l m 41

Gy = KUZJQUG'Z KUZQUZi

m=1 A, nr=]
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Onde:
_QI_J ~-»1,.J =46  ver Anexo A

K;; =  sdo coeficientes de corregiio de cisalhamento para

placas isotropicas. E comumente tomado como:

5/6 ou w*/12.

Como a distribui¢do de tensiio de cisalhamento ao longo da espessura do elemento de

. : . . e 1T .
casca ndo € uniforme, porém aproximadamente parabdlica” . introduz-se um fator sz nos

termos de [G], relacionados com as tenses de cisalhamento transversais ao plano Xy:
Tyz€Ty, (sistema local).

Assim:

— _ ah
[6]=x7 ZHZ[ZQ_‘M Zgﬁ} ) {6‘44 641
ms=1 .

sim. z(ss

Logo:

De (I) tém-se as expressdes finais, compactadas, das resultantes das tensdes por unidade

de comprimento:

40
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Esta equagdo mostra que as forgas no plano da superficie média estfio acopladas a flexdo

através da matriz [B]

Da mesma forma esta equagdo mostra o acoplamento existente entre os momentos ¢ as

deformagdes de membrana.

)= =Lt}

Portanto, efetuando-se cada um das expressdes compactas:

il

0 ~ .0 .0

Ny " z 1(80xx+”§zﬂ)+Q12(g}y+%XW)+Q6(}/xy“§‘%Xxy
YL A0

Ny v= Y 3 200+ ) + O+ 2)+ OadPy+5 2y
m=1 0 0 . 0

Ny e t5 )+ Oaeleyy+ 5 )+ Goelriy+5 o,

L2

M) PG et E 2+ Qalze +~Z~zw)+Q§(173y+-Z—xw
My p= 332" 2WGemt5 .Z’xx)+Q22( +3zyy)+925(”}’xy+ Xxy

m=li 2 g
Mg ™z sg 2 20+ O €+ )+ Osely iy + 5 1),

M,
{Qy} K Z Z¥a4Y yz +Q457”xz
¢ i Z%z&syyz + 0557 xz \

41
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Capitulo 4

Formulacido do Elemento Finito

O elemento fimto que serd utilizado no trabalho tem seis nos e € dertvado do elemento

triangular com 13 nds e com 5 graus de liberdade por no, a saber: 3 translagdes u, v, w ¢ as

rotagdes @xeﬁy ao redor dos eixos X e y, respectivamente, como mostra a Fig. 1.3.1. Os dois

primeiros consideram o comportamento de membrana, enquanto os outros trés consideram as
caracteristicas de flexfo do laminado. Todos os elementos da matriz foram obtidos usando a
integragdo numérica gaussiana ¢ uma estratégica interpolagfo isoparamétrica com fungdes da

familia lagrangeana expressas em termos das coordenadas triangulares.
4.1.- Elemento finito com 13 noés para estruturas de compositos

Neste elemento base de 13 nos (34 graus de liberdade) o efeito travamento de

cisathamento ¢ elimmado aumentando-se a ordem da interpolagdo polinomial para o

deslocamento transversal w , sendo de ordem superior aos utilizados na rotagdes (&,,0 e

nos deslocamentos no plano médio( 2, ,V, ).

O elemento base ¢ formulado usando uma estratégia isoparamétrica com polindémios

quadraticos de interpolagéo, [Hq], tanto para a geometria como para os deslocamentos no
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plano (uo ,VO) e as rotagles (Gx, Qy) , € polindmio cubico de interpolagio [HC] para os

deslocamentos transversais (WO) .
Esses polinémios quadraticos ¢ cubicos sio da familia lagrangeana, os quats sdo

. . , - C 2
definidos nas coordenadas(g’i, &, 4’3) triangulares (ou de area).As posi¢des dos nos ™~ sdo

mostradas na Fig.4.1.1. O campo de deslocamentos em termos das fungdes interpoladoras e

dos deslocamentos nodais é:

o}=[ra}

Onde:
{5}T={“0 vo wo Oy 9y}
o -y v ) ey o)
¥ ={u, vy, Uy Uy Us Ug}
WYV = v, 5 vy Vs Vg}
WY = w, Wy Wy Wy Wo Wio Wi Wi Wi}
0. =00 012 0y O Oy Oy}

{G))’}Tx{@yi ®y2 ®y3 ®y4 ®y5 6},5}

H,] o o o o
l#,] o o o
[7]= [7.] o 0 ver Anexo B
l,] o
| sim {Hq]“

u, v, w, 9,,5,

e, 8,

2 2

FIGURA 4.1.1 Elemento triangular com 13 nos e 34 graus de liberdade(4)
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4.2.- Elemento finito triangular de 7 nés para estruturas de

compositos

Trés equagdes da restrigo do cisathamento transversal na borda sdo desenvolvidas ¢
condensagio estética foi usada para diminuir o numero de nos do elemento finito triangular. O
elemento base foi transformado no elemento desejavel de 7 nés (31 graus de liberdade) como

¢ mostrado na Fig.4.2.1.
A transformacio do elemento de 13 nods para o elemento com 7 nos ¢ feita transferindo

trés dos deslocamentos transversais (#5,Wy,W];) para o ponto médio de cada lado
(W4,Ws5,Wg ) e de maneira simultinea restringindo os 3 deslocamentos transversais restantes

(W, W0, Wiz ). Através de uma condensaglio estatica (ou reduglo de Guyan) pode ser

eliminado o deslocamento transversal no centro do no ( W3 ).

® uwvwae,,e,
@ W

®7

FIGURA 4.2.1 Elemento finito triangular final de 7 nds e 31 graus de liberdade(4).

4.3.- Equacdo da restricio do cisalhamento transversal linear na

borda*

Equacdo da restrigdo do cisalhamento transversal linear na borda ¢ desenvolvida para
cada lado do tridngulo, ja que se sabe que o cisalhamento transversal ao longo da borda € no

méaximo linear, assim temos:

57 AR
};{(}’SZ)T-;?(%W-FQH]:O . . . o1

A
44
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Onde:
s ¢ a coordenada definida ao longo da borda.
& ¢ a rotagdo geral associada ao vetor n

perpendicular & borda do tridngulo.

A localizagdo do sistema de coordenadas na borda (Si i —> I = 1,2,3) , utilizadas
nas equagdes da restricdo do cisalhamento transversal na borda € mostrada na Fig.4.3.1.

AY

— -3y W——*——-———' ~31_"‘—‘_’l

FIGURA 4.3.1 Sistema local de coordenadas nas bordas(4).

Por exemplo, ao longo da borda 1 ( 87,7 ) com (,’ = 0, a deformacdo cisalhante

tem a forma:

e 1{ & e
=l —W+8, = —W —-—W+a 8. -h8B
Vsz {é&} ni} 1 [54,3 7 1YWyt =81 x.‘i]

Onde:
2 2 2
L =a +b,
8,6 1 = s&o as rotagdes sobre 0s eixos X, y, respetivamente,

que foram definidas na borda 1.

i
Lo
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A primeira ¢ segunda derivadas de ¥ 5,z com respeito a §1 tém a forma seguinte,
usando a regra da cadeia:

g;(}’slz)z Li[ﬁ?’ 7 Ysi.f.}

R

1{ & b7
} ( sz) (54,3 ( (}'sz)) o, ( (?ﬂvz}}]

Onde a equacdo de restrigio lincar do cisalthamento transversal na borda 1 ¢
representada pela equag@io (1); as duas equagdes restritivas restantes para as bordas 2 e 3

podem facilmente ser formuladas de maneira semelhante.
Estas trés equages restritivas permitem expressar os 3 deslocamentos transversais da

borda em termos dos 7 deslocamentos transversais restantes e das rotagdes

generalizadas (9 0 Y ) .

4.4.- Campo de deslocamentos

O campo de deslocamentos (cinematica) resultante, que incorpora as 3 equagdes, tem a

)=l |

{5}T={”0 vo wg O 9}'}

v, o 0o 0 07
o [#,] o o o
0 0 [H5) Fﬁ} [H,]| ver AnexoBeC
0 0 0 |#,] o
o o o o |H,]

-l v b} e b,

forma :

Onde:

46
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Em que estes deslocamentos séo:
WY = vy U5 Uy Us Ugl

Y¥= v» » v V5 Ve

T
%V*} = Wy W3 Wy Ws We Wi}

B, =0n 0,2 053 04 O O

{®y!r={®y1 ®y2 ®y3 @y4 ®y5 ®y6}

A introdugdo destas equagdes restritivas no desenvolvimento do elemento preservara a
posi¢io do elemento (isto ¢, nfo incrementara modos de energia zero) ¢ ndo alterara o
comportamento estatico da placa (isto é, nfio introduzira rigidez artificial ou travamento de
cisalhamento), o carregamento transversal do elemento pode ser descrito por forgas nodais
concentradas ou pressdes uniformes no elemento.

Em configuragdes de placas espessas, sujeitas a um carregamento estatico complexo
(isto €, variagfo linear para as pressdes das cargas), estas equagdes podem introduzir uma
quantidade insignificante de rigidez.

A fungo de interpolaciio para o deslocamento (w) fora do plano é composta por 3

partes:

3=l el o )+ 2T, }
4.5.- Interpolacio da geometria

A interpolagio da geometria com a mesma fungfo de interpolagiio quadratica [H q]

para se ter o caso 1soparamétrico € representada pela igualdade:
H 0 X
{x} = [[ _ ‘fj [ ] {{ }} ver Opera¢des D
% sim. |Hg4 {Y}
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Onde:
XY ={xy X, x3 X4 X5 X}

Y= n 1 ¥ 15 %}

4.6.- Transformacio de coordenadas

A matriz ja,cobina1 b2 de 2x2 ¢ definida como:

2 g g g
V- &Y &Gy
- é é é a

Grr-a®) Gy-zY)

{Jil J]Z}
[J]—i . Jll JZZ

=== ver Operacgdes F
A

} ver Operagles E

As derivadas das fungbes de interpolagiio com respeito as coordenadas globais (X, y)

podem ser obtidas pela regra da cadeia:

&t 9 a, 61] as,td
‘é[Hc] B 1 }%[Hc]_ai[ﬂc]
{%[Hc 1} b {—;};{m]— 2,

glenll o JEtnl-ln] .
{g[ﬁl]} -V tii 7 1]"'?%{% ]} ver Operagles I
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21y L H,|--4-[H

%[ ] =T ifi ’ 6’23[ a ver Operagdes J
";j?[HZ] ‘5‘5[52]““ . [#5]

ZlH 13- Zs]

?[ 3] Z[Jrl 52" ’ %3 ’ ver Operagdes XK
Sl ™7 | ) £lw)

4.7.- Propriedades carateristicas do elemento [K . ] e {F*}

e

Aplicando-se o principio dos trabalhos virtuais junto com a minima energia potencial

€

total, pode-se deduzir as propriedades caracteristicas do elemento [K : ] e {F y } .

Este ¢ um procedimento padriio , baseado na necessidade de que o equilibrio se

verifique por todo o meto elastico. Portanto, as propriedades caracteristicas do elemento sfo:
A Matriz de Rigidez [K . ]

e

e

O Vetor de Carga {F *}

Tendo sido obtidas as caracteristicas de cada elemento componente da ldmina, ¢las

devem, agoura, ser combinadas de uma maneira a obter um conjunto de equagdes que governe

a reunido de todos os elementos; assim temos:

[ha) =)

Onde:

Y &
{Fj }: I iH*E {PldA ver Operagles M
A
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[ £ By ] L”’} }i] [55]+ [B; }E{G][B; ]dfi ver Operagdes P

Ordem de integragiio numérica necessaria'? ou quadratura de Gauss ou integraco de
Gauss, ¢ definida como o numero de pontos de integragdio que sdo necessarios em cada
direcdo do elemento. Uma quadratura de Gauss de ordem = integra exatamente um polindmio

de grau Zn-1 em uma direcfio. Assim:

11 B,
[Guériartd=[[ a6 lddide, = Yomf otz
4 00 i=l

Onde:
w; S&o os pesos para cada ponto de Gauss

np  Namero de pontos de Gauss necessarios

f(61;,625,63;)  Séo as matrizes de cada elemento

J ik E o determinante absoluto do Jacobiano

2] 0 0 o 0
0 Zla o o 0
Ll | SH, 0 0 0
[B;]= ‘3’[0 q] ‘3‘[0 q] 0 0 % [Hq] ver Operagles G
0 o o -2} o
0 0 0 wgc—[Hq} %[H‘f}_sm

*] 0 0 %[HE»] (‘%[Hl]_[Hq]) %[HZJ ver Operagdes 1, J, K
% [ ‘lb 6*31
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Capitulo 5§

Resultados

LAMIST 2.20 (LAMINATED COMPOSITE STRUCTURES)
MSe. LUIS GILBERT S8EDANO TAPIA

O célculo dos esforzos e deslocamentos com detalhes no capitulo 10

R e R

Bt

FIGURA 5.0.1 Area da placa utilizada para analise

L
ot
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;
R Dammnamnress ey

S S

%%m%&w«mmw&wmmﬁ

T Tl

FIGURAS.0.Z2 Discretizaglio em toda a placa, tipo |

i

FIGURAS,0.3 Discretizagfio em % da placa simétrica, tipo 2

L4
b
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Exemplo 1.-

Placa quadrada e ortotropica composta de uma lamina apenas ¢ com bordas

simplesmente apoiadas do tipo 2, ver Fig.5.0.3. As propriedades do material séo:

E, = E, = 25E+06 psi {ib/in"Z}

E, = 1E+06 13 Médulos de Elasticidade Longitudinal.

Gy, =0.2E+06 psi Médulos de Elasticidade Transversal.
Vip = Vi = vy, =005 Coeficiente de Poisson.

Este tipo de placa pode ser considerada como um compdsito laminado de uma Gnica
lamina e pertence a4 classe denominada de especialmente ortotropica (Abdalla, Vinson e
Sierakowski). As propriedades geométricas, de carregamento € outros sio:

Espessura =1 =117 {in}

Carga uniformemente distribuida = 1 o3

Dimensiio = g = 157 a/t= 100

Orientacdo das fibras = 00

Deslocamento normal maximo (Teérico) = 065407

L
fd
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+0.6000

FIGURA 5.1.1 Y4 de placa simétrica de 8 elementos, uma lamina

0.07238] 006554 0.067824
18] 0068121 D O0GEB4] 0.06864
321 0086041 008554 0088214

TABELA 511 Placa quadrada exemplo |
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Exemplo 2.-

Placa quadrada ¢ simplesmente apoiada, composta por trés 1dminas ortotropicas do tipo
2, ver Fig. 5.0.3. As propriedades do material sdo idénticas as do problema anterior.
Este laminado € um caso especial de laminado simétrico cuja denominagio em ingiés €

regular simetric cross-ply.
As propriedades geométricas, carregamento ¢ outros sdo:

Espessura de cada lAmina=t=0.17 {in;}

pal

Carga uniformemente distribuida = 10

Dimensfio =a= 107 a/t=100

Orientacio das fibras = 0 07009700 Bidirecional

Deslocamento normal maximo (Tedrico) = (28487

+0.0000
8.002904
-0.005808
-0.008712
-0.01162
-0.01452
-0.01742
-0.02033
0.02323
4 -0.02613

FIGURA 5.2.1 % de placa simétrica de 8 elementos e trés ldminas

Ly
1.
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4; 003285 002848 00268068,
18] 002947 0,02848) 0,02008
327 0028460 002848, 0028001

mAximo

(B Abdaiia B Tedrico QLAMIET

TABELA 521 Placa quadrada do exemplo 2
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Exemplo 3.-

Placa quadrada e simplesmente apoiada, composta por uma ou trés ldminas isotropicas,
do tipo 1, ver Fig 502

As propriedades do material sio:

E, = E, = 1E+035 Karom™2 Médulos de Elasticidade Longitudinal.
G = 0.5E+03 Kgriem™2 Modulos de Elasticidade Transversal.
Vip = Ve =0 Coeficiente de Poisson.

Este tipo de placa pode ser considerada como um compoésito laminado de uma tmica
lamina e pertence a classe denominada de especialmente isotropica.

As propriedades geométricas, de carregamento ¢ outras sdo:

Espessura = 10 om Para uma e trés lAminas
Carga uniformemente distribuida == Qz = 10 Kar/om”™2

Dimensio = a = 100 om al/t=10

Orientagdo das fibras = ¥ 0

Deslocamento normal maximo = 0 04875 2% /%3

= 487 om

i

a/a =}

L
e
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]

£

pituio 5
suitados

[@Tebrico MLAMIST |

TABELA 53.1 Placa quadrada do exemplo 3
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Exemplo 4.-

Placa quadrada e simplesmente apoiada, composta por uma ou trés ldminas

isotropicas, do tipo 1 ver Fig 5072,

As propriedades do material sdo idénticas as do problema anterior.

Este tipo de placa pode ser considerada como um compdsite laminado de uma Unica
lamina e pertence a classe denominada de especialmente isotrdpica.

As propriedades geométricas, de carregamento e outras sdo:

Espessura= 10 em
Para uma ¢ trés 1minas com as mesmas espessuras

Carga pontual no centro = Pz

= 10000 Koriom™2

Dimensio=a

=100 om

Orientagio das fibras = 0 0

Deslocamento normal maximo =

OA391% 1-um 2y Pz a2/ R

81397 om

59
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_ +0.0000

™!

% ’%!

b {ig 3}%
3 #

% T

FIGURA 5.4.1 Placa com carregamento pontual de 8 elementos

371842
1391 1334804
13891 1381763
1281 808217

TARBELA 541 Placa Quadrada exemplo 4
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Exemplo 5.-

Placa quadrada em balango, engastada, composta por uma ou duas ldminas isotrépicas,

do tipo i ver Fig3.0.2.

As propriedades do material séo:

E, = E, = 1E+05 Kgriem™2

Médulos de Elasticidade Longitudinal,

Médulos de Elasticidade Transversal,

Coeficiente de Poisson.

Este tipo de placa pode ser considerada como um composito laminado de uma Gnica
lamina e pertence & classe denominada de especialmente isotropica.

As propriedades geométricas, de carregamento e outros sio:

Espessura =t = 10 ¢

Para uma e duas 1&minas

Carga total na borda == Pz = 1600 Kor Dividida por nimero de nds da borda

Dimensiio=a= 100 am

Orientago das fibras = °

Deslocamento normal maximo = Pz*a"3/
= {14 om

ala =1}

{pontual)

a/t=10

fad
E
(g8t
)
I
2]
E:d
o
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+0.0000
-0.04532
-0.09063 >
-0.1359

-0.1813 %
-0.2266
-0.2719
03172
-0.3625. i
| -0.4078

FIGURA 5.5.1 Placa em balango de 8 elementos com carga total na borda (pontual)

4 0.406613
4 0.407746
4 0.403726
4 0.40328

4 0.402579

[EITebrico EILAMIST

ABELA 551 Placa quadrada exemplo 3
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Exemplo 6.-

Placa quadrada em balango, engastada, composta por uma ou duas laminas

.

isotropicas, do tipo ! ver Fig.5.0.2, as propriedades do matenial sdo 1dénticas as do problema
anterior.

Este tipo de placa pode ser considerada como um compdsito laminado de uma Unica
lamina e pertence a classe denominada de especialmente isotropica.

As propriedades geométricas, de carregamento e outros sio:
Espessura=t= 10 ¢ Para uma ¢ duas lminas

Carga uniformemente distribuida = Qz

R i s
= 1} SELUTTL

Dimensio = a

= 100 om a/t=10
Orientagio das fibras = 0

Deslocamento normal maximo = QQz%a 4/8*E*]

=

QQz =Qz*a

= {000 Kgr/em

ala =]

s
Lk




Y x

FIGURA 5.6.1 Placa em balango de 8 elementos com carregamento distribuido

18 13
18] 151293
1hE 151179
150 151333
8] 1B 1YY

edrico BLAMIST

BELA 56,1 Placa quadrada exemplo 6
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Exemplo 7.-

Placa retangular em balango também analisada pelo método dos elementos de contorno

H

(Sanches), composta por uma ladmina isotropica do tipo ! ver Fig.5.0.2. Utilizou-se as
formulas: D=E*"3/12%(1-v*}; G=E/2*(1+ v); t/a=1/10, para-se obter os seguintes dados:

As propriedades do material séo:

E, = E, = 58839375 kN/m"2 Médulos de Elasticidade Longitudinal,
Gpp = 29296875 kMN/im”™2 Médulos de Elasticidade Transversal.
Vip =V =0 Coeficiente de Poisson.

Este tipo de placa pode ser considerada como um compoésito laminado de uma unica
lamina e pertence & classe denominada de especialmente isotropica.

As propriedades geométricas, de carregamento e outros sdo:

Espessura=t=016m a/t=10
Carga total na borda = Pz = (.4 N Dividida por sfimero de nos da borda

{pontual)

Dimensdo:a=16m . b=04m

Orientacfo das fibras = { 0

Ly




+0.040080
-7.642

FIGURA 5.7.1 Placa retangular em balango de 8 elementos com carga total na borda
{pontual)

7 69,004 89.004 £9.004 88975
7 88004 £9.004 65,004 88 804 BR.975 88758
7 £2.004 89 004 65 004 £8 5oy 52975 68767

-

TABELA 5.7.1 Placa retangular exemplo 7
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Exemplo 8.-

Placa retangular em balango, composta por uma lamina isotrépica do tipo 1

)

e

ver Fig3.0.2.

¥

Utilizaram-se as formulas: D=E*3/12%(1-v?) ,  G=E2%1+ v) ;

t/a=1/10, para se obter os dados ja utilizados no exemplo anterior.

As propriedades do material séio idénticas as do problema anterior.

Este tipo de placa pode ser considerada como um compésito laminado de uma (nica
lamina e pertence a classe denominada de especialmente isotropica.

As propriedades geométricas, de carregamento € outros sio:

Espessura = { 16 i

Carga uniformemente distribuida = Qz

Dimensio :

i
p

=1

&
b={4m

Fe3]

Orientagdo das fibras = 0

Deslocamento normal maximo = § 0487*Qz*a 4/E¥ "3

= 40,960 m

a/b=1/4
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+0.0000
-4.593

FIGURA 5.8.1 Placa retangular em balango de 8 elementos com carregamento distribuido

TABELA 581 Placa quadrada exemplo &
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Exemplo 9.-

Placa quadrada em balanco, composta de duas ldminas ortotropicas e com uma borda

engastada (Haas e Lee), do tipo 2 ver Fig.5.0.3. As propriedades do material sdo:

E; / By =40 Moédulos de Elasticidade Longitudinal.
Giz = Gy = 0.5E+06 psi Méddulos de Elasticidade Transversal,
v =025 Coeficiente de Poisson.

As propriedades geométricas, de carregamento € outros sdo;

Espessura=1t=047 027 017, 0057, 0027 001" (i

Rk

Carga uniformemente distribuida = 100 ps:

Dimensio = 107

Orientacdo das fibras = -45 07450

W =W(Eyt3/ Pya*) =103 Adimensional

_+0.0000
| 0.004864

FIGURA 5.9.1 Placa quadrada em balango de & elementos com carregamento distribuido
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|E14*4 Unif. @866 Unif. [1 [332 Elem. \

3.5

3

Deslocamen 2.5
t tr 2
1.5
1
0.5
0

0,04378] 0,052405
0,3726
27733
20,244
292,47

22761

TABELA 391 Placa quadrada exemplo
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Capitulo 6

Conclusdes e Sugestdes para Proximos Trabalhos

O programa LAMIST 2.20 desenvolvido como parte desta tese permite o calculo de

esforcos e deslocamentos de placas laminadas.

Verifica-se, a partir dos resultados obtidos no capitulo anterior, para os casos
isotropicos ¢ ortotropicos com numero de laminas diferentes, que o elemento finito apresentou
excelentes resultados (convergéncia rapida) e com porcentagem de erro menor que 1% para
situagdes de placas grossas e moderadamente finas com poucos elementos na discretizagio
(regular). Constatou-se que para placas bastante finas ¢ necessario mais elementos porque a
convergéncia ¢ lenta, porém os resultados sfo muito bons como € constatado nas tabelas
apresentadas.

Dependendo das condigdes de contorno impostas, a convergéncia pode ser lenta; um
exemplo claro, onde isso ocorre, € 0 da laje com todos os lados engastados,

Pode-se verificar, ainda, que os resultados obtidos com carregamento pontual na
extremidade livre, de lajes com borda livre, foram 6timos, sem necessidade de consideragdes
especiais (por exemplo, exprimir a carga na forma parabdlica).

