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1ZVOD

Primenom EPRI inZenjerskog pristupa izracunate su
vrednosti granicnih pritisaka za dugacak cilindar pod
unutrasnjim pritiskom sa uzduznom prslinom. Jp kriva i sila
razvoja prsline su aproksimirane polinomima po pripastaju
prsline a — a, i duzine prsline a. Pokazan je uticaj
geometrije cilindra na unutrasnji pritisak p; koji odgovara
pocetku rasta prsline i na unutraSnji pritisak py za
nestabilnost sistema. Prividna Zilavost materijala i
relativna promena pritiska p; za razlicite debljine zida se
povecavaju pri stabilnom rastu prsline. Pokazano je da je
relativan stabilan rast prsline veéi od vrednosti koju
dopusta ASTM E-399.

UvOD

Inzenjerski pristup EPRI analizi elasto-plasticnog loma
omogucava analizu rasta prsline i stabilnosti konstrukcije
od 7zilavog materijala primenom J-integrala /1,2/. Sila
razvoja prsline, data J-integralom, izraCunata je super-
poniranjem potpuno plastiénih reSenja na poznata elasti¢na
reSenja, dok se u nekim drugim modelima umesto njih
dodaju elasto-plasti¢na reSenja /3/. Dopustajuci stabilan rast
prsline, ovaj pristup pokazuje viSe tolerancije nego metode
linearno-elasticne mehanike loma primenjene u ASME
standardu za kotlove i posude pod pritiskom /4-6/. Pocetak
rasta prsline, njen stabilni rast i tacka konac¢ne nestabilnosti
sistema predvidaju se graficki pomocu razlicitih dijagrama
za analizu /1,2/. Analiza je izvedena za odredeni cilindar i
prslinu. Analiticko-graficko reSenje postoji u /1,8/, ali ne i
numericko resenje. Zavisno od primena, moze se saciniti vise
dijagrama za analizu. Dijagram sile razvoja prsline (CDF) je
zapravo graficko reSenje za stabilni rast prsline. Dijagram
grani¢nih vrednosti pritiska daje skup reSenja od kojih je
svako dobijeno sa jednog CDF dijagrama za datu geometriju
cilindra i pocetnu duzinu prsline a,. Dijagram procene stabil-
nosti daje zavisnost J-integrala od modula cupanja T i
odreduje oblasti optere¢enja u kojima je ponasanje stabilno i
nestabilno. Dijagram procene loma (FAD) je podesan za
preliminarnu ocenu granice sigurnosti konstrukcije sa
prslinom. On se zasniva na pristupu “dva kriterijuma”, koji je
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ABSTRACT

By applying EPRI engineering approach, limit pressure
values for internally pressurized long cylinder with an axial
crack are estimated. The Ji curve and crack driving force
are approximated by polynomials in terms of crack growth
a — a, and crack length a. It is shown the effect of cylinder
geometry on internal pressure p; corresponding to the onset
of crack growth as well on internal pressure py for system
instability. The apparent material toughness and the
relative change of pressure p; for different wall thicknesses
increase with the stable crack growth. It is shown that the
relative stable crack growth is greater than the value
allowed by the ASTM E-399.

