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Epoxy adhesives

Adhesive Adhesive Curing
tradename supplier Form conditions Properties Applications
Araldite AV138 Ciba-Geigy 2 part; paste 8 hrs @ 77F Shore D39 General purpose
+ HV99s (1 hr @ 77F)
EA 934 Hys=ol 2 part; paste 6 days @ 77F Service temp: —423 to General purpose
(40 min @ 77F) +350
1000 psi
Resists most fluids
Eccobend 45 Emerson 2 part; paste 24 hrs @ 77F Controllable flexibility General purpose
and Cuming (3 hrs @ 77F) and hardness through
catalyst ratio
Good shock and peel
3000 psi
104 A/B Furane 2 part; paste 3 days @ 77F Good gap filling Concrete patch, sealant
(20 min @ 77F) Share D79
1500-2500 psi
Scotchweld 3M 2 part; paste 7 days @ 75F Service temp: —B7 to General purpose
2216 B/A (1 hr @ 77F) +300
Shere D65
400-4930 psi
High flexibility and peel
Permabond Permabond 2 part; paste 24 hrs @ 77F Fast set General purpose
Eo1 International (3 min @ 7T7F) Cures at low
temperature
Caolor change on cure
Tra Bond 2101 Tra Con 2 part; heavy 24 hrs @ 77F Shore D30 General purpose
liquid (30 min @ 77F) Service temp: —76 to Automotive and aerospace
+248F
7251 Furane 1 part; paste 5 min @ 320F Thermally conductive Electronics industry
and electrical insulating
Magnobond Magnolia 1 part; paste 60 min @ 250F High service temperature Bonding fiberglass and
6297 1280-2790 psi plastics
Scotehweld 3M 1 part; paste 40 min @ 250F Aluminum filled General purpose
2214 Regular High strength
Mil-A-132 Tyl C13
ESP30s Permabond 1 part; paste 45 min @ 300 Service temp: —65 to General purpose
International +350F
3800-6000 psi
Free flowing
Melthond BASF/ Supported film 50 min @ 250F Good tack Commercial aireraft
1137-1 Narmeco @ 45 psi High peel
Plastilok 660 B. F Supported film 1 hr @ 250F @ 950-1470 psi Adreraft
Goodrich 50 psi Low exotherm
Cybond FM American Unsupported film 1 hr @ 350F @ 2900-6600 psi General purpose
1000 Cyanamid 40 psi High peel
130% elongation
AF-191 3M Supported film 1 hr @ 350F @ High shear and peel Aerozpace
45 ps1

High strength @ 350F
Mil-A-132A Ty2
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Adhesive Adhesive Curing
tradename supplier Form conditions Properties Applications
Epoxy phenolic
Y-390PG Sterling 1 part; solvent 3 min @ 325F Chemical resistance Insulating varnish and adhesive
Pressure and vacuum resistance
UL 1446
Araldite Ciba-Geigy 2 part; paste 18 hrs @ 68F Flexahility Industrial storage tanks
XUGY281 + Chemical resistance Sealant
Polyamine

Epoxy nylon
EA 951

Epoxy urethane
109-43

Stycast 2760

Dolphin 6099
XMH 8516

EP72

Dexter Supported and 60 min @ 350F
unsupported
film
Creative 1 part; thick 4 min @ 266F
Materials paste
Emerson 2 part; paste 24 hr @ 77F
and (1 hr @ 77F)
Cuming
Dolphin 1 part; sealant 2 days @ 77F

Ciba-Geigy

Master
Bond

3300-6500 psi on Al
High peel and shear strength
Mil-A-132 Ty1 Cl1

Silver filled for electrical
conductivity

Service temp: —67 to 392F

Shore D82

Low viscosity

Air curing and one part
Service temp: —20 to 200F

Aerospace industry

Attaching SMDs to flex and rigid
printed circuit beards

Bonding to vinyl and other plastics

Anti-corrosion sealant for metals
and plastics

2 part; paste

2 part; paste

16 hrs @ 77F
(45 min @ 77F)
18 hrs @ 75F
(37 min @ 77F)

Shore DB7
Flexibility and chemical resistance

Service temp: —67 to 300F
Flexible

Will withstand temperature
cyeling

High impact

Tabela A.3 Adesivos anaerobicos, acrilicos modificados e poliuretanos.

Adhesive Adhesive Curing
tradename supplier Form conditions Properties Applications
Anaerobic
Retaining Loctite 1 part 24 hrs @ 77F Solvent resistant
Compound 620 or 30 min @ RT or heat cure
250F Service temp: —65 to 450F
3000-3500 pal
Speed bonder 325 Loctite 1 part 15 min @ 250F Solvent resistant
Tough
Accelerator cure available
2000-6000 psi
Permalok HH120 Permabond 1 part 8 hrs @ 77F Service temp: —65 to 300F Bold and stud locking
International Medium viscosity
Acrylic
Versilok 204 Lord 2 part or 1 part 2 hr @ 77F Service temp: —40 to 250F General purpose
plus {13 min @ 77F) Semi-flexible
accelerator Impact resistant
Msggo Bostik 1 part plus 4 min @ 77F Service temp: —65 to 250F General purpose
accelerator
Depend 330 Loctite 1 part 1 min @ 77F Service temp: —65 to 250F
Tough, flexible
High peel, impact
strength
EA9366 Dexter 2 part paste or 10 hrs @ 77F High peel and shear General purpose
1 part plus 1000-3500 psi
accelerator
Polyurethane
22005 Swift 1 part; 16 hrs @ 70F Lamination of clear
moisture cure plastic or film
Pliogrip 6600 Ashland 2 part paste Differing High strength RV, marine,
grades for Resistant to elevated industrial
different temperature and most applications
cures fluids
7070 Bostik 2 part; paste 8 hrs @ 77F Flexible General purpose,
Chemical resistance textiles, upholstery
Conathane EN-4 Conap 2 part; paste 7 days @ 77F Hydrolytic stability Electrical industry,
(30 min @ 77F Thermal shock resistance underwater
Low temperature
elasticity
Secotchweld 3532 aM 2 part; paste 2 days @ 75F Very fast cure

B/A

(9 min @ 65F)

Tough; impact resistant
Shere D65
250-2390 psi
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Tabela A.4 — Propriedades de adesivos estruturais utilizados na colagem de metais

Service
temp, °F Shear
_temp, B strength, Peel Impact Creep Solvent Moisture
Adhesive Max  Min Ib/in? strength  strength resistance resistance resistance Type of bond

Epoxy-amine .............. 150 —50  3,000-5,000 Poor Poor Good Good Good Rigid

Epoxy-polyamide .......... 150 —60  2,000-4,000 Medium Good Good Good Medium Tough and moderately
flexible

Epoxy-anhydride. .......... 300 —60  3,000-5,000 Poor Medium  Good Good Good Rigid