Para laminados compésitos os resultados esperados foram bons relativamente a
convergéncia; com poucos elementos finitos constatou-se, também, que as dire¢des das fibras

afetam na convergéncia, porque 1sso torna o calculo mais complexo.
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Para os exemplos 3 ¢ 4, o resultado para rede de elementos finitos com 4 elementos para
toda a placa, apresenta para o deslocamento valor maior do que os obtidos com as outras trés
redes do tipo 1, ver Fig. 5.0.2.

Embora a discretizagio com 4 elementos para toda a placa apresente simetria
geométrica, o que ndo ocorre com as outras trés discretizagles, os quatro elementos sio

maiores o que pode tornar a placa mais flexivel.

Portanto, este elemento finito triangular de 7 nds € ideal para a analise de laminados

compdsitos ototropicos e isotrépicos de n nimero de laminas.

Propostas para continudade deste trabalho ¢é; implementar

®  ProgramacBo orientada a obijetos na linguagem de programaclo {4+
para o aproveitamento ou reutilizagfo de codigos, ‘classes ou hierarquia
de classes’ e ‘métodos’ exstentes.

®  Andlise dinfmica, principio de Hamilton (2).

%  Formulaglo do tipo hierdrquica, baseada no conceito da aproximacdo p,
parza analise de placas.

®  Arguivo neuiro para vigbilizar a interface grafica na discretizagiio do
clemento para soflwares existenies .

s Andlise de cascas ¢ o efeifo de chapa (o elemento ¢ o programa
desenvolvido ja tem incorporado os esforgos de membrana).

®  Analise de placas e cascas curvas. Mudanga do sistema de referéncia
global.

s {Condensagio estatica para eliminar o nd central do elemento.

= Analise ndo-linear fisica efou geoméirica com a consideragio dos
métodos Quase-Newton ou Newton-Raphson.

®  Fstender biblinteca implementada de pré-processamento a outros

elementos finiios.
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Implementagfio de carregamentos nfo-uniformes e a extensfo dos ja

existentes nas diferentes diregSes.

Considerar espessura ndo-uniforme do laminado.

Criaglo de arguivos padrdes de resultados no pés-processamento
usados pelos sofwares DX (Data explorer da IBM para estagdes de
trabalho) e MVIEW3D (PUC/RJ pare ambiente Windows), ou outros,
que permitam a visualizacdo dos resultados.

Acoplamento de elementos de barra com elementos de placa.

Estender as condigfes de contomo para consideracdo de bordas livres,
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Capitulo 8

8.- Anexos

8.1.- Anexo A

Para obter a matriz Q ;, dos coeficientes de rigidez eldsticos do material para liminas
geralmente ortotropicas nas coordenadas locais, faz-se uma simples transformagfo: as
diregbes principais ou locais do elemento composito (que sfo as diregSes das fibras do
elemento) sio as dire¢des 1-2 com um angulo ¢ em relago a um dos eixos das coordenadas
globais, portanto, a transformacfio levard as coordenadas globais do elemento para as

coordenadas principais do elemento compdsito, mostrados na Fig. £ A1, onde k € a espessura

total do laminado e » 0 nimero de lAminas de compositos.

z 3w

T
NN\

- h

‘.{ o \_mm 4

FIGURA 8.A.1 Placa laminada composta tipica(4).
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Para este caso tem-se:

_Q_I;: Taalgf_(_Ta = Tagf_{"TaT = TQTQKTG:

Sendo mais usada a Gltima expressio onde:

O, 1J=1,2,6 ou 45

g, = K=12

O, O, O
O = sz 0

Sim. Ous

Qw0
%_—Lz’m. st]

]; —» «a =12 Matriz de cosenos diretores que faz

a transformacédo dos deslocamentos
nodais.

s,¢ —» Seno, Coseno
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Estas matrizes de transformaciio® sdo os mais adequados para o caso de um estado de

tensdes planas ou seja as componentes de deformagfo e tensdio normais a superficie média sio

despreziveis, como se mostra na Fig. 8.4.2.

z {3)

Direcao da
fibra

FIGURA 8.A.2 Direcio da fibra com respeito aos eixos da placa(s).
Constantes elasticas do material ortotrépica na diregio global:

— ET
Upg =VUrr g,

E
Oy =1

1—ULTUTL
0, = _bnkbr
12 -ty
O = oo
22 7 l-vgpup
__Er
Q44 T 2(0+ugpy T GTT
Oss = Qs = Gy r

O =0y =0
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Tém-se 5 coeficientes independentes do material:
E; ->Moddulo de elasticidade da fibra na dire¢iio longitudinal
Ey ~>Mobdulo de elasticidade da fibra na diregfo transversal
Gy —> Modulo de cisalhamento associado aos eixos de simetria
Gy — Modulo de cisalhamento transversal
U —> Maior relagio do coeficiente de Poisson
vpp —> Coeficiente de Poisson na diregfio transversal
Desenvolvendo os produtos indicados tem-se:
ParallJ= 1,2, 6
5 -s¢c [Qy O, 01 s 2sc
_Q—;: ﬂT%E =l s ¢ sc Q, 01| s & =2
2s¢ —2sc c* —s* | sim. O | —sc sc & —5°

— c s{Q0, 0 |c -s

—s cisim Q,lls ¢

e
S
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Desta forma tem-se;

Coeficientes de rigidez do material ortotropico da lamina orientada com as coordenadas

locais:

O11 = O11e* o+ 0aps™6 + 20012 +2066)c%6.5°4

012 = Q12 ¢+ 5*9) + (011 + 022 - 4066) 2 6.5

016 = (Q11676 - 0205° #— (Q12 + 2066 (- 5> $))cd.54
02 = 0o+ 01156+ 2012 +2066)* 9529

026 = (Q115%6 ~ 020c? $+ (012 + 2066~ S $)cd.5¢
066 = O66(c24 - °$)% +(011 + 022 —2012)% 4.5
Ot4 = O4ac®p+ Oss.5°¢

45 = (055 ~ Q44 )cd.s¢

Os5 = Q5562¢ + Q44-82¢5

8.2.- Anexo B

. e 12 s .
Todos os elementos isoparamétricos ~ satisfazem o critério de derivada constante

> H; = 1. Fungdes de forma quadraticas [H q] para os deslocamentos no plano (u, v) € as

rotagdes generalizadas (6,0 ) e cibica | | para os deslocamentos fora do plano ( w),
X, y c

para a interpolag¢io do elemento finito de 13 nds:

(624 -1)

$2(2¢, 1)
&53(2¢5 -1)

: H,=1.

4614, 2

42073

441¢3

[Hq(é'1= {2, C3)]T =
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161641 -1)3¢ - 2) |
82365 -1)3¢2 -2)
343363 ~1)3¢3 - 2)

561£2(3¢1 -1)
lEle, ¢ o) = ~§~§1§2(3«;“2w1) . XHe=l
36243342 1)

56265363 -1)

34145363 1)

2616366 -1)
27616285

Onde:

gs =1- élz ”‘sz
8.3.- Anexo C

. e 120 e .
Todos os elementos isoparamétricos ~ satisfazem o critério de derivada constante

> H; =1. Fungdes de forma [H,] , [H 2] e [H3], limitadas para o deslocamento (w) fora do
plano. Utilizando-se 9.5 Notagdes 1, tem-se :

(Laby03 102050, + 10208, 1ot 3

1630gs — 16t + 1670, - 1abd
b ~2 1 2,1 2 1.2

7136208y —56bidE + 2010085 — 5817

1. & o) =3 3 3 3 . Y H =0
AR 2h0i3 - 26303, 2t

Zh¢gd -2065%¢;

200525 ~2by6163

£5
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Hy(G. ¢ &) =

[#:(¢. ¢ &) =

1,2 1 2,1 2 142, ~ |
361a283 = 3610263 +5014367 — 341 @30,
1 2_1,2 1 2 12
3620183 ~3Cimdy + 5410385 ~14fad,
1 2. 1.2 12 i 2
362163 ~ 3620163 + 56T dagy — 3414283

2 2 2 2

616, 5036162

2, 420 _2 2

Sa56s 5 a6}

2 2_ 2 .2

5928163 ~ 5081 ¢,

12834, — 855 +128947

27818263

> Hy=1.

12478, ~ 86183 +124, &2

SO0 560+ Q3¢ +367¢ 3063 - 10 - 20t - Lag
363 -5G3 + ¢ 43¢50+ 36576, -3¢0 - 10t -2 00d - L 0ngs
363 ~5¢ + G330 +36%0, - 3674 - Laa - 3G - 160

12476, -86¢2 +12¢1 &5
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Capitulo 9

9.- Apéndices

9.1.- Operacdes
9.1.1.- Operacdes D

A interpola¢fio da geometria pelas mesmas fungdes de forma ( para ser o caso
isoparamétrico) € junto com §.2.Anexo B, tem-se:

x=[H, )
EAitts

Y

Onde:

x = {6026 - D)Xy + (280 ~ )Xo + G285 — D)X + 44180 Xy + 483X s +4443X6)

y =128 -1 + (28, - 1) + £3(285 = 1) + 44180 s + 445855 + 441837}
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9.1.2.- Operacdes E

9.1.2.1.- Operacgdes E.1

Utilizando-se 9.1.1.Operacdes D e 9.2.1.Notacdes 1 tem-se:

=y i=12¢3

Assim temos:
#ZX=0,X +4¢0,X, +44. X,
&Zx=0X,+40 X, +44, X,

#x=0 X, +44, X, +4( X,

LY=L 40 Y, +40 Y,
HY =L 4T +4C),

HY=o L A0 +4C ),

8d
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9.1.2.2.- Operacdes E.2

Junto com 9.2.1 Notagdes 1,tem-se:

5o
L %]

el

Onde:
Jlol =4¢,a, +4¢,a, +4¢5a, —a,

= 4¢,m, +44,m, +m,

‘]102 - 44’1174 +4é’2bs +4§3b6 ”bz

il

4¢n, +4C,n, + n,

o = 4&a; +4S,a, +4¢,a, +a,

= 4¢,m, +445,my + m

sz - 4(157 + 4412b8 + 45359 +b1

It

4¢n, +44,n, + n,
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9.1.3.- Operacoes F

Junto com 0 9.1.2.2.Operacgdes E2 ¢ 9.2.1 Notagdes 1, tém-se:

[Jll J12:I
[J]*l — JZI J22

A

Onde:
A =J|=|J(S, & |=Detn]

Jy = 44’1b7 +4¢,by +4Cb, ”E"bl

= 4 n, +4¢,ng + ng

Jpp = ”4§b4 —4¢,bs - 4§3b6 +bz
= ~ 48\ n —4¢,n, — n,

Iy =—4¢a, — 4,0, — 4550, —a,
= —4Gmy —4g,m; —myg

Sy =4Ga, +40,a5 +4¢,a, — a,
= 4g\my +44,m, + m;

A=16{A, +1657A, +48 A, +48, A, +164,0,A, + A,

)
Py
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9.1.4.- Operacoes G

Junto com %.1.3.Operagoes F, 9.2.1 Notagdes 1 e 9.3.1.Calculos I, tem-se :

7
E[Hq]w[J]“ﬁ{g"' 0 -5 45y -42, 448}
fz[}{q] 0 &s &g 461 47 —44
&

9.1.5.- Operacdes 1

Junto com 9.1.3.0peragdes F, 9.2.1 ¢ 9.2.2 NotagBes 1 ¢ 2 E 9.3.2 Calculos II, Tem-se :
] - [J]wl{ru rlz Fis rza; ris Flé}
] F21 r 22 I-_"23 I“24 I 25 F26

Onde:

I, =b4,w, - b,
Ly = b0,y + 60,0
I'; =b¢G,v—b,a,
I',=-2b¢,v,

Ly ==2b0,p
Le =2ba,
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Ly ==bc\w; - b4y,
I, =ba,-b v,

Loy =bay — by 15

[, =268 v,

I, =-2ba,

[ =2b,C s

9.1.6.- Operacoes J

Junto com 9.1.3.Operacdes F, 9.2.1 ¢ 9.2.2. Notagdo 1 e 2 E 9.3.3.Calculos 111, Tem-se :

_ :[J]—-l mll mIE 8;{13 ERM ERIS miG
SR21 i}:{22 9;{23 SR24 9:{25 EREG

Onde:

Ry =-a,0,p, +aya,
Ry, =-a;6op —a g,y
Ry =-a g,y +taa,
Ry, =2a,0,v,

SR]S - 2a1é’zW6
R, =-2a,0
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Ry =05 +a, 0 s
R,, =-aa, +a, ¥,
Ry =—aya, +a,0,y s
Ry =2a0,01p4

R, =2a,a,

Ros = 20,0,

9.1.7.- Operacdes K

Junto com 9.1.3. Operagoes F, 9.2.2 Notagdes 2 E 9.3.4.Calculos TV, Tem-se °

P_—N_“\
Sl ¥l

[H3]}:{J}A1{H;1 le I‘4[13 HM st st Hn}
[H3] HZI sz Hza H24 1“125 Hz& ﬂz*z

Onde :

I, =6as - 0,05 430, +1

Iy, = -3¢,a;

My = Ga06 + 6,02, +£,Q5 -1
Iy, = 46,5,

5 = -4, B;

I = 4636, — 46,55

I1,;, = 274,03,
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I, =3¢,a,
My =00, +¢,82, +63,Q4+1
My =830+, +¢,0Q5 -1
nu = 451)33
I‘Izs - 45354 - 442)66
st = “45155
Hy; = -27¢,84
9.1.8.- Operacoes N
Junto com 2.1.5. ¢ 9.1.6. € 9.1.7. Operacgdes 1, J, K, tem-se:
[Hq]m 0 0 0 0
. 0 {Hq]éxl 0 0 0
{F‘;’ }31x1 B J 0 0 (37 0 0 {Psdd
4 0 0 {Hl}éxl [HQ]éxI 0
i 0 0 [H2]6x1 0 [Hq]6x1_31x5
Onde:
Px
Py
{P}=1 Pz
h
'”hz Py
L 2Px J5y
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PxsPys P S&o as pressdes atuantes na parte superior

da placa.

h Espessura total do laminado

Utilizando a formula do vetor de carga, tem-se:

Onde:
G =1-¢4,-§

61261 - 1)py |

%26 - )py

&3 (2§3 - 1)Px
46162 P«
46283 Px
44183 P«

{Ni}ﬁxl =)

¢(2¢ -1)p,
£(26 -1)p,
4—3(2‘;"3 - ])py g
44114’2]7}!
45253!”}/
44343?}/

{Nz}m =
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(GG -2 +G+357G +36%G - 268 - Lag - 248 - Laop,
GE 3G +&+336+36°G 2684 -L66-264 - L66)p,
GG 3G +G+3686+36%G ~26F - 166 -264 - 166,
5} 701 = (1262, - 866 +124 B)ps
(128G -866 +1268)p;
(12476 - 846 +124 F)p:

27 6t

(368265 — 3620085 +14%030, -1 603¢E)p,
ra f’27. ol ~ I 5"2 2
(38 0iés —50h18F +507038 - 10636 )1,
(36518 —10bidt + 106267 ~1626,5)p,
{&’41}63«71 = 2 2 2 2

(5536163 — 5636176 )2
(3516247 - %“5’14"2253 )Pz
Ghi6as ~2015728)p,




1 2 2 2
(3L0és ~FG a1 +1Gadd ~3¢tassy )p,

1 2 1,2 | 2 1 2
1360183 —58G ag; +34 a2l —5013243)p; i

Zayt, ~2a3684)p,
(Zayi5é; ~2a150)p,

Gay & -2y 8)p,

24026 -)pe
626 - 1)p,
s &3 (753 - 1)P;vc

™ < .
{ 52}63“ pLISTCY
2h 83 py
2h;i§3px

N;:-‘NETS“N

1.2 1 2 1 2 1,2 )
(361 @263 — 5619283 +5610385 ~ 56 @3¢5 ) p;
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9.2.- Notacodes
9.2.1.- Notacdes 1
E utilizado para facilitar as expressdes das féormulas:
G=l-g-4
ay= X3~ X, by=Y;-1,
ay = X1 - X3 by=h -1
az =X, - X by=1, -1
ag =X~ Xe by =1 — Y
a5=X4—X5 b5=Y4—Y5
aémXﬁ—X3 b6=Y6mY3
a7=X4—X6 b7$Y4—Y6
aSmXQ—X5 bg=Y2MY5
ag = X5~ X3 by = Y5~ 13
98
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G =4 -1 Ay=dy +d; —do

¢ =46 -1 Ay =dy +d; —dg

G =4 -1 Ay =-8d; +dy —dg +4ds
G1=06G-G Ay = —8dy +ds —dg +4dy
&=G- As = +2d3 +dy — dg — dy

Aﬁ = dﬂ -+ 16d3 +4d6

d,=ab, —ab
d =ab, —ab,
d, =ab,—ab,
d,=ab,—a,b,
d,=ab ~ab, +ab, —ab,
d;=ab —ab, +ab, —ab,

d,=ab -ab,+ab, —ab,




d,=ab,+ab —ab,—ab,
d,=ab,+ab, —ab, —a,b,

d,=ab,+ab,—ab, —a,b,

mo=ag—ag= X+ X3-2Xg

my =as-~dg= X3+ Xq~Xsg—Xg=a7—ag=my
my = dag—ay =~Xy~3X34+4 X,
ms=dag—ag = Xy + X3-2X5

1‘?26:4529 -§'CII ='""X2““3X3 +4X5

n = by —bg = Y, + 3 - 2%,
m=bs—bg=Y5+Y-Y-Ys=b-byg=n
1y = 4bg —by = ¥ - 3 + 41
ns=bg—by =l +13-2Y

fig = 4bg +by = ~1, =31 + 455
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9.2.2.- Notacdes 2

E utilizado para facilitar as expressdes das formulas:

Ga=l-q-6

v, =4(2¢,-¢,) Q, =3(5,-2)
v, =3(2¢,-¢)) Q,=4(5,~-2)
w,=3(2¢,-¢) Q, =3(5¢, -2)
v,=12,-¢)) Q, =3(3¢,+1)
s =426, -¢)) Q, =3(3¢, +1)
v =42,-¢,) Q,=3(3,+1)

Q,=¢,-¢,

Q,=¢,-¢,

Q9 253"51
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5, =26,+¢,
S, =20, +¢;
& =26, +¢,
Si =26, +¢,
s =26+,
Se =265 %6,

a, =g\W,+g.y,
a, =W +0Y,
o, =0, +Q,
a, =0, +Q,

pr=36-2

ﬂ2:3§2_2

By=35,-2

B,=38,-2

Bs=35-2

56:356“2
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/?,I =302,
A, =30,
2, =3Q,
24 = /11 "'"%
/15 = ‘“2'1 —%
Ag=24,—3
/17 - "'ﬂ'z %
Ag = /?'3 %
/19 = "'/13 "“%
9.3.- Calculos
9.3.1.- Calculos 1
Junto com 8.2 Anexo B, Tem-se:
Z .
—55[}{?] =123
Onde:
G=1-4-&
o
Eg[[{q]z[(éig’l -1) 0 0 4, 0 4¢)]
1
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%

Z[Hq]m[o (4¢,-1) 0 42, 42, 0]
i[ﬂ]m[o 0 (4¢,-1) 0 4, 4¢]
5;3 F 3 4 1

9.3.2.- Calculos I

Junto com 8.3 Aexo Ce 9.2.1 E 922 Notagles 1 e 2, Tem-se:

gg’: Hl] 131,2,3.

Onde:

&
;QZ?[HE]:[_[?2§3W2+53¢2W1 bilaw1 ~bag3wa 2632wy O 26343y 3]

V74 .
}Z‘[Hz]=[*53§1¢?3 biisws —byS1vy By 2050w 205y, O
2

7

;?{Hl]z[bzé’iiﬁ bW b we+hSiws 0 265, *252§1W5]
3

104




Capituio 8
Apéndices

9.3.3.- Calculos 111

Junto com 8.3.Anexo C e 9.2.1 E 9.2.2 Notacdes 1 e 2, Tem-se:

—[H,] i=1,2,3.

Onde:

e
"%”[Hz]z[azé‘ﬂ’z“asgz‘/ﬁ A36,¥1 0.9, 2a;6,¢, O 292(3!"2]
1

1Zj
”,,—“[Hz]=[a3§1‘//3 —a G tasgis il ~2al s 2a.85p, 0]
[z

07
Eé:_[Hz]:[—azérst @eaWe G W~ s 0 20,851 2”2§1§”5]
3

9.3.4.- Calculos 1V

Junto com 8.3.Anexo C, 9.2.1.NOTACAO 2 e ¢, +¢, +¢; =1, Tem-se:

—|H,] i=1,2,3.
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Onde:

g,‘z—[ﬂg]={3¢19;—5295—¢396+1 $ads $3kg 4628 0 4458, 274,45]
1

E?T‘[Ha&]x[@h =612 =300, ~ Qe+ 1 G3dy 4015y 466 0 276005

2

é

é—@[HgH% Shs ~GQu-GQs+3GN+1 0 4G4 4GE 2744
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Calculo dos Esforcos @ desiocamentos do capitulo 5

Exemplo 1.-
¥ %k kEkdtkERRgskdkkdkiokikiokkekl
E 1] *
® ok mERsk LAMIST 220 *
[T LT &

#

k2]

* EEEES RIS LR R L2 LSS 2 L 2]
LAMInaied composite STructures

EERVEREEARESRAR A MRS AAR MRS AA AR SRR S LAS AR RA SRR AIA AN A R

o> ONE LAMINATED COMPOSITED EIGHT ELEMENT N
EEEARRA AR RRAREAR TSR A MR R AN A RARE AR A E AR AR ARTAR SR IR AN AR

PROGRAM FOR LAMINATED COMPOSITE STRUCTURES
POS-GRADUACAOQ 95-98 UNICAMP-BRASIL-PERU

MSc. LUIS GILBERT SEDANO TAPIA

HEFkEEEREERE ANALYSES 012 ?LA"I"ES EX 2L ER LT L E L]
ssss4ns WITH TRIANGULAR FINITE ELEMENT ®ssans
sssssx5 ST NODAL OF FIVE GRADE LIBERTY #wwnrs
swiwex AND THE SEVENTY NODAL CENTRAL w#rex
wekrees WITH ONE GRADE OF LIBERTY *#wrwnts
sakerer (0.0, W7,0,0), TOTAL GRADES #reeees
EEZ ST L L 0}3‘ LIBQR’{‘Y 35 {7*5) Ak dokdokn

ELEMENT GENERATION AUTOMATIC **

ELEMENT NODE NUMBERS
No. NO1 NO2 NO3 NO4 NO3 NO6 NO7

} 113 3 7 8 2 26

2 I 11 13 6 12 7 27
3 13 11 21 12 16 17 28
4 13 21 23 17 22 18 29
5 3 313 4 8 9 30

6 51315 9 14 10 31
7 13 25 15 19 20 14 32
8 13 23 25 18 24 19 33

** BOUNDARY CONDITIONS *#*

POINT w v w THETAX THETAY

L R R N P S
s SV U Y
ot D CD DD e
e R o [ - e B -]
-0 DD
D e e g g e

g e
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Calculo dos Esforgos e deslocamentos do capliul

Capitulo

3

10
05

st

10
11
15
16
20
21
22
23
24
25

e e T e T I o S T e T Y

[ VU
M s bk pand e D b (D e
N T B - B o B ]

b D D D ke D b O e

#¥ COEFFICIENT OF CORRECTION CC44 CC355 *#
CC44 = B333000E+00 CC43= Q000G0CE+00

CC34 = 0000000E+0G  CC35= 8333000E-+-00

*#* CARREGAMENTO DISTRIBUIDO *#
Px=  GOO0000E+GO
Py= . 0000000E+00

Pz= - 1000000E+(]

* NUMBERT OF MATERIAL= 1

o s e ol ek e cde s e oo 3 el s e st e e ook e ol s ke o e sl sl A ol ke ol e e

*4

#* CC44,CC45,CC34,CC55 1S SIGNIFICANTLY

#k
#¥
L2
LE ]
LS
el

ek ok R kR kR 3k gk Ak R R R RO

LESS FOR -> kij< 1 (RATIOKij)

kij = . 10000E+01

##
R
5k
i
EL ]
L
#E
*%

** DESLOCAMENTOS DOS NOS DO COMPOSITO #*

NGO  DESLX DESL.Y DESL.Z ROT. X ROT. Y

I .00000E+G( Q0000E+06  -66807E-01 .D0000E+Q0 .G0000E+00
2 O0000E+HOG J00000E+006  -.63543E-01 S53556E-02 00000E+00
3 .GO0COE+HO0 L0000E+00 - 32739E-01 .12089E-01 O0000E+00
4 .BOCOOE+O0 O0000E+00 < 31864E-01 21252E-01 D0000E+00
5 .00000E+Q0 .G0000E+00 LOGOOE+O 29675E-01 00000E+00
& .00000E+00 00000E+00  -.61557E-01 O0000E+00 -80557E-02
7 .00000E+00 O0000E+06 - 58803E-O1 A6485E-02 - T4%909E-02