INTRODUCTION

The EPRI engineering approach for elastic-plastic frac-
ture analysis enables crack growth and stability analysis for
ductile materrials by the use of the J-integral /1,2/. The
crack driving force in terms of J integral is computed by
superposing fully plastic solutions on known elastic solutions,
whereas in some other models elastic-plastic solutions are
superposed instead /3/. Allowing stable crack growth, the
approach is more tolerable than the linear-elastic fracture
mechanics methods applied in ASME Boiler and Pressure
Vessel Code /4-6/. The initiation of crack growth, stable
crack growth and the point of system instability are predic-
ted graphically, by using different analysis diagrams /1,2/.
The analysis is performed for a given cylinder with a given
crack. Analytical-graphical solution is given in /1,8/, but
numerical solution did not. Depending on the use, several
analysis diagrams can be generated. The crack driving force
(CDF) diagram is in fact graphical solution for stable crack
growth The limit pressure values diagram gives the set of
solutions, each obtained from one CDF diagram for given
cylinder geometry and initial crack length a,. The stability
assessment diagram is the plot J—integral vs. tearing modu-
lus T, and defines loading regions in which the behaviour is
stable and unstable. The failure assessment diagram (FAD)
is convenient in safety margin preliminary assessment of
flawed structure. It is based on the “two criteria” approach
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razvijen u CEGB, a ¢iji najpoznatiji oblik je poznat pod
nazivom R-6 dijagram. Kriva procene loma odredena
pristupom rasta prsline kontrolisanog J-integralom
uracunava geometriju tela sa prslinom, vrstu opterecenja i
osobine tecenja materijala.

Ovi dijagrami dati su u literaturi /1,2,10,12/. U ovom radu
je graficka analiza, podrzana numerickom metodom,
primenjena, sa poveéanom ta¢no$c¢u, na razlicite cilindre sa
unutrasnjom poduznom prslinom,.

INZENJERSKI PRISTUP EPRI

Elasto-plasti¢na analiza mehanike loma u neelasti¢noj
oblasti reSava nelinearan problem, pri ¢emu je potrebno
uzeti u obzir zatupljivanje prsline pre pocetka njenog rasta,
kao i njen stabilni rast. Ovaj problem se razlikuje od krtog
loma kod koga se pocetak rasta prsline i njeno brzo Sirenje
odigravaju skoro istovremeno. Za dovoljno malu plasti¢nu
zonu u odnosu na duzinu prsline, J-integral, koji karakterise
napone i deformacije u plasti¢noj zoni u blizini vrha prsline
i faktor intenziteta napona K, koji karakteriSe napone i
deformacije u elasti¢noj zoni, povezuje jednakost

which developed in CEGB, which most best known form is
entitled R—6 diagram. The failure assessment curve derived
from the J-controlled crack growth approach accounts for
cracked body geometry, the loading type and material flow
properties.

These diagrams are given in references /1,2,10,12/. In
this paper, the graphical analysis, supported by numerical
methods, is applied, with increased accuracy, to different
cylinders with internal axial crack.

THE ENGINEERING APPROACH EPRI

The elastic-plastic fracture analysis in non-linear region
solves the non-linear problem, and it is necessary to
consider the crack tip blunting before the initiation of crack
growth, as well its stable growth. This problem differs from
the brittle fracture where the onset of crack propagation and
its rapid growth occur almost simultaneously. If small-scale
yielding conditions prevail, J integral, which characterizes
the near-crack tip stresses and strains in the plastic zone, and
the stress intensity factor K, which characterizes stresses and
strains in the elastic zone, are related by

J=K?/E 1.

E' = E za ravno stanje napona, E'= E/(1 - v’) za ravnu
deformaciju, £ je modul elasti¢nosti i v je Poasonov broj.

Potpuno plasti¢na reSenja i njihova analiza su primenljivi
na konstrukcije sa prslinama koje su u stanju punog tecenja,
dok se vecina problema od prakti¢nog interesa odnosi na
elasto-plastiéno podru¢je i procedura ocene kombinuje
linearno-elasti¢na J, i potpuno plasti¢na reSenja J,:

E' = E for plane stress, £'= E/(1 - v*) for plane strain, E is
elastic modulus and v is Poasson's ratio.

Fully plastic crack solutions and analysis are applicable
to cracked configurations with full scale yielding, but most
crack problems of practical interest are in the elastic-plastic
regime and the assessment procedure combines the linear-
elastic J, and fully plastic J,; solutions:

J=Jo+J,, 2.