Epoxy-phenolic .. .... 350  —423 3,200 Poor Poor Good Good Good Rigid

Epoxy-nylon........... 180  —423 6,500 Very good  Good Medium Good Poor Tough

Epoxy-polysulfide . ... 150  —100 3,000 Good Medium  Medium Good Good Flexible

Nitrile-phenolic. .. ......... 300 —100 3,000 Good Good Good Good Good Tough and moderately
flexible

Vinyl-phenolic............. 225 —60  2,000-5,000 Very good Good Medium Medium Good Tough and moderately
flexible

Neoprene-phenolic......... 200 —70 3,000 Good Good Good Good Good Tough and moderately
flexible

Polyimide ................. 600 —423 3,000 Poor Poor Good Good Medium Rigid

Polybenzimidazole . . . 500 —423 2,000-3,000 Poor Poor Good Good Good Rigid

Polyurethane.......... .. 150 —423 5,000 Good Good Good Medium Poor Flexible

Acrylate acid diester ..... .. 200 —60  2,000-4,000 Poor Medium  Good Poor Poor Rigid

Cyancacrylate ............. 150 —60 2,000 Poor Poor Good Poor Poor Rigid

Phenoxy .................. 180 —70 2,500 Medium Good Good Poor Good Tough and moderately
flexible

Thermosetting acrylic... ... 250 —60  3,000-4,000 Poor Poor Good Good Good Rigid
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Anexo B — Formulacdes do Modelo Analitico

Reparo de Chapas Metélicas Coladas

clear all;

aio interno mm:"');

a espessura de parede mm:');

clc

disp (" ') i
disp ("ENTRADA DE DADOS:');
disp(' ');

disp(' ');

r=input ('entre o valor do r
t=input ('entre o valor d
d=input ('entre o valor da
e=input ('entre o valor da
Ed=input ('entre o valor do
Er=input ('entre o valor do
Ec=input ('entre o valor do
ud=input ('entre o valor do
ur=input ('entre o valor do
uc=input ('entre o valor do

upd=0.5;
upr=0.5;
upc=uc;
Syd=input ('entre
Syr=input ('entre
Syc=input ('entre
Sud=input ('entre
Sur=input ('entre
eud=input ('entre
eur=input ('entre

o

[e]
o
[e]
o
e]
[e]

%coeficiente de
$coeficiente de
%coeficiente de

valor
valor
valor
valor
valor
valor
valor

modulo de elasticidade
modulo de elasticidade
modulo de elasticidade
coeficiente de Poisson
coeficiente de Poisson
coeficiente de Poisson

do
da
do
do
da
do

profundidade do defeito mm:');
espessura final de reparo mm:');

duto MPa:');

chapa metédlica MPa:');

adesivo MPa:');
duto:'");

chapa metéalica:');

adesivo:');

Poisson do duto no regime pléstico

Poisson da chapa metdlica no regime plastico

Poisson do adesivo no regime pléastico
limite de escoamento do duto MPa:');

do
do
do
da
da
da
da

limite de escoamento da chapa metdlica MPa:');

limite de escoamento do adesivo MPa:');
resisténcia tracdo do duto MPa:');

resisténcia a tracéo
deformagdo méxima do
deformacdo maxima da

Prep=input ('entre o valor da pressdo da linha no

MPa:');
eyd=Syd/Ed;
eyr=Syr/Er;

Epd= (Sud-Syd) / (eud-eyd) ;
Epr=(Sur-Syr)/ (eur-eyr) ;

Epc=1;
C=1-d/t;
R=1;

%Q - Variaveis

denl=e+t* (1-C) ;

$deformacdo de escoamento do duto
$defotmagdo de escoamento da chapa metéalica

da chapa metéalica:');

duto mm/mm:"') ;

chapa metalica m/mm:"');
momento da instalacdo do reparo

$modulo do duto na regido pléstica

$modulo da chapa metdlica na regido pléastica
$modulo do adesivo na regido pléstica

um= (ur*e+uc*t* (1-C)) /denl;
upml= (upr*e+uc*t* (1-C)) /denl;
upm2= (upr*e+upc*t* (1-C)) /denl;

den2=(r+t*C)"2-r"2;
al=2*r~2/((r+t*C)"*2-r"2);
a2=((r+t*C)"2+r"2)/ ((r+t*C)"2-r"2);

a3=((r+t+e) "2+ (r+t*C)"*2)/ ((r+t+e) *2-(r+t*C)"2);
ad=2* (r+t*C) "2/ ((r+t) 2= (r+t*C) "2) ;

a5=((r+t) "2+ (r+t*C)"2)/ ((r+t) "2-(r+t*C)"2);
a6=((r+t+e) "2+ (r+t)*2)/ ((r+t+e) "2-(r+t) ~2);

Em=(Er*e+Ec*t* (1-C))/ (e+t* (1-C));
Eml= (Epr*e+Ec*t* (1-C))/ (e+t* (1-C));
Em2= (Epr*e+Epc*t* (1-C)) / (e+t* (1-C));

%S - Outras Variaveis

A=al/ (a2-ud+ (Ed/Em) * (a6+um) ) ;

B=a4/ (a5-uc+ (Ec/Er) * (a6+ur)) ;
Al=al/ (a2-ud+ (Ed/Eml) * (a6+upml)) ;
Bl=a4/ (a5-uc+ (Ec/Epr) * (a6+upr)) ;
A2=al/ (a2-upd+ (Epd/Eml) * (a6+upml)) ;
B2=a4/ (a5-upc+ (Epc/Epr) * (a6+upr) ) ;
A3=al/ (a2-upd+ (Epd/Em2) * (a3+upm2) ) ;

%S - Outras Variaveis

(duto plastifica primeiro)

(reparo plastifica primeiro)
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M=al/ (a2-ud+ (EA/Em) * (a6+um) ) ; %M=A
N=a4/ (a5-uc+ (Ec/Er) * (ab+ur)); %N=B

Ml=al/ (a2-upd+ (Epd/Em) * (a6+um) ) ;

Nl1=a4/ (a5-uc+ (Ec/Epr) * (a6+upr)); S$N1=B1l
M2=al/ (a2-upd+ (Epd/Eml) * (a6+upml)); $%M2=A2
N2=a4/ (a5-upc+ (Epc/Epr) * (a6+upr)); $N2=B2
M3=al/ (a2-upd+ (Epd/Em2) * (a3+upm2)); $%$M3=A3

%variaveis von Mises

vd=(l+ud”~2-ud) "~ (1/2);
vr=(l+ur~2-ur) "~ (1/2);
ve=(l+uc”2-uc) ~(1/2);
vpd= (1+upd”2-upd) ~ (1/2) ;
vpr=(l+upr”2-upr) " (1/2);
vpc=vc;

%agrupando variaveis geometricas: X (duto) Y (reparo)
X=r/(t*C);

Y= (r+t)/e;
Z=(r+t*C)/(t*(1-C));