§ .O0000E+00 00000E+00  -49117E-01 A1136E-01 - 58820E-02

& 00GOUE+00 00000E+00  -29478E-01 Z20115E-01  -37384E-02

10 .COO0GE+DD L00000E+00 LBOD0GEH0 26586E-01 L0000E+0G
11 .00000E+0G L0G00E+HO0 - 47122E-0% HO000E+H00 -.14632E-01
12 00000E+0C O0G00E+O0 - 435225E-01 J33362E-02 -13918E-01
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13 .0000CE+00 L0000E+00 - 3B137E-01 83000E-02  -11737E-01

i4  .00000E+00 LOO00E+00 - 22880E-01 J15683E-01  -.677890E-02

15 00000E+00 D0C00E+0G O0000E+0 .20466E-01 .00000E+G0
6 .GOOOOE+Q0 O0000E+H00 - 23590E-01 HO0O0EH0G - 19209E-01

17 .0GOO0E+OG LDOOOOEAHQ0 - 24589E-01 JIBGOYE-02 - 18490E-01

18 00000E+06 DOOOOE+-GG - 20729E-01 A3037E-02 - 13391E-01

19 00000E+00 LD0000E+00 - 12761E-01 B45364E-02  -93527E-02

20 .00000E+00 D0B00E+Q0 HO000E+GO J1509E-01 .0B000EA+00
21 .00000E+00 LOO00E+Q0 D0GOOE+00 (0000E+00 -21070E-01
22 QO0BO0E+00 D0000E+DG L0000EHQD OG000E+00  -20215E-01
23 .00000E+00 .00000E+00 DO000E+G0 O0000E+00 - 17017E-01
24 .0G0DOE+00 LDOGQ0E+0G B0GO0E+GD OO000E+00 - 10513E-01
25 .0GODOE+O0 00C00E+00 JLD0000E+00 {G00BOE+HOD .00000E+G0
26 06000E+G0 LO0000E+00 - 58902E-01 GO000E+00 .G0000E+00
27 .0GOOOE+00 L00000E+00 - 56612E-01 00000E+00 Q0000E+00
28 .00000E+00 LO0000E+0G -.32860E-01 O0000E+00 Q0000E+00
29 .00000E+00 L0000E+06 - 16009E-01 JD0GO0E+00 DBO000E+00
30 .000GOE+O0 LD0GOOE+0G - 38829E-01 .B0G00E+00 .00000E+00
31 .00000E+00 {G0000E+06 - 19312E-01 .00000E+00 .GO000E+00
32 .00000E+00 {G0000E+00 - 11523E-01 .G0G00E+00 .00000E+00
33 .000G0E+00 LD0000E+00 - 10859E-01 LH0000E+00 {G0000E+00

** ESFORCOS DOS NOS DO COMPOSITO *#

% EL E2 ]

NO NX NY NXY MXX MYY MXY QY QX

w4 ] wn
1 .00800E+00 00000E+00 00000E+00-.15230E+02- 31798E+00-. 16009E-01 .22849E+01-.54288E+01
13 00000E+00 .00000E+00 .00000E+00-.97647E+01-.46706E+00 .23316E+00 6891 0E+01-.78573E+00
3 .00000E-+60 O0000E+00 .00000E+00- 98534E+401-.49995E+00 39983E-03 . 12138E+01-.22767E+H01
7 QO0000EHO0 O0000E+09 00000E+00-.12497E+02-.39252E+00 . 10838E+00-.12144E+01 26951E-+01
8 Q0000E+00 00000E+00 .Q0000E+00- 98100E+01- 48353E+00 . 11678E+00-.11610E+01-.15312E+01
2 00000E+G0 00000E+00 00000E+00-12543E-+02- 40899E+00-.78044E-02 17503E+01 98071E+00
26 00000E+00 .00000E+00 00000E+00-.11617TE+02- 42835E+00 .72517E-01-.14324E+01 . 18966E+01

BR 9 E%
1 .00000E+00 .0C000E-+0G .00000E+00- 14700E-+02- 3498 7E+00-. 10587E-01-.44924E+01 .13483E+01
11 .08000E+00 .G0GO0E+HDG .00000E+00-.97524E+01-. 17248E+00-.65054E-03-.67117E+00 .40680E+01
13 .0GQO0E+G0 00000E+00 .00000E+00-.92565E+01- 38984E+00 . 18403E+00-.46371 E+00 .65690E+D1
6 00000E+Q0 .00000E+00 00G00E+00- 12226E+02- 261 17TE+00- 56186E-02 62312E+00 27083E+01
12 0900CE+00 .00000E+00 00G00E+00- 9504 5E4+01-. 281 16E+00 91988E-01- 56744E+00 20371E+01
7 00000E+0G 0C000E+00 .G0000E+D0-.11978E+02- 36986E-+H00 .87020E-01 .60343E+00 87731E+00
27 .00000E+G0 00000E+00 .00000E+00-.11236E+02- 30406E+00 37796E-01 21819E+00 . 11673E+01

#5 y %E
13 .00000E+00 _00000E+00 .0C000E+00-.99030E+01-.35010E+00 .19480E+H00- 46371 E+)0 26398E-+)1
11 .06G00E+O0 GOGO0E+00 00000E+00-,99186E+01-.17255E+00- 65054E-03- 67117E+H00 27189E+01
2§ 00000E+00 .00000E+00 .G0000E+00- 84008E+00 27077E-01-.29753E-03 .54968E-+00 .49940E+01
12 00000E+00 0D0GOE+00 00000E+00-99108E+01- 28 132E+00 97120E-01- 56744E+00 26851E-+01
16 .00000E+I0 00000E+00 COG00E+Q0- 33798E+01-.72735E-01-. 47404E-03 26623E-01 385369E+01
17 00000E+(0 .00000E+00 Q0000E-+00- 53720E+01-.18151E+00 97297E-01 .94660E-01 33691E+01
28 00000E+00 .000G0E+00 .00000E+00-.68875E+01-. 17832E+00 .64648E-01-.13327E+00 34768E+01
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Capituio 10
Céloulo dos Esforeos e deslocamentos do capitulo 5

wE 4wk
13 .00000E+00 GO0C0E-+}) 00000E+00-.84724E+01- 32870E+00 25376E+00- 93998E+00 . 21636E+01
21 .00000E+00 .GO000E+00 DO000E+D0- 13550E+01-.54201E-03-24220E-01 .00000FE400 44432E+01
23 .000CGOE+00 00000E+G0 O0000E+00-.35247E+00- 14099E-03 29423E+00 .0000GE+00 33486E+01
17 .00000E+00 .00000E-+00 00000E+00- 4913 7E4+01-16462E+00 1 1477E+00 18787E+00 ,39623E+01
22 00000E+G0 .Q0000E+00 .00000E+00- 833753E+00-34150E-03 13501 E+00 00000E+00 57513E+0]
18 000GOE+00 H0000E+00 O0000E+00- 44123E-+01-.16442E+00 .27400E+00- 74019E-01 28561E+(1
29 .00000E-+00 ,00000E+00 00000E-+00-33933E+01-.10979E+00 . 17459E+00 . 153503E+00 44570E+01

wk g EE
5 . 00000E+0Q0 O0000E+00 00000E+00-,26927E+01-33923E+00 ,12676E-01-.14333E+01- 41054E+01
3 00000E+06 00000E+00 00000E+00- 98568 E+01-.64108E+00 39983E-03-, 13060E+01.- 22767E+01
13 00000E+00 .000G0E+00 .00000E+00-.97662E+01-.61643E+00 26880E+00- 64099E+01- 78573E+00
4 00000E400 .00000E+00 00000FE+00- 62748E+01- 59016E400 65381E-02- 13761 E+01 70035E-+00
8 .0O000E+00 000G0E+06 00000F+00- 981 13E-+01- 62875E+00 . 13460E+00 .11014E+01. 153 12E+01
9 Q0000E+00 00000E+00 00000F+00-.62294E+01-.57784E+00 . 14074E-+00 92805E+00 24041E+01
30 . Q0006E+00 .GO000E+00 .GO000E+00-.74386E+01- 59802E+00 939359E-01 .13098E+01 . 14956E+01

L3 6**
5 Q0000E+00 00000E+00 00000E+00- 45847E-02- 45847E+00 . 10604E+00 2672 1E+01 .00000E+00
13 _00000E+00 .00000E+00 .00000E+00-,10166E+02- 58470E-+00 27672E+H30- 48733E+00 51367E+01
15 00000E+00 Q0000E+00 .00C00E+00- 23230E-02-.23250E+00 51082E+00 .78635E+00 .G0000E+00
9 00000E+00 .08000E+00 .00000E+00- 50853E+01-32158E+00 . 19138E+00-.39778E+00 .10783E+}1
14 00Q00E+00 00000E+00 .00000E+00-,50842E+01- 40860E+00 39377E+H00 . 14939E+00 56778E+H00
10 G0000E+00 .00000E-+00 .00000E+00-,34348E-02- 34348E+00 .30843E+00 . 16677E+01 00000E+00
31 0000CGE+00 .00000E-+00 .00000E+00-33910E+01-.42322E+00 .29786E+00 30077E+00 . 16084E+00

w7 R
13 .00000E+00 .Q0000E+00 0G000E+00-.86069E+01- 38407E+00 27575E+00- 48753E+00 33127E+01
25 00000QEAQ0 .00000E+00 .000G0E+00-. 14861 E-04- 14861E-02 85407E+00-.12679E+01 .00000E+0G
15 .Q0O00E+O0 00060E+00 .00000E+00- 23250E-02- 23230E+00 .51235E+00 . 78633E+00 .0000CE+00
19 . 0G000E+00 00000E+00 .00000E+00- 43035E+01-.29278E+00 56491E-+00 B6335E-01 .16923E+01
20 .00000E+00 .00000E-+00 O0000E+00- 1 1699E-02-.11699E+00 6832 1E+00 .69209E+00 .00000E+00
14 .0O000E+00 .00000E+00 QU000E+00-.43046E+01-.40828E+00 39405E+00 | 14039E+00 .74240E+00
32 .00000E+00 .00000E+30 GO000E+00- 28697E+01-27268E+00 .54739E+00 52007E+00 49181800

B g w0

13 00000E+00 .G0000E+00 Q0000E+00-.84747E+01-. 535848 E+00 26038E+00 26616E+01 .21636E+01
23 Q0000E+00 .00000E+00 00000E+(0-.35247E+00- 14099E-03 29854E+00 .00000E+D0 35486E+01
25 00000E+00 00000E+00 00000E+30 33336E+00 .21342E-03 84269E+00 D0000E+00- 12679E+01
18 00000E+00 .00000E+00 00000E-+00-.44136E+01- 27931 E+00 . 27946E+00- 108 18E+00 28561E+01
24 QO000E+O0 .0000CE+0T .00000E+H00 S0545E-01 .36218E-04 57061E+00 .G0000E+00 39846E+01
19 .00000E+00 Q0000E+00 .00000E+00-.39706E-+H01- 2791 3E+00 55 153E+00-39309E+00 21717E+01
33 .00000E-+00 S0000E+00 .00000E+G0-27643E+01- 186 14E+00 46720E+00- 51831E+00 35117E+(1
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Capiiuio 10
Céleulo dos Esforcos e deslocamentos do capitulo 8

Exemplo 2.-
% % dekckkkckRddbddpdkiokokkkkkkk
R *
* ok akwwdk L AMIST 220 #*
* EE 33 2 *

* E 3 ok 3 s oft ok s e o oK ok o o o ol ok o ol e s e sk ok R e ok

LAMInated composite STructures
EAARAREASEARAMARRRIIRARRAARARIAIRA IR A DRI MEIADRRASIAAMATAAI IS S
> ONE LAMINATED COMPOSITED EIGHT ELEMENT  <-<l<-
$53553355535553535555358555555535558355533855535553335855538583333

PROGRAM FOR LAMINATED COMPOSITE STRUCTURES
POS-GRADUACAQ 95-98 UNICAMP-BRASIL-PERU

MSe. LUIS GILBERT SEDANO TAPIA
** B EMENT GENERATION AUTOMATIC **
ELEMENT NODE NUMBERS
No. NOL NO2Z NO3 NO4 NO5 NO6 NO7
1 113 3 7 8 2 26
2 111 13 6 12 7 27
3 13 11 21 12 16 17 28
4 13 21 23 17 22 18 29
5 5 313 4 8 9 30
6 513 15 92 14 10 31
7 13 25 15 19 20 14 32
8 13 23 25 18 24 19 33
*#* COEFFICIENT OF CORRECTION CC44 CC55 **
CC44 = 8333000E+00  CC45= .0000000E+00

CC54= 0Q000000E+00  CC55= .8333000E+00

#* CARREGAMENTOG DISTRIBUIDO **

il

Px= Q000G00E+00

Py= .0000000E+00

Pz

i

-, 1006000E+02




Capituio 10

Célculo dos Esforcos e deslocamenios do capitulo 5

** NUMBERT OF MATERIAL= 1

Hodkden kb ok kAR goR Rk oR Rk ok Rk kR e R Rk ok ek kokek Rk ok

XS %
** (C(44,0C45,CC54,CC35 I8 SIGNIFICANTLY  **
Lk EES
** [ESSFOR -> kij< 1 (RATIO Kij) %
Hk Sk
woh kij = .1000GE+0] **
# L

Fdkkokookge ko kol Rk ok Rk Rk gk ck ok e ek R R R Rk Rk kR

#* NUMBERT OF MATERIAL= 2

o o afe e o ok ot she e s o oft ok e o ol o ok ok e st st e o e o o ol ke e s e ol ek ook skl sk ke ok sk

ok L
** C(44,0C45,CC54,CC55 IS SIGNIFICANTLY **

L L33
#% LESS FOR -> kij <1 (RATIO Kij) o
&% E3
R ok
** kij = .10000E+01 ok
W XS

o4 5 5 30 o o e ol e o oo ok oo oo ke o s ot ke e st sl s sk sl sl sl ol kR ok R A R ko R sk R b ok

# NUMBERT OF MATERIAL= 3

EE 23333 RS S L EL LR LS L E L L ELEL L L EE L

o EE ]
*% (CC44.0C45,0C54,CC55 1S SIGNIFICANTLY  **
ek E 33
** LESSFOR -> kij <1 (RATIO Kij) *

E EL
£ ok
¥+ kjj=10000E+01 *
EE Faa

st s 3¢ 3% 3 3t o o A 2 o ok o sl ool e o ol o ol R R o o R R R R el sl T sk R R R R R R R R

** DESLOCAMENTOS DOS NOS DO COMPOSITO **

NO  DESLX DESL.Y DESL.Z ROT. X ROT Y

1 .00000E+0O GGOOCE+QD -.26135E-01 00000E+00 .00000E+00
2 .00GCOEA+00 - 49451E-12 - 24639E-01 23822E-02 00000E+00
3 .0000OEA00 48247E-12 -.19931E-01 S1724E-02 O0000E+GG
4 0000CE+00 18724E-11 - 11550E-01 .80958E-02 .O000DE+00

5 .O000CE+00 .00CGOE+00 .00000E+00 10143E-01 O0000E+G0
& 24768E-15 .00GOGEHQ0 -24124E-01 00000E+00 -.29858E-02
7 -.538300E-14 -~ 48070E-12 - 22795E-01 21699E-02 - 27793E-02

8 -.22025E-13 S57905E-12 -.18535E-01 A7649E-02 -22091E-02

9 37701E-14 25072E-11 - 10684E-01 J75510E-02 - 12720E-02
10 .00C00E+00 .00000E+00 Q0000E+00 91709E-02 D0000E+G0

12




Capfiule 10

Célculo dos Esforgos e deslocamentos do caplivio &

11 34856E-14 (00000EA+CO ~.18534E-~01 .O0000E+HO0 ~.55119E-02
12 -48973E-14 - 36862H-12 - 17579E-01 16236E-02 -.52006E-02
13 -54575E-13 A45117E-13 - 14389E-01 35794E-02 -42527E-02
14 .17182E-13 20218E-11 -.83247E-02 S9107E-02 -23757E-02
15 .00000E+00 G0000E+00 0000GE-00 J1218E-02 .O00GOE+00
16 462210-14 D0000E+00 -.10116E-01 O000CE+00 - 72828E-02
17 -45868E-14 -35811E-12 -.85789E-02 .B9307E-03 - 69029E-02
18  -34607E-13 -.34745E-12 - 78434E-02 .18909E-02 -.56660E-02
19 70702E-14 JI6075E-12 - 46665E-02 32041E-02 -32632E-02
20 .O0000E+00 O0000E+00 00000800 40069E-02 00000E+00
21 .00000E+00 .O0000E+O0 O0000E+00 .00000E-+00 -~ 80422E-0G2
22 .000COE+00 .00GO0E+00 L00000E+00 .00000E+00 - 75383E-02
23 .00000E+00 {O0000EA+00 00000E+G0 .00000E+00 -.61883E-02
24  .0C000E+00 .00000E+00 LOG00CGE+Q0 .O0000E+00 - 36500E-02
25  .00DOCE+QQ .0000CE+00 .Q000CE+00 Q0000E+00 .O0000E+G0
26 00OOOE~+QQ .0000GE+00 -.22678E-01 O0C00E+0G .00000E+G6
27  .G0COOE+G0 LQ0000E+00  -.22095E-01 .D0000E+O0 L00000EA+00
28  .00000E+0G .Q00GOE+00 - 12877E-01 O0000E-+00 SO0000E+HG0
29 .00000E+GO LD0000E+00  -.61964E-02 .00000E+00 .00000E+00
30 .OOGOOE+O0 {G0000E+00 - 14271E-01 .G0000E+00 00000E+00
31 .OO00OE-OO LO0000E+00 - 69253E-02 .00000EA+00 .00000E+00
32 .00000E+0O .00000E+00 - 41590E-02 .00000E+00 -O0CO0E+G0
33 .00000E+00 .0000CE+00 - 40193E-02 .O0000E+GO .000C0E+00
** ESFORCOS DOS NOS DO COMPOSITO **

NO NX NY NXY MXX MYY MXY QY QX
AR

1 60956E-07-.19681E-04 29549E-07- 14938E+03-.74864E+01- 33472E+00 .59498E+01-.11317E+02
13 - 15014E-06-.16275E-04- 10579E-06- 83350E+02- 83105E+01 24435E+01 .15103E302 .136609E+02
3 -.64443E-07- 19684E-04 49415E-07- 99770E+02- 102478402 . 16689E-01 . 18760E+01- 48083E+01
7 - 44593E-07- 17978E-04- 38 123E-07- 11737E+03- 81984E-+01 | 10544E+01- 40506E+01 15753E+02
8 - 10729E-06-.17979E-04- 28190E-07-.92564E+02- 95789E-+01 .12301E+01- 23769E+01 44306E+01
2 - 17438E-08-.19683E-04 39482E-07- 12457E+03- 88668E+01- 13902E+00 .39129E+01 .22830E+01
26 -.51210E-07- 18547E-04- 89435E-08-. 1 1 1 50E+03- 888 14E+01 T0849E+00-36652E+01 .10258E+02

w9 R
1 -.74698E-08-22053E-04 20185E-08- 13995E+03-.87501E+01-.19505E+00- 82873E+01 .29199E+01
11 .16569E-07-.13898E-04 .14678E-08-.99935E+02- 50091 E+01-.62117E-02-.23173E+01 .29845E+02
13 34036E-08- 13969E-04-.29544E-07- 90818E+02- 72705E+01 .21230E+01-.28660E+01 .31639E+02
6 45496E-08-.17976E-04 17432E-08- 11994E+03- 68796E+01- 10063E+00 13595E+01 [ 16383E+02
12 99873E-08-.13933E-04- 14038E-07- 95377E+02- 61398E+01 | 10584E+01- 2591 7E+01 24693E+02
7 -.20321E-08-.1801 1E-04- 13763E-07-.11539E+03- 80103E+01 .96396E+00 .26149E+00 . 11441 E+02
27 41683E-08- 16640E-04- 86858E-08- 11024E+03- 70099E+01 .64057E+00 . 10654E+01 _16185E+02

LTI T
13 12567E-07-.13969E-04 42080E-07- 93127E+02. 727148401 24544E+-01-28660E+01 . 17843E+02
11 .13635E-07-13898E-04 . 14673E-08- 99081 E+02- 50088E+01-.62117E-02-23173E+01 .258345+02
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Capitulo 10
Caiculo dos Esforgos e desiocamentos do capitule 5

21 -32460E-07-,15719E-05 . 12731E-08-.11036E+02 .75576E-02 .11718E+00-.43450E+01 49029E+02
12 13101E-07-13933E-04 21774E-07-.96104E+02- 61401E+01 .12241E+01-25917E+01 27005E+02
16 -.94125E-08-.77348E-05 .13704E-08-.55058E+02- 25006E+01 .55486E-01 .7751 TE+00 .37432E+02
17 -.99464E-08-.777G4E-05 21677TE-07-.52082E+02-36319E+01 . 12858E+01 .19114E+01 38955E+02
28 - 20860E-08- 98128E-05 14940E-07- 67748E+02. 40909E+01 85514E+00 .11013E+01 35631E+02

#E 4 W
13 51790E-07-15544E-04- 98719E-07- 80915E+02-.68354E+01 .28208E+01 .20449E+00 .20914E+02
21 - 74090E-07- 42962E-10 88652E-07- 13181E+02- 54667E-02 .69609E-01 QUO00E+00 53379E+02
23 17149E-06 .10978E-09 86095E-07-33378E+01- 13824E-02 33885E+01 .00000E+00 38583E+02
17 - 11150E-07-77721E-05-.50332E-08- 47048E+(2- 34205E+01 .14452E+01 68211 E+00 37726E+02
22 48698E-07 33400E-10 87374E-07- 82594E+01-.34246E-02 .17291E+01 .00000E+00 .54327E+02
18 .11164E-06-.77720E-05- 63117E-08- 42126E+02-.34184E+01 .31047E+01-.15872E+01 .29748E-+02
29 49729E-07- 51813E-05 23343E-07-32478E+02- 22808E+01 .20930E-+01-.42499E+00 41592E+02

& 5 Bk
5 .13402E-06-.20094E-04 17860E-06-.18201E+02-.54643E+01 .19898E+00 .86392E-+01- 87784E+01
3 - 61295E-07- 19783E-04 49415E-07-99776E+02- 11526E+02 . 16689E-01-.36372E+01- 48083E+01
13 - 14480E-06-.15869E-04-.95717E-07- 85369E+02-. 10830E+02 31038E+01-.12614E+02 . [3669E+02
4 36364E-07-.19938E-04 11401E-06- 58989E+02- 84954E+01 .10783E-+00 25010E+01 | 12177E+01
8§ - 10303E-06-.17826E-04- 23151E-07-.92573E+02-. 11178E+02 . 15603E+01 .22962E+01 44306E+01
9 - 53892E-08-.17981E-04 41442E-07-.51785E+02-.81472E+01 .16514E+01 .50706E+01 95034E+0G]
30 -.24025E-07-.18582E-04 44099E-07-.67782E+02- 92736E+01 .11065E+01 .52315E+01 .67249E+01

AT
5 - 12010E-07-21657E-04- 41855E-08- 25056 E-01- 47328E+01 .76602E+00 .17418E+02 .00000E+00
13 11928E-06-.13979E-04- 10257E-06- 9609TE+(2- 98951E+01 .31298E+01- 72193E+00 25561E+02
15 - 96745E-08-.13793E-04- 74021E-08-.11747E-01- 22190E+01 .46915E+01 .85958E+01 .00000E+00
9 .53635E-07-.17818E-04- 53376E-07- 48061E+02- 73140E+01 . 19479E+01 .21777E+01 .66104E+01
14 .54803E-07- 13886E-04- 54984E-(7- 48054E+02-60571E+01 39107E+01 39369E+01 92251E+01
16 - 10842E-07- 17725E-04- 57938E-08-.18402E-01-.34759E+01 .27287E+01 .15981E+02 .00000E+00
31 32532E-07-.16477E-04- 38051 E-07- 32045E-+02- 56156E+01 .28624E+01 .70103E+01 41979E+01

#% 7 k%

13 - 73153E-07-.13980E-04- 28870E-06- 7727TE+(2- 98873E+01 31318E+01-.72193E+00 34126E+02
25 - 36065E-08-.19313E-05- 497 | 9E-08 29900E-02 56478E+00 [79676E+01 .12463E+01 .00000E+00