Otpornost materijala prema sporom stabilnom rastu
prsline, odredena eksperimentalno kao funkcija rasta prsline
(Jg kriva, /1/), ne zavisi od konfiguracije prsline i takode ne
zavisi od toga da li je odredena na uzorcima koji su u stanju
potpunog tecenja ili sa ograni¢enim tecenjem, i zbog toga je
svojstvo materijala. Opsti parametar Zzilavosti loma J.,
povezan sa K;. (jedn. 1) predstavlja tacku Jp krive koja
odgovara pocetku rasta prsline. Pocetak njenog rasta
nastupa kada se izjednace deluju¢i J integral, odnosno sila
razvoja prsline, i zilavost loma materijala /1/:

Material resistance to slow stable crack growth, determi-
ned experimentally as a function of crack growth (J; curve,
/1/), is independent of crack configuration and also is the
same when it is obtained from ful-scale yielding samples or
with constrained yielding, and accordingly it is material
property. The common fracture toughness parameter, Jy,
related to K. (Eq. 1), represents a single point of J curve,
corresponding to the initiation of crack growth. The crack
initiation will occur when the applied J integral, i.e. crack
driving force, equals the material fracture toughness /1/:

J(a, P)=J, 3,

gde je P opterecenje po jedinici debljine. Primena J inte-
grala na odredivanje rasta prsline je moguca pod izvesnim
uslovima. Prvi je da je ukupan iznos stabilnog rasta prsline
A mnogo manji od radijusa R, zone oko vrha prsline
produzene za duZinu njenog rasta u kojoj je plasticna
deformacija skoro proporcionalna. Rast duzine prsline u
toku ovog procesa je Aa, sl. 1. Radijus neproporcionalne
oblasti mora da bude mnogo manji od R, Uslov za
neprekidan rast prsline, tj. za ravnotezni rast prsline, je:

where P is load per unit thickness. The application of J
integral for determination of crack growth is possible under
some conditions. First one is that the total amount of stable
crack growth A is much less than the radius R, of the zone
ahead the extended crack tip, where plastic deformation is
almost proportional. The crack extension during the growth
process is Aa., Fig.1. Nonproportional region radius must
be much less than R;. The condition for continual crack
extension, i.e. for equilibrium of crack growth, is:

J(aP)=Jg(a—a,) 4.

gde je a = ap + Aa duzina rastuce prsline, Aa =a — a, iznos
stabilnog rasta prsline u odnosu na a,.
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where @ = ay + Aa is the length of growing crack and the
amount Aa = a — a, is stable crack growth in respect to a,.

STRUCTURAL INTEGRITY AND LIFE
Vol 3, No 1 (2003) pp. 3-10



Grani¢ne vrednosti unutra$njeg pritiska za cilindre sa prslinom

Limit pressure values for internally pressurized cracked cylinders

Jednacina 4. je uopstenje jedn. 3. i J;, odgovara tacki Jy
krive na pocetku rasta prsline. Rast prsline postaje nesta-
bilan, kada je brzina rasta sile razvoja prsline veca od
brzine promene J krive:

Equation 4. is the generalisation of Eq. 3. and J,. corres-
ponds to Ji curve point at crack growth initiation. The crack
growth becomes unstable when crack driving force growth
rate is higher then J curve change rate:

(8J/0a);p 2 dJ p / da 5.

gde se parcijalni izvod izracunava pri konstantnom ukup-
nom pomeranju A7. Ovo ogranienje se zamenjuje uslovom
konstantnog unutrasnjeg pritiska, tj. sistem ima kontroli-
sano opterecenje, Sto daje konzervativnu ocenu. Dijagram
sile razvoja prsline daje graficko reSenje jednacina za
stabilan rast prsline 4. 1 5.

