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INSTITUTO DA
CONSTRUGAO

PARECER

O presente parecer diz respeito ao estagio PRODEP n° 2.19 - FEUP/4.3/7/5/92/93
realizado por MANUEL JORGE LEAO CABRAL no IC-Instituto da Construgao.

O estagiario demonstrou dedicag@o ao trabalho e, ao longo do tempo, foi revelando
a competéncia necessaria ao seu desenvolvimento.

Como consequéncia do estagio realizado, o IC aumentou as suas capacidades no
dominio da aplicagdo das técnicas de computagdo grafica, passando a dispdr de um
programa de pré e pds processamento para validagdo dos dados e interpretagdo dos
resultados de problemas planos de tensdo e de deformagdo, analisados pelo Método dos
Elementos Finitos.

Assim, conclui-se que o desempenho técnico do estagiario foi positivo e de
interesse para o IC.

Porto e Faculdade de Engenharia. 29 de Novembro de 1993

O ORIENTADOR PELO IC

W
ntonio Silva Cardoso

(Professor Auxiliar)
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realizado por MANUEL JORGE LEAO CABRAL no IC-Instituto da Construgo.

O estagio efectuado teve como objectivo a aplicago de técnicas de computagio grafica
no desenvolvimento de um porgrama de pré e pos-processamento para a validagdo de
dados e a interpretagdo de resultados referentes a analises de problemas de tensdo pelo
Método dos Elementos Finitos.

O estagiario cumpriu plenamente os objectivos propostos, tendo o estagio atingido bom
nivel cientifico.
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1 - INTRODUGAO

Com o crescente uso de programas de calculo mais sofisticados e
consequente incremento de dados a fornecer e informagdo a extrair desses
programas , torna-se cada vez mais necessirio a utilizagdo de programas
de pré e pbs-processamento, com © 1intuito de controlar com maiocr
eficiAcia quer a informagdc introduzida nos programas de calculo, quer o
toda a informag&o resultante do célculo.

Foi com esse intuito gue se desenvolveu o programa "“DP" de pré e pos-
processamento de dados e resultados. Este programa foi realizado para
apoio ao programa “PLANE”, de resolugio de problemas planos elasticoes
pelo método dos elementos finitos, o qual foi desenvolvido pelo Dr.
COUTO MARQUES (Prof. Auxiliar da F.E.U.P.), embora seja fécilmente
aplicado a outros programas do génerc conforme se explicara mais a
frente neste relatério.
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2 - FLUXOGRAMA E DESCRIGAC DAS DIVERSAS ROTINAS QUE

CONSTITUEM O PROGRAMA "DP"

2.1 - FLUXOGRAMA

— Apoios
Main . Menu DP Numeracao | wés ou Blementos)
In;luutl — Numera.Mat
Ha:lz}[in — Des.Displac
Im};ut? Nuners . Gauss
Input3 — Des . PStress

1 Alter Case

L Zoon . Window

2.2 - DESCRIGAO SUMARIA DAS DIVERSAS ROTINAS E SUBROTINAS

2.2.1 - DP :

Programa principal, controla tede o fluxo de informagao,
abre o canal de leitura dos dados, dimensiona e redimensiona as diversas
variaveis, verifica a chamada do programa, verifica se o nome do
ficheiro introduzido existe em disco, imprime o écran (PrtSc), apaga a
zona de desenho.

2.2.2 - Main.Menu:

Retorna a rotina principal a opg3c escolhida do menu.

2.2.3 - Inmputl, Input2, Input3 :
Leém o3 dados referentes & topclogia da malha,
deslocamentos,coordenadas dos pontos de Gauss, tensdes principais.
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2.2.3.1 - Elem5 :
ordena os nés dos elementos infinitos.

2.2.3.2 - Node2D (%) :
Gera as coordenadas de nés situados a meio dos

rectilineos de elementos plancs de 8 e 9 noés.
Gera o noé central de elementos de 9 nos.

2.2.4 - MaxMin :
Determina o numero maximo de nés por elemento.
Determina o numerc maximeo de pontcs de Gauss utilizades.

2.2.5 - Apoios:
Degenha 03 apoios nog respectivos noa.

2.2.6 - Numaracao: _
Identifica o8 nés ou o2 elementos consoante a
efectuada.

2.2.7 - Numera.Mat:

lados

opgdo

Identifica o tipo de material de due 3ao constituidos o8

diveraos elementos.

2.2.8 - Des.Displac:
Desenha a deformada da malha para cada casc de carga.

2.2.9 - Numera.Gauss:

Identifica os pontos onde sac calculadas as tensodes (pontos

de Gauss).

2.2.10 - Des.PStress:

Desenha as tenstes principais para cada caso de carga.

= — Compressao
- — Tracgéo

2.2.11 - Alter.Case:
Altera o caso de carga.

(1) sSubrotina desenvolvida pelo Dr. Couto Marques (Prof. Auxiliar da

F.E.U.F.).
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2.2.12 - Zoom.Window:

Permite que se faga um zoom de parte da malha.

A zona gque se pretende aumentar tanto pode ser defenida
através do rato, come através do teclado, sendo necessario defenir o
canto superior esquerde da janela a abrir e o canto inferior direito da
meama

2.3 - Qutras subrotinas auxiliares

2.3.1 - Scale:
Determina as escalas graficas dos nbés, deslocamentos,
tensdes e pontos de Gauas.

2.3.2 - Des.Mesh:
Desenha a malha de elemernitos.
Esta subrotina é chamada logo apdés a determinagic das
escalas e sempre que se faga uma limpeza do écran, estando a malha de
elementos sempre presente no é&cran.

Lé o novo ficheiro a editar.

2.3.4 - InKeyCocde, KeyCode:

Subrotinas de controle do teclado.

2.3.5 - DrawChar, DrawCharA, DrawCharS, LoadFont, Exist,
SetVideo:
Subrotinas fornecidas no Package "QuicPak”.
2.3.6 - Mouse, MouseRange, MouseHide, MouseInstall,
MousePressleft, MousePressRight, MouseReleaseleft,

MouseReleaseRight, MouseNow, MouseShow:

Subrctinas de contréle do rato.

Estas subrotinas encontram-se na biblioteca que acompanha o
programa,
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3 - ESTRUTURA DO FICHEIRO DE DADOS PARA O PROGRAMA "DP"

0 ficheirc de dados para o programa "DP" & um ficheiro nao
formatado, podendo ser efectuado através de um simples processador de
texto ou directamente do programa de calculo - opgdo que se recomenda.

Tem a seguinte estrutura:

TITULO DO PROBLEMA {1 Linhal
NFOIN NELEM NVFIX MMATS NODEQ NODET NODEBI NTIFN NGAUQ NGAUT NCASH 1 Linhal

NPOIN - NUMERO DE N&S
NELEM - NUMERC DE ELEMENTOS
NVFIX - NUMERC DE APQICQS
NMATS - NUMERO DE DIFERENTES TIPOS DE MATERIAIS
NODEQ - NUMERO DE NOS DE ELEMENTOS QUADRANGULARES (4, 8 ou 9)
NODET - NUMERC DE NOS DE ELEMENTOS TRIANGULARES (3 ou 6)
NODEI - NUMERO DE NOS DE ELEMENTOS INFINITOS (5)
NTYPE - TIPO DE PROBLEMA (1 - ESTADO PLANO DE TENSAO
2 - ESTADO FPLANO DE DEFORMAGAO
3 - PROBLEMA AXISSIMETRICO)
NGAUQ - NUMERO DE PONTOS DE GAUSS (4 ou 9)
NGAUT - NUMERO DE PONTOS DE "RADAU" (3 ou 7)
NCASE - NUMERC DE CASCS DE CARGA

NOMERO DO MO COORD. X COORD ¥ [NPOIN Linhas)

NOTA.:
- As coordenadas de nés asituados a meio de lados rectilinecs em
elementos de & ocu 9 nés podem ser interpolados a partir dos respectivos
nés de canto.

- As coordenadas do né central de elementos de 9 nds podem
ser interpoladas a partir das coordenadas dos restantes nés.

- Tem sempre que =e terminar a lista das coordenadas nodais
com o né NPOIN quer este seja n6 de canto ocu néo.

NiMERO DO MO cHDIGO DO AROIO [NVFIX Linha=]

LN csdige - 01
| cédigo - 10
£ Cédigo - 11

FUMBRO DO WO DESLOC. X DESLOC. 1 [NPCIN Linhas]
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FOMERO DO Pho. DB GAUSE COORD. X Coomo. ¥ O, O, (  [NGAUSS Linhas”]

G, - Tensdo principal méaxima
G, - Tensdo Principal minima
@ - Angulo da Tensdo Principal ©1 com a horizontal

NOTA :
- (*) O numerc de pontos de Gause utilizades, estd dependente do

tipo de elemento.
- Este bloco repete-se NELEM vezes.

NOTA :
- ESTES DOIS ULTIMOS EBLOCOS REPETEM-SE NCASE VEZES CONFORME O

FLUXOGRAMA QUE SE APRESENTA.