15 -.96745E-08-.13793E-04- 74021 E-08-.11747E-01- 22190E+01 47647E+01 85958E+01 .0000GE+00

19 -.38380E-07-.79654E-05- 14683E-06- 3863 7TE+02- 46613E+01 .55497E+01 S0277E-02 .17316E+02
20 - 66405E-08- 78721E-05-.61870E-08- 43787E-02- 82709E+00 63662E+01 .85715E+01 .00000E+00
14 - 41414E-07- 13886E-04- 14805E-06- 386450E+02- 60531 E+01 39482E+01 .39369E+01 94576E+01
32 -.28811E-07-.99080E-05- 10036E-06-.25762E+02- 38472E+01 .52880E+01 45499E+01 81077E+01

¥ g A*

13 .37071E-07-15720E-04- 81512B-07- 80926E+02- 8986 1E+01 .29690E-+01 .12450E+02 20914E+02
23 17149E-06 .11025E-09 86095E-07-33378E+01-.13823E-02 35770E+01 .00000E+00 38383E+02
25 - 16945E-06- 80725E-10- 17987E-06 .84532E+01 .35104E-02 .79419E+01 .00000E+CG0 | 12465E+01
18 .11428E-06-78601E-05 229]19E-08- 42132E+02- 44938E-+01 .32730E+01-70761E+00 .29748E+(02
24 _10182E-08 .14763E-10- 46889E-07 .25577E+01 . 10640E-02 .57595E+01 .00000E+00 32485E+02
19 ~.56189E-07-.78602E-05- 13069E-06- 3623 7E+02- 44913E+01 54554E+01- 76787E+00 .18093E+02
33 .19703E-07-.52401E-05-. 58430E-07-. 25270E+02- 29947E+01 48293E+(01-.20436E+01 28952E+02




Capitulo 10
Calculo dos Esforgos e deslocamentos do capituio 5

Exemplo 3.-
# & W okEkdokkmhddkkk Rk kR kRREE
HakE *
oo kEEEER LAMIST 220 *
# Ao s &

* * RS LR LRSS AR EEEEEES LT E L]

LAMInated composite STructures

$E33P33P5I353358355553353 8538555553553 555553555535555558555555585%
->->->->  ONE LAMINATED COMPOSITED EIGHT ELEMENT =~ <-<-<-<-
EAARRIARESAREEAMEAARASARER AR LS AEAR RS AR AT RS AR R AR A AR AR R AN AR SRS

PROGRAM FOR LAMINATED COMPOSITE STRUCTURES
POS-GRADUACAO 95-98 UNICAMP-BRASIL-PERU

MSec. LUIS GILBERT SEDANOQ TAPIA

** ELEMENT GENERATION AUTOMATIC **

ELEMENT NODE NUMBERS
No. NO1 NO2 NO3 NO4 NO5 NO6 NO7

113 3 7 8 2 26
P 1t 13 6 12 7 27
i1 23 13 17 18 12 28
i1 21 23 16 22 17 29
315 5 9 10 4 30
313 15 8 14 9 31
13 25 15 19 20 14 32
13 23 25 18 24 19 33

Q0 =3 O ot B DD e

** BOUNDARY CONDITIONS *=*

POINT v v w THETAX THETAY

1 1 1 1 1 1
2 1 1 1 1 0
301 1 1 i 0
4 1 1 i 1 G
5 1 1 i 1 i
6 1 1 i 0 1
HLEN H 0 1
i1 1 1 i 0 1
5 1 1 1 0 i




Capituio 16
Calculo dos Esforsos e deslocamentos do capitulo 8

)
20
21
22
23
24
25

[ g W R UUT VI e g vy
s pad  fd st ekt ek
R
[ I R I e B i}
Tt LT D D ped e e

** COEFFICIENT OF CORRECTION CC44 CCS5 #*
CC44 = 8333000E+00  CC45= .GO000DQE+OD

CC54 = .0000000E+00  CC355= _8333000E+00

** CARREGAMENTO DISTRIBUIDO **

Px

I

L0000000E+00

f

Py=0000000E-+00

Pz= - 1000000E+(2

** NUMBERT OF MATERIAL= 1

L2 22 PR LS LR EL RSS2SR L L LS T Y

A o
% CC44,0C45,CC54,CC55 1S SIGNIFICANTLY  **
L2 Kk
** LESS FOR -> kij<1 (RATIO Kij) *x
s Hk
ok bR
*#  kij=.10000E+01 L
L] EE S

L2 LR LSS EEEEER R 2SR S EL RS T T

** DESLOCAMENTOS DOS NOS DO COMPOSITO *#

NO DESL.X DESL.Y DESL.Z ROT. X ROT. Y
1 .00GOOE+00 .GOOGOE+00 LO0000E+00 L00000E+00 O0000E+00
2 .000COE+GO .O0000E+00 O000CE+G0 .Q0GO0E~+00 A1312E-01
3 .OO0OOE+GO 00000E+00 O0000E+00 .BO0GCEA+Q0 A6724E-01
4 .0000CE+GO O000GE+00 .O0000E-+00 .00000E~+00 10544E-01
5 O0000E+00 LD0000E+00 DO000E+00 OCO00E+00 .GOCOOE+G0
6  QO000E+O0 .00000E-+00 Q0000E+00 - 11512E-01 LDO000E+00
7T O0000E+00 L00000E+00 -25189E+00 - 72540E-02 .72540E-02
&  00000E+00 .O0000E+00 -.34631E+00 21721E-03 A0127E-01
9  .0DDOCE+0Q {00000E+00 - 23311E+Q0 74641E-02 J14641E-02

O0000E+00 .D0000E+00 LO0000E+00 J10544E-01 SO0000E+00
.0C000E+00 000Q0EA+00 .O0000E+G0 -.16724E-01 O0000E+00

ok
PR )

Tig




Capituio 10

Caiculo dos Esforcos e deslocamenios do capituio 8

12 .G0000E+00 .000COE+00 -.3463 IE+00 - 10127E-01 - 21725E-03
13 .G0000E+G0 .O000CE+00 - 48235E+00 - 15673E-08 12925E-07
14 .00000E-+00 .O0000E+00 ~ 3463 1E+00 J0127E-01 21726E-03
15 .GOO0OOE+00 06GGO0E+00 .00000E+00 16724E-01 00000E+00
16 00000E+Q0 .GOOOOE+00 .00000E~+00 -.10544E-01 .000GOE+00
17 .00000E+O0 .O00C0OE+00 -23311E+00 - 74641E-02 - T4641E-02
18 .0GOOOE+O0 L0GO00E+00 -.34631E+00 ~21724E-03 ~.10127E-01
19 .00000E+GO .00000E+00 -.25189E+00 [72540E-02 - 72540E-02
20 .00000E+G0 .O0000E+00 O000CE+00 Jd1512E-01 O0000E+00
21 .BOOGOE+O0 DO000E+H00 .0G000E+00 LD0000E-+00 O0000E+00
22 .GO000E+00 L00000EA+00 .00000E+00 D0000E+00 -.10544E-01
23 ODOOOE+O0 {O0000E+00 L00000E+00 .00000E+00 - 16724E-01
24 .GOGOOE+00 .O0000E+00 OO00CEA+00 .Q0000E+00 -.11512E-01
25 .00GOOE+00 D0000E+00 .BOGOOE+QD .00000E+00 -00000E+00
26 .00000E+00 O000GEA+00 - 21895E+00 LD0000E+00 {00000E+00
27 .00000E+QQ 00000E+00 - 21895E+00 .00000E+00 .00000E+00
28 00O0CE+00 .00000E+00 = 35729E+00 .00000E+00 .00000E~+00
29 .00000E+00 00000E+00 - HI668E+00 00000E~+00 .00000E+00
30 .GOCOOEA+00 O0000EA+00 - 11668E+00 .00000E+00 00000E+00
31  .00000E+00 L00000E+00 -.35729E+00 .00000E+00 O0000E+00
32 .00000E+QQ .00000EA+00 -.21895E+00 .00000E+00 .00000E+GO
33 .00000E-+00 D0000E~+00 -.21895E+00 00000E+00 00000E+00
** ESFORCOS DOS NOS DO COMPOSITO **

NO NX NY NXY MXX MYY MXY QY QX

& } * %

} .000C0E+00 .00000E+00 .00000E+00- 5153 1E+02 .00000E-+00 48618E+04 00000E+00-.34675E+03
13 .0GOGOE+00 .00C00E+0Q .GOC00E+00-.39641E+04- 49808E+04- 36356E+03 39220E+03-.24618E+02
3 .00000E-+00 Q0000E-+00 00000E+00-.16104E+04 . 00000E+00 .27109E+03 .00000E+00-.65720E+02
7 GOOCOE+00 QO0000E+00 .00000E+00-. 20078E+04- 24904E-+04 22491 E-+04- 56834E+02 67270E+02
8 G0000E+00 00000E+00 .00000E+00-.27873E+04- 24904E+04- 4623 7E+02- 1 5859E-+03- 45169E+02
2 00000E+0C .00000E+00 .00000E+00-.83099E+03 .00000E+00 25664E+04 00000E+00-.39919E+03
26 .000CGOGE-+00 .00000E+00 .00000E+00-.18753E+04-, 16603E+04 | 15898E+04- 13933E+03- 11903E+03

BHE 2 Heod
1 .0000GE+00 00000E+00 GO000E+00 .00000E+00- 51549E+02 48618E+04- 34675E+03 00000E+00
11 .000GCE+00 .00000E+00 00000E+G0 00000E+00-.16104E+04 27106E+03- 65723E+02 .00000E+00
13 .QCOQCE+00 .00000E+00 .00000E+00- 49808E+04- 3964 1E+04- 36353E+03- 24615E+02 39220E-+03
6 .00000E~+00 .00000E+00 .00000E+00 .00000EA00- 83098E+03 . 25664E+04- 39919E+03 .00000E+00
12 .G000OEA+00 .00000E+00 .00000E+00-.24904E+04- 27873E+04~ 46235E+02- 45169E+02- 15859E+03
7 O0000E+GO QD000E+00 00000E+00-24904E+04- 20078E+04 22491E+04 .67270E+02- 36854E+(2
27 GOOOCE+00 .00000E+00 .00000E+G0- 16603E+04- 18754E+04 | 15808E+04- 11903E+03- 13933E+03

Er 7 ok
11 .GO000E+00 .OC000E+0(G G0000E+00-.20440E+04-. 16104E+04- 96005E+03-.65723E+02- 7364 1 E+03
23 00000E+G0 O000QE+00 GO00GE+00- 16105E+04- 20440E+04- 96004E+03 | 73641E+03 65725E+02
13 .00000E+00 .GO0COE+D0 .C0000E+00-.39641E+04- 3964 1 E+04 14483E+03- 24615E+02 24619E+02
17 O0000E+G0 GO000E+00 Q0000E+00- 18272E+04- 18272E+04- 96005E+03- 25248E+03 25248E+02
18 .00000E+00 00000E+00 00000E+00- 27873E+04- 30040E+04- 4076 1 E+03- 75259E+02 45172E+02

17




Capituio 10
Calculo dos Esforcos e deslocamentos do capitulo 5

12 .000COE-+00 00000E+00 00000E+00- 30040E+04-.27873E+04- 40761 E+03- 45169E+02  75255E+02
28 .00000E-+00 .000C0E+00 00000E+00-.23395E+04- 25395E+04- 59175E+03-23752E+03 .23752E+03

HH 4 Hok
11 .0000GE+00 00000E+00G 00000E+00 .00000E+00- 20533 E+04-. 1 7606E+04- 80213E+03 .G000GE+00
21 .00000E+00 00000E+00 00000E-+00 .00000E+00 .00000E+00- 42421E+04 .00000E+00 .00000E+G0
23 00000E+00 00000E+00 .000G0E+00- 20533E+04 .00000E+00-. 1 7606E+04 .00000E-+00 80213E+03
16 .O0000E+00 00000E+00 00000E+G0 .00000E+00-, 10266E+04-30014E+04- 22720E+03 .00000E+00
22 00000E+00 00000E+00 .00000E+00-, 10266E-+04 ,00000E+00-,30014E+04 .0000CE+00 .22720E+03
17 .GOO00E+00 00000E+00 .00000E+00-.10266E+04-.10266E+04-.17606E+04- 35700E+02 . 39700E+02
29 _Q0000E+00 .00000E+00 00000E+00-.68443E+03-.68443E+03-.25878E+04- 20497E+02 29497E-+02

EX 5 %
3 00000E+00 .00000E+00 00000E+00-20533E+04 00000E+00-.17606E+04 .00000E+00-.80214E+03
15 .G00COE+00 .00000E+00 00000E+00 OGCO0E+00-.20533E+04- 17606E+04 .80213E+03 .00000E+00
5 Q0000E+00 .00000E-+00 .00000E+00 .GO000E+0C .00000E+00-42421E+04 .00000E+00 0G000E+00
9 Q0000E-+00 Q0000E+00 .00000E+00-. 10267E+04-. 10266E+04- 1 7606E+04 39698E+02-39703E+02
10 .00000E-+00 00000E+00 00000E+0)0 .00000E+006-.10266E+04- 30014E+04 22721E+03 .00000E+00
4 Q0000E-+00 00000E+00 .00000E+00- 10267E+04 .G000CE+00-.30014E+04 00000E+00- 22720E+03
30 .00000E+Q0 .00000E+00 .00000E+00-, 68444E+03- 68443E+03- 258 78E+04 .29500E+02- 29495E-+02

wE G ke
3 .00000E3-00 .00000E+00 00000E+00-.16104E+04-.20440E+04- 96004E+03- 73642E+03- 65720E+02
13 .00000E+00 .00000E+00 O00000E+00- 39641 E+04-39641E+04 14482E+03 24613E+02- 24618E+02
15 O0000E+00 00000E+00 .00000E+G0-,20440E+04~ 16104E+04- 96005E+03 .65725E+02 | 73640E+03
8 Q0OCOE+0Q 00000E+Q0 .00060E+00- 27873E+04- 30040E+04-. 40761 E+03 [75265E+02- 45169E+02
14 00000E--00 00000E+00 00000E+00- 30040E+04- 278 73E+04- 40761E+03 45169E+02-75256E-+02
9 .00000E~+0GG .00000E+00 .00000E+00-.18272E+04-. 18272E+04- 96004E+03 .25248E+03- 25248E+03
31 .00000E+00 000G0E+00  00000E+00- 25395E+04- 25395E+04- 59175E+03 23753E+03-.23752E+03

Ak T k%
13 .00000E+0C .00000E+00 00000E+00- 49808E+04-.39641E+04- 36355E+03 .24613E+02- 39221E+G3
25 .Q0000E-+00 .00000E+00 .00000E+0C .00000E+00-.51546E+02 48618E+04 34676E+03 .00000E+00
15 00000E+00 .GO000E+00 00000E+00 0000QE+GO-. 16104E+04 27106E+03 65725E+02 .GO00CE+Q0
19 00000E+00 .G0000E+00 .00000E+00-.24504E+04- 20078E+04 22491E-+04- 67273E+02 56854E+02
20 00000E+00 .00000E+00 .00000E+00 .00000E+(0-.83099E+03 23664E+04 .39919E+03 .00000E+00
14 00000E-+00 00000E+00 00000E+00- 24904E+04- 27873E+04- 46242E-+02 45169E+02 . 15860E+03
32 00000E+00 .00000E+00 00000E+00-.16603E+04-. 18754E+04 | 15898E+04 . 11903E+03 .13933E+03

xE R k%
13 Q000CE+00 .00000E+00 .00000E+00-.3964 1E+04-.49808E+04- 363 56E+03- 39221 E+03 .24619E+02
23 .00000E+00 000G0E+00 [00000E+00-.16105E+04 .00000E-+00 27107E+03 .00000E+00 .65725E+02
25 .00000E+00 .00000E-+00 .00000E-+00- 51550E+02 .G0000E+00 48618E+04 .00000E+00 34676E+03
18 .00000E+00 .00000E+00 .00000E+00-.27873FE+04- 24904E+04- 46243E+02 | 15859E+03 45172E+02
24 00000E+00 .00000E+00 .00000E+00- 83100E+03 .00000E+00 25664E+04 .00000E+00 39919E+03
19 .00000E+00 .00000E+G0 .00000E+00- 20078E+04-.24904E+04 22491E+04 . 36855E+02- 67273E+02
33 .00000E+00 00000E+00 OC000E+00-, 18754E+04- 16603E+04 | 15808E+04 .13933E+03 |11903E+03
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Capituio 10

Céleulo dos Esforges e deslocamentos do capitulo 5

Exemplo 4.-
A ok skokilmRE R schokdeRdko ok ok ek k kool ok
ook %k *
* R FwEEx LAMIST 220 *
# e kol ok #*

ES * Hedk g desdook otk e e oo R R e Rk Rk e ko

LAMinated composite STructures

ARRRARERARARMAIAEIERARAAEIREAREARSRAEFARTAIRE AR A ARAA SRR R RAR SRS
> ONE LAMINATED COMPOSITED EIGHT ELEMENT <<
$5583555F 33553553858 555388533353385555555385385555555358353538553

PROGRAM FOR LAMINATED COMPOSITE STRUCTURES
POS-GRADUACAOQ 95-98 UNICAMP-BRASIL-PERU

MSc. LUIS GILBERT SEDANQ TAPIA

sk e s sk ke ol sie ook ANALYS:{S OF PLA’E‘ES EE LTS T3
sxxxnnx WITH TRIANGULAR FINITE ELEMENT #*###%
wexexxx SIX NODAL OF FIVE GRADE LIBERTY ***%s%s
##%%8% AND THE SEVENTY NODAL CENTRAL ##%##%
#esrecek WITH ONE GRADE OF LIBERTY *#####+
exsreRk (00 W7,0,0). TOTAL GRADES ##+###%
EEEEEL RS OF LIBERTY 35 (7*5) o5 sfe sk dfe e ok ok Ao ok

** ELEMENT GENERATION AUTOMATIC **

ELEMENT NODE NUMBERS
No. NO1 NO2 NO3 NO4 NO5 NOs NO7

1 13 3 7 8 2 26
111 13 6 12 7 27
23 13 17 18 12 28
11 21 23 16 22 17 29
I5 53 ¢ 10 4 30
13 15 8 14 9 31
25 15 19 20 14 32
23 25 18 24 19 33

e B e A o )
[ gy
Ll g W W

** BOUNDARY CONDITIQONS **

POINT u v w THETA X THETAY
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Canpitulo 10
Calculo dos Esforgos e desiccamentos do capituio 5

[o BV R AP
b otk
o
b psd ot
ot et (D

10
11
5
16
20
21
22
23
24
25

e I T e e B o e S B i

ket o b et b ik d o
s S (S SR I P
d ek kbt et el el i

i (T3 GO O et b el st o bt

** COEFFICIENT OF CORRECTION CC44 CC55 *#
CC44 = B333000E+00  CC45= .0000000E+00

CCS4 = _0000000E+00  CC55= R333000E+00

** LOADS POINTS ON THE NODAL **
NO DIRX DIRY DIR.Z ROT.X ROTY

i3 00 00 -10000.00 00 Q0

** NUMBERT OF MATERIAL~= 1

LR L LR RS L LR I LRSS LS 2T T 2T

ol ok
** (CC44,CC45,0C54,CC55 1S SIGNIFICANTLY  #*
# % Lk
*+ LESSFOR -> kij <1 (RATIO Kij) *ox
#k E 3
i &
*%  kij = 10000E+0] *H
HR ®R

EEL LSS RS SRR TS LS SRS I EES LT IS FEE TS PN

** DESLOCAMENTOS DOS NGS DO COMPOSITO **

NO DESL.X DESLY DESL Z ROT. X ROT. Y

I .000GCE+0G LO0000E+00 .00000E-+00 00000E+00 00000E~+00
2 .0000OE+QO .00000E+0C .O0000E+00 L0000E+00 25623E-02
3 .GOGOOE+00 .00000E~+00 O0000E-+00 O000CE+00 .36629E-02
4 QO0000E+00 .B0C0CE+0O0 00000E+00 .0000CE+00 20924E-02
5 00000E+GO .GO000E+D0 .O0000E+00 OGO0OE+00 LO0000E+00
6 .00000E+00 B0000E+00 .00000EA+00 - 256238-02 00000E+00
7 .0000QE+00 O0000E+00 -.62708E-01 - 18923E.02 18923E-02




Calculo dos Bsforgos e desiocamentos do capitulo 5

Capitulo 1

o

g .00000E+0G .O000GE+00 -.85540E-01 .24940E-03 29085E-02
9 .00D00EHOC {OOCO0E+00 -.50684E-01 19036E-02 JA9036E-02
10 .Q0000E~+00 .O0000E+00 .00000E+00 20924E-02 L00GO0E+00
11 .0000CE+00 DG000E+00 O0000E+00 - 36629E-02 .GO00OE~+00
12 .00000E+00 .00000E+00 -.85540E-01 -.29085E-02 - 24941E-03
13 00000E+GO .00000E+00 -.13349E+00 - 10927E-08 33712E-08
14 .D0000E+0C {00000E+00 -.85540E-01 29085E-02 24941E-03
15 .00000E+00 LO0000E+00 DO000E+00 36629E-02 .0QC00E+G0
16 .00000E+00 .00000E+00 .0000CE+00 - 20924E-02 00000E+GO
17 .000Q0E+00 0G000E+00 - 30684E-01 - 19036E-02 -.19036E-02
18 .0000DE+D0 .00GOOE+00 -.85540E-01 - 24941E-03 -.29085E-02
19 .00000E+0C .D000GE+C0 -.62708E-01 J18923E-02 - 18923E-02
20 .GOQOOE+0O O000E+G0 .00000E+0Q 25623E-02 LD0000E+00
21 00000E+G0 O0000E+00 .O0000E+00 {G0000E+00 {GO000E+00
22 .OCOO0E~+O0 G0000E+00 .00000E+00 .G0000E+GO -.20924E-02
23 .00000E~+00 DOG0CE+QG .BO000E+00 .00000E+00 - 36629E-G2
24 .0000GEA+CO {0000CE+00 000G0CE+00 .000C0E+00 - 25623E-02
25 .00000E+00 L0GOCE+00 O0000E+00 .00000E+00 00GOOE+00
26 Q0000E+00 JO0000E+O0 - 33117E-01 GGGO0E+00 .GOOGOEA+00
27 00000E+GO .OCO0GE+00 -533117E-01 GGOGOE+00 .0O0GOE+00
28  .00000E~+Q0 LO0000E+0D -.86224E-01 DO000E+00 .GOGCOE+00
20 00000E+00 00000E+00 - 23225801 .00000E+00 LO0000E+00
30 .DOO0CE+00 .G0000E+00 - 23225E-01 .00000E+GO 00000E+00
31 .0CODOE+GO .GOOGOE+OG -.86224E-01 .GOGOOEA+00 OOCOOE+G0
32 .00000E+GO .GGOO0E+00 -.53117E-01 .OGO00E+00 .Q0000E+00
33 O0000E+0O O0000E+00 = 53117E-01 O0000E+00 B0000E+00
** ESFORCOS DOS NOS DO COMPOSITO **

*% [, *%
NO NX NY NXY MXX MYY MXY QY Qx

#% ] k%

1 .CO000E+00 00000E+G0 00000E+O0 (16378E+03 .00000E+00 . 11796E+04 .00000E+00 . 73420E+02
13 .00000E+00 00000E+00 .00000E+00- 13285E+04- 14278E+04 . 11665E+03-.89784E+01- 18676E+03
3 .00000E+GO GO00CE+D0 .00000E+00 1075GE+03 00000E+00- 21326E+02 00000E+00 86402E+02
7 .00000E~+00 .00000E+00 .00000E+00- 58238E+03- 71389E+03 .64814E+03-.45640E+02-.15518E+02
8 .00000E+0Q0 00000E+00 00000E+00-.61048E+03- 71389E+03 47560E+02-.30876E+02- 50133E+02
2 .GOO0GE-+00 .00000EA+C0 .00000E+00 |13568E+03 .00000E+00 57905E+03 .00000E+00- 69064E+02
26 .00000E+00 Q0000E-+00 Q0000E+00-.35239E+03- 47593E+03 42492E+03-33009E+02- 56891E+02