IZRAZI ZA ELASTO-PLASTICNU OCENU

Izraz 2. za J integral za zilav materijal ¢iji deformacija i
napon zadovoljavaju Ramberg-Ozgudova relaciju, glasi:

2

J=fi(a,/HR; /R)%+0L008

gde je a. efektivna duzina prsline /1,2/. Funkcija f;
koliénika a/H 1 R/R data je preko bezdimenzionalne
funkcije F istih koli¢nika. R; i R su unutrasnji i spoljnji
poluprecnik cilindra, a H je debljina njegovog zida.
Eksponent deformacionog ojacavanja je oznacen sa 7.

fila/H,R;/R)=4na

Cilindar sa prslinom dat je na sl. 1. U unutrasnjosti
cilindra i na povrsine prsline deluje ravnomeran pritisak p.
Usvaja se da je cilindar u stanju ravne deformacije.

Funkcija F' je data tabelarno za tri vrednosti koli¢nika
H/R;: 1/5; 1/10 1 1/20 1 za svaku od njih za Cetiri vrednosti
koli¢nika dubine prsline i debljine zida (a/H): 1/8; Y4; 1/2 1
3/4 /1,2/. Sa p, je oznacen granicni pritisak idealno plastic¢-
nog materijala (n—oc). Izraz za donju ocenu vrednosti p, je:

[1—(R,~ /1{)2]2

where partial derivative is calculated with total displace-
ment AT held fixed. This limitation is replaced by the
condition of constant internal pressure, i.e. the system is
load controlled, which gives a conservative estimatiion. The
crack driving force diagram gives the graphical solution to
crack growth stability Equations 4. i 5.

FORMULAE FOR ELASTIC-PLASTIC ESTIMATION

For ductile material which follows Ramberg-Osgood
stress-strain relation, Eq. 2 has the form:

O(H—a)hl(a/H,n,Ri/R)(p/po)nJrl 6.

where a, is the effective crack length /1,2/. The function f; of
ratios a/H and Ry/R is related to a nondimensional function F
of the same ratios. R; and R are inner and outer radius of a
cylinder and H is its wall thickness. Strain hardening
exponent is designed by n.

F2(a/HR;/R) 7.

The flawed cylinder is given in Fig. 1. Uniform pressure
p 1s applied inside of the cylinder and on the crack faces.
The cylinder is supposed to be in plane strain condition.

The function F is tabulated for three ratio values of H/R;:
1/5; 1/10 and 1/20 and for each of them for four ratio values
of a/H: 1/8; Ya; 1/2 and 3/4 /1,2/. Limit load for perfectly
plastic material (n—oc) is designed by p,. A lower bound
expression for p, is:

_2H-a_ g
Po \/gRl +a 0

&9 and o0y su deformacija i napon tecenja. respektivno, a « je
konstanta u Ramberg-Ozgudovoj konstitutivnoj relaciji:

&9 and o, are yield strain and yield stress, respectively, and
a is a constant in Ramberg-Osgood constitutive relation:

e/gg=6/0p+a(c /o 9.

RACUNARSKI PROGRAM

Fortranski program PPF.for daje numericka reSenja
nelinearne jedn. 3, p;, odnosno nelinearnih jedn. 4. 1 5. Par
reSenja su pritisak pri nestabilnosti p; i dubina prsline a,
dostignuta sporim (stabilnim) rastom.

THE COMPUTER PROGRAM

The fortran program PPF.for gives numerical solutions
to nonlinear equation 3, p; and of nonlinear equations 4. and
5. The pair of solutions are pressure at instability p, and
crack length after slow (stable) crack growth ay.

arp=ay+Ara 10.

