Desafios, Avancos e Possibilidades

Alireza Mohebi Ashtiani

(organizador)



Desafios, Avancos e Possibilidades

Alireza Mohebi Ashtiani

(organizador)



2023 by Editora Artemis
Copyright © Editora Artemis
Copyright do Texto © 2023 O autor
Copyright da Edicdo © 2023 Editora Artemis

®@ O conteudo deste livro esta licenciado sob uma Licenga de Atribuicdo Creative Commons
Atribuigdo-Ndo-Comercial NdoDerivativos 4.0 Internacional (CC BY-NC-ND 4.0). Direitos para
S esta edi¢do cedidos a Editora Artemis pelos autores. Permitido o download da obra e o

compartilhamento, desde que sejam atribuidos créditos aos autores, e sem a possibilidade de altera-la de nenhuma
forma ou utiliza-la para fins comerciais.

A responsabilidade pelo conteldo dos artigos e seus dados, em sua forma, correcdo e confiabilidade é exclusiva
dos autores. A Editora Artemis, em seu compromisso de manter e aperfeicoar a qualidade e confiabilidade dos
trabalhos que publica, conduz a avaliagdo cega pelos pares de todos manuscritos publicados, com base em critérios
de neutralidade e imparcialidade académica.

Editora Chefe Prof2 Dr2 Antonella Carvalho de Oliveira

Editora Executiva  M.2 Viviane Carvalho Mocellin

Direcdo de Arte M.2 Bruna Bejarano
Diagramagdo Elisangela Abreu
Organizador Prof. Dr. Alireza Mohebi Ashtiani

Imagem da Capa Abstract Style Landscapes /123RF
Bibliotecario Mauricio Amormino Junior — CRB6/2422

Conselho Editorial

Prof.2 Dr.2 Ada Esther Portero Ricol, Universidad Tecnoldgica de La Habana “José Antonio Echeverria”, Cuba
Prof. Dr. Adalberto de Paula Paranhos, Universidade Federal de Uberlandia

Prof.2 Dr.2 Amanda Ramalho de Freitas Brito, Universidade Federal da Paraiba

Prof.2 Dr.2 Ana Clara Monteverde, Universidad de Buenos Aires, Argentina

Prof.? Dr.2 Ana Julia Viamonte, Instituto Superior de Engenharia do Porto (ISEP), Portugal

Prof. Dr. Angel Mujica Sanchez, Universidad Nacional del Altiplano, Peru

Prof.2 Dr.2 Angela Ester Mallmann Centenaro, Universidade do Estado de Mato Grosso

Prof.2 Dr.2 Begofia Blandon Gonzélez, Universidad de Sevilla, Espanha

Prof.2 Dr.2 Carmen Pimentel, Universidade Federal Rural do Rio de Janeiro

Prof.2 Dr.2 Catarina Castro, Universidade Nova de Lisboa, Portugal

Prof.2 Dr.2 Cirila Cervera Delgado, Universidad de Guanajuato, México

Prof.2 Dr.2 Claudia Neves, Universidade Aberta de Portugal

Prof.2 Dr.2 Claudia Padovesi Fonseca, Universidade de Brasilia-DF

Prof. Dr. Cleberton Correia Santos, Universidade Federal da Grande Dourados

Prof. Dr. David Garcia-Martul, Universidad Rey Juan Carlos de Madrid, Espanha

Prof.2 Dr.2 Deuzimar Costa Serra, Universidade Estadual do Maranhdo

Prof.2 Dr.2 Dina Maria Martins Ferreira, Universidade Estadual do Ceara

Prof.2 Dr.2 Edith Luévano-Hipdlito, Universidad Auténoma de Nuevo Leén, México

Prof.2 Dr.2 Eduarda Maria Rocha Teles de Castro Coelho, Universidade de Tras-os-Montes e Alto Douro, Portugal
Prof. Dr. Eduardo Eugénio Spers, Universidade de Sdo Paulo

Prof. Dr. Eloi Martins Senhoras, Universidade Federal de Roraima, Brasil

Prof.2 Dr.2 Elvira Laura Herndndez Carballido, Universidad Auténoma del Estado de Hidalgo, México