% Calculo para un duto sem defeito e sem reparo

VM= (((r+t/2)/t) "2+ (1+(x+t/2) / (2*t) ) "2+ ((r+t/2)/(2*t))"~2) 0.5

Prup=(Sud*270.5) /vM %pressao de falha
Pesc=(Syd*270.5) /vM %$pressao de escoamento

7 (adesivo)

Pproj=2*t*Syd*0.72/ (2*r) %$pressao de projeto segundo a ASME

%para graficar duto sem defeito e sem reparo
passol=(Prup-0)/2;

)

Pn=0:passol:Prup; % vetor de Pn (Pn=pressao no duto novo)

nl=length(Pn); % tamanho do vetor P
for i=1:nl

Tdn(i,1)=Pn (i) *vM/270.5; $para graficar a tensao vM num duto novo

end

[

%calculo num duto com defeito sem reparo

Tsemrep=X*Prep*vd $tensao vM no defeito a uma pressao igual a Prep
aplicacao do reparo)

Pysenrep=Syd/ (X*vd) %pressao na que escoa um duto com defeito sem reparo
Pusenrep=Sud/ (X*vd) %pressao na que falha um duto com defeito sem reparo

%Condicionales para saber quien plastifica primero

Pydl=Prep+ (Syd- (r*Prep*vd) / (£t*C) ) *t*C/ (r* (1-M) *vd) ;
Pyrl=Syr*e/ ((r+t) *A*B*vr) +Prep;

$Reparo Plastifica Primero

if Pydl>=Pyrl;

%as equaciones a continuacao sao para introducir la condicao Tr_yd<Sur

Pyr=Prep+Syr/ (Y*A*B*vr) ;

Pyd=Pyr+ (Syd-X*Prep*vd-X* (Pyr-Prep) * (1-2A) *vd) / (X* (1-Al) *vd) ;

Tr yd=Syr+Y* (Pyd-Pyr) *Al*Bl*vpr;

% Condicao Tr yd < Sur

if Tr_ yd<Sur;
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Pyr=Prep+Syr/ (Y*A*B*vr)
Pyd=Pyr+ (Syd-X*Prep*vd-X* (Pyr-Prep) * (1-A) *vd) / (X* (1-Al) *vd)

Pyc=Pyd+ (Syc-Z* (Pyr-Prep) *A* (1-B) *vc-Z* (Pyd-Pyr) *Al* (1-B1l) *vc) / (Z*A2* (1-B1) *vc)

Pud=Pyc+ (Sud-Syd-X* (Pyc-Pyd) * (1-A2) *vpd*R) / (X* (1-A3) *vpd*R)

Pur=Pyc+ (Sur-Syr-Y* (Pyd-Pyr) *Al*Bl*vpr-Y* (Pyc-Pyd) *A2*Bl*vpr) / (Y*A3*B2*vpr)

if Pur>=Pud;
Pfalha=Pud
else Pud>Pur;
Pfalha=Pur
end

%para graficar
delta=50;
passol=(Pyr-Prep) /delta;

Pl=Prep:passol:Pyr; % vetor de Pl
nl=length(Pl); % tamanho do vetor Pl

for i=1:nl
Tdl (i, 1)=X*Prep*vd+X* (Pl (i) -Prep) * (1-A) *vd;
Trl(i,1)=Y*(Pl(i)-Prep)*A*B*vr;
Tcl(i,1)=2* (Pl (i)-Prep) *A* (1-B) *vc;

end

passo2=(Pyd-Pyr) /delta;
P2=Pyr:passo2:Pyd;
n2=length (P2) ;

for i=1:n2
Td2 (i, 1)=X*Prep*vd+X* (Pyr-Prep) * (1-A) *vd+X* (P2 (i) -Pyr) * (1-Al) *vd;
Tr2(i,1)=Syr+Y* (P2 (i) -Pyr) *Al*Bl*vpr;
Tc2(i,1)=2* (Pyr-Prep) *A* (1-B) *vc+Z* (P2 (1) -Pyr) *Al* (1-B1l) *vc;

end

passo3=(Pyc-Pyd) /delta;
P3=Pyd:passo3:Pyc;
n3=length (P3) ;

for i=1:n3
Td3 (i, 1) =Syd+X* (P3 (i) -Pyd) * (1-A2) *vpd*R;
Tr3(i,1)=Syr+Y* (Pyd-Pyr) *A1*Bl*vpr+Y* (P3 (1) -Pyd) *A2*Bl*vpr;
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Tc3 (i, 1)=2* (Pyr—Prep) *A* (1-B) *vc+Z* (Pyd-Pyr) *ALl* (1-Bl) *vc+2* (P3 (i) -Pyd) *A2* (1-

Bl) *vc;
end

passo4=(Pfalha-Pyc)/delta;
P4=Pyc:passo4:Pfalha;
n4=length (P4) ;

for i=1:n4
Td4 (i1, 1)=Syd+X* (Pyc-Pyd) * (1-A2) *vpd*R+X* (P4 (i) -Pyc) * (1-A3) *vpd*R;
Tr4 (i,1)=Syr+Y* (Pyd-Pyr) *Al*Bl*vpr+Y* (Pyc-Pyd) *A2*Bl*vpr+Y* (P4 (1) -
Pyc) *A3*B2*vpr;
Tc4(i,1)=Syc+Z* (P4 (i) -Pyc) *A3* (1-B2) *vpc;
end

%para conhecer o valor da tensao para um valor de pressao qualquer
P=input ('entre o valor de P:');
if P<=Prep
Td=X*P*vd

elseif P<=Pyr
Td=X*Prep*vd+X* (P-Prep) * (1-A) *vd
Tr=Y* (P-Prep) *A*B*vr
Tc=Z* (P-Prep) *A* (1-B) *vc

elseif P<=Pyd
Td=X*Prep*vd+X* (Pyr-Prep) * (1-A) *vd+X* (P-Pyr) * (1-Al) *vd
Tr=Syr+¥* (P-Pyr) *Al*Bl*vpr
Tc=Z* (Pyr-Prep) *A* (1-B) *vc+Z* (P-Pyr) *Al* (1-Bl) *vc

elseif P<=Pyc
Td=Syd+X* (P-Pyd) * (1-A2) *vpd*R
Tr=Syr+Y* (Pyd-Pyr) *A1*Bl*vpr+Y* (P-Pyd) *A2*Bl*vpr

Tc=2* (Pyr-Prep) *A* (1-B) *vc+2* (Pyd-Pyr) *Al* (1-B1l) *vc+Z* (P-Pyd) *A2* (1-

Bl) *vc
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elseif P<=Pfalha
Td=Syd+X* (Pyc-Pyd) * (1-A2) *vpd*R+X* (P-Pyc) * (1-A3) *vpd*R
Tr=Syr+Y* (Pyd-Pyr) *AL*Bl*vpr+Y* (Pyc-Pyd) *A2*Bl*vpr+Y* (P-Pyc) *A3*B2*vpr
Tc=Syc+Z* (P-Pyc) *A3* (1-B2) *vpc

end

% Condicao Tr yd > Sur

else

Tr_yd>=Sur;