”1 ICASE = 1_NCASE I

Ipoin=1,Npein
Fead No,Deforid,Defor¥

Islem=1,Nelem
NNode=NoNod (Ielam)

etermina o numero de
pontos de Gauss consoante

(N® de Nés do Blementos)

o numerc de Nés do elemento

Igauss=1l,NGauss
Read IGau,CGaussX,CGaussY,PStrel,P3tre2,Angle
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4 - LINGUAGEM UTILIZADA

DrawPlane
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O programa "DP” fol escrito em “QuickBasic v4.5".

5 - DIMENSOES MAXIMAS PERMITIDAS PARA OS ARRAYS

MNode=9 -
MElem=100 -
MPoin=200 -
MCase=5 -
MGausa=9 -
MvVEix=200 -

'NO
Nb
NO
NO
-No
NO

maximeo
maximo
maximo
maximo
maximo
maximo

INods (MNode,MElem)

Coord(2,MPoi
NoNod (MElem)
Matno (MElem)
IFpre (MVEix)

n)

Defor(2,MPoin,MCase)
CGaus (2,MGauss, MCase)
PStrl (MGauss,MElem,MCase)
PStr2 (MGauss,MElem,MCase)
Angle (MGauss,MElem,MCase)

6 - Requesitos

de
de
de
de
de
de

nés por elemente

elementos

nés na malha

casos de carga

pontos de Gauss por elemento
apoios

- Ligacées nodais

- Coordenadas dos nés

- Numero de nés por elemento

- Tipo de material de cada elemento
- Cédige dos apoics

- Deslocamentos dos nés

- Cocrdenadas dos pontcs de Gauss

- Tensdc principal maxima

- Tensio principal minima

- Angulo da tensdc pricipal mé&xima com
a horizental

para o programa "“DP"

Processadoer - 286 ou superior
VGA (n4c estd preparadc para outro tipe de écran)
COR (preferéncial)
Opcional

Ecran -

Mouse -
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7 - EXPLICAGAO SUMARIA DAS DIVERSAS OPGOES DO MENU

7.1 - CLS

Apaga © écran mantendo a malha dos elementcos sempre
visivel
CILINBRO DE PAREDE ESPESSR ... ESIabBd PLARO DE BEFOANACAT

r——-d—ﬁ_—_—_—-ﬁ-_—-h—.—-_——ﬁ—‘*
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_iz  Apoios Nos Elementos HMateriais Deformada P Gauss o1-¢2 N_Solic.
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7.2 - APOIOS
Desenha os apoios nos noés

CILIHBRO DE PAREDE ESPESSA EITADD PLARI BE DEFOROACAE
; Irarl R i
. . b g I\'.

" v P 4 _'_.-."
| “1, ' ) o o
| & B
| >
I e
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1
i
| : :
| =2 ST s = - =
|

Cls #@poios Nos Elementos Hateriais Deformada P_Gauss o1-¢2 N_Solic.
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7.3 - Nés
Identifica o2 nés da malha

CILINDRO DE PAREDE ESPESSS ... ESTADD PLAND DE DEFGRHACAG
S e M\"_‘_\v.. —,
g
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Cls Apoios Hos Elementos Materiais Deformada P_Gauss ¢1-¢2 N Solic.
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7.4 - ELEMENTOS

Identifica o8 elementos da malha

CILINBRO DE PAREDE ESPESSA ... ERTADD PLaND DE DEFURNACATD

—— —~ .35
n B T )
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i
|
Cls Apoios Nos Eienenios MHateriais Deformada P_Gauss ol-02 N _Solic.
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7.5 - MATERIAIS
Identifica o tipo de material de cada elemento

CILIHDRO DE PAREDE ESPESSS ESTIan PLANO DE DEFORNACAU
- . & _:} 3 P
Cls Apoios Nos Elementos ffateriais Deformada P_Gauss o¢l1-¢Z N Solic.
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7.6 - DEFORMADA
Desenha a deformada da malha para cada caso de carga

CILINDRU DE PAREDE ESPESSA | .. ESTADO PLANO BE DEFORIACAD

i ; .
fo . I N
i TR . i .
i e, * ey
-~
— L -~
A L <
—
-
i e
s . _{:
c W -" 5
W L3
\ B
e o i
{ e A
4 -‘.

Cls

Apoios

Nos Elementos HMateriais Beformada P_Gauss ol1-¢2 N Solic.
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7.7 - P GAUSS

" Identifica os pontoas de Gauss - pontos onde sdc calculadas

as tenades

CILIHDRO DE PAREDE ESPESSH ... ESTADO PLANO BE DEFORNSCAl
_ s ——  —————~
_h__"‘——.,.. o3 - ;
=8 = S e
_—5. 23 &
= T, "II ® »
i a® “-:? .
__-“_"’_-_,.._ o3 ) o3 -= ~ ’.
= =N 4% ° = ‘._;.
5 . . i 2
-l 9 1
|
Cls Apoios Nos Elementos Materiais Deformada P Gauss o1-62 N _Solic.
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7|3 2T 0.1"02
Desenha as tens®es principais nos pontos de Gauss para cada
caso de carga

CILINDRI DE PAREDE ESPESSA ... ERTADO PLAND BPE BEFORNGIAT

o]
[
<
i~

Cls Apoios Nos Elementos HMateriais Deformada P_Gauss -gZ N_Solic.

7.9 - N_SOLIC.
Muda para outro caso de carga.

7.10 - N_PROB.
Faculta ao utilizador a opg&c de escolher outro ficheiro de

dados gue se encontra no disco, sem gue se saia do programa,
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7.11 - ZooM

Permite ac utilizador definir uma janela, da gqual se fara um

zoom

DrawPlane
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N_Prob. Zoos Imprimir Sair

Zoom da janela

7.12 - IMPRIMIR

Permite imprimir o que 3Je encontra no écran. A impressio dos
écrans sé foi testada numa impressora EPSON e numa gue poderia ser
emulada como tal. Todos os écrans aqui apresentados foram imprimidos
através desta opgdo.

7.13 - SAIR
Permite a saida do programa,
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LISTAGENS



TOYMAMIT:
't'jx.k-Ii'ttii:&'l-'*'#'xf%frtiftIi.lt#'k*ikll#*iir-|!¢.|ll$e|+r.i.:¢f!bl?‘Lk:f.{i-l.t{fc,.t:-ir'gffpft'r]-;-
-r.

EEEE PROGRAMA "D DE APOTU AN PROGEAMA “DEANE ™

ila

LA VISUAL TZACAD GRAF LEA DA MALHA, DEF LIEMADA, NS, TLEMENTUS . MATLI ALY
ey ARPCGHTCIES , PONTOS DE GALISS . TENSIIES PRINCTPATLS

-
1 S T 1 ) IR S A R S e e s R N P S O A o S AU QIS S e G g e
?j‘

GOMMON SHARED X, Xmasx, Ymin, Ywmax, ScaleX., Scale¥Y ., X0, YO
ek DECLARADALL DAL GHIBROT TNAS

DECLARE SHER Maan Mosg { Lbesa® () L, U en®)

PDECLARE SUB Apeuns (NMVF G008, Mo <%0 . GCoorcl) ., TIPRES())

PDECLARE SUB Alkes . Case (10a=e2, Nbaoew)

DECLARE  SURB F DeamB CAIC) . G Ton® . L Nod=Z())

DELLARE  SSLIB Mas-Man { MM . MUotes . MowlablZ,  Node 7% o Nondee B3, Miaolld | NGaw
%)

DECLARE SUE Scale (NGaul¥, MGaul®, MOaoo@ . NPain . Nelom® . sl sl 1 NN
20), Coord(), Dafear(), Dhadss(), PSuel(), PSEr2(), Anglel))

NECLARE SUB Des Displac (A0ased . Nelemn® | (MoMewdZ () o Lgeslded

DECLARE  SUB e Missty (NI'! e o MisiNl® ) . Do ) L LN '.?.l: )

DECLARE S8 Des PSbress ( Zowoand, NEaulE , NESOTR, Noelem? . i
RStEL()., PStri(), Chawssz(), Anagle())

NECLARE SUHB ZaamWinduw (Zoom®, DroasPoanber () . Neldem@, NelNodZ0) o Goo (i { G i

LNt () )

DECLARE SUB Lnputd (TEXTOS, NPoin®, Nebom, NVFixZ, NMats®, Nodets .. Nocle TR
w Noda L2 MNode, NMlvpeX, NMOaull | NbaualZ, Mhaauss?, Noase®)

DECLARE SUB [nput?2 (MVFixZ . NMPoin#, NMelems, Modes®() . | Nodes( ) . Conoy rj( ). K
@NodZ() , MatooX(), NoFax#(), TFPRES()) X

DECLARE SUB Input2 (NCase? . NelenZ, NPoinZ . NGaoZ, NGl , NoNod®() . Defe
b)), CGaugs(), PSSyl (), PSer2() . Anale()) )

DECLARE SUB NodeiZ2D (Nedes®( ), Coora( ) . ENode®() . NPoin®. Nedom? . SoNad®( ))

DECLARE SUB Numeracan (kNow . kF Lond . NelenZ . NPodaZ. NoNoo( . LENmts®l ), €
aord())

DECLARE SUB Numera - Gauss (Nelem® ., NGaul®, NGauTH, NMobMoc#() . Chausa())

DECLARE SUHB Numeva . Mat (Nelem®, Coord(), LNods20), Matno(), NoNod%())