EDITORA Editora Artemis
ARTEMIS Curitiba-PR Brasil

www.editoraartemis.com.br
e-mail:publicar@editoraartemis.com.br



https://orcid.org/0000-0002-1475-6277
http://lattes.cnpq.br/9172103976395213
http://lattes.cnpq.br/9172103976395213
http://lattes.cnpq.br/1208086522665870
https://orcid.org/0000-0003-2651-5996
https://orcid.org/0000-0002-9845-5390
https://orcid.org/0000-0002-7013-8780
http://lattes.cnpq.br/0250232822609557
https://orcid.org/0000-0003-1025-5675
http://lattes.cnpq.br/2877747717021833
https://novaresearch.unl.pt/en/persons/catarina-castro
https://orcid.org/0000-0001-8036-838X
https://www2.uab.pt/departamentos/DEED/detaildocente.php?doc=107
https://orcid.org/0000-0001-7915-3496
https://orcid.org/0000-0001-7915-3496
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4343894D0
https://orcid.org/0000-0002-0160-9374
http://lattes.cnpq.br/9349562924350573
https://orcid.org/0000-0003-2585-497X
https://orcid.org/0000-0003-2988-405X
https://orcid.org/0000-0002-5985-8875
http://lattes.cnpq.br/7800954800978254
http://132.248.160.2:8991/pdf_f1501/000000049.pdf
http://www.editoraartemis.com.br/

Prof.2 Dr.2 Emilas Darlene Carmen Lebus, Universidad Nacional del Nordeste/ Universidad Tecnolégica Nacional, Argentina
Prof.2 Dr.2 Erla Mariela Morales Morgado, Universidad de Salamanca, Espanha

Prof. Dr. Ernesto Cristina, Universidad de la Republica, Uruguay

Prof. Dr. Ernesto Ramirez-Briones, Universidad de Guadalajara, México

Prof. Dr. Gabriel Diaz Cobos, Universitat de Barcelona, Espanha

Prof.? Dr.2 Gabriela Gongalves, Instituto Superior de Engenharia do Porto (ISEP), Portugal
Prof. Dr. Geoffroy Roger Pointer Malpass, Universidade Federal do Tridngulo Mineiro, Brasil
Prof.2 Dr.2 Gladys Esther Leoz, Universidad Nacional de San Luis, Argentina

Prof.2 Dr.2 Gldria Beatriz Alvarez, Universidad de Buenos Aires, Argentina

Prof. Dr. Gongalo Poeta Fernandes, Instituto Politécnido da Guarda, Portugal

Prof. Dr. Gustavo Adolfo Juarez, Universidad Nacional de Catamarca, Argentina

Prof. Dr. Hakan Karlsson, University of Gothenburg, Suécia

Prof.2 Dr.2 lara Lucia Tescarollo Dias, Universidade S3o Francisco, Brasil

Prof.2 Dr.2 Isabel del Rosario Chiyon Carrasco, Universidad de Piura, Peru

Prof.2 Dr.2 Isabel Yohena, Universidad de Buenos Aires, Argentina

Prof. Dr. lvan Amaro, Universidade do Estado do Rio de Janeiro, Brasil

Prof. Dr. Ivan Ramon Sanchez Soto, Universidad del Bio-Bio, Chile

Prof.2 Dr.2 lvania Maria Carneiro Vieira, Universidade Federal do Amazonas, Brasil

Prof. Me. Javier Antonio Albornoz, University of Miami and Miami Dade College, Estados Unidos
Prof. Dr. Jesus Montero Martinez, Universidad de Castilla - La Mancha, Espanha

Prof. Dr. Jodo Manuel Pereira Ramalho Serrano, Universidade de Evora, Portugal

Prof. Dr. Joaquim Julio Almeida Junior, UniFIMES - Centro Universitario de Mineiros, Brasil
Prof. Dr. Jorge Ernesto Bartolucci, Universidad Nacional Auténoma de México, México

Prof. Dr. José Cortez Godinez, Universidad Auténoma de Baja California, México

Prof. Dr. Juan Carlos Cancino Diaz, Instituto Politécnico Nacional, México

Prof. Dr. Juan Carlos Mosquera Feijoo, Universidad Politécnica de Madrid, Espanha

Prof. Dr. Juan Diego Parra Valencia, Instituto Tecnolégico Metropolitano de Medellin, Coldmbia
Prof. Dr. Juan Manuel Sdnchez-Yafiez, Universidad Michoacana de San Nicolds de Hidalgo, México
Prof. Dr. Julio César Ribeiro, Universidade Federal Rural do Rio de Janeiro, Brasil

