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1. Consideratii generale privind durata de
viata a tevilor din polietilena, din
componenta retelelor de transport fluide
sub presiune

Polietilena este utilizata in diferite aplicatii. Una dintre cele
mai raspandite utilizari de lunga durata a polietilenei de inalta
densitate este confectionarea de tevi de transport fluide sub
presiune.

In general dupa pret si durata de livrare, cea mai frecventd
intrebare despre un produs este ,,cat tine?”. Durata de viata
asteptata este de mai multi ani, in conditii de exploatare ce pot
fi complexe. In cazul produselor de tip tevi din PE situatia este
complicata intrucat intervin un numar ridicat de agenti de
degradare, diferite conditii de exploatare si materiale plastice cu
proprietati semnificativ diferite.

Imbitranirea materialelor plastice, implicit comportarea pe
termen lung a acestora este un domeniul actual de studiu, in
vederea gasirii unor principii de proiectare corecte. In practica,
materialele plastice utilizate In conditii corecte de exploatare
ofera o excelentd comportare de lunga durata [1].

In cazul polietilenei, orice sortiment nou inainte de prezen-
tarea pe piatd a fost complet analizat si clasificat [2]. Acest
lucru se realizeaza prin Incercari accelerate la presiune in conditii
de laborator. Rezultatele obtinute in urma incercarilor sunt
prelucrate statistic in vederea aprecierii comportarii in timp a
acestor noi materiale. Metoda utilizata pentru aceasta estimare
implica asa-numitele curbe de regresie, bazate pe relatia timp-
temperatura (Eyring, Arhenius) si pe metode de analiza si
extrapolare a datelor [3].

In general se consideri ca imbinarile sudate sunt ,,verigile
slabe” in orice sistem de conducte. Sudarea cap la cap cu ele-
ment incalzitor este 0 metoda uzuala utilizata la imbinarea tevilor
din polietilena din componenta infrastructurii ingropate aferenta
retelelor de transport apa sau gaz.

In procesul de imbinare intrucat majoritatea acestor imbinari
se face pe teren, nu intotdeauna este posibil sa se asigure conditii
ideale de mediu, iar parametrii procedurii de sudare nu sunt
intotdeauna urmati cu strictete. Vantul sau alti factori externi
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1. General considerations regarding the
lifetime assessment of polyethylene
pipes for pressurized piping systems

Polyethylene is used in various applications. One of the most
common long-term usage of high density polyethylene is the
fabrication of pipes for pressurized fluids’ transportation.

Generally, considering the price and delivery time, the most
frequently asked question is ,,how long does it hold?” The
expected in-service life is of many years, under exploitation
conditions that might be complex. In the case of the polyethylene
pipe-type products the situation is complicated because of the
intervention of many degradation agents, different exploita-
tion conditions and plastic materials with significantly different
properties.

Ageing of plastic materials, implicitly their long-term behav-
iour, is presently a research domain, aiming to find some correct
design principles. In practice, the plastic materials that are used
under correct exploitation conditions offer an excellent long-
time behaviour [1].

In the case of polyethylene, any new product was completed
analyzed and classified before been presented on the market
[2]. This is achieved by accelerated pressure tests in laboratory
conditions. The results that are obtain during the test are statis-
tically process in view of assessing the behaviour of these new
material in time. The method use for this assessment involves
the so called regression curves, based on the time-temperature
relation (Eyring, Arhenius) and on data extrapolation analyses
methods [3].

Generally, one does consider that the welded joints are the
weakest elements in any pipeline. Butt welding with heated
tools is a usual method utilized for joining polyethylene pipes
from the components of the buried infrastructure afferent to
the water or gas transportation system.

During the ageing process, due to the fact that the majority
of'this joints are realized in the field, it is not always possible to
ensure ideal environment conditions and the parameter of the
welding procedure are not always strictly followed. Wind and
other external factors may interfere and lead to the contamina-
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pot interveni si conduce la contaminarea suprafetelor de sudat
ale tevilor sau ale elementului incalzitor, cu praf, sol, apa sau
grasime [4].