Ulazni podaci: geometrijske karakteristike cilindra (R,
H, sl. 2), osobine materijala (E, n, v, o, €3,,60=Ry>),
pocetna dubina prsline a, podaci za aproksimaciju Jx krive
i vrednost duzine (dubine) prsline (za koju se pozivaju pot-
programi) se ucitavaju u glavnom programu. Potprogram
PRES izracunava prvo resenje jedn. 3. Drugi potprogrami
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The input data: geometrical characteristics (R, H, Fig.2),
material properties (E, n, v, a, &, 0y=R,>), initial crack
length a,, data for Ji curve approximation and crack length
value (for which subruotines are called), are read in the
main program. The subroutine PRES calculates first
solution to equation. 3. The other subroutines calculate the
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solution iterativno izracunavaju koren jednacine 3, p;,
odnosno par reSenja (azp;) za jednaCine 4. i 5, iterativno
metodom Njutn-Rafsona. Potprogram TKNS prora¢unava
CDF dijagram u okolini tacke konacne nestabilnosti (X;p),
gde je Xy =a/H (X=a/H), tj. izraCunava J-integral tatno za
vrednosti pritiska p; i ps kao i Jg krivu. Aproksimacija Jg
krive i funkcije /; u potpuno plastiénom delu J integrala,
jedn. 6, data je polinomima po X-X, i X, respektivno, pri
¢emu je (Xy=ay/H). Tacke podataka za Jy krivu, uzete iz
rada /8/ su aproksimirani polinomom petog stepena, (sl. 2).
Usvojen je celik A 533B sa: o=1,12, o, =414 MPa,
£0=0,002, J;. =350 kPaxm, v=0,3 £E=207x10° MPa i n=10
/1,2/. Za ispitivanje rada programa su koris¢eni neki
rezultati rada /8/.

to the equation 3, p;, and pair of solutions (as;p,) of
equations 4 and 5. iteratively by using the Newton-
Raphson’s method. The subroutine TKNS calculates the
CDF diagram in the vicinity of the instability point (X;p,)
where X, =a/H (X=a/H), i.e. it calculates J-integral exactly
for pressure values p; and pyas well the Jg curve. Jg curve
approximation and function # ; in fully plastic part of J
integral, Eq. 6, are given by polynomials in terms X-X, and
X respectively (Xy=ay/H). The Ji curve data points, taken
from /8/, are approximated by the fifth order polynomial
(Fig. 2). The A533B steel is accepted, ie. 0=1,12, c,=414
MPa, £,=0,002, J;. =350 kPaxm, v=0,3 E=207x10° MPa i
n=10/1,2/. For program testing some results from /8/ are used.

Slika 1. Poprecni presek cilindra sa poduznom prslinom

Figure 1. The cross section of an axially cracked cylinder

DIJAGRAM SILE RAZVOJA PRSLINE

Dijagram CDF za cilindar izraden od celika A533B sa
R/H=5 je dat na sl. 2. levoza ay=25 mm na segmentu
Xe[0,25;0,30]. J kriva za vrednost pritiska p; sefe Jp
preseca krivu povucenu kroz kruziée, koji predstavljaju
aproksimirane tacke (N=19), u tacki X-X;=0 sa ordinatom
Ji=350 kPaxm.

] kriva za pritisak p~=76,1615 MPa (oznacena ispreki-
danom linijom) i Jy kriva imaju zajednicku tangentu u tacki
X-Xi=dX=0,03484, $to je oznaceno vertikalnom tackastom
linijom. Tacka dX; daje ukupan stabilan rast prsline po
jedinici debljine zida (dX; =Awa/H, Aa =ar- ay=3,484 mm).

Koeficijent korelacije dat veli¢inom 1=0,99999, a
veli¢ina SD=1,18001 kPaxm je greska aproksimacije
polinomom datim na slici 2 levo. Redni brojevi datih tacaka
Jr krive su prikazani na gornjoj apscisnoj osi (ovi brojevi su
tani ako su jednaki ili veéi od 12, jer za manje redne
brojeve date tacke su na manjim udaljenostima).

Koli¢nik Aa/ag=(arag)/a, daje relativni stabilni rast
prsline. Najveée povecanje prividne Zzilavosti materijala,
mereno J integralom, je Jr(Aa)/J;.=220,4% (sl. 2).
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THE CRACK DRIVING FORCE DIAGRAM

The CDF diagram for the cylinder made of A533B steel
with R/H =5 is given in Fig. 2 left for ay=25 mm in the
segment Xe[0,25;0,30]. J curve for the pressure value p;,
intersects the J; curve, drawn through circles presenting
approximated points (N = 19), at the point X-X;=0 with
ordinate J; =350 kPaxm.