Prof. Dr. Leinig Antonio Perazolli, Universidade Estadual Paulista (UNESP), Brasil

Prof.2 Dr.2 Livia do Carmo, Universidade Federal de Goias, Brasil

Prof.2 Dr.2 Luciane Spanhol Bordignon, Universidade de Passo Fundo, Brasil

Prof. Dr. Luis Fernando Gonzalez Beltran, Universidad Nacional Auténoma de México, México
Prof. Dr. Luis Vicente Amador Mufioz, Universidad Pablo de Olavide, Espanha

Prof.2 Dr.2 Macarena Esteban Ibafiez, Universidad Pablo de Olavide, Espanha

Prof. Dr. Manuel Ramiro Rodriguez, Universidad Santiago de Compostela, Espanha

Prof.2 Dr.2 Marcia de Souza Luz Freitas, Universidade Federal de Itajub3, Brasil

Prof. Dr. Marcos Augusto de Lima Nobre, Universidade Estadual Paulista (UNESP), Brasil

Prof. Dr. Marcos Vinicius Meiado, Universidade Federal de Sergipe, Brasil

Prof.2 Dr.2 Mar Garrido Roman, Universidad de Granada, Espanha

Prof.2 Dr.2 Margarida Marcia Fernandes Lima, Universidade Federal de Ouro Preto, Brasil
Prof.2 Dr.2 Maria Aparecida José de Oliveira, Universidade Federal da Bahia, Brasil

Prof.2 Dr.2 Maria Carmen Pastor, Universitat Jaume I, Espanha

Prof.2 Dr.2 Maria do Céu Caetano, Universidade Nova de Lisboa, Portugal

Prof.2 Dr.2 Maria do Socorro Saraiva Pinheiro, Universidade Federal do Maranhdo, Brasil
Prof.2 Dr.2 Maria Lucia Pato, Instituto Politécnico de Viseu, Portugal

Editora Artemis

Curitiba-PR Brasil
www.editoraartemis.com.br
e-mail:publicar@editoraartemis.com.br



https://orcid.org/0000-0002-9456-8742
https://orcid.org/0000-0001-5447-8251
https://orcid.org/0000-0002-1131-7199
https://orcid.org/0000-0002-1428-2542
https://orcid.org/0000-0003-1602-419X
https://orcid.org/0000-0002-3584-5498
http://lattes.cnpq.br/4326102798287137
https://orcid.org/0000-0003-0965-7087
https://orcid.org/0000-0002-1948-4100
https://orcid.org/0000-0003-1278-0369
https://drive.google.com/file/d/1G7lHLsXjBfKRPq3d25SzCBelWRrCHU2m/view
https://orcid.org/0000-0002-3175-1478
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4756041T8
http://lattes.cnpq.br/7236475214443844
http://udep.edu.pe/perfil/isabel-chiyon/
https://orcid.org/0000-0003-2047-9680
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4771023P2
https://orcid.org/0000-0002-1564-3397
http://lattes.cnpq.br/1719336988574799
https://www.imdb.com/name/nm9018102/
https://orcid.org/0000-0002-0309-3367
https://orcid.org/0000-0001-5178-8158
http://lattes.cnpq.br/0756867367167560
https://orcid.org/0000-0001-5184-3911
https://orcid.org/0000-0002-6112-6112
https://orcid.org/0000-0002-3708-7010
https://orcid.org/0000-0003-3292-2176
http://scienti.colciencias.gov.co:8081/cvlac/visualizador/generarCurriculoCv.do?cod_rh=0001237730
http://scienti.colciencias.gov.co:8081/cvlac/visualizador/generarCurriculoCv.do?cod_rh=0001237730
https://orcid.org/0000-0002-1086-7180
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4481542Z5
http://lattes.cnpq.br/3822723627284619
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4756041T8
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4227371A7
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4130908A0&tokenCaptchar=03AHaCkAZATBRA7Jh_MlyMSAKLQluufjZD1uOSUW0ViDRjW3nwPleRXF6vyHxfESBGHcrDeKqw3BuugNe1-YUwIqDzC3ZtDdmRevpEvuoJmAxmsOZFOLnCiVwVED8oKj2iO29sB-DZJwCVYbYezAEClKJI35N4Q3CQjPFhDk_WpuRTh9XqWhtM3jvASOupuw24OwCI1sOD7r1ArrV8EBzuk-s16qFxrfU2OON_s47HGCW2tTpQyTnFqVt1dxi5xiE_PIx0HfGmLWAMxa0QECTXXoiP2O3b_0d4iBKpjAbXvQQB-ZuYOBsoAelhScNmU_w25OBBH_TnsaQ_YsF5Z_byS0WFhVFBefOONNLL38zu8p-DB_jccJZQvhxaQE-MTjMQbRtpA2H5XY8gp2s_Rf1-7ZS9ZUXN3CP8Fw
https://orcid.org/0000-0002-3492-1145
http://orcid.org/0000-0003-2203-3236
https://orcid.org/0000-0002-2246-4784
https://orcid.org/0000-0003-1516-7869
http://lattes.cnpq.br/2282358535990348
http://lattes.cnpq.br/7201928600704530
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4744415U9
https://orcid.org/0000-0002-1454-2471
http://lattes.cnpq.br/1795077420118200
http://lattes.cnpq.br/5730359043017612
https://orcid.org/0000-0001-9909-3646
https://www.cienciavitae.pt/pt/201A-4926-CC70
http://lattes.cnpq.br/1100319102837718
https://orcid.org/0000-0002-2286-4155
http://www.editoraartemis.com.br/