DECLARE SUB StartDrawPlanes ()

DECLARE FUNCTION InKeyCode® ()

DECLARE FUNCTION KeyoceZ ()

(), Aol ))
)

B, PNzl ).,

v

Subrobinas de apoio
DECLARE SUB EdatLane (af, oxilCocded)
DECLARE. SUB Mouse (ml%. m2%, m3%. max)
DECLARE SUB MouscRange (X122, YIZ, X2%. Y2%)
DECLARE SUB Mousellide ()
DECLARE SUB Mouselnstall (mflag®)
DECLARE SUB MousePresslefb (leftCounb¥, xMouse®, yMoosek)
DECL ARE SUB MousePressRioht, (riahbCount®., xMouseZ. yMouse®)
DECLARE SUB MouseReleaseleft (lefblount®, xMouse¥, yMouse®)
DECLARE SILB MouseReleaseRight (rFighblountZ, <Moused, yMouseR)
DECLARE SUB MouseNow (leftBubbton?, vightBubbLon®, =Moused, yMouse®)
DECLARE SUB MouseShow ()
DECLARE SUB Drawlext (Xx<®, Yy#., Text$., AngleX, Dolv#, TestSisell, Spacing®)
DECLARE SUB DrawChar (X%, YZ, Letber¥, DolrX, Sizelt, [<panci)
DECLARE, SUB DrawCharn (X%, Y%, SAnglel, Lettord, ColeX, Sizoll, Expandd®)
DECLARE SUB Dr awCharS (X%, Y#%. Letber®. Colr®, Sizeft, Expandi, Divect®)
PDECIARE SUB StepText (X<, YvZ, lTextd, Angle®; LuleX, TuextSizel; Spacingi)
BECLARE SUB SebVideo () .

WINCLLIDE - PPN



skkk FLUNCAD PARA VERITETCAR SE EXTSTE A FILE NO DISCO

DEF FrExist (Fa LeNanes$)
STATTIE CovdelExigti

CALL TPxiat (P i leMNume=$ [ iotesd = B9
FrnExaist ooy st h
FMND DEF
wEE DATA PARA A CRLZ

NDIM CrossPoinber%(15)

Pat.alivissPodn Gey:
DATA 2.7.1010,1010,1010,1010,1010, 1010 FEFE \FEFE , 1010, 1010
PDATA 1010,1010,1010,1010

sakk ITNTRODUCALN DO NOME DOS FTCHETROS DE DADUS
DatFiled = COMMANDS
TR VERIFICA SE A CHAMADA DI PROGRAMA B CORRELTA
IF DatFiled = " THEN
SEREEN Q. , O, ©
SHELL “"OLS"
PRINT "Moda de Uso = DP NOME DO FTCHED RO
[ ND
ENE  TH
Ext® = INSTR(".", DatFil o)
IF Ext% <> 0 THEN
DatFileg = "
ElLLSE j
PDatFile$ = DatFile$ ¢ “ . DES"
ENDY TF
IF NOT FnExist(Datliled) THEN
SHELL "£LS8"
PRINT "1 Ficheira *"; DatF tled: Y hao exisbe Ul o
[-ND
END TF
Rk SLHBROTINA DE ARRANOLIE
callL SetViden: OLS
StartDrawPlane
_ SLEEP 2
TRk DIMENSTONAMENTO DAS VARIAVELS
MNodeZ = 9: Melen% = 100: MPoin% = 200: MCase? = G+ MGauss¥ = 9: MVFix¥ =
200
%5 DIM LNodsZ(MNode® . Melen), Coord(2, MPoinX), MoNad4(Melem?Z) , Matnod(Me Le
| DIM NoFix%(MVFix%). It PRES(MVF 1xx) , Defor{ 2, MPoind, MCasei)
DIM Chauss(2, MGausst, M1 2m )
DIM PStri(MGauss, Molem¥, MCaseX) . Psir2 (MGauss, Melem®, MCasoi)
DIM Angle(Mbauss®, Melemi, MU asa)
DIM SHARED AUX(5) . Nodest(9)
“ GOSLIR Stavl
SRR MENLL PRINCIPAL

ELS <+ SERFEN 9, . 0, 0: COLOR | O
LINE (0. O)=(639, 36), 1. B: LINE (2, 2)-(6a7, 34), 1, B



LCINE (O, 496)- (B39, 335) . 1. B LINE (2, S38)-(637, a83). 1. B8
VIEW SUEREEN (3, 3)--(666. 14)+ LS 1: MIEW

I ENAX LENC TEXTLRE)

M T % INT (743 [ FNAZ)

COMIPTL X% COMPTEX S \ 2

LOJCATE 22, EOMPTEXTE: UCIOLGOR 4.: PRINT TEXTNG = DL ¢

AL l‘t"..|V|l"'.|l(|\|l'|."'lll'n‘<, anl"-llnf%()_ |:|r|tl'll(.:1, l]‘.l.n!_.}'.(}_)

-

eSS LETTHRA DAY NPCOES DO MENL

DIM Craoest( L)
RESTURE DabaMerg
FUR AMonud = L T3 138
READ Chwvice$S 0 cMenus)
MEXT 1 Meru
PabaMer -
(B 1T K W e B o T y 1§ S g™ “F1omentoe "Maburiaas™, "Netormacta™

' LT "

DATA "R Gagss” . "odk=o2" "N Soliic: * "N Preaka ", "doom' oY Papr tmiit M Sans

AR DROGIRAMA PRINC DAL
L3

_ I msal = L
l"j.yf'.:]'-r'l-'l I |"I| [STNTHS

B8]
VIEW PRINE 25 100 25 CALL Madn. Menu{Chodce®() o Shodosk)

IF Chatce® = T THEN
VIEW SCREEN (2, 389)--(B365, 432): GLs 1
CALL Doe_ Mesh(NalemZ, NoNod#(), Goord(), | Nods() )
1DetormE = Oz kNoZ = 0 kElemX = 01 aPStressZ = 0 aNumbGauss®d = 0
iNodeE = 0z iFlem® = 0: wApciLos = 0: ilase® = 1: apMabsd = O

ELSELF Bhmiaet = 2 THEN
CALL Apodos UNVE L%, Mol i s ) B e |:l( ) v EFRRE S0 ))
LA TS 1

El.SELR Chonoced = & THEN
kNao® = 1: kElem® = 0
£ _ CAlLL Numeracao(kNoZ . kKElLem# ., Nelem%, NPoin#, N MedZ () . I Nods®( ) . Cooe
)

ANade® = |

R4 ELSELF ChoiceX = 4 THEN
- IR dMatad = 1L THEN

iMabed = 0
VIEW SCREEN (3, 38)-~(636, 332): OLS 1
CALL Des Mesh(Nelen, NoNodZ(), Coord(). | Nods®())
GOSHIB StabteOF Things
END T
leNaZ: = 0z KELemk = 1
o) CALL Numer acao(kNo#, kELem#%, Nelem®, NPoinX, NoMadZ(), LNodsZ() , Coor
LEdam# = L

ELSEELR Choice® = 5 THEN
iF 1Flem¥% = 1 THEN
1 1o (€]
VTIEW SEREEN (3, &9) - (636, 332): BLs i
CALL Des Mesh(Nelom#®, NoNodZ( )., Coord(), |Nods())
GUGLIB SLabellif Thionas
LN OF
CALL Moy o _M;H.(Nr_-l ek Dacied () . Eiiocde® (), Mabry vECY . NoNowetZ( ) )
1 Ma b |




FLSE IR Chodoe® = B THEN
IIJJ\.I 1 |II",,lJI 1’1 1 ( ||I--I t‘l-l./. I\‘lv'||'|||,'::. E'\J--F-.luri-?’f \ | l\'_ll.l ,X,() i |Jll|lu (})

tRetorm® = 1

Fl = TE Ghodee T THIEN
CALL Nuwper o Gauso (Ne Lom@, NGaul2 . NGau T2, NoNodZ () , BClhiauss())
LNumbiaussA 1

FUSEFIF Gl ivaay 83 THEN
CALL Des o PStreca( Zoom® . Mool . NG T o Neddomd, dGased, NoNoopz() oo
2D . PSLr2() s Chauss() ., Angle())
LPSLressi 1
ELSETF ChoieeZ = 9 THEN
Altwr  Cagse "1lasce¥®., NCase®

FlL SEIF ChoiceX = 10 THEN

CLS 2= LBCATE 25, 1= COLOR 7

PRINT "File Spec : ": = NewFile$ SPACGES(R)

Fadith ine Newkiled . ex bloglen

Niwl 1 e LTRIMECRTIIME (Nowl i 1e$) )

BatFirled = NewFile$ + " _DESY

IF FnkExist(DatFilet) THEN
VIEW PRINT : LOCATE 2, 2= COLOR O PRINT STRI NGE(78, 219) -
VIEW SCREEN (3, 39) (636, 332): 0oLs 1
LHSLB Starl
LENAZ = LEN(TEXTOS$) = COMPTEXT% INT (78 LENAZ) \ 2
LRCATE 2, COMPTEXTX: COLOR 4: PRINT TEXTO$: COLOR 7
iDeform¥ = 0: kNoZ = 0; kElem¥ 0: APStrecs® = 0: iNumGauss% = 0
iNode® = 0: iElen® = 0: iApoios¥ — 0: ilase¥ = 1: iMats¥Z = 0
CALL. Des.Mesh(Nelen?, NoNodZ() ., Coord() ., LNode®())