B 2 #k
1 .GOGO0DE+00 00000EA+00 .00000E+00 .00000E+00 .16378E+03 [11796E+04 73420E+02 00000E-+00
11 .00000E+00 00000E+0G 00000E+G0 00000E+00 .10760E-+03- 2153 1E+02 86493 E-+02 .00000E+00
13 0000GO0EH00 QO0GOEAH00 (GO000E+D0- 14278E+04-.13286E+04 . 11665E+03- 18676E+03- 89805E+01
6 .00000E-+00 .00000E-+00 .00000EA+00 .00000E+00 .13569E+03 | 57905E+03-.69065E+02 .00000E+00
12 .00000E+00 .00000E+0GC Q0000E+00- 71390E+03-.61048E+03 47562E+02-.50131E+02- 30876E+02
7 .0000GE+00 .00000E+00 .00000E+00-.71390E+03-.58239E+03 .64814E+03- 15518E+02- 45640E+02
27 .00000E+0Q0 .00000E+(00 .00000E+00-.47593E+03-.35239E+03 42492E+(3-.56891E+02- 33010E+02

*% g ok
11 O0000E+0Q O0000E-+0C .GO000E+00- 49234E+03 | 10760E+03- 41810E+03 80493E+(02- 24975E+03
23 00000E+00 .00000E+00 .00000E-+00 | 10759E+03- 49235E+03- 41810E+03 .24975E+03-.86493E+02

]

Bos




Capitulo 10

Célculo dos Esforgos e desiocamentos do capitulo

{
5

13 00000E-+00 .00000E+00 .00000E+00- 13285E+04- 13286E+04 | 16627E+03- 186T6E+03 | 18670E+03
17 .0C000E-+00 00000E+00 00000E+00- 19237E+03- 19237E+03- 41810E+03- 91733E+02 91733E+02
18 .0C000E+00 .00000E+GG .00000E+00-.61048E+03- 01045E-+03- 12591 E+03-23420E+02 50132E+02
12 .O0000E~+00 .00000E+00 .00000E+00-.91045E+03-.61048E+03-.12592E+03-. 50131E+02 .23419E+02
28 00000E-+00 .00CO0E+00 00000E+00- 571 10E+03- 571 10E+03- 2233 1E+03-90070E+02 90069E+(2

wE 4 A%
11 .Q0000GE-+0Q0 .00000E+00 .00000E+00 .00000E+00-.12586E+03~,54755E+03-. 16326E+03 .00000E+00
21 .0000G0E-+00 .00000E+00 .00G00E+00 .00000E+00 .C0000EA+00-.78447E+03 .00000E+00 .GOOO0E+00
23 .00000E~+00 .00000E+00 000G00E+00-.12586E+03 .00000E-+00-.54755E+03 .00000E+00 . 16326E+03
16 .00000E+00 ,00000E+00 .00000E+(0 .00000E+00-,62928E+02- 66601 E+03-12216E+02 ,00000E+00
22 .00000E-+00 00000E+00 .00000E+00-.62930E+02 .00000E+00-.66601E+03 .00000E+00 . 12216E+02
17 .00000E+00 00000E+00 .00000LE+00- 62030FE+02- 62028E+02- 54755E+03- 12216E+02 | 12216E+02
29 .00000E+00 .00000E+00 .00000E+00-.41953E+02- 41952E+02- 62652E+03 . 72817E+01-. 7281 7E+01

ok 5 EE S
3 00000EA+00 00000E+00 .00000E+00- 12386E+03 00000E+00-.54755E+03 . 00G00E+00- 16326E+03
15 00000E+00 0000GE-+00 00000E+00 .00000E+00-~. 12586E+03-,54754E+03 [ 16326E-+03 .00000E+00
5 Q0000E+00 .00000E+00 .00000E+00 .00000E+00 .00000E+00- 78448E+03 .00000E+)0 .00000E+00
9 00000E+Q0 00000E+00 00000E+00-.6293 1 E+02-, 62928E+02-.54755E+03 [ 12215E+02-.12216E+02
10 .00000E+00 0G000E-+00 .00OGOE+00 .O0000E+00- 62928E+02- 66601E+03 [ 12216E+02 .00000E+00
4 .00000E+00 .00000E+00 .00000E+00- 6293 1E+-02 .00000E+00-.66601E+03 .00000E+00-.12216E+02
30 .00000E+00 00000E-+00 00000E+00-41954E+02- 41952E+02- 62652E+03- 72821E+01 72818E+01

kg k%

3 .00000E+00 00000E+00 .00000E+G0 . 10759E+03-.49235E+03- 41810E+03- 24976E+03 .86492E-+02
13 .00000E-+00 Q0000E+00 Q0000E+00-.13285E+04-, 13286E+04 . 16627E+03 .18676E+03- 1B676E+03
15 .Q0000E+00 .G0000E+00 .00000E+00-.49234E+03 . 10760E+03-.41810E+03-.86492E+02 24975E+03

2 .00000E+00 .00000E+00 .00000E-+00- 61048E+03-91045E+03-,12591E+03 23422E+02- 50133E+02
14 Q0000E-H00 Q0000E+00 00000E+00- 91044E+03- 6 1048E+03-.12592E+03 50132E+02- 23420E+02
9 .00000E+00 .00000E-+00 .00000E+00-.19238E+03-.19238E+03- 41810E+03 91731E+02- 91732E+02
31 .00000E+00 .00000E+00 .00000E+00- 571 10E+03-, 571 10E+03-.22331E+03 .S0070E+02- 90070E+02

L3 7**

13 .00000E+C0 .00000E+C0 ,00000E~+00-.14278E+04-,13286E+04 . 11665E+03 .18670E+03 89799E+01
25 00000E+00 .00000E+00 .00000E+Q0 00000E+00 . 16378E-+03 [ 11796E+04-.73417E+02 00000E+00
15 00000E-+00 .00000E+00 .00000E+00 .00000E+00 . 10760E+03-.21533E+02- 86492E+02 00000E+00
19 .00000E+G0O .00000E+00 .00000E+00- 71390E+03-.58239E+03 .064814E+03 15519E+02 43641E+02
20 .00000E-+0CG 00000E+00 .00000E+00 .00000E+00 13569E-+03 57905E+03 69063E-+02 .C0000EA+00
14 .00000E+00 .00000E+00 00000E+00- 71390E+03- 61048E+03 47560E-+02 .50132E+02 .30877E+02
32 .00000E+00 .00000E+00 .00000EA+G0- 47593E4+03-35239E+03 42492H+03 36351E+02 33010E+02

*k g *k
13 .G0000EAHO0 .00000E+00 .00000E+00-, 13285E+04- 14278E+04 | 11665E+03 89793E+01 . 18676E+(3
23 .00000E-+00 .G0000E+00 .00000E+0C . 10759E+03 .00000E+00-21530E+02 .00000E+00- 86493 E+02
25 00000E+00 .06000E+00 .00000E+00 .16377E+03 .00000E+0G0 . 11796E+G4 .00000E+0G- 73417E+02
18 .00000E+0C .00COOE+00 .00GO0E+00- 61048E+03-.71390E+03 47560E+02 30875E+02 .50132E+02
24 00000E+00 .00000E+00) .00000E-+00 . 13568E+03 .00000E+00 .57905E+03 .00000E+00 69065E+02
19 .00000E+00 .000G0E+00 00006E+30- 58239E+03- 71390E+03 .64814E+03 4564 1E+02 [ 15519E+02
33 .00000E+00 .00000E+00 .00000E-+00-35239E+03- 47593 E+03 42492E+03 33009E-+02 56891E+02

)

ot
[




Capituio 10
Caleulo dos esforcos e deslocamentos do capltulo 5

Exemplo 5.-

B & dochRoRER ARk kR R Rk Aok ko
ek ok *
¥k FEEERx [ AMIST 220 *
% okwkkoE #
* ok s s o oo ot o o s ook o o o o s ok o o R R e T e

LAMInated composite STructures

AAAREARARAARAARRRARAREAMR AR A AR SRR RS A AR AR AR AR AR R AR SRR AR R R AN
> ONE LAMINATED COMPOSITED EIGHT ELEMENT <<
$33335335353553353 553355 333838555555853333355355555355555535558555

PROGRAM FOR LAMINATED COMPOSITE STRUCTURES
POS-GRADUACAQ 95-98 UNICAMP-BRASIL-PERU

MSc. LUIS GILBERT SEDANQ TAPIA

ks R ERREE ANAT VSIS OF PLATES #¥5%kisssiss
waawrrs WITH TRIANGULAR FINITE ELEMENT ###kk
#axasrk SIX NODAL OF FIVE GRADE LIBERTY ###%##=
wkrkkd AND THE SEVENTY NODAL CENTRAL ####*s
Frhkaksk WITH ONE GRADE OF LIBERTY ###*®%ks
FrREEREE (0,0,W7.0,0). TOTAL GRADES *#¥%k#®
e e e e o ofe A e OF LIBBRTY 35 (7*5) e s o e ok sk ok e e

** ELEMENT GENERATION AUTOMATIC **

ELEMENT NODE NUMBERS
No. NOI NO2 NO3 NO4 NO5 NOs NO7

113 3 7 8 2 26
1t 13 6 12 7 27
11 23 13 17 18 12 28
11 21 23 16 22 17 29
315 5 9 10 4 30

3 13 15 8 14 9 31
13 25 15 19 20 14 32
13 23 25 18 24 19 33

oo R B w SRR R VS

** BOUNDARY CONDITIONS **

POINT u v w THETAX THETAY

Lot




Cagitulo 10
Caiculo dos esforgos e deslocamentos do capitulo §

** COEFFICIENT OF CORRECTION CC44 CC55 =*

CC44 = 8333000E+Q00  CC45= . 0000000E+Q0

CC34 = .0000000E+00  CC55= .8333000E+00

** LOADS POINTS ON THE NODAL **

NO DIR X DIRY DIR.Z ROT.X ROTY

21 .60 00 ~200.00 00 .00
22 00 00 -200.00 .00 00
23 .00 .00 -200,00 00 .00
24 .00 .00 -200.00 00 .00
25 00 .00 -200.00 00 .00

% NUMBERT OF MATERIAL= 1

dok e ddeiokofokoiokok ek ok ek e Rk kR ko k kR Rk ek dok ok kokok g

k& %k
** CC44,CC45,CC54,CC55 18 SIGNIFICANTLY  #%
L2 #g
** LESSFOR -> kij <1 (RATIO K3)) **

e
* ik
Ex
Aok

kij = .10000E+01

Aok
4ok

Ex
e

ok ksdkck Rk deokok koo ek gk sk A ko sk kR ok sk sk e ek ek s ke ke ok

** DESLOCAMENTOS DOS NOS DO COMPOSITQ **

NO  DESLX DESLY DESL.Z ROT. X ROT. Y

1 .00000E+00 .DOBOCE+00 .00000E+G0 L00000E+00 O0000E+00
2 .OD00QE+00 .GOGGOE+D0 .0O000EA+00 O0CO0E+00 00000E+00
3 .00000E+Q0 .GGO00EA+00 .00000E~+00 00000E+00 O0000E+00
4 O000GE+00 .0ODOOE+00 .00000EA+00 GO000E~+00 O0000E+00
5 .00000E-+Q0 -G00GOE+00 .00000E~+00 00000E+00 .00GO0E+Q0
6 .0Q000E+00 LOC000EA+00 -.35371E-01 23823E-04 26498E-02

7 .00000EA+00 .00000E+GO -.34843E-01 .14480E-04 26208E-02

8 00000E+Q0 GO000E+Q0 -.34705E-01 -.24037E-06 26065E-02

9 00000E+00 .GO000E+00 = 34962E-01 - 15785E-04 26229E-02

10 00000E+00 .O0000E+Q0 - 35453E-01 -.23883E-04 26502E-02
11 .00000E+O0 .GO000E+00 - 12731E+00 63083E-04 45489E-02
12 .00000E+00 .000C0E+00 - 12597E+00 46343E-04 A44940E-02
13 .00000E+00 .GO000E+00 - 12536E+00 - 17537E-05 A4T1TTE-02
14 .OODOCE+O0 GO000E+00 - 12603E-+00 -.51681E-04 A4937E-02
15 .00GOOEAOD 00000E+00 - 12758E+00 -.69460E-04 A45366E-02

i




Capiulo 10
Caleulo dos esforcos e deslocamentos do capliuio §

16 .00000E+00  .00000E+00  -25773E+00  .16184E-03  .56875E-02

17  .00000E+00  .GO000E+00  -25444E+00  97446E-04  56154E-02

18 .O0000E+00  .00000E+00  -.25320E+00  -55162E-06  .55880E-02

19  .00000E+00  .00000FE+00  -25448E+00  -10031E-03  .56143E-02

20 00000E+00  00000E+00  -25780E+00 - 15907E-03  .56937E-02

21 .00000E+00  .00000E+00  -40766E-+00  28614E-03  .61015E-02

22 O0000E+00  .Q0000E+00  -40155E+00  .15426E-03  .59920E-02

23 QO000E+00  00000E+00  -399S8E+00  26927B-05  59453E-02

24 QOO00E+00  .00000E+00  -40154E+00 - 15934E-03  59794E-02

25  Q0000E+00  O00000E+00  -40784E+00  -30215E-03  60942E-02

26 .00000B+00  .00000E+00  -16018E-01  .00000E+00  .00C00E+00
27 O0000E+00  00000E+00  -60127E-01  .00000E+00  QO000E+00
28 .00000E+00  GOO0OE+00  -20806E+00  .00000E+00  .O0000E+00
29 Q0000E+00  00000E+00  -30345E+00  .O0000E+00  OOOCOE+00
30 .Q0000E+00  .0O000E+00  -16209E-01  .00000E+00  .00000E+00

31 00000E+00  .O0000E+0G - 59810E-01  .00000E+00  .0000OE+00
32 .00000E+00  .00000E+00  -20943E+00  .00000E+00  OO000E+00
33 00000E+00  .00000E+00  -30154E+00  .00000E+00  .0GO0OE+00

** ESFORCOS DOS NOS DO COMPOSITO **
NO NX NY NXY MXX MYY MXY QY QX
EL S 1 HE

1 .00000E~+00 .00000E-+00 .00000E+00 1001 9E+04 .00000E+00-49729E+01 .0C000E+00-.141 10E+02
13 .00000E+0Q0 .00000E+00 Q0000E+00 49815E+03 (98133E+01-44009E+01 50470E+01-,10976E+02
3 .00000E+00 .00000E-+0(Q .GO00CE+00 99241E-+03 (00000E+00-.66186E-01 .0G000E+00-91951E+01

7 .000CGE-+D0 .00000E+00 00000E+0C . 75004E+03 .49067E+01- 46869E+01- 96394E+00-.90555E+01
8 .0000GE-+00 .00000E-+00 00000E+00 74528E+03 49067E+01-22335E+01-353377E+00-, 10086E+02
2 .0GOOOE-+00 00000E+G0 00000E+00 S9717E+03 .CO000EHI0-25195E+01 .00600E-+00- 88909E+01
26 00000E+00 0CG00CE+00 .00000E+00 83083E+03 .32711E+01-31466E+01-.11464E+01- 86498E-+01

ES 2**

1 .0000CE+00 00000E+00 0000000  10084E+04~ 45776E+01~, 59029E+01- 19579E+01- 121 52E+02
11 .00000E+00 00000E+GO QO000E+00 50792E+03 35356E+00- 19677E+02 28862F+01-.92122E+01
13 .000CGOE+00 .00000E+00 .00000E+00 49066E+03 21259E+02-.63824E+01- 12176E+01-47116E+01

6 .Q0000E+00 .O0000E+00 00000E+00 | 75815E+03-21120E+01-, 1 2790E+02- 69622E+00-, 10682E-+02
12 .G0000E+0G 0C000E+00 00000E+00 49929E+03 | 10806E+02- 13030E+02 .83431E+00-.10737E+02
7 .00000E+00 .0C000E-+00 .00000E+00 | 74952E+03 .83409E+01-61427E+01 .15519E+00- 10175E+02
27 Q0000E+GO .00C0CE+00 00000E+00 .66899E+03 .56784E+01-.10654E+02 . 16249E+00-,11 144E+02

w3 owE
11 O00C0E+00 B0000E+0G Q000CE+00 50195E+03 35356E-+00- 28511E+02 28862F+01-.13124E+02
23 000GOE+00 0000GE+00 Q0000E+00-74162E+01 .54525E-+02- 33844E+01 [ 12796E+01- 11628E+02
13 .0000CE+00 .000G0E+00 .00000E-+00 49864E+03 21259E+02- 10489E-+01- 12176 E+01- 75162E+01
17 .Q0000E+00 000G0E+00 .00000E+00 24726E+03 27439E+02- 15948E+02- [ 5768E+01-.87137E+01
18 .0GO0CEA+00 .0000CE+00 .00000E+00 24561E+03 37892E+02-22167E+01 .45968E+00- 95719E+01
12 .0GO00EAG0 00000E+00 .00000E+00 50029E+03 . 10806E+02-.14780E+02 8343 1E+00- 87364E+01
28 .00000E+00 .00000E+00 00000E+00 33105E+03 25379E+02-.10981E+02-.45328E+00- 84256E+01

Ak 4*33

11 .00000E+00 GOO00E+00 00000E+00 5003 1E+03-.43143E+01-.25357E+02-.401 18E+00- 98361E+01

—
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Capitulo 10
Célculo dos esforcos e desiocamentos do capitulo 5

21 .00000E~+00 .G0000E+00 .00000E+00 . 17239E+02 40681E+02- 46040E+02 . 14249E+02- 20252E+02
23 00000E+00 .00000E+00 00000E+00-.70943E+01 .53801E+02-31833E+01-.55282E+61- 48196E+01
16 .00000E+0G .00000E+00 00000E+G0 . 25877E+03 | 18183E+02- 35698E+02- 85982E+00-.15044E+02
22 .00000E-+00 .00000E-+00 .00000E-+-00 50725E+01 47241E+02-24612E-+02 430602E+01-.33819E+01
17 .00000E+00 .00000E+00 .00000E+00 24661 E+03 .24743E+02- 14270E+02 8B602E+00-. 111 79E+02
29 .00000E+00 .00000E-+00 .000Q00E+G0 17015E+03 30056E+02- 24860E+02 | 10252E+01-.10168E+02

'k g AR
3 .00000E+00 GO000E+00 00000E+00 99251E-+03 .00000E+00-.52654E+00 . 00000E+00- 89684E+01
15 .G0000E+00 .00000E+00 00000E+00 50154E+03 .54016E+01 |18484E+02- 31751E+00-.11434E+02
5 .00000E+00 06000E+00 .00000E+00 10107E+04 00000E+00 .21743E+01 .00000E+00-. 125366E+02
9 00000E+00 .00000E~+00 0000GOE+00 .74702E+03 .27008E+01 89789E+01-.21069E+00- 10149E+02
10 .00000E~+(G0 .00000E+0( .00000E-+00 756 10E+03 .27008E+01 . 10329E+02 31261E+00-.12000E+02
4 00000E+00 00000E+00 .00000E+00 10016E+04 00000E+00 82386E-+00 00000E+0G- 93409E+01
30 .GOO0OE+00 .00000E+0C .00000E-+00 .83491E+03 .18003E+01 .67107E+01 80579E-01-.10332E+02

*% g F#
3 _GO000E-+00 .00000E+00 00000E--00 99241 E+03- 92072E+00- 19193E-01 22676E+00- 91951E+01
13 .00000E~+00 Q0000E+00 O000CE+0Q 49815E+03 21999E+02 22805E+01 15092E-+01-.10976E+02
15 .000Q0E+00 .00000E+00 .00000E+00 .50190E+03 56896E+00 20721E+02 .16133E-01-.11762E+02
8 _00O00E-+00 .00000E+00 .00000E+00 . 74528E+03 . 10539E+02 | 11306E+01 .54121E+00-.10086E+02
14 .Q0000E+G0 .00000E+G0 .00000E+00 . 50002E+03 [ 11284E+02 | 11501E+02 75968E+00- 85715E+01
9 Q0000E+00 .0GCO0E+00 00000E+00 [ 74715E+03- 17588E+00 . 10351E+02- 21316E+00- 10147E+02
31 .0000CE+00 .GOO00E+00 Q0000E+00 .66415E+03 72158E+01 76607E+01 28942E+00-92537E+01

ok 7 %
13 .00GOOE+GO Q0000E+00 .00000E+00 48751E+03 .21999E+02-.12576E+01 .15092E+01- 97701E+01
25 00000E+00 00000E+00 00000EA00 74136E+01 27884E+02 49344E+02 33413E+01- 18565E+02
15 O0000E-+00 .O00G0E+GC .00000E+00 51179E+03 .S6896E+00 . 19381E+02 . 10133E-01-.12667E+02
19 00000EA00 .00000E+00 00000E+00 24746E+03 24942E+02 24043E+02- 28201E+01- 89219E+01
20 .00000E-+00 .00000E+00 00000E+00 25960E+03 14227E+02 34362E+02- 59833E+00-.15616E+02
14 .00000EA00 00000E+00 00000E+00 49965E+03 . 11284E+02 90615E+01 .75968E+00-.85308E+01
32 .00C00E+00 .0GOO0E-+00 00000E+00 33557E+03 (16818E+02 22489E+02- 1721 7TE+01-.10141E+02

kg oEE
13 .00000EA+00 .00000E-+00 00000E+00 49864E+03 15702E+02- 367T16E+01-.T4466E+00-. 75162E+0]
23 0COGUE+00 00000E+00 .00000E+00- 74162E+01 57214E+02- 17805E+01 51814E+01-.11628E+02
25 00000E+00 00000EA+00 00000E+00- 22737E+01 44399E+02 45930E+02- 12039E+02-.25843E+01
18 .00000E+00 00000E+00 QUOGOE+00 24561E+03 36458E+02- 27261 E+01 44572E-+00- 95718E+01
24 00000E+00 .GO000E+00 .00C00E+00- 48450E+01 . S0806E+02 22075E+02- 37288E+01-.65610E+0]
19 .00000E+00 O0000E-+00 00000E+00 24818E+03 300351E+02 21129E+02 37282E+00-.12115E+02
33 .00000E-+00 00000E+00 00000E+00 . 16298E+03 39105E+02 .13493E+02-.38200E+00-.10140E+02



Capitule 10
Calculo dos esforcos e deslocamentos do capitulo 5
Exemplo 6.-
oA & Rdckuiokokdesokdokkodok ko kk g
dkk E3
* ok werEx LAMIST 220 *
* wAERE *

% # EEL SIS E LS LS EES RS S

LAMInated composite STructures

$3533E555555553855355858353535553553 3855555553555 5553555555555558$
w>e>a>a> ONE LAMINATED COMPOSITED EIGHT ELEMENT  <-<a<teste
P38 3 P35 85505533838535585555558583553533555533533338553555853588

PROGRAM FOR LAMINATED COMPOSITE STRUCTURES
POS-GRADUACAO 95-98 UNICAMP-BRASIL-PERU

MSc. LUIS GILBERT SEDANO TAPIA

ERkER Rt ANAT VSIS OF PLATES #o#ssshttsss
wxxwir WITH TRIANGULAR FINITE ELEMENT ####* %%
raxrens SIX NODAL OF FIVE GRADE LIBERTY ##*#%*%+
wttt AND THE SEVENTY NODAL CENTRAL *rass*
wExwErEd WITH ONE GRADE OF LIBERTY ####ihux
HRERREX (0,0,W7,0,0). TOTAL GRADES *##xbis
Fhkkkdkdkdh OF LIBER’I‘Y 35 (7*5) LEEERE L2 2]

** ELEMENT GENERATION AUTOMATIC **

ELEMENT NODE NUMBERS
No. NOI1 NOZ NO3 NO4 NOS NO6 NO7

113 3 7 8 2 26
111 13 6 12 7 27
1T 23 13 17 18 12 28
I1 21 23 16 22 17 29
315 5 910 4 30
313 15 8 14 9 31
13 25 15 19 20 14 32
13 23 25 18 24 19 33

GO =3 O A B WD e

** BOUNDARY CONDITIONS **

POINT v v w THETAX THETAY

27




Capiulo 10
Caiculo dos esiorgos e deslocamentos do capitulo &

*+ COEFFICIENT OF CORRECTION CC44 CC55 **

CC44 = .B333000E+00  CC45= .0000000E+00

CC34 = _0000000E+00  CC55= 8333000E+00

** CARREGAMENTO DISTRIBUID( **

Px

il

|

P}r._

0000CG00E+00

H000000E+00

Pz= - 1000000E+02

** NUMBERT OF MATERIAL~

e s s o e o e 8 9 o o0 e ol e e o o ok e ot ol oo o 8 oo oo e o ok ool e s ok e o o ek e

s
*%
A%
s
Aok
*#
sk
£33

CC44,CC45,CC54,CC55 IS SIGNIFICANTLY

LESS FOR -> kij <1 (RATIO Kij)

ki = 10000E+0!