Prof.2 Dr.2 Maritza Gonzalez Moreno, Universidad Tecnoldgica de La Habana, Cuba
Prof.2 Dr.2 Mauriceia Silva de Paula Vieira, Universidade Federal de Lavras, Brasil

Prof.2 Dr.2 Ninfa Maria Rosas-Garcia, Centro de Biotecnologia Gendmica-Instituto Politécnico Nacional, México

Prof.2 Dr.2 Odara Horta Boscolo, Universidade Federal Fluminense, Brasil

Prof. Dr. Osbaldo Turpo-Gebera, Universidad Nacional de San Agustin de Arequipa, Peru
Prof.2 Dr.2 Patricia Vasconcelos Almeida, Universidade Federal de Lavras, Brasil

Prof.2 Dr.2 Paula Arcoverde Cavalcanti, Universidade do Estado da Bahia, Brasil

Prof. Dr. Rodrigo Marques de Almeida Guerra, Universidade Federal do Par3, Brasil
Prof. Dr. Saulo Cerqueira de Aguiar Soares, Universidade Federal do Piaui, Brasil

Prof. Dr. Sergio Bitencourt ArauGjo Barros, Universidade Federal do Piaui, Brasil

Prof. Dr. Sérgio Luiz do Amaral Moretti, Universidade Federal de Uberlandia, Brasil
Prof.2 Dr.2 Silvia Inés del Valle Navarro, Universidad Nacional de Catamarca, Argentina

Prof.2 Dr.2 Solange Kazumi Sakata, Instituto de Pesquisas Energéticas e Nucleares. Universidade de Sdo Paulo (USP), Brasil

Prof.2 Dr.2 Stanislava Kashtanova, Saint Petersburg State University, Russia

Prof.2 Dr.2 Teresa Cardoso, Universidade Aberta de Portugal

Prof.2 Dr.2 Teresa Monteiro Seixas, Universidade do Porto, Portugal

Prof. Dr. Valter Machado da Fonseca, Universidade Federal de Vigosa, Brasil
Prof.2 Dr.2 Vanessa Bordin Viera, Universidade Federal de Campina Grande, Brasil

Prof.2 Dr.2 Vera Lucia Vasilévski dos Santos Araujo, Universidade Tecnoldgica Federal do Parana, Brasil

Prof. Dr. Wilson Noé Garcés Aguilar, Corporacion Universitaria Auténoma del Cauca, Coldmbia
Prof. Dr. Xosé Somoza Medina, Universidad de Ledn, Espanha

Dados Internacionais de Catalogagao na Publicagao (CIP)
(eDOC BRASIL, Belo Horizonte/MG)

E82 Estudos em Ciéncias Exatas e da Terra: Desafios, Avangos e
Possibilidades / Organizador Alireza Mohebi Ashtiani. —
Curitiba, PR: Artemis, 2023.