F1SE
ELS -2
LOCATE 285, 1: COLOR 7: PRINT "A file “; DatFile$:; " nao existe"s:
DOz LOORP UNTIL INKEYS <> "

FND L

ELSEIF ChoieeX = 11 THEN
CALL ZoomWindow( Zoom#, CrossPointer (). NelenZ, NoNodZ(). Coord() . 1]
ds())
GUSLIB Stabelf Things

EI.SEIF Chaojce® = 12 THEN
CLS 2: LengbthZ = 73 - LEN(DatFile$)
LOCATE 25, LengthZ: PRINT LUSING “FILE : &"; DatFile$:
IF aPStress® = 1 THEN
LOCATE 25, 2: PRINT ":oxe Compressan : —— Traccan®:
END TF
FOR “iCor® = 190 16
PALETTE 1iCor%., 7
NEXT 4Lar®
PO LODPTUNTIL TNKEY$S <> "
SHELL "Graphics"
CALL PrtSe
PALETTE
ElSELR EBholce® = 13 THEN
FND
END [F
LT

SEatet i 11 nas
LE iDetorm® = 1L THEN
CALL Des Displac(ilased o Ne Lo, Mo ) o L Nt ;’-( ) , Diefor ( ) )
ENDG 1
IF i Noged 1 THEN
|8 [ Lz kElem¥ =0



CALL Numeracan(kNo®, kElom%, Nelem¥%, NPound, NaNod® () . LNods®(), Coord() )

ENDY TP
I ik Lem# 1 THEN
le N 0z el Jima {
CALL Numeracao(leNo o kD e Mes Do . NEto e, NN bl G PR U TR TR & L el () )
i LI

IF aNumGauss® = L THEN
CALL Numera. Gausa{Nolom# , NGoauttd, NEAUTS . NoNod®@ (), 6 auss())
ENEY L
IF adhpociosd 1 THEN
CALL Apoios (NVE <, Nok 2(), Coord() . HPRESL ))
FNpD T
IF iPStress® = 1 THEN
UALL Des.PStress ( Zowamd, NG s, Nbou i, Mo loem®, abased . Nal widz () . POkl 8 B
PStr2() . Ghauss(), Angl ())
END L
RETHIRN

L] i | o O
sy ARFIRTURA DDS CANALG DE L [THIRA DUS PPARAME TROS DE CONTROL E
sk F ORESTANTES DADUOS

OPEN DatFiles FOR INPLIT AS W1
ek L ELTURA DUS PARAME TRUS DE UL INTROLE
call Inpub L TEXTOS, N nin®, Melem#, NVEL 2% NMabe#, NodeQ, Node 1%, Nocki-12%
. MNocde, NType®, NGaul®, Noaul, MGausad . NoaseX)
_ CALL MaxMin(MNode®, MEBaussi, Nodel® ., NModeT%, Nodel#, NGAaulY . NGanT#)
Tkkk  DIMENSTONAMENTO DAS VARTAVELS
REDIM | Nods? (MNode® , N emg), Coord(2, NPo ing) . NoNod(Mel anZ) . Matnod(Ned
)
REDIM NoF 1<% (NVFi=<®) | (FPRESINVF ix®) . Defor (2, NPoind, NCaa-e %)
REDIM Chauss (2, MiaussiE, MNe Lesmi ) .
REDTIM PStrl(MGausa, Nelomi, NCase?) . PStr 2(MGauss®, Nelom#. Noase?) |
REDIM Anale(MGauss#, Nelen?, NCase®) |
REDTM SHARED AUX(5) ., Nodesz(9)

¥k EITURA DAS LIGACUES NODATS, COORDENADAS , MATERTATLS,
_f*** [ TGAGOES EXTERIORES, eto.
CALL Input2(NVE LxZ, NPoinZ, Nelom?., Nodes#(), L NeodsZ() . Cooed(), Nohodd( )
Matrno%() . NoFix%(), IFPRES())
“#x% [ EITURA DOS DESLOCAMENTOS, COORDENADAS DOS PONTOS
"_*'** DE GAUSS E DAS TENSOES TENSGDES PRINCIPATS
cAalLL Input3(NCase#, Nelem?, NPoinZ, NGau@Z., NGaulX, NoNadZ() . Detor() . CE
uss( ), Pstrl()., PStr2(), Anale())

_ CLOSE
kkk DETERMINACAD DAS ESCALAS
kg [RANSE ORMACAD DAS COURDENADAS GEOME TRICAS EM COORDENADAS GRAE TEAS ;

CALL Seale(NGaulZ, NGaul %, NeaseX, NPoi n% . Nelemd, | Neids®( ) o N (), ¢
F80) . Defor() . Chauss(), PStri(), Pste2() . Angle())

RETHIRN



'dfkhputl (TEXTOS, NPoin%, Nelem%, NVFix%, NMatsh. NodeQ%, Nodel%, MNodels, MMNoo
",ﬁTan%, NEaUA%, NEauTs, ' MBaussh, MCa=as)

LELITURA DOS -PARAMETROS DE CONMTROLE

IMNPUT ). TEXTO® :
IMNPUT #1., NPoin%, Nalem¥%, NVYF1x%., NMats%, Nodald, Nodeli. MNod=l%, NType%s,
NGaul %, NCase%

Bmpun2 (NVFixX%. NPecin%k., Nalems, Nodes%( ), LNods%( ), Coordal ), Novoa%(]}, Mabtno
Ja NoF1x%( ). LFPRES( )]

LEITURA DOS MN2S (OF Nos, MATERIAL, LiGACOLS NUDALDS

FOR 28lam%z = 1 TO Melemi
INBUT #1, JFlemi%., Matnos(aElems). NopodBl eiam%)
FOR 1Node% = 1| 0O NoNodi3l jElem%)
INRUT #L. LNods%({iNode%, JElen%)
NEXT iNode%
1F MoNoa%(Jtlam%) = S THEN
CAatl ElemS(AUX(), JELem%, LNoas%())
: END TF
- NEXT 1Elemz
KOUNT = ©O: 1Poin%s = O
DO WHILE iPoin% <> NPoin% ' '

INPUT #1, iPoin%, Coord(l, iPoink), Coord{2, iPoin%)
. KOUNT = KOUNT + 1 .
- Loor

IF KOUNT <> NPoin% THEN : ' (
 CALL Node2D(Nodes%(). Coord(), LNods%(), NPoink, Nelem%, NoNod%())
END IF

FOR IVFIX = 1 TO NVFix$ -
INPUT #1, No%. IFPRE$(IVFIX) 2 .
- NoFix%(IVFIX) = No%
~ NEXT IVFIX

1t3 (NCase%, Nalem%, NPoin%, &Gau@%. NGauT%, NoNod%(), bDefor(), CGauss(),
). Pstr2(), Angle()) for”

¥ CICLO SOBRE 0S CASOS DE CARGA .
 FOR iCasza% = 1 TO NCasek
K | e TURA DOS DESLOCAMENTOS
FOR iPoin% = 1 TD NPoin% ]
INPUT #1, No%, Dafor(l, No%, iCase%), Defor(2, No%. iCase%) 4
NEXT 1Poin%k a

LE] FURA DAS COORDENADAS DOS PONTOS DE GaUSS, ol 02, ang

FOR 1Elesm$ = | TO Melemi

B e 1 R ey ST

T g e———



NNode% = NoNod%(iElem%)
NGauss% = NGaulQ%
IF NNode% = 3 OR NMiNode® = & THEN NSauss¥% = NGauT%
FOR i1Gauss% = 1 TO NGauss%
INPUT #i1, 1Gau%
INPUT B1, CGauss(l., i1Gau%s, 1Llem%)
INPUT #1, CGauss(2, i1Gau%, 1Elamb)

INPUT #1, PStrl(iGau%, iFlem%, iCase%) !
INPUT H#1., PStr2(iGau%. i1tleus, 1Cases)
INPUT #1l. Anglel(iGaus., 1Elers. Casek)
NEXT iGauses
NEXT 1Elem%
NEXT iCase%
r
thog 1 #
L)
¢ ) LE, :
'SHa ¢ a4 . g b . . e
DLt R S S VORG L4D o3 - . 3y y
s oy
y L 1 [ » ol s @ lalr 2 kot K
_|l 'L
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Al




poios (NVFix%, NoFix%( ), Coord(), IFPHES())

DREENA O DESENHU DAY LIGACOES

FOR IVFIX = ) TO MVFiIX%

No%: = Nofix%{IVFIX)

XNo = Coord(l, No%): YNo = CoordtZ, No%)
PSET (XNo. YNo), 4

GOSUR 92000

NEXT IVFELX

EXIT SuUB

IDENTIFICA O TIFQ LE ARPOLO

FAP$ = IFPRES(IVFLIX)