Pyr=Prep+Syr/ (Y*A*B*vr)
Pur=Pyr+ (Sur-Syr) / (Y*ALl*Bl*vpr)

%para graficar

delta=5

passol=

0;
(Pyr-Prep) /delta;

o

Pl=Prep:passol:Pyr; % vetor de Pl
nl=length(P1l); % tamanho do vetor Pl

for i=

Tdl

Trl

Tcl
end

1:nl
(i,1)=X*Prep*vd+X* (Pl (i) -Prep) * (1-A) *vd;
(i,1)=Y*(P1(i)-Prep) *A*B*vr;
(1,1)=Z2*(P1 (1) -Prep) *A* (1-B) *vc;

passo2=(Pur-Pyr) /delta;

P2=Pyr:

passo2:Pur;

n2=length (P2) ;

for i=

Td2

Tr2

Tc2
end

P3=P2
n3=n2
Td3=Td2
Tr3=Tr2
Tc3=Tc2

P4=P2
n4=n2
Td4=Td2
Tr4=Tr2
Tc4=Tc2

$para

1:n2
(i,1)=X*Prep*vd+X* (Pyr-Prep) * (1-A) *vd+X* (P2 (1) -Pyr) * (1-Al) *vd;
(1,1)=Syr+Y* (P2 (i) -Pyr) *Al*Bl*vpr;

(i,1)=Z* (Pyr-Prep) *A* (1-B) *vc+Z* (P2 (i) -Pyr) *Al* (1-Bl) *vc;

conhecer o valor da tensao vM para un valor de pressao qualquer

P=input ('entre o valor de P:');

end

o

if P<=Prep
Td=X*P*vd

elseif P<=Pyr
Td=X*Prep*vd+X* (P-Prep) * (1-A) *vd
Tr=Y* (P-Prep) *A*B*vr
Tc=Z* (P-Prep) *A* (1-B) *vc

elseif P<=Pur
Td=X*Prep*vd+X* (Pyr-Prep) * (1-A) *vd+X* (P-Pyr) * (1-Al) *vd
Tr=Syr+Y* (P-Pyr) *AL*Bl*vpr
Tc=Z* (Pyr-Prep) *A* (1-B) *vc+Z* (P-Pyr) *Al* (1-B1) *vc

end

$Regioes Duto Platifica Primero

else Pyrl>Pydl %$regioes (duto plastifica primeiro)
Trep=r*Prep*vd/ (t*C) %tensao no defeito na hora do reparo

%Quando Trep<Syd
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if Trep<Syd;

%equacoes para introduzir a condicao Td2<Sud

Pyd=Prep+ (Syd-X*Prep*vd) / (X* (1-M) *vd) ;

Pyr=Pyd+ (Syr-Y* (Pyd-Prep) *M*N*vr) / (Y*M1*N*vr) ;

Td yr=Syd+X* (Pyr-Pyd) * (1-M1) *vpd; %tensao do duto quando o reparo escoa

%Quando Td_yr<Sud

if Td yr<Sud;

Pyd=Prep+ (Syd-X*Prep*vd) / (X* (1-M) *vd)
Pyr=Pyd+ (Syr-Y* (Pyd-Prep) *M*N*vr) / (Y*M1*N*vr)
Pyc=Pyr+ (Syc-Z* (Pyd-Prep) *M* (1-N) *vc-2* (Pyr-Pyd) *M1* (1-N) *vc) / (Z*M2* (1-N1) *vc)
PycX=( ((Syc*t* (1-C)/ ((r+t*C) * (1+uc”2-uc)~(1/2)))-(1-N) * (Pyd* (M-
N1)+Pyr*M1))/ (M2* (1-N1)))+Pyr
PycS=Pyr+ (Syc-Z*Pyd*M* (1-N) *vc-Z* (Pyr-Pyd) *M1* (1-N) ) / (Z*M2* (1-N1) *vc)
Pud=Pyc+ (Sud-Syd-X* (Pyr-Pyd) * (1-M1) *vpd*R-X* (Pyc-Pyr) * (1-M2) *vpd*R) / (X* (1~
M3) *vpd*R)
Pur=Pyc+ (Sur-Syr-Y* (Pyc-Pyr) *M2*N1*vpr) / (Y*M3*N2*vpr)

if Pur>=Pud;

Pfalha=Pud

else Pud>Pur;

Pfalha=Pur

end

%para graficar

delta=50;

passol=(Pyd-Prep) /delta;
Pl=Prep:passol:Pyd; % vetor de Pl
nl=length(P1l); % tamanho do vetor Pl

for i=1:nl
Tdl (i, 1)=X*Prep*vd+X* (Pl (i) -Prep) * (1-M) *vd;
Trl(i,1)=Y* (Pl (i)-Prep) *M*N*vr;
Tcl(i,1)=2* (Pl (i)-Prep) *M* (1-N) *vc;

end

passo2=(Pyr-Pyd) /delta;
P2=Pyd:passo2:Pyr;
n2=length (P2) ;

for i=1:n2
Td2 (i,1)=Syd+X* (P2 (i) -Pyd) * (1-M1) *vpd*R;
Tr2(i,1)=Y* (Pyd-Prep) *M*N*vr+Y* (P2 (1) -Pyd) *M1*N*vr;
Tc2(i,1)=2* (Pyd-Prep) *M* (1-N) *vc+2* (P2 (i) -Pyd) *M1* (1-N) *vc;
end

passo3=(Pyc-Pyr) /delta;
P3=Pyr:passo3:Pyc;
n3=length (P3);

for i=1:n3
Td3 (i, 1)=Syd+X* (Pyr-Pyd) * (1-M1) *vpd*R+X* (P3 (1) -Pyr) * (1-M2) *vpd*R;
Tr3(i,1)=Syr+Y* (P3(i)-Pyr) *M2*N1*vpr;
Tc3(i,1)=2* (Pyd-Prep) *M* (1-N) *vc+Z* (Pyr-Pyd) *M1* (1-N) *vc+Z* (P3 (1) -Pyr) *M2* (1-
N1) *vc;
end

passo4=(Pfalha-Pyc)/delta;
P4=Pyc:passod:Pfalha;
n4=length (P4) ;

for i=1:n4
Td4 (1, 1) =Syd+X* (Pyr—-Pyd) * (1-M1) *vpd*R+X* (Pyc-Pyr) * (1-M2) *vpd*R+X* (P4 (1) -
Pyc) * (1-M3) *vpd*R;
Tr4(i,1)=Syr+¥* (Pyc-Pyr)*M2*N1*vpr+¥* (P4 (i) -Pyc) *M3*N2*vpr;
Tc4(i,1)=Syc+Z* (P4 (i) -Pyc) *M3* (1-N2) *vpc;
end