The J-curve for the pressure p,=76,1615 MPa (given by
dash line) is tangent to the Jz curve at the point X-X,
=dX=0,03484, as denoted by a vertical dotted line. The
point dX; gives the total amount of crack growth per unit
wall thickness (dX,=Aa/H, Aa =a;- ay=3,484 mm).

Correlation coefficient is given as » =0,99999 and the
value SD=1,18001 kPaxm is approximation error for the
polynomial given in Fig. 2 left. The ordinal numbers of Jp
curve given points are displayed at the upper X-axis (these
numbers are valid if equal to or greater than 12, because dis-
tances between data points for smaller point numbers are less).

The ratioAja/ay=(arag)/a, gives relative amount of stable
crack growth. The increase of the apparent material tough-
ness, measured by J integral (Fig. 2) is Jr(Aa)/J;. =220,4%.
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Porast grani¢nog opterecenja (py - p;) /p; iznosi pribliZzno
8,7% za H=100 mm i ay=25 mm. Za manje H i veée R/H,
ocekuje se njegovo smanjenje i zavisnost od ay.

DIJAGRAMI GRANICNIH VREDNOSTI PRITISKA

Dijagrami grani¢nih vrednosti unutra$njeg pritiska u
cilindru daju opterecenja p; i py u funkciji pocetne duzine
prsline a,. Kriva promene p; daje donju granicu, a kriva py
gornju granicu opterecenja u procesu duktilnog loma.

Otuda ovi dijagrami odreduju kapacitet optereéenja
cilindra kome odgovara stabilan rast prsline. Slika 3 daje
zavisnosti p; i py od ay za usvojene geometrije (/=15 mm,
10 mm i 7,5 mm i R=150 mm). Dijagram je izracunat za
R=150 mm, R,,=560 MPa i J; krivom kao za celik A533 B.
Zavisnosti p; i p; od a, su opadajuce. Najve¢i srednji
gradijent i najmanje rastojanje krivih p; i p, odgovaraju
najmanjoj debljini zida.

The relative increase of limit pressure (py- p;) /p; is about
8,7% for H=100 mm and a,=25 mm. For lower H and greater
Ry/H, its decreasing is expected and dependence on a;.

THE LIMIT PRESSURE VALUES DIAGRAMS

Limit pressure values diagrams show pressure loadings
pi and pr as functions of the initial crack length ay. The
curve for p; change gives a lower bound and the curve for
P values gives upper bound for the ductile fracture process.

Thus these diagrams determine cylinder loading capacity
for stable crack growth. Figure 3 illustrates dependences of
pi and pyon a, for assumed geometries (H=15 mm, 10 mm
and 7,5 mm and R=150 mm). The diagram is calculated
with R; =150 mm, R, (,=560 MPa and J; curve as for A533 B
steel. The dependences of p; i pyand P; on a, are decreasing.
Highest mean gradient and the smallest distance of p; and
py curves correspond to the smallest wall thickness.

ORDINAL NUMBERS OF JR-CURVE POINTS
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Slika 2. Dijagrami sile razvoja prs

line za cilindar sa R/H=5 i H=100 mm

Figure 2. Crack driving force diagrams for cylinder with R/H =5 and H=100 mm
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Slika 3. Dijagram grani¢nih vrednosti pritiska za razlicite cilindre (R;=150 mm)

Figure 3. Boundary pressure values diagram for different cylinders (R; =150 mm)
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Zavisnost p; od duzine prsline a, analiticki je data
polinomom treceg stepena u velikom opsegu duzine i sa
dovoljnom tac¢no$éu, Sto se vidi iz dijagrama na sl. 4. Izbor
ispitanih geometrija odgovara dimenzijama posuda za
prevoz gasa pod pritiskom 15 MPa sa R~=150 mm i
duzinom vecom od spoljnjeg prec¢nika.