IF IFAPS = "L1" THEN

. GOTO 92140

\ELSEIF IFAPE = '0L" THEN

GOTO 92160
ELSEIF IFAPS

: GOTO 9150
END IF

S QT THEM

ALDLG DUPLD

“ARPOIO

SIMPLES

VERT LCAL

B0 DRAW “C4" 1+ " NGA F4 BR2 L12 G2 BR3 E2 BR3 G2 BRI £2 BRI G2"

—  APOIO SIMPLES VERTICAL

L

F XNo <= (X0 + ScaleX * (Xmax + Xmin) / 2)
~ DRAW "C4” + " NH4 G4 BDL ULO 8L2 D10
ELSE

DRAW "C4" + " NE4 F4 8DL. ULO BRZ CL10"
END TF
LETURN

THEN




Numeracao (kNo%, kElem%, Nelem%. Nroins. NoNod%(), LNods%( ). Coord())

MUMERMACAD GRAFICA DOsS NOY

epho% = 1 THEWN
FOR 1PGIn%s = X TO NPein%
¥ = Coord{1, 1rPoin%) -
Y & BoordiZL 1IPOTN%Y )
PSET (¥, ¥)., O: DRAW "C9 HRZDIGILIHIUIEIRLFIBU4BRI"" "C9 B8Ol 8R1 Lz w2
N fUe Bre!
VNUME = MIDB(STRE(iPoin%), 2, LEN(STRE(IPaing)}))
Corg = "g9"
_ GOSUB €500
~ NEXT 1Pcin%

NUMERACAD GRAFICA DOS ELEMEMTOSH

EIF kelem% = 1 THEN
L FOR 1Elen%s = 1 7O Nelem%
MNDde% - NoMod%(1iElem®)

IF MNoda% = 3 THEN
XModal% LiNods%(Ll. 1
XNDctal% LNods%(2. 1
XNoded% = LMods%{(3, it
®1 = Caord{1l, XNodel%): *1 = coord(2, XNodel%)
X2 : Coord(l. Xnode2%): Y2 = Coord(2, XModel2%)
X3 = Coord(l, XNode3%): Y35 = Cooral(2, xNoded%)
M (XL X2 FXK3) S E
Y (S G e G R SR AR

ELSELIF NNode% = 6 THENM
XNodal% LNods%(1, iElem%)"

XNode3% = LNods%(3, iElem%)
XNodaéc% LNods%(6, 1Elam®)
X1 Coord( i, XNeodal%): Y1
X3 = Coord{1l, XNoded%): Y3
X6 = Coord(l, XNodeé%): Y6
*M (X1 X3 * X6) '/ 3

yM = (YL + Y3 + Y&) / 3

FLSE

[F NNode% = S THEN i
XNode2% = LNods%(2. iElem%)
; XNode5% = LNods%(5, 1Elem’) :
r X1 = Coord(l, XNode2%) -
5 Y1 = Coord(2, XNode2%) y
X2 = Coord(1l, XNodeS%)
¥2 = Coord(2, XNodeS%)
: ELSE '
: - XNode2% = LNods%(2, iElem%)
XNodeé% = LNods%(e&, 1Elam%)
X1 = Coord(l, XNode2%)
Yl Coord(2, XNode2%)
X2 = Coord(l, XNodeé&%)
Y2 = Coord(2, XNode&%)
END IF
- XM = (RY £ X2) kS M 2 CYE FLY2ZY @B
END LF
PSET (xM, yM). O: DRAW "C10 NLINUINDIRIBRZ'
VMUME = MIDS(STR$(iElem%). 2, LEN(STRE(1Elam%)))
COR$ = “Cl0”
LGOS 6500
- NEXT 1Elem%

nonon

Coord(2, XNodel%)
Coord(2. XModedk)
Coord(2, XANodeé%)

"o on

(A P Y T2

L1

(T T}




OR J% = 1 102 LENCVNUMSG)
NUMS$ = MIDS(VNUME, J%, L)
IF NUM$ = "1° THEN

DRAW COR$ + 'BRZ wa G2 RLZ 815
ELSEIF NUM$ = "2" THEN
DRAW COR$ + 'NR3 UZ R3 UZ L3 BD4 BRS"
ELSELIF NUM$ = “3° /THEN
URAW CORS + RS W2 NLZ WA LS Bbd BREG
ELSEIF NUMS = "4 F[HEN
DRAW CORS$ #+-"BRIS W4 GI R4 8O BRZ
ELSEIF NUME = 'S" [HEN
DRAW COR$ + "R3 L2 L3 UZ RIS BDF #r:”
ELSEIF NUM$ = "6" THEN
DRAW CORS + "NR3 U4 R3 B2 NLZ D2 BR3"
ELSEIF NUum$ = "7" THENM
DRAW COR$ + "BU3 UL RZ 02 NLL NRYI D2 8R3"
L. ELSELF NUMS = "8" .THEN
DRAW COR$E ¢+ "BRL NR3 U4 RS D2 NLE D2 BR2Y
ELSELIF NUM$ = "9" THEN _
CRAW COR$ + "R3 Wd L3 D2 KRG D2 BRI
FLSEIF NUM3 = "0 THEN _
DRAW COR$ + "Ud B3 D4 NL3 HR2'
ELSEIF NUmM$ = "-" THEN
DRAW CORE + "BUZ2 R3 BD2
& ENE IF
NEXT J%
‘— 1 -_r L o
gaEs . 1 L
il i gy i T Il ' RS

A
R e ol i ] st




‘UB Numera.Mat (Nelem%, Coord(), LNods%(), Matno%(), NoMNod%())
uB

S NUMERACAD GRAFICA DRDS MATER1IAIS

FOR 1Elem% = 1 TO Nelem¥

MMode% = NoNod%(iElam%)

IF NNoda% = 3 THEN
XNodel% = LNods%(l, 1Elem%)
¥MNode2% = LNods%( 2, 1Elemi)
AXNocdes5% = LNodss{s, 1LElems)
X1 = Coord(l, XNodel%): YL = Coord(2, XNodel%s)
X2 = Coord(l, XNode2%): Y2 = Coord(2, XModeZ%)
X3 = Coord(l, XNoded%): Y3 = Coord(2, XNoded%)
%M = (X1 + X2 + X3) /£ 3

)t v = (Y1 + Y2 +¥3) /&

ELSELF NNode% = & THEN

¥Nodel% = LNods%(l, iElem%)

XNoda3% = LNods%(35, 1Elem%)

XNodes% = LMods%(s, iElems) ]

¥) = coord(l, XNodel%): Y1l = Coord(2, XMordel%)
X& = Coordll, XNoded3%): Y3 = Coord(2, XNode3%)
X6 = Coord(l. XNode6%): Yo = Coord{2. XNode&s)
M = (XD * X5 * X&) /3

%% ML (1 20 (T "6 S ) (e
ELSE _
[F NNode% = 5 THEN
xNode2% = LNods%(2, 1Elem%)
XNodesS% = LNods%(5, iElam%)

X1 = Coord(l, XANode2%)

¥1 = Coord(2, XNode2%)

] X2 = Coord(1l, XNodeS5%)

. Y2 = Coord(2. XNodeS5%)
ELSE

XNode2% = LNods%(2, iElam%)
XNodesz = LNods%(6, 1Elem3)

X1l = Coord(l, XNode2%)
Yl = Coord(2, XNode2%)
X2 = Coord(l, XNodeé6t%)
Y2 = Coord(2, XNodeé&%)
v END IF
. «M*= (X1 + X2) ¥ .5: yM = (Yl + ¥2) ¥ .5
m END IF “
- RSET (%M, yM), O: DRAW "C12 BD1 BR1 1.2 U2 R2 D2 BUl BR2
 UNUM$ = MID$(STR$(Matno%(iElem%)), 2. LEN(STR$(Matno%(iElam%))))
~ GOsuB 8200
- NEXT iElem%
i EXIT SUB
‘—— DESENHO DOS NUMEROS

3200 COR$ = "c12"
' FOR J% = 1 TO LEN(VNUMS)
NUM$ = MIDS(VNUMS, J%, 1)
IF NUM$ = "1" THEN
DRAW COR$ + "BRZ U4 G2 BD2 BRS"
ELSEIF NUM$ = "2" THEN
DRAW COR$ + "NR3 L2 R3S UZ L3 BD4 BRS"
ELSEIF NUM$ = "3" THEN
DRAW COR$ + "R3 U2 NL? U2 L3 2D4 BRG
ELSELF NUM$ = "4" THEN
DRAW COR$ + "BR3 U4 G3 R4 8D1 BRZ ~
ELESETF NUMS = "8" THEN
DRAW COR$ + "R3 U2 L3 U2 R3 BD4 BR2"
ELSEIF NUME = “&" THEN
DRAW CORS$ + "NR3 114 RS BDZ NL3 D2 BRX"



ELSEIF NUMS = "7" THEN
DRAW CORS + "BU3Z WUl R3 D2 NLL NRLI D2
L ELSELF NUMS = "8 THEN

L ELSETF NUMS = "9" THEN

DRAW CORS + "R3Z U4 L3 D2 RS D2 BRI
ELSETF NUMS = "0" THEN

DRAW COR$ + '"U4 R3 D4 NL3 BR2'
ELSETF NUM$ = “=" THEN

GRAW CORS + 'RURZ BRI BDZ U
END TF

aR3"