Formato: PDF

Requisitos de sistema: Adobe Digital Editions
Modo de acesso: World Wide Web

Inclui bibliografia

Edigao bilingue

ISBN 978-65-87396-74-3

DOI 10.37572/EdArt_240223743

Alireza Mohebi.

1. Ciéncias exatas e da terra — Pesquisa — Brasil. |. Ashtiani,

CDD 509

Elaborado por Mauricio Amormino Junior — CRB6/2422

EDITORA
ARTEMIS

Editora Artemis

Curitiba-PR Brasil
www.editoraartemis.com.br
e-mail:publicar@editoraartemis.com.br



https://orcid.org/0000-0002-3994-037X
http://lattes.cnpq.br/5162301829062052
http://lattes.cnpq.br/6656933554814005
https://orcid.org/0000-0003-2199-561X
http://lattes.cnpq.br/3405645093765294
http://lattes.cnpq.br/7808313507417916
http://lattes.cnpq.br/8010434422032876
http://lattes.cnpq.br/0955565337333241
http://lattes.cnpq.br/4639320486261004
http://lattes.cnpq.br/1686957518540720
https://drive.google.com/file/d/1vlbt552OjbEjMt9cSrV04_nUqTZ86pWp/view
http://lattes.cnpq.br/7715634436402530
https://orcid.org/0000-0003-1090-0320
https://orcid.org/0000-0002-7918-2358
https://orcid.org/0000-0002-0043-6926
http://lattes.cnpq.br/7825092605305826
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4756041T8
http://buscatextual.cnpq.br/buscatextual/visualizacv.do?id=K4273971U7
http://lattes.cnpq.br/6470095241359182
https://scienti.minciencias.gov.co/cvlac/visualizador/generarCurriculoCv.do?cod_rh=0001389538
https://orcid.org/0000-0002-0857-3837
http://www.editoraartemis.com.br/

APRESENTACAO

As ciéncias exatas e da terra tém uma importancia muito especial e séo
consideradas a origem e a base principal do progresso de outras areas de conhecimento,
que ganharam destaque com a evolugéo tecnoldgica e a complexidade dos desafios
humanos.

De modo geral, pode-se dizer que as importantes conquistas dos séculos
passados e atuais se devem a atuagado e ao avango do campo das ciéncias exatas e da
terra, que, através de desafios, situacdes e aplicacdes, avangaram e cruzaram as fronteiras
tradicionais de outras areas de conhecimento, resolvendo problemas complexos que
abrangem diversas areas: a isto chamamos “interdisciplinaridade”.

Diante dessa realidade, o primeiro volume de “Estudos em Ciéncias Exatas
e da Terra: Desafios, Avancos e Possibilidades” publicado pela Editora Artemis e
apresentado em 10 capitulos, tem por objetivo dar um panorama geral dos desafios,
avancos e possibilidades que envolvem essa area de conhecimento, tanto na teoria
quanto na pratica.

Os trabalhos aqui apresentados, de pesquisadores de diversos paises, entre
eles Argentina, Brasil, México, Paraguai, Portugal e Russia, oferecem aos leitores e
interessados a oportunidade de ampliar seus conhecimentos e adquirir uma visdo mais
profunda da area.

Alireza Mohebi Ashtiani
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CAPITULO 7

COMPARISON OF ANALYTICAL AND NUMERICAL
SOLUTIONS TO THE STRESSES PROBLEM IN A
CYLINDRICAL SHELL WITH A CIRCULAR HOLE!
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ABSTRACT: The cylindrical shell with a
circular hole under three types of boundary
conditions is considered: axial tension, internal
pressure and torsion. A new mathematical
approach that allows reducing an infinite
system and finding unknown coefficients for
the deriving stress is offered. This approach
lifts classical mathematical restrictions for

1 CILAMCE-PANACM-2021. Proceedings of the joint
XLII Ibero-Latin-American Congress on Computational
Methods in Engineering and lll Pan-American Congress on
Computational Mechanics, ABMEC-IACM, Rio de Janeiro,
Brazil, November 9-12, 2021.
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curvature parameter. The comparison of
analytical and numerical results by collocation
method is described.

KEYWORDS: Shell Theory. Cylindrical Shell.
Circular Cutout.