P=input ('entre o valor de P:');

if P<=Prep
Td=X*P*vd
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elseif P<=Pyd
Td=X*Prep*vd+X* (P-Prep) * (1-M) *vd
Tr=Y* (P-Prep) *M*N*vr
Tc=Z* (P-Prep) *M* (1-N) *vc

elseif P<=Pyr
Td=Syd+X* (P-Pyd) * (1-M1) *vpd*R
Tr=Y* (Pyd-Prep) *M*N*vr+Y* (P-Pyd) *M1*N*vr
Tc=Z* (Pyd-Prep) *M* (1-N) *vc+Z* (P-Pyd) *M1* (1-N) *vc

elseif P<=Pyc
Td=Syd+X* (Pyr—-Pyd) * (1-M1) *vpd+X* (P-Pyr) * (1-M2) *vpd*R
Tr=Syr+Y* (P-Pyr) *M2*N1*vpr
Tc=Z* (Pyd-Prep) *M* (1-N) *vc+z* (Pyd-Pyr) *M1* (1-N) *vc+Z* (P-Pyr) *M2* (1-
N1) *vc

elseif P<=Pud
Td=Syd+X* (Pyr—-Pyd) * (1-M1) *vpd*R+X* (Pyc-Pyr) * (1-M2) *vpd*R+X* (P-Pyc) * (1-
M3) *vpd*R
Tr=Syr+Y¥* (Pyc-Pyr) *M2*N1*vpr+Y* (P-Pyc) *M3*N2*vpr
Tc=Syc+Z* (P-Pyc) *M3* (1-N2) *vpc

end

%Quando Td_yr>=Sud

else Td_yr>=Sud;

Pyd=Prep+ (Syd-X*Prep*vd) / (X* (1-M) *vd)
Pud=Pyd+ (Sud-Syd) / (X* (1-M1) *vpd*R)

$para graficar

delta=50;

passol=(Pyd-Prep) /delta;
Pl=Prep:passol:Pyd; $ vetor de Pl
nl=length(P1l); % tamanho do vetor Pl

for i=1:nl
Tdl (i, 1)=X*Prep*vd+X* (P1 (i) -Prep) * (1-M) *vd;
Trl(i,1)=Y*(P1l(i)-Prep) *M*N*vr;
Tcl(i,1)=2* (Pl (i)-Prep)*M* (1-N) *vc;

end

passo2= (Pud-Pyd) /delta;
P2=Pyd:passo2:Pud;
n2=length (P2) ;

for i=1:n2
Td2 (1, 1)=Syd+X* (P2 (1) -Pyd) * (1-M1) *vpd*R;
Tr2(i,1)=Y* (Pyd-Prep) *M*N*vr+¥* (P2 (i) -Pyd) *M1*N*vr;
Tc2(i,1)=2* (Pyd-Prep) *M* (1-N) *vc+2Z* (P2 (1) -Pyd) *M1* (1-N) *vc;
end

P3=P2;
n3=n2;
Td3=Td2;
Tr3=Tr2;
Tc3=Tc2;

P4=P2;
nd=n2;
Td4=Td2;
Tr4=Tr2;
Tcd4=Tc2;

%para conhecer o valor das tensoes vM para qualquer pressao de operacao
P=input ('entre o valor de P:');

if P<=Prep
Td=X*P*vd

elseif P<=Pyd
Td=X*Prep*vd+X* (P-Prep) * (1-M) *vd
Tr=Y* (P-Prep) *M*N*vr
Tc=Z* (P-Prep) *M* (1-N) *vc
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elseif P<=Pud

Td=Syd+X* (P-Pyd) * (1-M1) *vpd*R

Tr=Y* (Pyd-Prep) *M*N*vr+¥Y* (P-Pyd) *M1*N*vr

Tc=2* (Pyd-Prep) *M* (1-N) *vc+2Z* (P-Pyd) *M1* (1-N) *vc
end
end

%Quando Trep>=Syd

else Trep>=Syd;

$estas equacoes sao para poder introduzir a condicao Td2<Sud

Pyd=Syd/ (X*vd) ;

Pyr=Prep+Syr/ (Y*M1*N*vr) ;

Td_yr=Syd+X* (Prep-Pyd) *vpd+X* (Pyr-Prep) * (1-M1) *vpd*R; S%tensao do duto quando
o reparo escoa (sacado da secao 2)

%Quando Td yr<sud

if Td yr<Sud;

Pyd=Syd/ (X*vd) %pressao menor a Prep, osea ja esta escoando antes de aplicar o
reparo
Pud_sem rep=Sud/ (X*vpd*R)
Pyr=Prep+Syr/ (Y*M1*N*vr)
Pyc=Pyr+ (Syc-Z* (Pyr-Prep) *M1* (1-N) *vc) / (Z2*M2* (1-N1) *vc)
Pud=Pyc+ (Sud-Syd-X* (Prep-Pyd) *vpd*R-X* (Pyr-Prep) * (1-M1) *vpd*R-X* (Pyc-Pyr) * (1-
M2) *vpd*R) / (X* (1-M3) *vpd*R)
Pur=Pyc+ (Sur-Syr-Y* (Pyc-Pyr) *M2*N1*vpr) / (Y*M3*N2*vpr)
if Pur>=Pud;
Pfalha=Pud
else Pud>Pur;
Pfalha=Pur
end

$para graficar

delta=50;
passo2=(Pyr-Prep) /delta;
P2=Prep:passo2:Pyr;
n2=length (P2) ;

for i=1:n2
Td2 (i, 1)=Syd+X* (Prep-Pyd) *vpd+X* (P2 (i) -Prep) * (1-M1) *vpd*R;
Tr2(i,1)=Y* (P2 (i) -Prep) *M1*N*vr;
Tc2(i,1)=2* (P2 (i) -Prep) *M1* (1-N) *vc;

end

P1=P2;

Td1=Td2;
Trl=Tr2;
Tcl=Tc2;

passo3=(Pyc-Pyr) /delta;
P3=Pyr:passo3:Pyc;
n3=length (P3) ;

for i=1:n3
Td3 (i,1)=Syd+X* (Prep-Pyd) *vpd*R+X* (Pyr-Prep) * (1-M1) *vpd*R+X* (P3 (1) -Pyr) * (1-
M2) *vpd*R;
Tr3(i,1)=Syr+Y¥* (P3(1i)-Pyr) *M2*N1*vpr;
Tc3(i,1)=2* (Pyr-Prep) *M1* (1-N) *vc+Z* (P3 (i) -Pyr) *M2* (1-N1) *vc;
end

passod=(Pfalha-Pyc) /delta;
P4=Pyc:passod4:Pfalha;
n4=length (P4) ;

for i=1:n4
Td4 (i, 1)=Syd+X* (Prep-Pyd) *vpd*R+X* (Pyr-Prep) * (1-M1) *vpd*R+X* (Pyc-Pyr) * (1-
M2) *vpd*R+X* (P4 (i) -Pyc) * (1-M3) *vpd*R;
Tr4(i,1)=Syr+¥* (Pyc-Pyr) *M2*N1*vpr+Y* (P4 (i) -Pyc) *M3*N2*vpr;
Tc4d (1i,1)=Syc+Z* (P4 (1) -Pyc) *M3* (1-N2) *vpc;
end