DRAW COR$ + "BRL NR3 U4 R3 02 NLE D2 BRZS

A TSR L Ty

e
R



{ LEssey Ne ltmb NoMoce( ) LNad ) e o

5 8 Des . U o as (7
vk BESE MDY DA \EEOEMADE
FOR riilem%s = 1 JO Nelem%
NNode% = NoNod%({iElems )
I NNode% = 9 THEN HNiNode% a2
FOR iNode% = 1 TO NNaode$
X1 = Defor(l, LNods%(iNode%, ifiem%), iCase%)

Yi = Defor(Z, LNode%(iNode%, iFEiem%), iCase%)
IF iNode% < NNode% THEN

X2 = Pefor(l. LNods%(iNode% + 1, i1Elem%), iCase%)
Y2 = Defor(2, LNods%(iNode% + 1, iElem%), iCase%)

ELSEIF iNode% = NNode% AND NNode% <> 5 THENM
X2 pefor(l, LNods%(1l, iElem%), iCase%)
Y2 Defor(2, LNods%{(1, iElem%). iCase%)
ELSEIF iNode% = NNode% AND NNode% = 5 THEN

X2 = Defor(l, LNods%(S, iElem%), iCase%)
Y2 = Defor{(2, LNods%{5, iElem%), iCase%)
END IF

LINE (X1, Y1)=-(X2, Y2), 7, , &HCOCO
NEXT iNode%
NEXT iElem%
END SUE



SUB MUime "5 Lsuas (Nelem%y, ICaUa% . NGEauT%,. NoNodg (). CGz el
TS BF SN g% HUNTOS D LBALISS

FOR 1Elem% = 1 TO Nelem3
NMMode® = NoNodS(itlem%)

NGauss%: = NGauls
I'F NNodef = 3 DR NNodes = & THEN NGauss%s = NEauTh

FOR iGauss% = 1 J0 NGauss$%

PSET (CGauss(l. iGauss%, 1C€lem%), CGauss(2, 1Gauss%, iElem%)),

WEEG1Y BD1 BRI L2 UZ2R2 D2 BUI BRZ'
VNUMS = MIDS(STR$(iGauss%), 2, LEN(STR$(iGauss%)))
GOSUB 8100
NEXT i1Gauss%
NEXT iElem%
EXIT SUB

Ce— —

'—— DESENHO DUS NUMERODS

>

C:

DR

2100 CORS$ = "c14"
FOR J% = 1 TO LEN(VNUMS)
NUM$ = MIDS(VNUMS, J%, 1)
IF NUM$ = "1" THEN
CRAW COR$ + "BRZ U4 G2 BD2 BRS"
ELSEIF NUM$ = "2" THEN
DRAW COR$ + "NR3 UZ R3 U2 L3 BD4 BRS"
ELSEIF NUM$ = "3" THEN
DRAW COR$ + "R3 U2 NLZ U2 L3 BD4 BR& "
ELSEIF NUMS = 4" THEN
DRAW COR$ + "BR3 U4 G3 R4 BD1 BRZ "
ELSETF NUM$ = "5" THEN .
DRAW COR$ + "RI U2 L3 UZ R3 BD4 EBRZ"
ELSEILF NUM$ = "6" THEN [
DRAW COR$ + "NRZ U4 R3 BD2 NL3 D2 BR3"
ELSEIF NUM$ = "7" THEN
DRAW COR$ + "BU3 Ul R3 D2 NL1 NR1 D2 BR3"
ELSEIF NUM$ = "8" THEN
DRAW COR$ + "BR1 NR3 U4 R3 D2 NL3 D2 BR2"
ELSEIF NUME = 79" THEN
DRAW CORS$ + "R U4 L3 D2 RZ D2 BR3"
ELSEIF NUME = "0" THEM
DRAW CORE + “"U4 R 04 NLZ BRZ"
El SETF NUME = "= THEN
DRAW (CORE + "BU2 R3 BD2
END TF
NEXT J%
HETURN
IFND Stk



-

sUB Des.PStress (Zoom%, NGauQ%, NGauT%, Nelem%, iCase%, NoNod%(), PStri(), PStrz
(), €Gauss(). Angle())

‘xxx DESENHO DAS TENSOES PRINCIPAIS

VIEW SCREEN (3, 39)-(636, 332)
P1 = 3.141592654% .
Strel$ = "BDILSD3IFIRZEIULIBRIELDS”
Stre2¢ = “BD3LSD3F1IRZEIUIBRIBRUIRIDILIDIRI
FOR iElem% = | TO Nelem%
NNoda% = NoNod%(iElem%)
NGauss% = NGauQ%
IF NNode% = 3% OR NNode% = & [HEN NGausst = NEauls
FOR iGauss% = 1 TO NGauss%
GX = CGauss(1l, iGauss%, iElem%)
GY = CGauss(2, iGaussy%, itlem%)

Ang = Angle(1Gauss%. 1Elem*, 1Casew)
Strel = PStrl(iGauss%, itlem%, 1Case%)

Stre2 = PStr2(iGauss%, iElem%, 1Casa%)

31X = Strel ¥ cos(Ang)
S1Y = Strel ¥ SIN(Ang)
82X = Stre2 ¥ COS(PL * .5 + Ang)
g2Y = Stre2 ¥ SIN(P1L * .5 + Ang)

Stre = Stral: S1 = ABS(S1X): 82 = AES(SLY): Stref$ = Streld
FOR iStre% = 1 T0 2

SinalAang = SGN(ANg)

SinAbs ABS(SIN(P2 * .5 - ABS{Ang)))

CosAbs ABS(CcosS(Pi * .S - ABS(Ang)))

m o

1IF Stre < O THEN

X1 = GX + Sinal@Ang * 81 * .5 + CosAbs
YL = GY - S2 * .5 + SinalAng * SinAbs
X2 = GX - SinpalAng * S1 ¥ .5 + CosAbs
Y2 = GY + S2 * .5 + SinalAang * 8inAbs
BESET 1 (HeXs “Wl) 5 O

LINE =(X2, Y2), 7

¥1 = 'GX + Sinalf@ing *® Sl * .5 ~ CosAbs
Yl = GY - 82 * .5 - SinalAng * SinAbs
X2 = GX - SinalAng * S1 * .5 - CosAbs
Y2 = GY + 52 * .5 - SinalAng * SinAbs

PSET JIXL, Y1), O
LINE =(X2,'Y¥2), 7

ELSE
X1 = GX + SimalAng * S1 * .5
u g Sl Yoyl e Bl e S
X2 = GX = SinalAng * S1 * .5
y2izray #.82 * .5

PSET (X1, Y1), ©
LINE =(X2, Y2), 7

END IF
IF Zoom% = 1 THEN DRAW StreP$
Stre = Stre2: S1 = ABS(S2X):
Aang = Ang - SinalAng * P1 *
MEXT 1Stre%
NEXT iGauss%
; NEXT itlem3
END suB

852 - ABS(S2Y): StreP$ = Stre2$
-5



L
UB ZoomWindow (Zoom%, CrossPointer%(), Nelem%, Nomod%(), Coord(), LNodss%( ) )
gF Zoom% = ‘! THEN
. WINDOW: VIEW
VIEW SCREENM (3, 39)-(&3&, 332): €CLS 1: VIEW
call Oes_MeshiNelem%, NoNod%(), Coord(), LNodsS%()!}

ELSE .
VIEW SCREEN (3, 39)-(63&6, 332)
Zoom%s = 0O

END TF

Mouselnstall mflag$
IF mflag% THEN
Mou=eRange 2, 40, 636, 352
X MovseShow
anloop:
DO
MouseNow lefthButton%, rightButbons. xMousei, yMouse®
MousaPRresslett lettCount%, xXplLefts, vplLarth
MouseReleaselaft leftRelsaCounti%, xrlierts, yriaft%
MousePressRight rightCount%, xXpRiaht%, wvoRight?
MouseReleaseRight rigntCount®*, xrRights, yrRignht
IF lettReleaCounts <> O THEN GOSUR Drawl:pe
lafEtReleaCount%s = O
LOOP UNTIL INKEYS <> ™"
Zoom% = 0: MouseHide
EXIT suB
‘rawline:
IF ABS(xrLeft% - xplLeft%) < 10 OR ABS(yplLett% -~ yrLefit%) < 10 THEN
RETURN
ENE: TF
MouseH1de
DO

#M% = xMouse%: yM% = yMouse%
LINE (xplLeft%, ypLefts)-(xMouses - |, yMousse% - 1), 15, B, &H10J
LINE (xplLeft®, ypLeft%)-(xM% - 1, yM% - 1), 0, B, &HLOL
MouseNow leftButton%. rightButton%, xMouse®, yMouses
MousePressLeft leftPressCount%, xpPressleft%, ypPressLeft%
LOOP UNTIL leftPressCount% <> 0
leftPressCount% = 0 .
WINDOW SCREEN (xpLeft% - 15, yplLeft% - 40)-(xM% + 15, yM% + 15)
VIEW SCREEN (3, 39)-(636, 332): CLS 1
CALL Des.Mesh(Nelem%, NoNod%(), Coord(), LNods%())
Zoomd = 1z EXIT SUB