1INTRODUCTION

In recent works, Kashtanova and
Rzhonsnitskiy [1,2] reconsidered the classical
approach to the solution of the problem of
cylindrical shell a circular cutout under an axial
tension. The protagonist of this problem is a
certain geometric parameter B, that contains
the ration between the radius of the hole, the
radius of the cylindrical shell and the shell
thickness. When this parameter is equal to
zero, we have a plane problem (the Kirsch
problem in case when the boundary condition
is an axial tension). There were several
reasons that forced us to look for a different
approach: a very small range of applicability
of the solution (close to Kirsch problem), a
linear dependency in the system for finding
coefficients for basis function, different results
in the literature, a failure of the limit transition,
no explicit formulas for the field of stresses

and no opportunity to make an analytical
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analysis. The classical way was to decompose the solution and the coefficients into small
parameter B, which immediately put restrictions on the range of applicability. The authors
of the present paper offered to decompose the solution into Fourier series and to divide
variables [1], then they found and exclude a linear-dependent equation and after some
substitution of variables proofed the reducibility of the infinite system [2]. This method
allows getting a model in range of B up to 4. In this paper this idea, in addition to axial
tension, is applied to other boundary conditions: internal pressure and torsion. The
comparison of analytical and numerical results by collocation method that were received
by Van Dyke [4] is described.

2 THE PROBLEM

We consider a cylindrical shell of radius R and thickness h with a circular hole r,
under various boundary conditions. The main parameter that is responsible for the ratio

between geometric characteristics is

J3({@-v2)
2 _ 2.
B =10 4Rh

v — Poisson’s coefficient. Note that limit transition while g —» 0 leads us to the plane
problem.

The governing equation of the problem reduces by Lurie [3] to

0%
AAD + 8ip? iy )

Eh
R~ iU is used, which contains the deflection w, the stress
function U and E - Young’s modulus. The stress function Uis connected with stress tensor

Here function @ =

T by next correlation

a%U a%u

Tx Txy _ a_yz _ayax

<Txy Ty>_ a2u  o%u |’ 2
_0yax ax?

median surface stress is o=T/h.

We consider this problem with follow three types of boundary conditions:
l. axial tension p at infinity along x-coordinate

- atinfinity T = p, Txy: 0, Ty =0, w=0;

- at the boundary of the hole in polar coordinates (r, 9) — free edge
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Tpr =0,Tyg =0,M, =0,0Q, =0; 3)

=Ty =Ty =79 =Ty

M):

II. uniform internal pressure q, (q = 5

-T=gq Tyz 2q; Txyz 0;
or (in polar coordinates) 2T.= q(3 - cos29); 2T ;= q sin 29; 2T, = q(3 + cos 29)

- at the boundary of the hole in polar coordinates (r, 9)

doTo

rerg 2 (4)

Ty =0,Trg =

=79

= 0' QT

r=Tg r=Tg

Ill. torsion
. g . M
- atinfinity T = 0, Ty: 0, TXy= L,T=571
or in polar coordinates T = tsin 29, T,=- tsin29, T = tcos 29
- at the boundary of the hole in polar coordinates (r, 9)
T,, =0,Tyg =0,M, =0,0, =0.

r=7g =Ty =Ty r=7g (%)

The solution offered by authors can be written in the next form (for case |, Il and

Il respectively):
& =12 Z(an +ibo) - fo, ©)
2 2002 w—
CI>H=—L'%—i qz +Z(an+ibn)«fn, @
n=0
Py = iTxY+Z(an+ibn)'fnr (8)
n=0

where for | and Il types of boundary conditions we have

fur,9) = ( r.m.0) +Zg(r n,1) - cos 219 (9)
and for Il type
fu(,9) =zg(r,n, D) -sin209. (10)
=1
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The third type has a slightly different structure due to the antisymmetry of the
problem, because of this sin 219 appears, which is equal to zero for I=0.
Inits turn

B4, HT(ll)((l +0)pr) .

=01,..,©
g = )l (reaa (L + DB1) + Jcad (L + D)), 2 (D

HOP((1+0)B) )

[oe]

n (D) [ —
iy (4 +Dfr) (neaa(@ + D) = Jsa (@ + D))} 2 10 (12)

G l) = (—1 1+[3]
g =D D op)

In formulas (6)-(8) we need to find unknown coefficients a, and b . After getting
the function @, using the correlation (2), we will find stresses for our problem with various
boundary conditions.