%para conhecer o valor da tensao para qualquer pressao
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P=input ('entre o valor de P:');

if P<=Prep
Td=X*P*vd

elseif P<=Pyr
Td=Syd+X* (Prep-Pyd) *vpd+X* (P-Prep) * (1-M1) *vpd*R
Tr=Y* (P-Prep) *M1*N*vr
Tc=Z* (P-Prep) *M1* (1-N) *vc

elseif P<=Pyc
Td=Syd+X* (Prep-Pyd) *vpd*R+X* (Pyr-Prep) * (1-M1) *vpd*R+X* (P-Pyr) * (1-
M2) *vpd*R
Tr=Syr+Y* (P-Pyr) *M2*N1*vpr
Tc=Z* (Pyr-Prep) *M1* (1-N) *vc+Z* (P-Pyr) *M2* (1-N1) *vc

elseif P<=Pfalha
Td=Syd+X* (Prep-Pyd) *vpd*R+X* (Pyr-Prep) * (1-M1) *vpd*R+X* (Pyc-Pyr) * (1-
M2) *vpd*R+X* (P-Pyc) * (1-M3) *vpd*R
Tr=Syr+Y* (Pyc-Pyr) *M2*N1*vpr+Y* (P-Pyc) *M3*N2*vpr
Tc=Syc+zZ* (P-Pyc) *M3* (1-N2) *vpc

end

%$Quando Td (yr)>=Sud

else Td_yr>=Sud;

Pyd=Syd/ (X*vd) %pressao menor a Prep, osea ja esta escoando antes de aplicar o
reparo

Pud_sem rep=Sud/ (X*vpd*R)

Pud=Prep+ (Sud-Syd-X* (Prep-Pyd) *vpd*R) / (X* (1-M1) *vpd*R)

%para graficar

delta=50;
passo2=(Pyr-Prep) /delta;
P2=Prep:passo2:Pyr;
n2=length (P2) ;

for i=1:n2
Td2 (i, 1) =Syd+X* (Prep-Pyd) *vpd*R+X* (P2 (i) ~Prep) * (1-M1) *vpd*R;
Tr2(i,1)=Y* (P2 (i) -Prep) *M1*N*vr;
Tc2(1i,1)=2* (P2 (i)-Prep)*M1l* (1-N) *vc;

end

P1=P2;
nl=n2;
Td1=Td2;
Trl=Tr2;
Tcl=Tc2;

P3=P2;
n3=n2;
Td3=Td2;
Tr3=Tr2;
Tc3=Tc2;

P4=P2;
nd=n2;
Td4=Td2;
Tr4=Tr2;
Tc4=Tc2;

%para conhecer o valor da tensao para qualquer pressao
P=input ('entre o valor de P:');

if P<=Prep
Td=X*P*vd

elseif P<=Pud
Td=Syd+X* (Prep-Pyd) *vpd*R+X* (P-Prep) * (1-M1) *vpd*R
Tr=Y* (P-Prep) *M1*N*vr
Tc=Z* (P-Prep) *M1* (1-N) *vc

end
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end

end

end

%Graficos

P=zeros (1,nl+n2+n3+n4) ;

P=[P1,P2,P3,P4]

’

Td=zeros (nl+n2+n3+n4, 1) ;
Td=[Td1l;Td2;Td3;Td4];

Tr=zeros (n1l+n2+n3+n4, 1) ;
Tr=[Trl;Tr2;Tr3;Tr4];

Tc=zeros (nl+n2+n3+n4, 1) ;
Tc=[Tcl;Tc2;Tc3;Tc4];

plot(P,Td,P,Tr,P,Tc,Pn,Tdn,'r', 'LineWidth',1.4)

xlabel ('Presséo
ylabel ('Tenséo

grid on

[MPa] ") ;

[MPal');
title('Pressdo x Tensédo');

Reparo de Material Composito

clear all;

clc

disp (' ')

disp ('"ENTRADA DE DADOS:');

disp(' ');

disp(' ');

r=input ('entre o valor do raio interno mm:');

t=input ('entre o valor da espessura de parede mm:');
d=input ('entre o valor da profundidade do defeito mm:"');
e=input ('entre o valor da espessura final de reparo mm:');

Ed=input ('entre o valor do médulo de elasticidade

(E) do duto MPa:');

Ert=input ('entre o valor de E do reparo na direcdo tangencial:');
Err=input ('entre o valor de E do reparo na direc¢do radial:');
Ec=input ('entre o valor de E do adesivo:');

ud=input ('entre o valor do coef.
ur=input ('entre o valor do coef.

de Poisson do duto:');
de Poisson do reparo na direcdo tang-radial:');

uc=input ('entre o valor do coeficiente de Poisson do adesivo:');
upd=0.5; %coeficiente de Poisson do duto no regime pléstico

upr=ur; %coef.

upc=0.5; %Scoeficiente de

Syd=input ('entr
Syc=input ('entr
Sud=input ('entr
Sur=input ('entr
eud=input ('entr
eur=input ('entr

e
e
e
e
e
e

o

[e]
o
[e]
o
[e]

valor
valor
valor
valor
valor
valor

de Poisson do reparo tang-radial no regime pléstico

Poisson do adesivo no regime plastico

do
do
da
da
da
da

limite de escoamento
limite de escoamento
resisténcia a tracéo
resisténcia a tracéao
deformagdo maxima do
deformagdo méxima da

do duto MPa:');

do adesivo MPa:');

do duto MPa:'");

do reparo MPa:');

duto mm/mm:"') ;

chapa metédlica m/mm:");

Prep=input ('entre o valor da pressédo de instalacédo Prep:');
eyd=Syd/Ed; %deformacdo de escoamento do duto
Epd= (Sud-Syd) / (eud-eyd) ;
Epc=1; %médulo do adesivo na regido plastica

C=1-d/t;

$médulo do duto na regido pléastica

% Calculo para un duto sem defeito e sem reparo

VM= ( ((r+t/2)/t) "2+ (1+(r+t/2)/(2%t)) "2+ ((r+t/2)/(2*t))"2)"0.5
Prup=(Sud*270.5) /vM
Pesc=(Syd*270.5) /vM

%para graficar

passol=(Prup-0)/2;

$Pressao de falha
$pressao de escoamento
Pproj=2*t*Syd*0.72/ (2*r) $pressao de projeto segundo a ASME
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Pn=0:passol:Prup; % vetor de Pn (Pn=pressao no duto novo)
nl=length(Pn); % tamanho do vetor P
for i=1:nl

Tdn (i, 1)=Pn (i) * (r+t/2)/t;