ELSE
COLOR O: PRINT STRING$(79, 219); : COLOR 7
: Promptl$ = " Para definir a janela : " + CHR$(27) + " " + CHR$(24) + "
+ CHR$(25) + " " + CHR$(26) + " <4 Quit=Esc "

LOCATE ., 2: PRINT Promptl$;
RESTORE DataCrossPointer
EOR I%:= 0. T0O 15

READ h$
crossPointer%(I%) = vaAL{"&H" + h3)
NEXT I%
XPut% = 300: YPut% = 150
(818
kag% = 1nKevCode®%
IF kee% = 20480 THEN
YPuLE%s = YPut® + 3
IF YPUE% » 326 THEN YPut®s = 426

GOSUB BPuLbCross



ELSETF kee% = 18432 THEN
YPuUt® = YPULt% - &
IF X¥Put% < 39 THEN YPULS = 39
GOSUR PutCro=s
ELSEIF kee% = 1920C THEN
XPUuts = XPuts - 3
IF XPut% < J THEN XPut% =
GOSUB PutCross
ELSETF kea% = 19712 THEN
XPut%k ‘= XPut% + 3
If XPUt% » 630 b XPutss
GOSLUB PutCross
EILSELF kee% = L3 THEN Sehir
xStart% = XPur%: yStarts = YPRutH
e
LINE (XStart%s. yStarts)-((Pats . YPUES), 7. B, RHFOOO
FOR. TEames = 1 VFBiSe  BEXTHIEimeSs
LINE (>Start®h, vStartd)-(Puth, YPUth), o, 8, EHFOOO

L]

620

kee% = I[nKeyCode%

IF kee%s = 20480 THEN
YPUE%S = YPuts + 3
it YPUE% > 326 THEN YPuULs = 32&
GOSUB PutCross

ELSEILF kee% = 18432 “HEN
YPuUtE = YPuts - 3
IF YPut% < 39 THEN YPRuts = 39
GOSUB PutCross

ELSEIF kee% = 19200 THEN
XPut% = xXPut% - 3
IF XPut% < 3 THEN XPut% = 3
GOSUE PutCross

ELSEIF kee% = 19712 THEN
XPut% = XPuts + 3
IF XPuUt% > 630 THEN XPut% = &30
GOSUB PutCross

ELSEIF kee% = 0O THEN
GOSUB PutCross

END IF

LOGP WHIILE kee% <> 13

If xStart% = XPut% OR yStart% = YPut% THEN \
xStart% = 15: yStart% = 40: XPutk = &625: YPuky = 335
Zoom% = O

ELSE ’
Zoom% = 1 -

END IF

WINDOW SCREEN (xStart% - 1S5, yStart% - 40)-(XPut% + 18, YPut% + 18)
VIEW SCREEN (3, 39)-(636, 332): CLS 1 '
‘cALL Des.Mesh(Nelem%, NoNod%(), Coord(), LNods%())
EXIT SuB

ELSEIF Kkee% = 27 THEN
Zoom% = 0: EXIT SUB

ELSEIF kee% = O THEN
GOSUB PutCross

END IF

- (XPut%, YPut%), CrossPointer%, X0OR
GUR Itimek = 1 TO S: NEXT LEime®
UT (XPut%, YPut%), CrossPointer%. XOR
[ ‘_-n'-’ -
LR




-Mesh (Nelen, NoNod$(), Coord(), Lnods%(})

b DESENHO DOS ELEMENTOS
FOR iflem% = | 7O Nelem%
NNode% = NoNod%(1Elem%)
LF NNOd®% = 9 THEN NNodeb = 8
FOR iNode% = 1 TO NNodel
Xi = Coord(1l, LNods%{iNode%, iFlem%))
Yi = Coord(2, LNodz%(iNode%. iflesm%)}
IF 1Node% 4 NNode% THEN
X2 = Coord(1l, LNods%(iNodex + 1. iflem%))
Y2 Coord(2. LNods%(iNode% + 1, 12lem%))
ELSELIF iNode% = HNNode% AND MNode% <> 5 THEN
X2 = Coord(l, [Mods%(l, i1Elem%))
Y2 = Coord(2, LNods%(l, 2€lemk))
ELSELF 1Nade% = NMNodsh AND NNode% = S FHEN
X2 = Coord(l, LNods%(5, itlamnz))
Y2 =Coord(2. LNods%(S, itiem®))
END TF
LENE (XL Sre)=i(xa, vy, 4
NEXT iNoda%
- NEXT 1Etlem%
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ale (NGauQ%, NGauT%, NCaze%, NPoin%, nNelemn%, Liods%(). NoNad%( ), Cooral )
)y CGauss() . PSEri( ), #Etr2(}, Anglaef .

I £SCALA DAS COORDENADAS

30! XRHT = ©10!: YHEIGH = 300!: YLOW = S0
Coord(l, 1): Ymin = Coord(2,. 1)z Ymax = Coordi :

E Aspact = 48! / 350 ¥LFT
Amin = Coovrd(l, 1): Xnax

(BT

FUR 1F0ins = 2 10 NPoin%
vaakdll, iFoink) Ay THERN Xmin = Zoeard

(L, Tfoan®:)
It Coordl L, IPoknR%) ¥ Xmax THEN Xmas: = Coord( 1, 1Poins J
IF Ceord(2, iPcin%) < Ymin THEN Ymin - tnnrcfz 1Po1 %)
IF Coord(2, 1Poin%) : Ymax THEN Ymas Coordl 2, iPoin%)

INEX T 1Poin%

BXL = aBS{Xmax = Xmin): YL = ABSL Ymax - vien )
Scalex (XRHT = XUFT) / XL: ScaleY = Scalex / Aspact
1) ] o SealaY) < (YHIGH - YLOW) GOTD 2600

Sraley (YHIGH - YLOW) 7 YiL: ScaleX = Scaley & fenact

(R S

KO = XLFT + (XRHT = XLFT) J 2' -~ ScaleX ¥ (Xmax + XmicY / 22
Y. = YLOW, & IYRLGH = YLOW) / 2% - Scalay « {(Ymax + Ymany /023

TRANSSORMACAD DAS COORDEMADAS REAIS

L FOR ifoin% = 1 TO MRoin%

_ X1 = X0 + ScaleX * Coord(l, 1Ppin%): Y: = 150! - (YO ¢ BcalaY * Lnn?d\

X

. Coord(l, iPoink)
_Coord(2, iPoin%)
. NEXT 1Poin%

X1
Wk N

TRANSFORMACAD DAS CODRDENADAS REAIS DOS PONTOS DE GRUSS

B FOR iElem% = 1 TO Nelem%
NNpde% = NoNod%(1£lems)
fGau=3% = NGauQ%
IF NNode% = 3 OR NNode% = & THEN NGauss% = NGauT}
FOR 1Gauss% = 1 TO NGaussk% _
CGauss(l, iGauss%, i€lem%) = X0 1 ScalsX ¥ CGauss(l, iGauss% 1Elem$

_ 4
; . CGauss(2, iGauss%, iElesm%) = 350! - (Yoi+ ScaleY CGauss(Z iGaussy
en%) ) |
NEX T xhauss% g ’

A ma s e e i , - L

= BETERHINQCAQ DAS ESCALAS DAS TENSOES

{ Stressﬂax : -10000000000000# Stressﬂmn = 100000000000008
 FOR iCase% = | TO NCase3
- FOR iflem% = L TO Nelem%

NNode% = NoNod%(itlemk)

NGauss% = NGauQk

IF NNode% = 3 OR NNode% = & [HEN NGaussk = NGauT%

FOR 1Gauss% = 1 TO NGauss$ -4 "
1 ' If PStri(iGauss%, iElem%, iCase%) > StrossMax THEN StressMax - PSE
anauss% . “Elem%, iCase%)

XF PSfrl(iGauss%. 1Elem%, iCase%)
iss%., 1Elem%, iCase%) ;

LE PStr2(iGaussh, iElems. iCases)
wess%, itlem%, 1Casex) ;
[F PSEr2liGaussk. 1E)lem%. iCasak) < Stys=sMin THEN StressMin = PSt
Hss% ., 1€Elem%, 1Czse%)

MEXT 1Gaussk
B NEXT 1Elenm%
BEXT icasex

StressMin NHEN StressMin =« po-

LA

W

StrassMax HEN StressMax - psn



-

MaxStress = O

IF ABS(StressMax)

IF aBs(StressMin)
8calel =

FRramns

FORMACAO DAS

> Maxiitress THEN Maxs

> MaxStrass

10 / MaxStress

TERGUES EM COORDENADAS

THEN Naxqt = loke

GRar [TA

iCase% = 1
FOR 1Elem%s = 1
Nrode% =

MLeaussh =

_FOH

NoNod%!
MiEaulls
If NMode% = .