3 CREATING SYSTEMS

Finding unknown coefficients a, and b, from the system with an infinite number of
equations that we get from boundary conditions of the stresses problem is the important
part of the work. We proved that one equation is a linear combination of four others that
helped us to solve the system [1]. In work [2] it was proved the reductubility of these infinite
systems. For all types of boundary conditions, the matrixes of the system are received:
by the susbstituing solution (6) into (3) for the first type, (7) into (4) for the second and,
respectevely, (8) into (5) for the rhird case.

As you can see below, all systems have the same structure.

System FOR TYPE | and II.

n g _ —
AR IR
0 1 2 3 Eliglg e
1 [ = =
Im Re Im Re Im Re Im Re =]
0 [¢000) |£(00) |t (10)|t(10) |20 |t 20 |¢(30) |t (30 a, 0 0
0 |¢t,00) [¢£00) |t (10)|¢t(10) [t (20) |t (20) |¢t(30) |t (30) b, 0 |16pq
1 1g001) |g(01) |g(11) |g(1,1) Jg(21) |g(21) |9B1) |g(B1) a, _g 1
4
11901 |g'(01) | g (1LY | g (LD J9'1D (91D [gB1Y [gBYD | |, _g g
H 1
10000 || ey @D |sBYD LB a, 0 0
1600 [0 |61 |t,@) |tED @D |G |t BY b, 0 0
2 19(02) |9(02) |g(1,2) |g(1,2) g922) |922) |9(32) |932) a, 0 0
2 |g'02) |g'02) |g12) |92 |o'22) |g(22) | 9'B2) |g'3B2) b, | © 0

t,(nD)=i(-4F vg(n, D +vg' (nD+g" (n D)
t,(n, D =i(12E-g(n, 1) - (1+v+4F (2-v)) g'(n, D +g"" (n, D)
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System FOR TYPE IIl.

n c
= =
. S| 8¢
1 2 3 4 < L >
Im Re Im Re Im Re Im Re >
1 L L@y [EED | LG [EED | {4 | L@ a, 0
1 |y L@y |§@y | LG | {6 |L @D [ @& b, 0
1 1@ g1y |21 |42 4B 4BL (441 |4HD a, _%
1 141y g1y 4@y 1421 J4GL (461 |J&1) |JB1D : | b, -T
2 |52 [E@2) |§@2) |L@2) |56 |§G2) L% [§*2) a, 0
2 |52 [£@2) |§@2) [£@2 |5G2) {362 @2 |§“42) b, 0
2 g2 |g2 |22 |42 |dBG2) |46 |§¢42) |§¢42) a, 0
2 |g12) |g12) |g'@22) |g@2) §4B2) [§3B2) |[§%2) |§42) b, 0
G D =i(-42vgnD+vgnD+§" D)
ACDEY (1212 gD - (1 +v+422-0) § 0D +g" (n, z))
4 RESULTS
Figure 1. Stresses o_99/p for types |, Il and Ill respectively received in the present paper.
Gys/P “ *loge/p = “[ a9a/p 70°
il /, a0° 60°
/) w w
st P 201 7/ 30°
o 74 R 9 4 200 ek 3 -
w0} g
; // Y AR, ...
I — o /
g / 10 il
== Z L7
Y P e ot mae e = E
4 200 5 i =02 90°
e 80° 1 2 % 3 4
il S g curvature parameter g curvature parameter - 1
curvature parameter 8 P - =
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Figure 2. Stresses o_99/p for types |, Il and lll respectively received in the work of Van Dyke [4] in 1965 by collocation

method.

@

Iy

~

SRS

MEMBRANE STRESS oggay /T

2

| L 1 L
1 H 3 a
CURVATURE PARAMETER B

MEMBRANE STRESS o450y /0

1 1 | 1
r)

[ B 3
CURVATURE PARAMETER B

9 Membrane stress at the hole under pressure loa

ing.

£y

o

'
2
T

|
@
T

1 2 3
CURVATURE PARAMETER 8

Figure 3a. Field of stresses o_99/p for type | (axial tension) for different .
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Figure 3c. Field of stresses o_99/p for type Ill (torsion) for different .

5 CONCLUSIONS

The results that were received by new analytical approach are absolutely coincide
with results that were obtained by collocation method by Van Dyke [4] in 1965 for all
three cases of boundary conditions. Our model has no mathematical restrictions, as it was
before, and from the point of view of mechanics it works up to 4.
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