Ocenjujuéi da debljina zida H od 7,5 mm /7,9/
koris¢enih posuda ne zadovoljava sa stanovista bezbed-
nosti, izradene su nove posude od ¢elika C8380 komerci-
jalne oznake N8O (R, o,=560 MPa), debljine zida cilindri¢-
nog dela 10 mm. U izvedenoj analizi je usvojeno da su i
one izradene od celika A533B. Proracun je izveden za tri
vrednosti H: 7,5 mm (R/H=20), 10 mm (R/H =15) i 15 mm
(R/H =10) pod pretpostavkom da je lom zilav.

Prema sl. 4, unutrasnji pritisak p; ~ 15 MPa inicira prs-
linu sa @y = 4,4 mm za H = 7,5 mm i prslinu sa @) = 6,9 mm
za H=10 mm.

----- Pi, H=7,5mm, RilH=20

40 - Y =37.75399-9.43806 X+1.6082 X2-0.14585 X3
H ———-15MPa (r=0,99984 SD = 0,08394)

35

P , MPa
N
o

——

/

The dependence of p; on crack length a, is analytically
given in a large length range by the third order polynomial
with sufficient accuracy, as shown in diagrams in Fig. 4.
The choice of checked geometries correspponds to sizes of
vessels for gas transport under pressure 15 MPa with
R~=150 mm and the length greater than the outside diameter.

Evaluating wall thickness H of 7.5 mm /7,9/ in used
pressure vessel as non sufficient from safety point of view,
new vessels had been produced of C8380 steel, trade mark
N80 (R,0,=560 MPa) with cylindrical part wall thickness
10 mm. In performed analysis is assumed that they are also
produced of A533B steel. The calculation is performed for
three H values: 7,5 mm (R/H =20), 10 mm (R/H =15) and
15 mm (R/H =10) assuming ductile fracture.

According to Fig. 4, internal pressure p; = 15 MPa
initiates the crack with ay = 4,4 mm for H = 7,5 mm and the
crack with ay = 6,9 mm for =10 mm.

5~ 0 ---- Pi, H=10 mm, Ri/H=15
r —— Y =48.33835-8.87616 X+1.10966 X2-0.07599 X3
50 e 15 MPa (r=0,99966 SD =0,1637)
45
40
35|

30

P, MPa

- 25| -

ol .

Slika 4. Aproksimacija zavisnosti p; od duzine prsline a, za R, =414 MPa

Figure 4. Approximated dependences of p; on crack length a, for R, ,= 414 MPa

Neka p(414) = p(R,,=414 MPa) oznafava vrednost
pritiska p; za R, ,=414 MPa pri datoj duZini X,.

Relativna promena p; za navedenu promenu R0, {j.
pi (560) / p; (414) — 1, za istu geometriju posude (R/H=20,
ili R/H =15), je oko 27,8%. Ona malo zavisi od X} (X,<0,6)
i H (7,5 mm ili 10 mm). Medutim, relativno povecanje
grani¢nog pritiska, (ps - p;)/ p;, se smanjuje od oko 6% do
4,5% kada se X, povecava od 0,2 do 0,6 za R, o,=560 MPa.
Vrednosti relativnog povecanja (p, - p))/ p;, za H=15 mm,
10 mm i 7,5 mm su manje nego za H=100 mm i ¢,=25 mm,
u skladu sa sl. 3.

Relativni ukupni stabilni rast prsline, Aa/a, , smanjuje se
sa povecavanjem a, (za H=100 mm i ¢,~25 mm on iznosi
14%) i1 za svaku od tri razmatrane debljine zida je vec¢i od
2% - vrednosti usvojene u ASTM E-399 za odredivanje K.
(JUS C.A0.084).

Takode, relativna promena p; pri pove¢anju H od 7,5 mm
na 10 mm za ay=1 mm, R; =150 mm, i R,;,=560 MPa je
36%, a za a;,=2 mm ona je ¢ak 42%. Ova promena P; data je
dijagramski na sl. 5. za Ry, = 414 MPa.
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Let p(414) = p{(R,,=414 MPa) designed the p; for
R,0,=414 MPa at given length X).