RE

*%

H &

&

HR
FF
sk
e

ERE 2L LR LS EELEEL ST EEELES SIS I EE LS LT

NO

Nagils JEEN e T I RS R S

DESL X

Q0000E+00
DO000E+O0
00000E+00
.GOOGOE+O0
0000CGE+O0
_O0000E+00
O0000E+00
00000E+00
00000E+00
0GGOOE+00
00000E+00
00000E+00
.00000E+00
LO0000E+00
.Q00GOE+0Q
.GOGOOEAQD
.Q0GO0E+GO
{0000E+00
L0GOGOE+00

DESLY

.00000E+00
D0000E+O0
.00000E+00
00000E+00
O0000E+G0
.00000E+00
.00000E+D0
.00000E+00
.00600E+00

O0000E+00
.00000E+00
O0000E+00
O0000E+00
.00000E+00

.00000E~+00
O0000E+00
.BGO0QE+0G

D0000E+00

.00000E+GO

DESLZ

O0000E+00
LDO000E+00
.GOGOOE+GO
00000E+00
.00000E~+00
- 16049E+01
-.16123E+31
- 16155E+01
- 16210E+01
-.16249E+01
-.53892E+01
-.53946E+01
- 34015E+01
-.54059E+01
-.54126E+01
- 10099E+(2
- JOI05E+02
- 10111E+02
- 10117E+02

ROT X

.O000QE+G0
O0000E+00
LO0000E+0G
L00000EA+G0
.00000E+00
- 31482E-03
-.16003E-03
- 15272E-03
«.23531E-03
- 10529E-03
-.12841E-03
-.28687E-03
-21351E-03
- 20528E-03
-.35638E-03
-.30074E-03
- 18543E-03
-.24326E-03
- 26228E-03

** DESLOCAMENTOS DOS NOS DO COMPOSITO **

ROT Y

.00000E+00
DO000E+00
{00000E+00
LCO00EA+0D
.O0000E+00
11497E+00
A1543E4+00
.J1558BE+00
JA1573E+00
A1622E+00
AT7567E+00
A7514E+00
A 7493E+00
J7473E+00
17420E+00
J9635E+00
19676E+00
(19677E+00
968 1E+00

i




Capliiuio 10
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20 00000E+00 {O0000E+00 - 10121E+02 ~.15289E-03 JA9718E+00

21 .ODOOCEA00 {O0000E+00 - 15104E+02 -29269E-03 20661E+00

22 .00000E+GO L0000E+00 - 15109E+G2 - 25392E-03 20027E+00

23 .00C00E+O0 .00000E+00 - 15114E+02 -.39160E-03 A9971EA00

24 00000E+00 .00000E+00 - 15120E+02 - 18076E-03 JA9975E+00

25 00000E+GO LO0000E+00 - 15124E+02 -.38203E-03 19894E+Q0

26 00000E+GO O0000E+00 - 76515E+00 .G00GOE+00 0006OE+00
27  .OCOOOE+00 .00000E+00 -.26975E+01 .00000E+00 00000E+00
28  .00000E+0O0 .006G0E+00 - B4813E+01 .00000E~+00 O0000E+00
28 .00000E+00 OGOOCE+DD - 11760E+02 .O0000E~+00 O0000E-+00
30 .0000CE+00 .00GOOE+00 - 77040E+00 .00000E+00 LO0000E+00
31 .00000E+00 .00000E+00 - 27095E+01 .00000E+00 .D00Q0E-+Q0
32 .00000E+00 O0000E+00 - 84912E+01 .0000CE+00 00000E+00
33 .00000E+00 .0Q00CE+00 - 11773E+02 .00GOOE+Q0 O0000E+00

** BESFORCOS DOS NOS DO COMPOSITO *#
NO NX NY NXY MXX MYY MXY QY QX
wx | %

1 .00000E+QQ .00000E+0G .00000E+00 47796E+05 .00000E+00 35557E+02 00000E+00-94851E+03

13 .00000E+00 00000E+00 . G0000E+00 [ 10410E+05- 48881E+01 55041E+02- 4691 7TE+02- 48889E+03
3 GO000EA+00 .00000E+00 .GOG00E+00 47901E+05 .00000E+00 33113E+02 .00000E+00- 10264E-+04

7 .00000EAGG .00000E+00 .00000E+00 29103E+05-.24441E+01 45299E+02 [10349E+02-.75251E+03

& .00000E+00 .00000E+00 .GO000CE+(0 29155E+03-.24441E+01 44077E+02 | 13090E+02- 75764E+03

2 .00000E~+00 .00000E+C0 .0000CE+00 .47848E+05 .00000E+00 34335E+02 .00000E~+(0-.99035E+03
26 .00000E+00 .000C0E+0G .00000E+00 35369E+05- 16294E+01 41237E+02 | 15630E+02- 83758E+03

#% 9 k%

1 .00000E+00 .00000E+00 00000E+00 47370E+05-.11737E+03 30706E+03 99504E+02- 10480E+04
11 .00000E+00 000GOE+00 00000E+00 . 11187E+05 91455E+02- 18894E+03 . 10099E+02- 49957E+03
13 .00000E~+G0 .0O000E+G0 .00000E+00 10529E+05- 63089E+02 24597E+02- 81018E+01-.52770E+03
6 .00000E+00 .00000E+00 00000E+00 29279E+05- 12955E+02 59060E+02-.23304E+02-. 77380E+(3
12 .00000E+0G0 00000E+C0 .00000E+00 10858E+05 . 14183E+02- 82172E+02 99876E+00- 50492E+03
7 0000CE+00 .00000E+00 00000E+00 28950E+05-,90227E+02 . 16583E+03-.90950E+01-.73306E+03
27 00000E+00 G0000E+00 00000E+00 23029E+05-29660E+02 47572E+02- 25234E+02- 663 54E+03

LE

11 .G0000E+00 .00000E-+00 00000E-+00  10284E+05 .91455E+02- 16342E+03 . 10099E+02- 42030E+G3

23
13
17
18
12
28

.000COE+00
O0000E+00
L00000E+00
.00000E+00
O0000E+00
.00000E+00

2% 4 k*

i1
21

.BO000E+Q0
.O0G00E+00

.00000E+00
O0000E+0G
00000E+0G
000Q0E+00
.00000E+00
.O0000E+00

.00000E+00
.00000E+00

.Q0000E+00-.21698E+04 . 21691E+02 . 10014E+03-.37470E+02-. 15603E+02
.00000E+0¢ . 10429E+05-.63089E+02-.11900E+02- 81018E+01- 51618E+03
O0000E+0G 40573E-+04 56573E+02- 31637E+02 | 14188E+02-.24582E+03
.00000E+0G 41298E-+04- 20699E+02 44121E+02 46330BE+01- 26589E+03
O0000E-+00 103537E+05 [14183E+02- 87658E+02 90876E+00- 50971E+03
LO0000E+)0 .61813E+04  16686E+02-.25058E+02 . 12750E+02-.34818E+03

.00000E+00 96282E+04- 90675E+02 25571E+03 | 13072E+03- 534092E+03
.00000E+00- 13163E+04- 423270+02-,53810E+02 35584E+02- 353665E+02

179




Capiiulo
Calculo dos esforgos e desiocamentos do capitul

45
H

0
05

23 .00000E+00 00000E+00 00000E+00- 18151E+04 75297E+02- 10401E+03 31847E+02- 84921E+02
16 .00000E+00 .00000E+00 .00000E+00 41560E+04- 66501E+02 . 10095E+03-.25238E+02- 28829E+03
22 .00000E-+00 (00000E+0C .00000E+00-. 1565TE+04 16485E+02-.78911E+02 .33716E+02 . 10307E+02
17 .0000CE~+00 00000E-+00 .00000E+00 .39066E+04- 76887E+01 . 75849FE+02- 91065E+01- 22253E+03
29 00000E+Q0 .Q0000E+00 .00000E+00 21656E+04- 19235E+02 32630E+02-.22296E+02- 14895E+03

wx g ok
3 .00000E+00 .00000E+00 .00000E+00 48118E+05 .00000E+00 48803E+02 .00000E+00- 96034E+03
15 00000E-00 00000E+00 00000E+00 96224E+04- 8681 1E+02 21771E+03- 10095E+03- 47951 E+03
5 .00000E+C0 .00000E+00 .0000CE+00 48446E+05 .00000E+00 53978E+01 00000E+G0-.9687TEH(3
9 .00000E+00 00000E+00 00000E+00 28870E+05- 43405E+02 | 13326E+03-.29531E+01- 767448403
10 .0CO00E+00 .CO0COE+00 O0000E+G0 . 29034E+05-.43405E+02 [ 11156E+03 16013E+02-.72414E+03
4 00000E-+00 .Q0000E-+00 .00000E+00 48282E+05 .00000E+00 .27101E+02 .00000E+00- 10012E+04
30 0CO00E+00 .00000E+00 00000E+00 .35395E+05-.28937E+02 90638E+02 17021E+02-.84027E+03

*% g oKk

3 O0000EA00 .00000E+00 00000E+00 47901E+05 31381E-+02 14178E+03 .66042E+02- 10264E+04
13 .O0000E+00 .GO000E+00 .00000E+00 .10410E+05-29302E+02- 51369E+01 .13518E+02-.48889E+03
15 .00000E+00 00000EA+00 O0000E+00 101 78E+03 76924E+02-.141 72E+03- 4851 7E+01-. 57560E+03
8 .GOGOOE+00 .00000E+00 .00000E+00 .29155E+05 . 10396E+01 68320E+02- 91080E~+01-.75764E+03
14 00000E+00 ,00000E+00 .00000E+00 . 10294E+05 23811 E+02- 73430E+02 43334E+01- 48741E+03
9 Q0000E+00 00000E+00 GO000E+00 29039E+05 54153E+02 .26839E-01-.23501E+02-.74690E+03

31 .00000E+00 .0O0O0E+00 00000E+00 22829E+05 26335E+02- 16944E-+01- 20868E+02- 65299E+03

wE 7 k%

13 .0D000E-+00 .GOCC0E+00 00000E+00 . 10596E+05-.29302E+02 .92538E+01 .13518E+02-.47014E-+03
25 .O0000EAG0 .G0000E+00 O0000E+G0-.29524E+04- 967T40E+02 26121 E+03- 1073 1E+03 20776E+02
15 .00000E+00 .00000E+00 .00000E+00 . 11198E+05 . 76924E+02- 18382E+03-. 4851 7E+01-.49866E+03
19 _00000E+00 .00000E-+00 .00000E+00 .38218E+04- 63021E+02 . 13523E+03- 37054E+01- 26787E+03
20 .Q0COOE+00 .0000CE+0Q0 G000CE+00 41227E+04- 99080E+01 38692E+02 23146E+02- 23894E+(3
14 Q0000E+00 .00C00E+00 .00000E+00 10897E+05 .23811E+02- 87285E+02 43334E+01-.49028E+03
32 O000OE+00 O0000E+00 00000E+00 62805E+04-. 16373E-+-02 28879E+02 21526E+02- 33782E+03

L3 8**

13 .00000E~+00 .00C00E+00 00000E+00 10429E+05 . 14272E+02 . 70814E+02 59555E+02-.31618E+03
23 _00000E+00 .00000E+00 Q0000E+00-.21698E+04- 13897E+03 .11091E+03 B9784E+01-.15603E+02
25 _0O0GUE+Q0 .00000E+00 GOCO0E+D0-.21687E+04 | 13578E+03-24691E+03 47173E+02- 13370E+03
18 .O0000E+00 O0000E+00 .Q0000E+00 41298E+04- 62340E+02 . 90864E+02- 41213E-01- 26589E+03
24 .00000E+C0 .C00C0E+00 00000E+00- 21693E+04- 15950E+01- 67999E+02 28076E-+02 28672E+02
19 Q0OOCE~+00 .00CO0E+00 .00000E+00 41304E+04 | 75024E+02- 88048E+02- 30031 E+02-.24134E+03
33 .00000E+00 GUOC0EHDIO Q0000E+00 20303E+04 36941E+01-.21728E+02- 13744E+02- 13884E+03

130




Capitulo 10
Calculo dos esforcos e desiccamentos do capliuio 5

Exemplo 7.-
# % ok Rgkkkddckkkkkdgkkkkkhkskkdk
EE X 2 #
¥ ook xEEER L AMIST 220 *
PR T T T ®

£ * Faekrdokd R godok B R R ok Rk Rk ok gl Rk

LAMInated composite STructures

$35$35555555553555353335555335553333555355535583553583353885553383
> ONE LAMINATED COMPOSITED & EIGHT ELEMENT  <e<electe
35555353555 555555555355338 8885358355555 55553555853555355553385858

PROGRAM FOR LAMINATED COMPOSITE STRUCTURES
POS-GRADUACAQ 95-98 UNICAMP-BRASIL-PERU

MSe. LUIS GILBERT SEDANO TAPIA

wkxgkrh ik s ANATLYSIS OF PLATES *##ssskdomions
wxwkkns WITH TRIANGULAR FINITE ELEMENT ###xss
rwkkikk SIX NODAL OF FIVE GRADE LIBERTY #¥###x#*
#hrkxd AND THE SEVENTY NODAL CENTRAL ###k#s
wxgdnkiks WITH ONE GRADE OF LIBERTY ##¥#%#x#+
HEEEARR (0 0,W7,0,0). TOTAL GRADES %k skt
sagxrerkx OF LIBERTY 35 (7%5), #¥skxsnis

#* ELEMENT GENERATION AUTOMATIC **

ELEMENT NODE NUMBERS
No. NOI NO2 NO3 NG4 NO3 NG6 NO7

1 1 13 3 7 8 2 26

2 111 13 6 12 7 27
3 11 23 13 17 18 12 28
4 1T 21 23 16 22 17 29
5 3 15 5 9 10 4 30

6 3 1315 8 14 9 31
7 13 .25 15 1% 20 14 32
8 13 23 25 18 24 19 33

** BOUNDARY CONDITIONS **

POINT u v w THETAX THETAY




Capliule 10
Caleulo dos esforcos e desiocamentos do capitulo 5

I 1 1 1 1 1
4 1 1 1 1
5 1 i 1 i 1

** COEFFICIENT OF CORRECTION CC44 CC55 **

CC44 = B333000E+00 CC45= .0000000E+0Q

CC54 = _0000000E+G0  CC35= 8333000E+00

** LOADS POINTS ON THE NODAL **

NO DIRX DIRY DIR.Z ROT.X ROTY
21 .00 060 -.08 G0 00
22 .00 .00 ~08 GO .00
23 .00 00 -.08 .00 .00
24 00 .00 -.08 0o .00
25 .00 .00 -08 .00 00

** NUMBERT OF MATERIAL= 1

EEEE LSS R LR LSS SR EE R EET IR SIS E LS EEEEE LS L]

o Kok
% CC44,CC45,CC54,CC35 18 SIGNIFICANTLY  **
% EE3
#% [ ESS FOR -> kij <1 (RATIO Kij) 3
Bk T
e S
E kij = . 10000E~+01 wE
Lad *%

BcRk R A AR R R Rk R R R Rk Rk kA ok ks Ak ok

** DESLOCAMENTOS DOS NOS DO COMPOSITO ##

NO  DESLX DESLY DESL.Z ROT. X ROT. Y

1 .00000E+00 J00GOE+00 LO0000E+00 00000E+00 00000E+00
2 .00000E+Q0 O0000E+00 D0000E+00 .00000E+00 D0000E+00
3 .00000E+00 .0000CE+00 O0000EAG0 D0000E+00 {000GOEHI0
4 Q0000EA+00 BO00CGE+00 .O0000E+00 D0000E+0G {OO000E+D0
5 .Q0000E-+00 .L0000E+00 .00000E+00 .00000E+00 .0O0COE+00
6 .00000E+00 LO0000E+00 -.59748E+01 -.56848E-02 28031E+02
7 00000E+00 0000000 -.39754E+01 -.56600E-02 2B031E+02
8§  00000E+00 {00000E+0Q - 59759E+01 -.52698E-02 28032E+02
o .CO000E+Q0 .00000EA+00 -.59766E401 -.50413E-02 28033E-+02
10 .00000E+00 00000E+G0 - 59771E+01 -.49329E-02 .2BO34E+02
11 .00GGOE+GO .O0000E+00 -21560E+02 - 24963E-01 A48054E+02
12 .O0GGOE+00 00000EA+00 - 21562E+02 - 1T724E-01 480S1E+02
13 .00GOOE+GO .00000E+00 - 21563E+02 - 12878E-01 AB05TE+G2
14 .000GCEH00 .00000E+00 - 21564E+02 -.12347E-01 A4B055H+02
15 O0000E+HDO L000GEA00 -.21564E+62 - 10424E-01 A8050E-+02
16 .000D0E+00 O0000E+00 - 43554E+02 90584E-02 GOOS6E+O2

e

Pt




Capitulo

&
H

Calculo dos esforgos e deslocamentos do capliuio

s

L
s
e,
f

17 .00COOE+00 .0O0GOE+00 -.43554H+02 - 4T101E-03 60067E+H02
18 .GO00OE+Q0 000O0E+GO - 43555E+02 -.17400E-01 BD06SE+(2
i%  .0000CE+00 .GOOGOE+GG -43556E+02 -.31550E-01 H0060E+02
20 .00000E+00 .00000E+00 - 43561E+02 ~37409E-01 60070E+02
21 .00000E+Q0 0GO00EAO0 -.687T0E+02 16202E+00 64105E+02
22 Q000CE+Q0 GO000EAQ0 - 68747TE+02 92172E-01 BA0TSE+02
23 .Q0000E+00 .00000E+00 - 68744E+02 ~T9T4TE-02 64035E+02
24  .GOOQCE+Q0 .00000E+Q0 ~ 68749E+02 - 10941E+00 64059E+02
25  .00000E~+00 .00000E+00 - .68774E+02 - 18027E+00 G4102E+02
26  .00000E+O0 O0000E+00 - 275T7E+01 .00000E+00 .D000CE+00
27 .00000E+00 .00000E+00 - 10261E+02 .00000EA+00 .COCCOE+00
28  .0Q000E+OC .O0000E+00 - 35709E+02 .O0000E+00 .00000E+00)
29 Q000CE+00 .00000E+00 ~51755E+02 .OC000E+G0 .00CGOE+00
30 _0OCOOE+00 00000E+00 - 27584E+01 00000E+00 0000000
31 .00000E+00 LO000CE+00 - 10262E+02 .00000E+00 .00000E+00
32 .0O00CE-+QO .O0000E+(}0 -35712E+02 00000E+00 .00000E+00
33 .00000E~+0O O0000E+00 - 51757E+02 O0000E-+00 .00000E+GO
* ESFORCOS DOS NOS DO COMPOSITO **
*k Pp H#
NO NX NY NXY MXX MYY MXY QY Qx
wE ] EE

1 .00000E+00 .00000E+00 ,00000E+00 1601 7E+01 .00000E+00 12202E-03 .00000E+G0- 99580E+00
13 Q0000E+00 (00000E+00 .00000E+00 801 11E+00-.15607E-03 .41552E-03- 26901 E-02- 10002E+01
3 00000E+00 00000E+00 00000E+00 . 16018E-+01 .00000E+00 . 10251E-03 .00000E+00-.10029E+01
7 Q0000E+00 00000E+00 00G00E+00 [ 12014E-+01- 78033E-04 26877E-03 [15209E-02- 99873E+00

§ .00000E+00 .00000E+00 O0000E+00 _12014E+01- 78033E-04 25902E-03 41866E-03- 10016E+01

2 .O0000E+00 .00000E+00 .QGOO0E+00 (16017E-+01 .00000E+00 .11226E-03 .00000E+00-.99942E+00
26 .00000E+00 .00000E+C0 .00000E+00 | 13348E+01-.32022E-04 21335E-03 . 11609E-02-.99999E+00

wE g kA
1 .Q0000E+00 .G0000E+00 0000CE+HD0 16017E+01 (11985E-02- 18190E-03 24212E-02-99641E-+00
11 0COO0E+Q0 .00000E+00 .00000E+00 80096E+00- 16870E-02- 67751E-04 .21040E-01-.98333E+00
13 .00000E+00 .00000E+00 ,00000E+00 (BOOGBE+Q0-, 72086E-03 .13442E-02-. 11480E-01- 99804E+00
6 00000E+00 .00000E+00 GO000E+00 | 12014E+01- 24426E-03-.1245%4E-03-,56852E-02- 98997E+00
12 00COOE+0G .000GOE+00 .00000E+00 .BO082E+00- 12084E-02 .63821E-03 47799E-02- 16084E+0]
7 .00000E+00 00000E+00 00000E+00 .12012E+01 23430E-03 |58125E-03 35906E-02- 99925E+00
27 .00000E+00 .Q0000E+00 .Q0000E+00 . 10678E+01-.40613E-03 36484E-03-.13776E-03-.10014E+01

11
23
13
17
18
12
28

w0

i1
21

0D000E+00
H0000E00
Q0000E+00
{00000E+0C
.00000E+00
.00000E+00
{00000E+00

4 #*
{00000E+00
{00000E+00

.00000E+00
.00000E+00
.00000E+00
.00000E+00
00000E+00
.O0000E-+00
D0000E+00

.00000EA+GO
.000GOE+00

0000CE+00

.00000E+00-
O0000E-+00
.O0000E+00
00000E+00
QO0000E+00
O00C0E+00

.O0000E+00
.00000E+00

.B0211E+00- 16870E-02-.15212E-02 21080E-01-.98329E+00
24396E-02 79801E-02- 89559E-03 .20931E-01-.99616E+00
.80134E+00- 72986E-03 . 13406E-02-.11520E-01- 95508E+00
39983E+00 31466E-02- 12084E-02-.45059E-02- 98332E-+00
39945E+00 36251E-02 22252E-03 42120E-02-.97559E+00
BOT72E+00- 12084E-02- 90282E-04 47799E-02- 97898E+00
533678400 . 18544E-02- 35872E-03-.13941E-02- 97969E+00

ST9890E+00- 13188E-01 .63294E-02 29811E-G1-.98548E+00
36500E-02 . 10941E-01-.78859E-02 .64741E+00-.12204E+01

T

Lid




Capitule 10
Calculo dos esforgos e deslocamenics do capitule &

1

23 .00000E+00 G0000E+00 .GOOCOE+00- 484 18E-03 .23059E-01-.66916E-02-.29245E+00-,91778E+00
16 .00000E+00 G0000E+00 .Q0000E+00 40127E+00-.11235E-02-.77828E-03-.13280E+00-.11029E+01
22 .O0000E+00 00000E+00 .00000E+00 .15828E-02 . 17000E-01-.72888E-02 . 17748E+00-.93472E+00
17 .O0000EA+00 00000E+00 .00000E+00 39921E+00 49353E-02-.18114E-03 .93242E-01-,10078E+01
29 00000E+00 Q0000E+0C 0O000E+Q) 26735E+00 69372E-02- 27494E-02 | 18348E-01-.10065E+01

kR g Kk
3 .00000E+00 .00000E+00 00000E+00 . 16021E+01 .00000E+00 .12176E-03 .00000E+00- 99702E+00
15 .00000E+Q0 .00000E+00 .00000E+00 B0039E+00-43352E-04 20340E-03-12120E-02- 10107E+01
5 (Q0000EA+C0 00000E+00 OG000E+00 (16021E+01 .00000E+00 .11634E-03 .00G00E+00- 10057E+01
9 .00000E+00 00000E+00 .Q0000E+00 . 12012E+01- 21676E-04 [ 16258E-03- 67136E-03- 10038E+01
10 .00000E+00 .00000E+00 .00000E+GD .12013E+01-.21676E-04 . 15987H-03 | 12B05E-02- 10082E+01
4 00000E-+0C 00000EA+Q0 00000E+00 . 16021E+01 .00000E+00 .11905E-03 .00000E-+00-. 10017E+0]
3G .DOOOOE+Q0 Q0000E+00 .000C0E+00 [ 13349E+01-.14451E-04 14717E-03 38097E-03-.10046E+01

LE I
3 .00000E-+00 00000E+00 00000E+00 | 16018E+01 15401 E-03 .74605E-03 .23649E-01-.10029E+01
13 . 00000E+00 . GOOOOE+00 .Q0000E+00 801 11E+00 33003E-04 19122E-03 28164E-01- 10002E+01
15 .00000E+00 00000E+Q0 .00000E+00 80077E+00- 52379E-03-.50117E-03 .16601E-01-.10152E+01
8 .0O000E-+0D O0000E+00 CO000E+00 [ 12014E+01 93505804 46863E-(3- 72169E-02- 10016E+01
14 00000E+C0O ,CO000E+00 .00000E-+00 . B0004E+00-.245339E-03- 15509E-03 22402E-01- 10002E+01
9 .GO000E+00 .00000E+00 00000EA00 [ 12013E+01-.18480E-03 .12233E-03-.50214E-02-.10028E+01
31 .GO0COE+00 00000E+00G .Q0000E+G0  10679E+01-,11226E-03 .14529E-03- 31042E-02- 10000E+(1