%Variaveis

%Q - Variaveis

denl=e+t* (1-C) ;

um= (ur*e+uc*t* (1-C)) /denl;

uml= (ur*e+upc*t* (1-C)) /denl;
den2=(r+t*C) "2-r"2;

al=2*r""2/ ((r+t*C)"2-r"2);
a2=((r+t*C)"2+r"2)/ ((r+t*C)"*2-r"2);
a3=((r+t+e)+ (r+t*C))/ ((r+t+e) - (r+t*C));
ad=2* (r+t*C) "2/ ((r+t)"2-(r+t*C) "2);
aS5=((r+t) "2+ (r+t*C)"2)/ ((r+t) "2-(r+t*C)"2);
a6=((r+tt+te)+(r+t))/ ((r+t+e)-(r+t));

Emt=(Ert*e+Ec*t* (1-C))/ (e+t*(1-C)); SE tangencial da mistura reparo-adesivo
(adesivo g preenche o defeito)

Emr=(Err*e+Ec*t* (1-C))/ (e+t*(1-C)); SE radial da mistura reparo-adesivo
Emtl=(Ert*e+Epc*t* (1-C))/ (e+t*(1-C)); SE tangencial da mistura reparo-adesivo

(adesivo na regido plastificada)

Emrl=(Err*e+Epc*t* (1-C))/ (e+t*(1-C)); SE radial da mistura reparo-adesivo

(adesivo na regido plastificada)

%S - Outras Variaveis (duto plastifica primeiro)
M=al/ (a2-ud+ (EA/Emt) * (a3/2) + (Ed/Emr) *um) ;

N=a4/ (a5-uc+ (Ec/Ert) * (a6/2) + (Ec/Err) *ur) ;

Ml=al/ (a2-upd+ (Epd/Emt) * (a3/2) + (Epd/Emr) *um) ;
Nl=a4/ (a5-upc+ (Epc/Ert) * (a6/2) + (Epc/Err) *ur) ;
M2=al/ (a2-upd+ (Epd/Emtl) * (a3/2) + (Epd/Emrl) *uml) ;

%variaveis von Mises
vd= (14+ud”2-ud) "~ (1/2) ;
vr=(l+ur*2-ur) " (1/2);
ve=(l+uc”2-uc)~(1/2);
vpd= (1+upd”2-upd) * (1/2) ;
vpc=vc;

%variaveis geometricas: X (duto) Y (reparo) Z(cola)
X=r/ (t*C);

Y=(r+t) /e;

Z=(r+t*C)/(t*(1-C));

%Quando Td_rep<Syd

Td _rep=X*Prep*vd;
if Td rep<=Syd;
Pyd=Prep+ (Syd-X*Prep*vd) / (X* (1-M) *vd)

Pyc=Pyd+ (Syc-2* (Pyd-Prep) *M* (1-N) *vc) / (Z*M1* (1-N) *vc)
Pud=Pyc+ (Sud-Syd-X* (Pyc-Pyd) * (1-M1) *vpd) / (X* (1-M2) *vpd)

Pur=Pyc+ (Sur-Y* (Pyd-Prep) *M*N*vr-Y* (Pyc-Pyd) *M1*N*vr) / (Y*M2*N1*vr)

if Pur>=Pud;
Pfalha=Pud
else Pud>Pur;
Pfalha=Pur
end

$para graficar

delta=50;

passol=(Pyd-Prep) /delta;
Pl=Prep:passol:Pyd; % vetor de Pl
nl=length(Pl); % tamanho do vetor Pl

for i=1:nl
Tdl (i, 1)=X*Prep*vd+X* (Pl (i) -Prep) * (1-M) *vd;
Trl(i,1)=Y* (Pl (i)-Prep) *M*N*vr;
Tcl(i,1)=2* (Pl (i)-Prep)*M* (1-N) *vc;

end
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passo2=(Pyc-Pyd) /delta;
P2=Pyd:passo2:Pyc;
n2=length (P2) ;

for i=1:n2
Td2 (i, 1)=Syd+X* (P2 (i) -Pyd) * (1-M1) *vpd;
Tr2(i,1)=Y* (Pyd-Prep) *M*N*vr+Y* (P2 (i) -Pyd) *M1*N*vr;
Tc2(i,1)=2* (Pyd-Prep) *M* (1-N) *vc+2* (P2 (i) -Pyd) *M1* (1-N) *vc;
end

passo3=(Pfalha-Pyc)/delta;
P3=Pyc:passo3:Pfalha;
n3=length (P3) ;

for i=1:n3
Td3(i,1)=Syd+X* (Pyc-Pyd) * (1-M1) *vpd+X* (P3 (i) -Pyc) * (1-M2) *vpd;
Tr3(i,1)=Y* (Pyd-Prep) *M*N*vr+Y* (Pyc-Pyd) *M1*N*vr+Y* (P3 (i) -Pyc) *M2*N1*vr;
Tc3(1i,1)=Syc+Z* (P3(1)-Pyc) *M2* (1-N1) *vc;

end

P4=P3
n4=length (P4) ;
Td4=Td3;
Tr4=Tr3;
Tc4=Tc3;

$para calcular a tensao para qualquer pressao

P=input ('entre o valor de P:');
if P<=Prep
Td=X*P*vd

elseif P<=Pyd
Td=X*Prep*vd+X* (P-Prep) * (1-M) *vd
Tr=Y* (P-Prep) *M*N*vr
Tc=Z* (P-Prep) *M* (1-N) *vc

elseif P<=Pyc
Td=Syd+X* (P-Pyd) * (1-M1) *vpd
Tr=Y* (Pyd-Prep) *M*N*vr+Y* (P-Pyd) *M1*N*vr
Tc=Z* (Pyd-Prep) *M* (1-N) *vc+Z* (P-Pyd) *M1* (1-N) *vc

elseif P<=Pfalha
Td=Syd+X* (Pyc-Pyd) * (1-M1) *vpd+X* (P-Pyc) * (1-M2) *vpd
Tr=Y* (Pyd-Prep) *M*N*vr+Y* (Pyc-Pyd) *M1*N*vr+Y* (P-Pyc) *M2*N1*vr
Tc=Syc+Z* (P-Pyc) *M2* (1-N1) *vc

end

%Quando Td_ rep>Syd

else Td rep>Syd;

Pyd=Syd/ (X*vd)
Pyc=Prep+ (Syc) / (Z*M1* (1-N) *vc)
Pud=Pyc+ (Sud-Syd-X* (Prep-Pyd) *vpd-X* (Pyc-Prep) * (1-M1) *vpd) / (X* (1-M2) *vpd)
Pur=Pyc+ (Sur-Y* (Pyc-Prep) *M1*N*vr) / (Y*M2*N1*vr)
if Pur>=Pud;
Pfalha=Pud
else Pud>Pur;
Pfalha=Pur
end