The relative change of p; for given increase of R, , i.e.
p: (560) / p; (414) — 1, for the same geometry of vessel (R/H
=20, or R/H =15), is about 27,8%. It depends weakly on X,
(X4<0,6) and H (7,5 mm or 10 mm). However, the relative
increase of limit pressure, (p; - p,)/P p;, decreases from
about 6% to 4,5% when X, increases from 0,2 to 0,6 for
R,02=560 MPa. Values of the relative increase, (ps- p))/ p: ,
for H=15 mm, 10 mm i 7,5 mm are less than for H=100
mm and a,=25 mm, according to Fig. 3

The relative total amount of stable crack growth, Aw/ay,
decreases with increasing ay, (it is equal 14% for H/=100 mm
and ay=25 mm) and for each of three wall thicknesses
considered is greater than 2% - the value accepted by the
ASTM E-399 for K. determination (JUS C.A0.084).

Also, the relative change of p; for the increase of H from
7,5 mm to 10 mm and for ¢y = 1 mm, R, = 150 mm, and
R,02=560 MPa is 36%, and for ay=2 mm is even 42%. It is
given by the diagram, Fig. 5, for R, o> =414 MPa.
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Koli¢nik dp; (10-7,5)/ p(7,5) daje relativno povecanje p;
kada se H menja od 7,5 mm do 10 mm (%). On slabo zavisi
od izbora izmedu dve date vrednosti R,,. PoveCanje H za
100% daje skoro tri puta veéu relativnu promenu p; u
poredenju sa promenom p; kada se H poveca za samo 33%.

Dijagram dat na sl. 5. pokazuje skoro idealne linearne
zavisnosti sa koeficijentima korelacije oko 0,998.

The quotient dp; (10-7,5)/ p; (7,5) gives p; relative increase
when H changes from 7,5 mm to 10 mm ( %)). It weakly depends
on the choice between two given R, o, values. The H increase
by 100% produces almost three times greater relative p; change
comparing to p; change when H increases by only 33%.

The diagram given in Fig. 5 shows almost ideal linear
regressions with correlation coefficients close to 0,998.

,.A
140 |
—"A—”
_.A—"/_
120 |
_—"A—’
_—"A’-_——’
R 100 =TT - dPI(15-7,5)/Pi(7,5), % y=89,6800+17,69714 x
™) (r=0,99788, SD=1,20765)
N~
o 80
=
©
60 L —=—dPi(10-7,5)/Pi(7,5), % y=29,71467+6,22114 x
(r=0,99889, SD=0,30746)
40 | /"/'/
— R 1 R 1 1 1
0.5 1.0 1.5 2.0 25 3.0
a,mm

o

Slika 5. Relativno povecéanje p; u zavisnosti od a, za promenu H od 7,5 mm do 10 mm (donja kriva) i od 7,5 mm do 15 mm (gornja kriva)

Figure 5. The relative increase of p; versus a, for the change of H from 7,5 mm to 10 mm (the lower curve) and from 7,5 mm to 15mm
(the upper curve)

Zavisnosti date na sl. 3. i 4. imaju Siroke opsege vredno-
sti duzine prsline — uprkos tome, one mogu dobro da se
aproksimiraju linearnim funkcijama duzine, koje su skoro
idealne u uzim podrucjima duzine, kao $to je pokazano u /8/
Na taj nacin, linearne relacije nadene u slucaju zateznih
ploc¢a /13/, mogu da se izvedu i u slucaju cilindri¢ne
geometrije.

ZAKLJUCAK

Inzenjerski pristup daje proceduru procene za
izraCunavanje sigurnog opsega unutraSnjeg pritiska za
cilindar sa unutraSnjom poduznom prslinom, koja
omogucava da se materijal iskoristi u punoj meri.
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