*k 7 HE
13 .Q0000E+00 00000E+G0 G0000E+00 | 79920E+00 33003E-04- 1 1913E-02 28164E-01-97915E+00
25 .00000E+00 0G000E+00 .00000E+00 | 18634E-02 25891E-02 .73410E-02 99707E-01-.11394E+01
15 .0000C0E+00 .00000E+00 .00000E+00 BOOT {E+00-,52379E-03- 14794E-02 . 16601E-01- 99735E+00
19 .00000E-+00 QO000E+00 G0000E+C0 40053E-+00 (13110E-02 30749E-02-36367E-01-.10342E+01
20 .00000E+00 00000E+00 .00000E+00 40129E+00 [ 10327E-02 29307E-02-.13041E-01- 10684E+01
14 .00000E+00 .00000E+00 .00000E+00 . 7T9996E+H00-.24539E-03- 13354E-02 22402E-01- 98 141E+00
32 00GOOE+00 .00000E+G0 .00000E+00 | 53393E+00 .69943E-03 .15567E-02- 28234E-01- 10245E+01

Fhg oW
13 .00000E-+00 .0CCO0E+H)0 .00000E+0G .BO134E+00-.11570E-01-.40137E-02-.68121E-01- 95508E+00
23 .00000E+00 .QOC00E+CC .00000E+00-.24396E-02 23346E-01 .10545E-02 . 24098E+00-.99616E+00
25 O0000E+00 GGO00E+O0 00000E+00 44298E-03 . 11114E-01 91162E-02-.62553E+00- 95800E+00
18 .O00GOE+00 000C0E+00 .00000E+00 39945E+00 58878E-02- 14796E-02- 56656E-01-.97562E+00
24 .00000E+00 00000E+00 G0000E+00-.99840E-03 17230E-01 50853E-02-.19227E+00- 89475E+00
19 .00000E+00 00000E+00 .00000E+(0 .40089E+00- 22806E-03 .25513E-02 .11567E+00-, 10722E+01
33 .00000E+00 00000E+00 00000E+00 26645E+00 76209E-02 . 20523E-02- 90133E-02- 98462E+00
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Capituio 10
Céiculo dos esforcos e deslocamentos do capitulo 5

Exemplo 8.-

* ok sk etk skl o ok sk ok ok ok o o ok ok sk ko OK B
e o B ok *
*oox wdwkk T AMIST 2.20
* dkkdokw *
#« % ol e ok A kR R kbR ok Rk Rk A R R

LAMInated composite STructures

AREARSANARRAIRRRASI AR R ARIAMAIEE AR RIRRARRIIIEREE AR PR RFAR ST RS SRR R
S>> ONE LAMINATED COMPOSITED & EIGHT ELEMENT  <-<-<se
$35555555353555555353535355555555555553533353555353355355335898553

PROGRAM FOR LAMINATED COMPOSITE STRUCTURES
POS-GRADUACAO 95-98 UNICAMP-BRASIL-PERU

MSec. LUIS GILBERT SEDANO TAPIA

ok ek e ok AR ok ok ANAIJYSIS OF PLATES L2 2 P23
#adksrr WITH TRIANGULAR FINITE ELEMENT *r##%
*rrxxax SIX NODAL OF FIVE GRADE LIBERTY ##*#&sx
irsek AND THE SEVENTY NODAL CENTRAL ##x¥*#®
*3dkwsid WITH ONE GRADE OF LIBERTY #¥#hcik
FrEREEE (0,0,W7,0,0). TOTAL GRADES *##*#¥++

** ELEMENT GENERATION AUTOMATIC **

ELEMENT NODE NUMBERS
No. NO1 NOZ NO3 NO4 NOS5S NOs NO7

1 1 13 3 7 8 2 26
2 i 11 13 6 12 7 27
3 1 23 13 17 18 12 28
4 11 21 23 16 22 17 29
5 315 5 9 10 4 30
6

7

8

[+

13 15 38 14 9 31

13 25 15 19 206 14 32

13 23 25 18 24 19 33

** BOUNDARY CONDITIONS **

POINT v v w THETAX THETAY

Lad ¥ e
—
sl
vt
—
—

Lol
A




** COEFFICIENT OF CORRECTION CC44 CCS55 *#

CCa4 =

CC54 =

.8333000E+00

.0000000E+00

CC45 =

CC55 =

0000000E+00

.8333000E+00

#* CARREGAMENTO DISTRIBUIDO *#*

Px

il

Py=

.0000CO0EA00

.0000000EAGO

Pz= - 1000000E+01

** NUMBERT OF MATERIAL=

EES ST S L 2 2 a2 A I IS SRS 2 RS L]

Aok
4%
Ak
5
##
R
*%
ok

CC44,CC45,CC54,CC55 18 SIGNIFICANTLY

LESS FOR -> kij <1 (RATIO Kij)

kij = .10000E+{1

*
#* %
4%
*k
*k
#*%
&
N

EETEE TSRS ERE SRS A L s TS S I I LRSS T T T ]

NO

Mol L BN B SRV NG

DESL.X

00000E+C0
.O0000E+00
00000E4+00
{O0000E+00
LO0OOE+O0
00000E+00
{00000E+00
.GOGOUEAO0
O0GO0E~+Q0
00000E+00
.00000E+00
OO000E+00
O0000E+00
O0000E+00
H0000E+00
.GO0COE+QQ
O0000E+Q0

DESLY

LGOOO0E+00
D0000E+00
.GO0GOE+00
.00000E+00
.COO00E+00
.00000E+00
.00000E+00
.00000E-+00
L0000E+00

.00000E+G0
000GE+00
LO0000E+Q0
D0000E+00
DO000E+00
.0000CE+00

.00000E~+00
.000GOE+00

DESL.Z

00000E+00
O0000E+00
D0000E+DO
.O0000E+00
.CO000E+Q0
- 44103E+01
-.44133E+01
- 44151E+01
-.44177E+01
- 44191E+01
- 14764E+02
- 14766E+02
- 14763E+02
- 14770E+02
= 14T72E+02
- 27641E+02
- 27644E+02

ROT. X

.00000E+00
.00000E+CO
O0000E+00
L00000EA00
.GOO00E+OG
-.23965E-01
-.22037E-01
- 20567E-01
- 18614E-01
- 16514E-01
- 15773E-01
-.18499E-01
-.21061E-01
-.23596E-01
- 26632E-01
- 23529E-01
-21672E-01

** DESLOCAMENTOS DOS NOS DO COMPOSITO **

ROT Y

D000CEA00
.00GOGE+09
JO0GOCE+00
.000GOE+00
.0000CE+Q0
A9T735E+H02
A9745E+02
A9734E+02
A9761E+02
ASTI3E+02
299326402
20915E+02
29901E+02
.29886E+02
29870E+02
33620E+02
33633E4+02



Calculo dos esforcos e deslocamentos do capitulc &

Capiivlo

r

i

O

18 00000E+H00 OO000E~+G0 - 27646E+02 -.20279E-01 33638E+02

19 OO0COE+00 .00000E+00 - 27648E+02 - 18708E-01 33646E+02

20 .O0000E+00 .00000E~+00 -.27650E+02 -.16802E-01 33656E+02

21 .00000E+O0 .00000E-+D0 -A41333E+02 - 21728E-01 34213E+02
22 .00000E+Q0 O0000E+00 - 41333E+02 -.25718E-01 34200E-+02
23 .00000E+00 .00000E+00 - 41335E+02 -.29924E-01 34169E+02
24 0GOODE+D0 00000E+00 -.41336E+02 -.32488E-01 34159E+02

25 000O0E+00 .00GGOE+00 - 41337E+02 -.36321E-01 34125E4+02

26  .00000E+00 .00000E-+00 -20932E+01 DO000EA+00 .O0000E+DO
27  .00000E+D0 00000E+00 - 73920E+01 GOOGOE+Q0 .GO00GOE+00
28  .00000E+Q0 L00000E+00 -23199E+02 O00GOE+00 .GOO00EAO0
29  00000E+O0 00000E+00  -32178E+02 D0000E+00 .00000E+00
30 .OO000EHO0 0000E+00 - 209525+01 .00GGOE~+00 Q0O00E+GO
31  .000GOE+00 O0000E+00 - 73982E+01 .00000E+00 .0000GE+00
32 .00000E+Q0 A00000E+00 - 23201E+02 .D0000E+00 00000E+00
33 .0000OE+00 .00000E+00 -.32184E+02 D0000E+GC 00000E-+00

** ESFORCOS DOS NOS DO COMPOSITO **
ek EL L3
NO NX NY NXY MXX MYY MXY QY Qx
& 1 o

1 00CO0E-+00 .00000E+00 .GOO00E+(0 . 12270E+01 D0000E+00 .83861E-03 .00000E+00-.15945E+01
13 .00000E-+00 00000E+00 .00000E+00 26715E+00-.58815E-03 . 14685E-02- 11808E+00-.78200E+00
3 .00000E+00 .00000E-+00 .00000E+00 .12279E+01 00000E+00 76509E-~03 .00000E-+00-.16151E+01]
7 .00000E+00 00000E+00 .00000E+0G  T4709E+00-.29407E-03 .11536E-02 . 13464E-01-.12068E+01
g .00000E+00 .00000E+00 .00000E+00 74751E+00-29407E-03 |11168E-02 .11547E-01-.11990E+01
2 .00000E+00 00000E+00 .00000E+00 . 12275E+01 .00000E+00 80185E-03 00000E+00-16033E+01
26 .G0000E+00 .CO000E+00 Q0000E+00 90735E+00-.19605E-03 . 10241E-02 24236E-01-.13391E+0]

* 2**

1 .00000E+00 00000E+00 00000E+00 [ 12252E+01-12999E-02 46786E-02 |15382F+00- 16329E+01
11 00000E+00 .00000E+00 .00000E+G0 27140E+00 56143E-03- 24868E-02 .61040E-03- 78748E+00
13 .00000E+00 .00000E+00 00000E+00 26862E+00 49621E-03-.16238E-02-.15507E-02- 81205E+00
6 .O0000E+00 .00000E+00 .00000E+00 . 74830E+00-36923E-03 | 10958E-02-.20521E-01-.12102E+01

12 .00000E+00Q .00000E+00 00000800 27001E+00 [ 52882E-03-.20553E-02- 47015E-03- 80363E+00
7 .00000E+00 00000E+G0 00000EA+GO 74691E+00- 40184E-03 |15274E-02-214776-01- 11981 E+01
27 .00000E+00 .Q0000E+00 .GO000E+00 58841E+00-.80749E-04 18931E-03- 35861E-01- 10684E+01

*H G KK

11 00000E+0G0 0G000E-+00 QO000E+00 26516E+00 . 56143E-03- 18323E-02 .63789E-03- 7633 1E+00
23 .00000E+0G0 GO000E+00 .00000E+00-53661E-01-.10861E-02 .29526E-02- 13463E+00 .51880E-02
13 .00000E+GC .0C000E-+00 .0C00CE+00 .26708E+00 49621E-03-.13995E-02-.15782E-02- 82288E+00
17 .00000E+00 .G0000E+00 .00000E+00 10575E+00-.26233E-03 56015E-03 . 19608E-01-.40319E+00
18 Q0000E+QC .GOOOCE+Q0 00000E+0G 10671E+00- 29494E-03 77654E-03 | 19198E-01- 40883E+00
12 .00000E+00 .00C0CE+00 00000E+C0 26612E+00 52882E-03-.16159E-02- 47016E-03- 80126E+00
28 O0000E+00 .00000E+00 .G0000E+00 . 13953E+00- 94839E-05- 93067E-04 34326E-0G1-.54136E+00

ded 4*$

11 Q000QE+00 00000E+00 00000E+00 26184E+00-.15625E-02 50695E-02 Z0678E-+00- 81484E-+00
21 .00000E-+00 00000E+Q0 .00000E+00- 47799E-01 . 77651E-03- 54139E-03 [ 70288E-01- 18286E-01



Capitulo 10
Calculo dos esforcos e deslocameantos do capitule

23 000O0E+00 00000E+00 00000E+00-.50366E~01 .8§6261E-03-38806E-02 .65943E-01-.49941E-01
16 .000Q0E+(0 00000E+00 00000E+00  10T02E+00- 39299E-03 22641E-02-.35202E-01-.41656E+00
22 .00000E-+00 .00000E+00 .00000E+00- 49083E-01 81956E-03- 22110E-02 .68116E-01 .46455E-02
17 .O00OGE+00 00000E+00 . 00000E+00  10574E+00-,34995E-03 .59447E-03- 34535E-01-38967E+00
29 00000E-+00 00000E+G0 .00000EA+00 54559E-01 25539E-04 213835E-03-38833E-01- 25818E+00

ok 5**

3 .00000E-+00 .GO000E+00 .00000EA+CG 12293E+01 .00000E+00 S9780E-03 .00000E+00-15812E+01
15 .00000E~+00 .00000E+00 00000E-+00 26293E+00-.84022E-03 .26274KE-02- 12213E+00- 80369E+00
5 00000E+00 00000E+00 .00000E+00 12305E+01 .00000E+00 .49278E-03 .00000E+00-.15807E+01
9 .00000E+00 .00000E-+00 00000E+00 74613E+00- 42011E-03 .16126E-02 87739E-02-.12099E+01
10 .00000E+00 Q0000E+00 00000E+00 7T4674E+00-42011E-03 .15601E-02 . 16351E-01-.11922E+01
4 00000E-+00 00000E+00 .00000E+00 . 12299E+01 00000E+00 .34529E-03 .00000E+00-.15829E+01
30 .00000E+00 00000E+00 00000E+00 S0760E+00-.28007E-03 [12393E-02 .24719E-01-.13305E+01

wk g ok
3 00COOE~+00 .00000E+00 00000E+00 .12279E+01- 13383E-02 .36472E-02 .13565E+00-.16151E+01
13 .00000E+00 00000E+00 .GO000E+00 26715E+00 45694E-03-.15358E-02 .80625E-02-.78293E+00
15 O0000E+00 .00G00E+00 00000E+00 26506E+00 65724E-03- 18053E-02-.27624E-02- 833 54E+00
8 .00000E+00 .00000E+00 .00000E+00 7475 1E+00-.44067E-03 .10557E-02-.22698E-01-.11950E+01
14 .00C00E+00 .00000E+00 .00000E+00 .26610E+00 .55709E-03-.16706E-02 .26638E-02- 80058E+00
9 00000E+00 .00000E+00 00000E+00 7464 7TE+00-,34053E-03 92087E-03-.23069E-01-.12019E+01
31 QO000E-+00 Q0CO0E+00 .00000E+00 . 58669E+00-.74702E-04 . 10197E-03-34832E-01- 10638E+01

sk p R

13 .00000E~+00 .GOO0CE+00 .GO000E+0G .26963E+00 45694E-03-.16628E-02 80625E-02- 77551E+00
25 .G0000E+00 .00000E+00 00000E+00- 59503E-01-.13194E-02 43553E-02- 16029E+00-34161E-02
15 .00000E+O0 .00000E+00 .00000E+00 27227E+00 .65724E-03-.24038E-02- 27624E-02- B00YTEH00
19 .00000E+00 00000E+00 00000E+00  10506E+00- 43121E-03 |13462E-02 . 12696E-01-.41165E+00
20 00000E+00 .00000E+00 .00000E+00 ,10639E+00-33106E-03 .97570E-03 22672E-01- 40219E+00
14 00000E+00 .00000E+00 .00000E+00 27095E+H00 55709E-03-.20334E-02 . 26638E-02-.78771E+00
32 00000E-00 .00000E-+00 00000E+00  16080E+00- 68393E-04 96192E-04 34010E-01-.53626E+00

R Q ok

13 .Q00C0E+00 .000GOE+GO 00000E+00 26708E+00-.12681E-02 36564E-02 | 19752E+00- 82288E+00
23 .0O000E+00 .00000E+00 .00000E+00-.53661E-01 38607E-03 56983E-03 .65243E-01 .51880E-02
25 000C0E+00 GOO0OE+00 .00000E+00- 55465E-01 .89339E-03-39979E-02 B0397E-01-.63571E-01
18 .0C000E+00 .00000E+C0O .00000E+00 . 10671E+00-.44103E-03 .21131E-02-33781E-01- 40884E+00
24 Q0000EHOQ 00000E+0D .00000E+00-.54363E-01 63973E-03-.17140E-02 72820E-01 . 17761E-01
19 .00000E+00 .00000E+00 00000E+00 (1058 1E+00-.18737E-03-.17073E-03- 40533E-01-.39835E+00
33 .000GOE+00 .OG0000E+G0 00000E+00 52650E-01 37743E.05 76123E-04- 38846E-01- 25298 E+0{0

il
Lad
prows




Capitulo 10
Calcuio dos esforcos e deslocamenios do capitulo 5

Exemplo 9.-
ok ok kmckohdckmiddkdkinh ke kR Rk r e R EE
ksl *
Bk wmkkd P AMIST 220 *
& kEakE *

w # she sie s 3¢ 28 38 o ofe e s ofe o o e v ke e ol o e e ol s e A R Ok

LAMInated composite  STructures

$555553555555555355555535555PP5EITTTIITTFIETSTEEIIFEIIET558338
s> TWO LAMINATED COMPOSITED EIGHT ELEMENT Ll
35335533855 5955 555835555355 985535533555555553555353383333353555583

PROGRAM FOR LAMINATED COMPOSITE STRUCTURES
POS-GRADUACAQ 95.98 UNICAMP-BRASIL-PERU

MSe. LUIS GILBERT SEDANO TAPIA
** ELEMENT GENERATION AUTOMATIC **

ELEMENT NODE NUMBERS
No. NO1 NO2Z NO3 NO4 NOS5 NO6 NO7

1 T 13 3 7 8 2 26

2 1 11 13 6 12 7 27
3 13 11 21 12 16 17 28
4 13 21 23 17 22 18 29
3 5 3 13 4 8 9 30

6 5 13 15 ¢ 14 16 31
7 13 .25 15 19 20 14 32
8 13 23 25 18 24 19 33

** BOUNDARY CONDITIONS **

POINT u v w THETAX THETAY

1 1 1 1 1 1
2 1 1 1 1 1
301 1 1 1 1
4 1 1 1 1 1
ST B 1 1 1
& 1 1 1 1 i
10 1 1 1 i i
1t 1 1 1 i 1
5 1 1 1 i 1
i t 1 1 i 1
20 1 1 1 1 1

13%




Calculo dos esforcos e desiocamentos do capl §: ke

o 10
5

21
22
23
24
25

[T PSR S

e R ]
ok fpart pad hosd e

St ol bmad e

o pud baaed s ek

** COEFFICIENT OF CORRECTION CC44 C(C55 **

CC44 =

CC54 =

.B333000E+00

.D000000E+00

CC45 =

CC55 =

=% CARREGAMENTO DISTRIBUID(Q **

Px

Py=

Pz=

i

.0000000E+00

.0000000E+00

- 10600000E+03

** NUMBERT OF MATERIAL=

ek kokohhk ok ke hhokR Rk ke ke kokk ok kkkk kR k Rk kR kRE

K

1

** CC44,CC45,CC34,CC55 1S SIGNIFICANTLY

ke
P
sk
'L
s
#ok

LESS FOR > kij<1 (RATIO Kij)

kij = .10000E+01

.0000000E+00

.8333000E+00

*%
ey
g
s
%k
#k
e
£+ 3

ESEEEE S EE ST EE I ES LIS LT EEEE ST LS

** NUMBERT OF MATERIAL=

Aok ok e ek desk ok ko ok ek S sk R ok deokodeok ok ko ks ke kel ke ke ke ke ok

ook
B
ok
5
*k
e
EE 3
#k

2

CC44,0C45,CC54,CC55 1S SIGNIFICANTLY

LESS FOR -> kij <1 (RATIO Kij)

kij = . 10000E+01

b3
e
wk
e
*ok
Ak
P
sk

oot ot o o e ot ok R o o o o o R o Sl e ol ol e e o o ook ok o sl e o o ok ok ok

NO

L N

DESLX

O0000E+00
O0000E+00
D0CO0E+00
L00000E+00
O00Q0E+00

DESLY

.O0000E+00
.O00GOE+00
Q00000E+00
LO0000E+00
00000E+00

DESL Z

00000E+00
00000E+00
O0000E+00
GOGOOE+GG
.00000E-+00

ROT. X

.O0000E+G0
.00000E+GG
.GOCO0E~+CO
LO0000E+00
O0000E+00

#* DESLOCAMENTOS DOS NOS DO COMPOSITO **

ROT. Y

.O0000E+0G
O0000E+0G
.00000EA+00
.0000DE+00
O00G0E+00

140




Capitulo 10

Caloule dos esforges e deslocamentos do capifuio 8

6 .QUOGOE+00 .00GO0EA+Q0 .GO000E+OG .00000E+00 LQ0000E+00
7 -64145E-03 -.64145E-03 ~17184E-01 - 67837E-02 B67837E-02

8§ -.46286E-09 - 11731E-.02 -.24028E-01 - 45355E-08 .12386E-01

9  .64143E-03 ~.64145E-03 -17184E-01 GT837E-02 6T83TE-02
10 .00000E+00 O0000E~+00 -00000E+00 .O0000E+00 O0000E+00
11 .00000E+QC O0000E+00 O0000E+00 .Q0000E+00 O0000E+00
12 -11731E-02 12508E-09 -.24028E-01 -.12386E-01 - 22463E-08
13 - 78983E-09 .63558E-09 - 43779E-01 - 75462E-08 -.10043E-07
14 11731E-02 26969E-09 - 24028E-01 .12386E-01 - 31667E-08
15 .00000E-+00 00000E+00 LO0000E-+G0 .GO00CE+00 L00000E+0G
16 00000E+00 .00000E+00 D0000E+00 .00000E+00 .0D000E+00
17 -64145E-03 64 145E-03 - 17184E-01 -.67837E-02 -.67837E-02
18 -.49602E-09 A1731E-02 -.24028E-01 ~ 12544E-08 -.12386E.01
19 .64145E-03 54145E-03 ~.17184E-01 67837TE-02 -.67837E-0G2
20 .Q0000E+Q0 O0000EA00 LO000E+00 00000E+00 00000E+00
21 .0000CE+CO 0000000 .00000E+00 L00000EA+00 .00000E+00
22 .00000E+00 L00000E+00 .O0000E+00 00000E+00 O0000E+00
23 .00000E+00 .0000GE+00 AO0000E+00 .O0000E+GO .O0000E+00
24 .00000E+00 LO0000E+00 GO000E+00 L00000E+00 00000E+00
25  .00COOE+Q0 Q0000E+00 .00000E+OG L00000E+00 .D0OGOE+Q0
26 . O0000E+00 .GO0GOE+00 - 12675E-01 .O0000E+00 LD0000E+00
27 00GO0E+00 000C0E+00 - 12675E-01 {O0000E+00 .GO00OE~00
2§  .00000E+Q0 -00000E+00 - 12675E-01 L0000E+00 LOCGOE+G0
29  O0000E+00 O0000E+00 - 12675E-01 .00000E-+00 .0000CE+00
30 OGOO0OE+00 O0000EA40G - 12675E-01 O0000E+00 G0000E+GO
31 .00000E+00 .O0000E+00 - 12675E-01 O0000E+00 H0000E+00
32 00000E+GO .00000E+00 - 12675E-01 .00000E~+00 .00000E+00
33 0000OE+(0 00000E+00 -.12675E-01 00000E+00 .D0000E+00

** ESFORCOS DOS NOS DO COMPOSITO **

wx R, %

NO  NX NY NXY MXX MYY MXY QY ox

H% E £

1-.90691E+02 .11457E-+0G3 [ 13224E+02 11125E+03 823 11E+02 96602E+02 00000E+00 .60795E+03
13 88514E+02- 81629E+02- 30957E+02- 28484E+03- 26093E-+03 . 79169E+02- 70306E+03 . 18186E+03
3 - 86854E-04-19256E-05 17731E+02 20253E+03 . 14968E+03 33057E-04 .00000E+00-33137E4+03

7 -.10889E+01 1647 1E+H02- 8R666E+01- 86791 E+02- 8931 1E+02 87885E+02 .11341E+03..72030E+02
§ 44257E+02- 40814E+02- 66128E+01-.41156E+02-.55628E+02 .39584E+02 BO913E+02-.74754E+02
2 - 45346E+02 57286E+02 .153478E+02  15689E+03 .11599E+03 48301E+02 .00000E+00-.35321E+03
26 - 72596E+00 . 1098 1E+02- 53697E-03 .96478E-+-01- 96479E+01 58590E+02 . 16537E+03-27316E+03