TQ NCasedl

T Neleamb

1 E Leam's )

OR

NNboda% = &

THEN NEGausst

= MGEauTls

FOR 1Gauss® I 70 NGaussH
PStrL( icauss%, 1Elams., 1Casen) = 'Rauri{aGauss®s, 1Elem, 1Case%) *
gl x 2
» PEtr2(icausss, iElan%, iCasa%) PStr2( iGdussy, iElamb, 1hases) ¥
et * 2
NEXT 1GaussHh
NEXT 1Elems
MEXT 1Case%
DETERMINACAD DA ESCala DO CESLOCAMENTOS
| pEXMAX = Defor(l, U, 1): DEXMIN = Dafor(i, *. i
‘DEYMAX = Defor{?, 1., 1): DEYMIN = Defor(2, 1, 1)
FOR 1Pan4 = 2 TO NPoi1n%
FOR 1¢ase% = L TO NCase :
1f Defortl, zPoin%, iCass%) > DEXMAX 1HeEN SEXMAX = Defpr(l, iPfoin®, o
e% )
If Defor(l, iPoin%, iCase%) < DEXMIN THEN OEXMIN = Deftor(l, 1Poin%, 1
> )
If Defor(2, iPoin%, iCase%) > DEYMAX THEN DEYMAX = Cefor(2, iPoin%, 1
% ) '
] IF pefor(2, iPoin%, 1Case%) < DEYMIN ThHEM DEYMIN = pefar(z, iFoin%, i
Se% )
- NEXT iCase%
I;ﬁ&xf_ipoink
DESMAX = O
I ABS(DEXMAX) > DESMAX THEN DESMAX = ABS(DEXMAX)
IF ABS(DEXMIN) > DESMAX THEN DESMAX = AS(DEXMIN)
LIF ABS(DEYMAX) > DESMAX THEN DESMAX = ABS(DLYMAX) ,
. IF ARS(DEYMIN) > DESMAX THEN DESMAX = ABS(DEYMIN)

Scaled = 5 / DESMAX

ifn TﬂﬁNSFBRﬁﬁCﬁB DOS DESLOCAMENTOS EM couﬂaaﬂhoﬂs GRAFICAS ¥
|FOH icase% = 1 TO NCase® _
b FOR 1Poin% = 1 TO NFoin%
Al Defor(l, iPoin%, iCase%) = Coord(l, iPoin%) + Defor(l, iPoin%, iCaszeX
‘ScaleD * 2 '
* ScaleD ]
NEXT 1iPoin%

NEXT iCase%
SuR




(Anglel%. Angle2%) STATIC

KaAspectit = SIN((anglel% / 130) ¥ (22 / 7))
Xbaspect# = CO3{(Anglel% / 180 ¢ (22 / 7))
vapspect# = SIN((Anglezz / 130) * (22 / 7))
Wbaspect# = cOS((Angle2s / 130) % (22 / 7))

PONTOS DE GAUSS

. MNode% = 0O

IF Node@% <> O THEN
MNode% = NodeQ*

ELSELF NodeQ% = O AND Nodel% > Nogeiy [HEN
Mhode = Nodel

ELSEIF (Node@% = 0 AND Nodel% < Nodel%) THEN

~ MNode% = NodeTl%

END IF ;

TF NGauQ% > NGauT% THEN
MGauss% = NGauQ%s

ELSE
- MGauss% = NGauT% y
L END IF ’
]
! f 3
a MLLF -, & ¥
i = | !'_‘-_ h'.Ill'. ] i i.'-h
! o1 »
L : ot e b

;_@axmin (MNode%, MGauss%, NodeQ%, NodeT%. Nodel%, NGaugs%, NGaurl=)

DETERMINACAD LD N2 DE NDS MAXIMI POR ELEMENTO £ HQ MAXLIMO DE

el L i



mﬂjhﬁgﬂezﬁ'(Nodes%(), Coord(), LNods%(), NPoin%, Nel=m%, NoNod%()) I

GERA AS COORDENADAS DE

* NOS SITUADOS A MEITO DE LADUS RECTILINEGS DE ELEMENTOS PLANDS
DE &, B E 9 NoOS

* Mo CENTRAL e ELEMENTOS DE 9 Nos

CICLO SUBRE 05 ELEMENTOS
FOR 1Elem% = 1 10O Nelemi
MMode% = NoNod%(iflam%)
LF NNode% = 3 OR NNode% = 4 OR NNode% = 5 THEN GOTD 1000

FOR 1Nodes% = L TD MNode%
Nodes%l iNode%) = LNods%(iNoded%, 1fleams)
NEXT 1Nodea%

FOR IMODD2 = 2 TO NMode% STER 2
: IPOIZ = nNodes%{INOD2)
| TOTAL = ABS(Coord(l, IPOIZ2)) + puS{Conrd(2, IPUL2;)
IF TOTAL = O THEM
INODE = INOD2 = 1
INGRE = "THNEBRZ + 1
LF IMOD3 >= NNode% THEN INOD3 = 1
IPOILL = Nodes%( INODL)
1POL3 = Nodes%( INODZ)
FOR iDime% = 1 TO 2 | _
3y Coord(iDime%, IPOIZ) = (Coord(iDime%, IPOI1l) + Coord(ibime%, I
3)) % .5
NEXT iDime%
END IF
NEXT IMOD2

No CENTRAL ( ELEMENTOS DE 9 Nos)

IF NNode% = 9 THEN
IPOI® = Nodes%(9)
TOTAL = ABS(Coord(l, IPOI9)) + ABS(Coord(2, LPOI9))
IF TOTAL = O THEN
FOR iNode% = 1 TO 7 STEP 2 -
NCORN = Nodes%(iNode%) r
NMIDS = Nodes%{iNode% + 1)
FOR iDime% = 1 TO 2 | _ iy |
4 _ Coord(iDime%, IPOI9) = Coord(iDime%, IPQI%) - Coord(iDime%,
N) / 4 + Coord(iDime%, NMIDS) / 2
NEXT 1Dime%
NEXT iNode%
END IF
END IF
NEXT iElem$%
sue




5 (AUX(), jElem%, LNods%())
ORDENA AS L ICACOES PARA FLEMENTOS INFINITOS

FOR TAUX = ¢ 10 5
¢ AUX( TAUX ' = LNods%(IAUX, 1iFlem%)
NEXT IAUX
LNods%(1. 1E€lem%) = AUX(S)
§ FOR TAUX = | TO 4
: LNods%( TAUY + 1, 1Elem%) = AUK L1aiix)
NEXT Ialx
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T
B Main.Menu (Item$(), Choice%) STATIC

STATIC X%, Length%, Place, Max.Num, Frrst%, L8

BE. = 7786 = 42 COLDR FG
Max Num = UBOUND( Item$)

WHTLE Ttem$(Max.Num) =
Max-Num = Max. Num - 1
WEND

Plrst% =41
Last = ]
Ehoices = 1

Mear . Line:
COLOR ©: PRINT STRINGS(79. 219). COLOR FG
SEe. Print:

LocatE , 2
Place = 1

SRt . Loop:

IF Last » Max.Num GOTO Begin
Length% = LEN(Item$(Last)) + 2
IF Place + Length% > 79 GOTO Begin

IF Last = Choice% THEN COLOR BG
COLOR FG

Pasti o L ast o
Place - Place + Length%
GOTD Print.Loop

Begin:

-
Ag

Gast = last = 1
IF X$ <> "K" THEN LOCATE , 2: GOTO Get.Key

CFOR X = 1 TO LEN(Item$(Last)) + 2
PRINT CHR$(29);
NEXT

Get.Key:

X$ = IMNKEY$
IF X$ = CHR$(13) THEN EXIT SUB
IF X% = CHR$(27) THEN
Choice% = 0O
EXIT SUB
END IF

IF LEN(X$) <> 2 GOTO Get.Key
¥e = RIGHTH(X$, 1)

GOTO Gat Key
Beft . arrow:

1F Choices = 1 GOTO Get.Key

'Y

L44]

et

ON INSTR("KMG"., X$) GOTO Left.Arrow, Right.prrow,

PRINT SPC(1): LEFTS(Item$(Last), Length% - 2); spPC{l);

HOME



[ |
lees chelcer
F Choice% < First% THEN
Firsts = Choice%
Length% = 1
GOSIIB Raght.leo.Left
Last = First%
GOTO Clear.Line
END TIF
PRINT SPC(1): Item$(Choice® + 1); SPC(1);
FOR X = 1 YO LEN{(Item$(Choice%)) + LEN(Item$(Choice% + 1)) + 4
: PRINT CHR$(29):
NEXT

GOsSUB Display.Item
GOTO Get.Key

ight . Arrow:

. IF Choice% = Max.Num GOTO Get.Key
Choice% = Choice% + 1

| 1F Choice% > Last THEN
g First% = Choice%
Last = Choice%
GOTO Clear.Line
END IF

PRINT SPC(l); Ttem$(Choice% = 1); SPC(1);
COsSUB Display.Iltem -
GOTO Get.Key

HOME -

Choice% = 1

Last = 1

IF First% = 1 GOTO FPre.Print
First® = 1

GOTO Clear.Line

Nenizy 1tem:

L OR 3¢ +
BRINT SPC(1}: LEFTS( Izen$( Cholee% ), 77): SPCCL);

FOR ¥ = 1 TO LEN{Ttem${Choice%)) + 2
PRINT CHR$(29) :
ML X1

COLOR FG
RETURN

SlGht . To.lLeft:

Lengthd = Length% + LERLITemB(Firsin))

If Eirst%s = 1 THEM RETURN

1F LEN{Ttem$(First% - 1)) * Lenaths + 2 > 79 THEN RETUEM
FArst® = First® = X

GOTR Right.To.Left

BN SUR
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