%para graficar
passo2=(Pyc-Prep) /delta;
P2=Prep:passo2:Pyc;
n2=length (P2) ;

for i=1:n2
Td2 (i, 1)=Syd+X* (Prep-Pyd) *vpd+X* (P2 (i) -Prep) * (1-M1) *vpd;
Tr2(i,1)=Y* (P2 (i) -Prep) *M1*N*vr;
Tc2(i,1)=2* (P2 (i)-Prep)*M1* (1-N) *vc;

end

passo3=(Pfalha-Pyc)/delta;
P3=Pyc:passo3:Pfalha;
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n3=length (P3);

for i=1:n3

Td3 (1, 1) =Syd+X* (Prep-Pyd) *vpd+X* (Pyc-Prep) * (1-M1) *vpd+X* (P3 (1) -Pyc) * (1-

M2) *vpd;
Tr3(i,1)=Y* (Pyc-Prep) *ML*N*vr+Y* (P3 (i) -Pyc) *M2*N1*vr;
Tc3(1,1)=Syc+Z* (P3 (i) -Prep) *M2* (1-N1) *vpc;
end

P1=P2
nl=length (P2) ;
Td1=Td2;
Trl=Tr2;
Tcl=Tc2;

P4=P3
n4=length (P4) ;
Td4=Td3;
Tr4=Tr3;
Tc4=Tc3;

%para calcular a tensao para qualquer pressao
P=input ('entre o valor de P:');

if P<=Prep
Td=X*P*vd

elseif P<=Pyc
Td=Syd+X* (Prep-Pyd) *vpd+X* (P-Prep) * (1-M1) *vpd
Tr=Y* (P-Prep) *M1*N*vr
Tc=Z* (P-Prep) *M1* (1-N) *vc

elseif P<=Pfalha
Td=Syd+X* (Prep-Pyd) *vpd+X* (P-Prep) * (1-M1) *vpd
Tr=Y* (P-Prep) *M1*N*vr
Tc=Z* (P-Prep) *M1* (1-N) *vc
end
end

% Graficos

P=zeros (1,nl+n2+n3+n4) ;
P=[P1,P2,P3,P4];

Td=zeros (n1l+n2+n3+n4, 1) ;
Td=[Td1l;Td2;Td3;Td4];

Tr=zeros (nl+n2+n3+n4,1);
Tr=[Trl;Tr2;Tr3;Trd];

Tc=zeros (n1l+n2+n3+n4, 1) ;
Tc=[Tcl;Tc2;Tc3;Tc4d];

plot(P,Td,P,Tr,P,Tc,Pn,Tdn, 'r', 'LineWidth',1.4)
xlabel ('Pressdao [MPal]');

ylabel ('Tensdo [MPal');

title ('Pressdao x Tensédo');

grid on
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Anexo C - Dispositivo Experimental

Os testes experimentais foram feitos no laboratério de Fotomecanica e
Comportamento Mecénico dos Materiais da PUC-Rio, que possui uma instalagdo

para testar dutos sob pressdo interna.

Sistema de Pressao

A pressdo € proporcionada por uma bomba de embolo Haskel NS-110
acionada por ar comprimido. A vazdo do liquido da bomba €é controlada por uma
valvula manual que regula a entrada de ar. As pressdes da entrada de ar e saida de
agua sdo medidas por mandmetros tipo Bourdon. Esta ultima é também medida

por um transdutor de pressdo. A figura C.1 mostra o sistema de pressao.

Valvula  Valvula AR -
Reguladora Globo COMPRIMIDO |-
BOMBA A -
Vélvula E
Comporta Manémetro ,
® T m—
Valvula
Globo
Mandmetros \/4jvula
Comporta
Transdutor
de pressao
ESPECIME

Figura C.1 - Esquema do sistema de pressao.

Sistema de Aquisi¢cdo de Dados

O sistema de aquisicdo de dados permite ler pressdes, variagcdes de volume e
deformacbes em funcdo do tempo. O sistema é formado por um modulo
condicionador de 16 entradas analdgicas, marca Lynx Tecnologia Electronica Al-
2160. Os sinais digitais sdo salvos em um computador com plataforma Windows
XP. O modulo permite a conexao de sinais provenientes de sensores de ponte para

as leituras dos extensémetros elétricos e do transdutor de pressdo e sinais de
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sensores de posicdo para a leitura do volume. O transdutor trabalha com uma
fonte de tensdo propria, marca Goldstar DC Power Supply GP-430 3D. Adiciona-
se uma camara de video para reconhecer o tipo de falha que se apresenta no

espécime, como se mostra na figura C.2.

COMPUTADOR
Potenciometro
de posicao
FONTE
®
Tre}nsdutor |
de presséo I N I \

L 1 % é % | 00000000
N L ;ﬁ 00O o 0000
‘- - —

Extensdmetros MODULO Al-2160

Elétricos Video

a) Esquema do sistema de aquisi¢do de dados.

[ hl“dLLl \ S \\ﬂ-ld— N
== immg&,u LR EER B

e -
b) Modulo condicionador. c) Camera de video.

Figura C.2 - Sistema de aquisicao de dados.

A montagem dos extensémetros é de ¥ de ponte com trés fios e usa-se uma
tensdo de excitacdo de 5 volts. A frequéncia de aquisicdo de dados foi fixada em
1Hz para cada sinal aquisitado. A taxa de pressurizacéo inicial foi em torno de 10
bar/minuto, de forma que o tempo de duracdo dos ensaios ficou em torno de 20
minutos por espécime. Assim, podem-se ter curvas de sinais de mais de mil

pontos.
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Anexo D — Comparacdes Adicionais

As figuras a continua¢do complementam o estudo realizado na se¢do 5.1.1. Na
figura C.1 sdo comparadas as deformacbes circunferenciais, obtidas
numericamente, que se apresentam na parede do defeito, e as deformagdes no tubo

fora do reparo.

Deformac&es no defeito e fora do reparo

w
o

Fressio MPa
)
(=]

r
(&2}

i no defeito
20 | \

fora do reparo

0 2000 4000 8000 8000
Deformag#o pe

Figura D.1 - Comparacao das deformac6es no defeito e fora do reparo

Na figura C.2 sdo comparadas as deformacdes circunferenciais obtidas
experimentalmente e numericamente, estas se apresentam na 3° e 9° camada do
reparo localizadas a 90° da janela do defeito (no espécime testado) e, nos nos
equivalentes a 3° ¢ 9° camada de reparo, localizados entre o extremo do defeito e
extremo do reparo (no modelo numérico axissimetrico). Na se¢do 5.1.1 foram
comparadas as deformaces que se apresentam nestas camadas do reparo mas que

se localizam sobre a janela do defeito.

Deformagdes nas camadas de reparo

()
a

equivalente a 9° Cqulvglcntc a 3 )
camada, numérico camada, numerico

Pressio MPa
(9]
3
\

o)
(5]
L

na 3° camada,
experimental

5 na 9° camada,
| experimental

0 T T T \ \
0 500 000 B00 2000 2500 3000

Deformacéo pe

Figura D.2 - Comparagdo Numérico -experimental considerando a 3° ¢ 9°

camada do reparo localizadas a 90° da janela do defeito
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