R 2 £33
1 . 11457E+03-.90693E+02 .13225E+02 82311E-+02 11125E+03 96602E+02 60795E+03 00000E+Q0
11 - 23095E-04-33916E-04 1773 1E+02 . 14968E-+03 20252E+03 | 10104E-05-.33137E+03 .00000E+00
13 ~.81631E+02 8BS11E+(2-30955E+02-.26093E+03-.28484E+03 79168E+02 . 18186E+03- 70306E+03
6 57285E+02-45346E+02 15478E+02 11599E+03 15689E+03 48301E+02-35322E+03 .00000E+00
12 - 40815E+02 44256E+02- 66121E+01- 55627E+02- 41156E+02 39584E402- 74754E-+02 80913E+02
7 . 16470E+02-.10906E+(1- 88650E+01-.893 11 E+02- 86790E+02 87885E+02-.72030E+02 .11541E+03
27 _10980E+02-.72710E+00 .29842E-03-.96479E+01 .96479E+01 .58500E+02- 27316E+03 .16337THA03

W 3**

13 .81629E+02-.88513E+02-.30956F+02-. 26093 E+03-.28484E+03- 791 69E+02 [18186E+03 . 70306E+03




.
Ls

apiulo 10
Calculo dos esforcos e dgeslocamentos doca

pituio 5

11 - 23095E-04-.33916E-04 . 17731E+02 14968E+03 20252E+03 . 10104E-05-33137E+03 .GO000E+00
21 - 11457E+03 90691E+02 [13225E+02 82311E+02 . 11125E+03-.96602E+02 60795E+03 .00000E+00
12 40B15E+02-.44256E+02-.66127E+01- 55628E+02-.41 1 56E+02- 39584E+02-. 74 754E+02- 80913E+02
16 -.57286E-+02 .45346E+02 15478E+02 . 11399E+03 [ 15689E+03- 48301E+02-35321E+03 .00000E+00
17 - 16471E+02 .10892E+01- 88659E+01- 893 11E-++02- 86791 E+02- 87885E+02- 72020E+02- 11541E+03
28 - 1098 1E-+02 72613E+00-.2959]1E-03-.96479E+01 .06479E+01-.58590E+02- 273 16E+03-.16537E+03

&k 4**

13 - 88514E+02 81629E+02-.30957E+02- 28484E-+03- 26093E+03-.79169E+02- T0306E+03-. 18186E+03
21 S0692E+02-.11457E+03 13225E+02 11126E+03 82311E+02- 96602E+02 .00000E+00- 60795E+03
23 12264E-02 \11309E-02 .17732E+02 20252E-+03 . 14968E+03 .12098E-03 00000E+00 33137E+03
17 10891E+01-.16471E+02- 88659F+01-.86791E+02-. 8931 1F+02- 87885E+02 | 11541E+03 .72030E+02
22 45346E-+02-57285E+02 | 15479E+02 .15689E+03 .11599E+03-.48301E+02 00000E+00 35321E+03
18 - 44256E+02 40815E+02-.66126E+01- 41156E+(2- S5627E+02- 39584E+02 .80913E+02 . 74754E+02
29 72647E+00- 10980E+02 48550E-04 56475E+01-.96479E+01- 58590E+02  16537E+03 .27316E+03

LR 5 k%

5 90692E+02-.11457E+03 [13224E+02 11126E+03 82311E+02- 96602E-+02 G0000E+00 .60795E+03
3 - B6854E-04-,19256E-05 . 17731E+02 20253E+03 .14968E+03 .33057E-04 .00000E+00-.33137E+03
13 -.88513E+02 .81629E+02- 30956E+02-. 28484403~ 26093E+03- 79169E+02 70306E+03 | 18186E+03
4 45346E+02-57285E+02 [15478E+02 .15680E+03 [ 11599E+03-.48301E+02 .00000E+00-.35322E+03
8 - 44257TE+02 40815E+02-.66124E+01-41 156E+02- 55628E+02-.39584E+02- B0014E+02-.74754E+02
9 10894E~+01-.16471E+02-.88660E+01- 86791 E+02-. 8931 1E+02- 8788 3E+02- 11541 E+03-.72030E+02
30 72627E+00-.10981E+02- 13840E-03 .96479E+01- 96479E+01-.38590E+02- 16537E+03-.27316E+03

¥ 6*$

5 - 11457E+03 90692E+02 13224E+02 82311E+02 .11125E+03-96602E+02- 60795E+03 .00000E+00
13 .31630E+02- 88312E+02- 30955E-+02- 26093E+03- 28484E+03- 79169E+02- 18186E+03- 70306E+03
15 .48364E-03 44818E-03 .17730E+02 .14968E+03 20252E+03 .81684E-04 33137E+03 .00000E+00

9 - 16470E+02 10901E+01-.88654E+01-. 89311 E+02- 86791 E+02- B7885E+02 . 72030E+02 .11541E+03
14 .40815E+02- 44256E+02-.66124E-+01- 55628E+02- 41156E+02- 39384E+02 . 74754E+02 80913E+02
10 -.57285E+02 45340E+02 . 15477E+02 .11599E+03 |15689E+03- 48301E+02 .35322E-+03 .00000E+00
31 - 10980E+02 . 72689E+00- 13821 E-03-96480E+01 .96478E+01-.58590E+02 .27316E+03 .16537E+03

% 7 EE

13 - 81631E+02 88511E+02- 30955E+02- 26093E+03- 28484E+03 79169E+02- 18186E+03 70306E+03
25 . 11457E+03-90691E+02 13225802 82311E-+02 11125E+03 96602E+02- 60796E+03 .00000E+00
15 48364E-03 44818E-03 .17730E+02 .14968E+03 20252E+03 .81684E-04 33137E+03 .00000E+00
19 .16471E+02-. 10899E+01- 88650E+01-.893 11 E+02- 86791 E+02 87883E+02 . 72029E+02- 11541E+(3
20 .57286E+02-453456+02 [15478E+02 .11599E+03 | 15680E+03 48301E+02 .35322E+03 .00000E+G0
14 - 40815E+02 .44256E+02- 66124E+01-.55628E+02- 41156E+02 39584FE+02 74754E+02- 80513E+02
32 _10981E+02-.72644E+00 .11468E-03-.96479E+01 96479E+01 .58590E+02 27316E+03-.16537E+03

Hk 8$$

13 88511E+02-.81631E+02-.30955E+02-.28484E+03-.26093E+03 .79168E+02 .70306E+03-.18186E+03
23 12264E-02 .11309E-02 .17732E+02 .20252E+03 | 14968E+03 .12098E-03 .00000E+00 33137E+03
25 - 90691E+02 . 11457E+03 [ 13225E+02 . 11126E+03 82311E+02 96602E+02 .00000E+00-.60796E+03
18 .44256E+02-40815E+02- 6611 7E+01-41156E+02- 55627E+02 39384E+02- BOO12E+U2 74754E+02
24 - 45345E+02 57286E+02 .153479E+02 . 15689E+03 [ 11599E+03 48301E+02 00000E+00 35321E+03
19 -.10899E+01 . 16470E+02- 88650E+01-.86790E+02- 89311 E+02 87885E+02-. 11541E+03 . 72030E+02
33 - 72620E+00 . 10981E+02 .64783E-03 .96480E-+01-.66478E+01 .58590E+02-, 16537E+03 27316E+03



Capituio 10

Céleulo dos Esforgos e deslocamentos do caplivie §

E3 * d Rk kkh ok okhk ko ddkhohkd kbR EhR
A A k¥ *
* * ¥kkkw T, A M I ST 2,20 *
* * 4k k% k3
* * kI hkbhk kT hhk kb ki bbb hr bkt i ik
LAMInated composite STructures

SRR R R R R R R R EEEE R EE R EEEE R EEEEEEEE R LR

== ONE LAMINATED COMPOSITED EIGHT ELEMENT L

CEEREEREEEEEEEE R R R EEEE R R R R R R R R

PROGRAM FOR LAMINATED CCOMPOSITE STRUCTURES
POS-GRADUACAQ 95-%8 UNICAMP-BRASIL-PERU

MSc¢, LUIS GILBERT 3EDANOC TAPIA
& ok ok ek ok ok ok Rk ok ANALYSIS OF PLATES deode ok ok ok ok gk ok ok ok ko
*HFkExkEs WITH TRIANGULAR FINITE ELEMENT , **¥* &%+
*kkkkkx STR NODAL OF FIVE GRADE LIBERTY *x¥kxks
kxkxkk AN THE SEVENTY NODARL CENTRAL **¥kx*
kkkxkxkk WITH ONE GRADE QF LIBERTY **dkdksiw

xkkkdEx (G, 0,W7,0,0). TOTAL GRADES ***x+#%%
kxkwkkkdk OF LIBERTY 35 (7%5), **xaxskw«

** INGRESS OF DATES AUTOMATIC OR MANUAL **
* BUTOMATIC {1] OR  MANUAL [2] = 1
HEHHH BB EHEH RS HEY

# INGRESS AUTOMATIC #
G S R SRS R

*%  GLOBAL DATA GECMETRY ¥+

* LENGTH X-DIRECTION= 100.,0000
* LENGTH Y-DIRECTION= 100,0000

* TOTAL THICKNESS= 10,0000

*% PROPERTY OF THE MATERIALS **
MAT. EL ET GLT VLT VTT

1 .1000E+08 L 1000E+06 .5000E+05 .00 .00

Fi

.00

e
Lt




Capitule 10

Calculo dos Esforcos e deslocamentos do capituic ©

*% ELEMENT GENERATION AUTOMATIC **

ELEMENT

No NOiI  NO2

1 1 i3

2 1 11

3 i1 23

4 11 21

5 3 i5

& 3 13

7 13 25

8 13 23

** COEFFICIENT CF CORRECTICN CC44

CC44 = .833300CE+00 CC45
CCh4 = .Q00C000E+00 CC55

*% CARREGAMENTO DISTRIBUIDO **

Px=  .0000000E+00
Py=  .000D000E+00
Pr= -.L1000C00E+02
*% NUMBERT OF MATERIAL= 1

NO3 NO4 NOS
3 7 8
13 6 iz
13 17 18
23 16 22
5 9 10
15 g 14
15 19 20
25 is 24
CChs **
= .0000000E+00
= .8333000E+00

NODE NUMBERS

hhkkhkk bk T Ak Ehkhkh kR khkh bk hdh ok h kb dkhkkddkdkdokdk

* *

*%  CC44,CC45,CC54,CC85 I8 SIGNIFICANTLY

* %

*%*  LESS FOR ->
* &

& *

o kij =
* %

kii < 1

.10000E+01

(RATIO Kif)

*
* K
* %
Lo
* &
* &
=K
ko

EE L S E S S RSP A S EE S S S SR EEREE SR EEEEEEEEEEEEE RS EEEEE]

NO DESL.X
ROT. ¥

1 .00000E+00
.00Q00E+CO

2 .00000E+CO
.O0000E+Q0

3 .G00C0E+0O
.00000E+CO

4 .00000E+GO
.O0000E+GO

NO6&

B ~1

17

14
12

NO7

26
27
28
29
30
31
3z
33

** DESLOCAMENTOS DOS NOS DO COMPGSITQO **

DESL.Y

. 00C00E+CO

.0000CE+DO

L.00000E+00

LO0C00E+00

DESL.Z

LO0000E+QQ

.00000DE+GO

.0C000E+00

.00000E+Q0

ROT. X

.CO0Q0E+0Q0

LOU00CE+0D

. GO000E+QO

.GO00CE+Q0
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5 .O0CO0E+QOC
.00G00E+00

6 .O0000E+00
.00000E+0Q

7 . 00000E+00
.20936E~-02

8 .00000E+00
.35713E-02

9 -00000E+00
.19355E-02

it .00000E+QO
.COCQOE+GO

11 . G0000E+C0
.0QOCO0E+00

12 .GO0000E+Q0
-.351248~-03

13 .0CO00E+0Q
~.33549E-08

i4 .00000E+00
.35123E-03

15 .00000E+QC
.000Q0E+GO

16 .00C00E+QO
.000C0E+00

17 LO0CO0E+CO
~.,193558-02

18 .000GOE+00
-,35713E-02

is .00C0CE+QQ
~.20936E-02

20 .QGO00E+0C
L00000E+00

21 .00000E+GO
.0000Q0E+00

22 .00CG0E+Q0
.00000E+00

23 L.CO000E+CO
.COQ00E+00

24 L.00000E+QO
L00000E+Q0Q

25 .00000E+00
L0C000E+0C

26 .CO0COE+0D
.00000E+QQ

27 .0C000E+0Q
.00000E+00

28 .QO0COE+GO
.0O000E+DD

29 .00000E+QC
.COO00DE+QO

30 .CO000E+GO
LO0COQ0E+QD

31 .O0C00E+00
.00000E+Q0

32 .QGOOCE+QD
,000COE+00

33 LO0000E+O0
.O0000E+QD

.00CC00E+00
.QCOGOE+QC
LOCO00E+QD
.COGOOE+0O
.CO000E+00
.00000E+0GO
-00000E+0Q
.QCO00E+QC
.00000E+00
.COCO0E+Q0
.00000E+C0
.0C0GCE+00
.000C0E+08
.00GO0E+0D
.QO000E+0Q0C
. CO0Q0E+0C
.O000COE+GO
.00G0COE+G0
.00000E+00
.0000CE+00
. COCGO0E+Q0
LO0C0GOE+QD
LO00C0E+0Q0
.00000E+QO
.00000E+GQ
.O000DBE+GO
.00000E+00
. 0000QCE+QQ

.000C0E+0C

i

t

[

H

1

{

.00000E+00

LOO000E+CO

.54110E-01

.73398E-01

L26789E-01

.00000E+0D

.00C00E+Q0

L 73358E-01

.13164E+0G0

.73398E~01

.QCOC0E+00

.O0CO0E+0QC

.26789%-01

.73398E-01

.54110E-01

.00000E+GO

.O000CCE+0C

.00000E+0D

.00C000E+0C

.00000E+00

. C0000E+00

L40472E~01

LAG4T2E-01

L71088E~C1

.64043E-02

. 64043E-02

.71097E-01

LA0472E-01

L40472E~0L

.00000E+CO
LGOCOCE+0QO
-.20936E-02
.35125E-03
.19355E~02
.00000E+C0
.CODOCE+OO
-.35713E-02
L16476E-07
L35713E-~02
.O0000E+QQ
.Q0C00E+CO
-.19355E-02
-,.35122E~03
L20936E-02
L.00000E+0C
LO0000E+Q0
.O0000E+0Q0
.00G00E+CO
.0000CE+CO
. 0000CE+00
.00000E+0C
.Q0000E+D0
.00000E+00C
.DCOC0E+QQ
. OD0000E+CO
.Q000CE+0O
.COCOCE+QD

LGOCO0CE+DD

o
i
L



Capitulo 10
Calculo dos Esforcos e deslocamentos do capituio 5

* & EL * %
NG NX NY
QY ox
* ok 1 * %
1 .0CCOOE+00 .0CO0OE+0Q0
.00000E+DO . 456438+03
13 .00GOCE+QC .CO0COE+QO
LAT1L82E403 L14770E+03
3 .00000E+0C .COGOOE+QO

L.00000E+00~.35760E+03
7  .000CGOE+00 .O0OCOOE+CO
.100495+03~.34335E+02
8 .00000E+00 .0Q000CE+CO
L17445E+02-.10495E+03
2 .0COO00E+00 .00C00E+CO
.0C0C0E+00-.40095E+03
26 .0OCQO00E+00 .O0COO0E+OD
.89334E+02-.26750E+03

* 4 2 * k
1 .00CO00E+CO .0000CE+00
LA5643E+03 L C00000E+0Q0
11 .00000E+00 .0O000CO0E+QC
.35760E+03 .0C000E+0Q0D
13 .0O0O0O0CE+00 .00000E+0C

L14770E+03-.47182R+03

& .00000E+00 .O0CO00E+QC
LA00958+03 L00000E+00
12  .00000E+00 .COQGOE+QD

L10495E+03~.17444E402
T .00000E+00 .0CQ000E+Q0C

.34335E+02 ,10049E+03
27 .000COE+0C .COGOQE+0QO

L26750E+03 .89334E+02

* & 3 * K

i1 .00Q0CO0E+0G .O0Q00E+GO
L35760E+03~ . E3533E403

23  ,00000E+00 ,0Q0COCE+00
L.535338+03 .35760E+03

13  .000COE+00C .0000CE+0QD
L.14770E+03-,14770E+03

17 .0O00COE+00 ,00GOOE+00
.B2987E+02 ,8Z29397E+0Z

18  .00000E+0CD .O00000E+0C
L21823E+02 .10495E+C3

12  .0O00O0OE+00 ,00GCQCE+QD
L.10495E+03 L218Z3E+02

28 L.0OCO00E+00 .OC0Q0E+0Q
L12939E+03 (1293%E+03

*

** ESFORCOS DCS NOS DO COMPOSITO **

NXY MXX MYY MXY
.0CO00E+Q0 .13958E+04 ,0000CE+00 .62783E+03
LO0000E+00~-.23809E+04~.16299E+04 ,6096ZE+03~

.00000E+0G .23809E+04 .C0O000E+00-.11708E+03
.00000E+00-.49255E+03~.81496E+03 .65375E+03
L000CO0E+00~.559158~03-.81496E+03 .24627E+03-
.000COE+00 .18883E+04 .COC00E+00 .29040E+03
L.O00COE+C0 .46525E+03-.54331E+03 .39681E+03
.C00COE+00 .00000E+00 .13958E+04 .69788E+03
.0C000E+00 .00000E+00 .238089E+04-.11708E+03~
L.0C0000E+(00~.16299E+04~.23809E+04 .60963E+03
.QCO00E+00 .00000E+00 .18883E+04 .29040E+03~
.00C00E+00~-.81496E+03~,27460E-02 .24627E+03-
LO0000E+00-.81496E+03~.49255E+03 L 65375E+03~-
.00000E+00~,54331E+03 .46525E+03 .32681E+03-

.00000E+00-.10562E+04 .23809E+04-,66234E+03~

LO0000E4+00 L23809E+04-.10562E+04~-.66233E+03
L00000E+00~.23809E+04—,23809E8+04 .23416E+03

.C0000E+00 .66233E+03 .66233E+03~.66233E+03-

.0C0O00E+00 .559215E-03-.171685E+04~,214098+03~
.000C00E+(00~.17185E+04~.27460E-02-,.21409E+03~

.0C000E+00-,35208E+03~.35207E+03-.36350E+03~
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11 .000COE+00 .O0000CE+00
L.B9293E+03 .CGOOO0QE+0OO

21  .000COE+CO .00000E+00
.0C0C0E+00 .CQOQ0OE+CO

23  .00O000E+GCO .00000E+0Q
L00000E+00 .89293E+03

16  L0000CE+CD .000Q0E+0C
L13700E+G3 L O0CCOOE+00O

22  J00000E+00 .CO00CE4+0GO
L.O0000E+00 .13700E+03

17 .GO000E+00 ,00000E+00
.50503E+02—-.,50504E+02

29 ,QOQ0CE+00 .0CO000E+00
LBOTT3E402-.60773E+02

* % Bk
3  .00000E+C0 .00000E+0C
.00000E+00~-.89293E+03
15  L0000CE+QD .Q00COE+0C
.89293E+03 .0000CE~+00
5 .000COE+00 . 0000QE+GO
.00000E+00 ,00000E+0OC
9 L0000QE+Q0C .DOD0OOE+0QO
.50502E+02 L 50503E+02
10 .00COO0E+GCO .0COOC0E+QDQ
L.13700E+03 .00C00E+0O
4 .QO00O0CUE+00 .00000E+Q0C

.O00000E+00-.13700E+03

30 .0000CE+0D .000COE4+00
LBO7I2E+02 L 60TT2E+02
* g **
3 .00000E+0G .COO0QOE+00
.53B33E+03~-.35760E+03
i3 .00CO00E+00 .0O0C0OE+00
L14770E+03 L 14770E+03
15  .000C0E+00 (00COQE+CO

.35760E+03 .53033E+03
2 L00QCOE+00 .O00COOE+CO
L21821E+02-.10485E+03
14 .000GOE+00C ,.OO0CO0OE+CO
L10495E+03~.21822E+02
% .0QCO00E+CO .00COQE+00
L.82998E+02~.82987R+02
31 .QCO0CE+0Q0 .00C00E+80
L.1293%E+03-,12939E+03

* % 7wk
13 .00000E+00 .COC0QE+CO
LI4T7T0E+03 L4718ZE+03

25 .000COE+00 .00C0OE+GO
.45643E+02 .00000E+00

15  .(QGOCOE+0C .0OCO0E+0O0
.35760E+03 LO0000E+00

19  LQ0000E+0C .0CCODE+0D
.34336E+02-.100409E+03

20  .0CQO00E+00 .O0GOQE+DD
.40084E+03 L 00000E+CO

14 ,00000E+00 0CO00E+GO
L10495E+03 .17444E+0C2

L00GO0E+0Q0 (00000E+00
.O000C0E+Q0 .COCOCE+00
.00000E+00 .12903E+04
.CO0COE+00 .00CO0E+0O
LO0000E+00 L 64517E+03
LO0000E+00 L e64517E+03
LOO0000E+00 L43012E+403
L000CQE+Q0 . 12903E+04
.OG0C0E+C0 .00000E+GO
.0GO0CE+00 .00000E+00
LOGOO0E+00 . 64517E+03
.00000E+00 .COCOOE+0C
.0C00COE+C0 .64517E+03
.000C0E+00 ,43011E+03
.O0000E+00 .23809E+04-,

LO0000E+00~.23809E+04-.
.00C00E+00~.10562E+04
.00000E+00~.55915E-03~.
.00000E+00-.17185E+04
.O0CQ0E+00 .66233E+03

LO000C0E+00~,35206E+03~.

.00000E+00-.16299E+04 -,
.0000CE+00 .QCOQ0E+0QQ
.00C000E+00 .00GC00E+00

.00GO0E+00~.81495E4+03-.
.CO000E+00 .000C0E+00

.OC0C00E+C0G~-.81495E+03

. 00000E+00

.13958E+04

.18883E+04

L27460E~02

.O0000E+COD .
.0Q00CE+00-,
G451 7E+03~.
.Q0000E+00-,
L6451T7E+03~.

LA3012E+03-.

.O0000E+00~.

L12903E+04~.

L.G451T7E+03-.
L.64517E+03~.
-00000E+0C-.

LA3011E+03~.

10562E+04~-.

23808E+04

L23B0OBE+04-,

17185E+04-.

L2T7460E-02—,

LE6233E+03~.

35206E+03~.

Z3808BE+04

L23B808BE+04-.

49254E+03

12902E+04-.64517TE+03~

QCOC0E+00

64517E+03

32259E+03-

322598403

64517E+03

43012E+03

64517E+03

64517E+03

LOGCC0E+Q0

G451 TE+03-

32258E+03

32259E+03

43011E+03-

66234E+03-

-23415E+03~

66233E+03

21409E+03

21408E+03

66233E+03

36350E+03

L 60262E+03~

. 69788E+03-

11708E+C3

L.E65375E+03

L29040E4+03

J2462TEAO3
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32 .00000E+00 L000C0E+Q0C
L26T749E+03~.89334E+02

*x 8 F %

13  .00000E+C0 .000C0E+00
LATIB2E403-.1477CE+03

23  L00000E+00 .00000E+00
L.OO0000E+00 .35760E+03

25  L00000E+Q0 .00000E+GC
.00000E+00~,45643E+03

18  .00COQ0E+Q0 .000C0E+0QC
L17443E+402 . 10495E+03

24 LCO0000E+CD ,00000E+CQ
.Q0C00E+QC ,40084E+03

19  .0O0COGCE+00 .Q0000E+00
L100498E4+03 L 34336K+02

33 .00COOE+00 .0OCQQE+00
L.88335E+02 ,26749E+03

.00000E+00~,

.0C000E+00~.

.GO000E+00

.000C0E+00

L000C0E+00

.00000E+00

LO0000QE+Q0~.,

.C000CE+00Q

.23809E+04

L13958E+04

.18883E+04

54330E+03 .

23B0%E+04-,

+55915E~03-.,

492558403,

LABL2EE+03-.

LOGOC0E+00

.QO000E+QC

46525E+03 .

16299E+04

.COCOOE+00-,

81495E+03

81495E+03

54330E+03

39681E+03

.60963E+03

11708E+03

.68788E+03
L24628E+03
.290408+03
LB5375E+03-

L39681E+03~