In plus, in cazul tevilor de apa, s-au constatat cedari prema-
ture ca urmare a fenomenului de oboseala, intrucat acestea sunt
supuse la solicitri ciclice prin variatia presiunii interne, ca urmare
a cererilor variabile din sistem. Ca urmare, sunt in curs de
elaborare metode moderne de evaluare a initierii si propagarii
lente a imperfectiunilor din tevile din polietilend supuse
solicitarilor ciclice, pe baza conceptelor specifice mecanicii
ruperii [5].

Recent in unele tari dezvoltate in cazul retelelor de transport
gaz si produse petroliere, au fost adoptate noi directive [6] de
proiectare a sistemelor de conducte din PE, coduri ce impun
utilizarea la calculele de dimensionare a unor coeficienti de
siguranta ce iau in considerare specificul aplicatiei, materialul
utilizat si temperatura de functionare.

Studierea comportarii a materialelor termoplastice destinate
constructiei retelelor de transport fluide sub presiune, in di-
verse conditii de exploatare, este o preocupare continud in
scopul cresterii sigurantei in exploatare.

In prezenta lucrare sunt analizate rezultatele programelor
experimentale efectuate in scopul evaluarii caracteristicilor
mecanice de lunga durata a unor tevi din polietilena, utilizate la
constructia retelelor de distributie a gazelor naturale.

Se analizeazd comportarea materialului n prezenta unor
defecte simulate [7] si efectul conditiilor de incercare asupra
principalelor caracteristici de defect de material, in scopul
evaludrii comportarii in functionare a produsului, respectiv
pentru stabilirea gradului in care conditiile de exploatare
favorizeaza cedarea componentei dupa un mecanism ductil sau
fragil in conditii de solicitare diferite.

2. Program experimental in vederea
evaluarii degradarii materialelor
termoplastice de tip PE

2.1. Conditii de efectuare a programului experimental

In vederea estimarii influentei in timp a conditiilor de solicitare
asupra caracteristicilor mecanice la tevi si imbinari sudate de
tevi din polietilena de inalté densitate s-a conceput un program
experimental care cuprinde atat incercari mecanice distructive
cat si analize macroscopice.

Pentru experimentiri s-au utilizat tronsoane de teava din
PE 80 A32x3mm, SDR 11, GAZ. Din aceste tronsoane de teava
s-au prelevat epruvetele destinate programului experimental.

2.2. Metodele de examinare / incercare

Programul experimental cuprinde atét incercari la presiune
interioara la temperatura constanta cat si analize macroscopice
efectuate pe epruvetele incercate la presiune interioara.

Incercarea la presiune interioara la temperaturd constanta s-
a efectuat in scopul determindrii timpului pana la rupere a
epruvetei, in conditii de incercare date (presiune, temperatura,
mediu), identificarea caracterului si a pozitiei ruperii.

Examinarile macroscopice $i masuratorile dimensionale au ca
scop studiul evolutiei imperfectiunilor simulate prin masurarea
dimensiunilor geometrice ale acestora inainte si dupa cedarea
tevii, evidentierea caracterului ruperii, orientarea defectelor
generate in cursul incercérii si dimensionarea acestora in
sectiune transversala si longitudinala.

tion of the surfaces to be weld of the pipes or of the heated
tools with dust, soil, water or grease [4].

More, in the case of water pipes, premature failures have
been observed following the fatigue phenomenon because
these are subjected to cyclic loads by variation of internal pres-
sure following the variable demand for the system. As a conse-
quence, modern methods to evaluate initiation and flaw propa-
gation of the flaw in the polyethylene pipes subjected to cyclic
loads are under development based on the concepts that are
specific to fracture mechanics [5].

Recently, in some developed countries, in the case of gas
and oil product transportation systems, new design directives
[6] for the PE pipes system have been adopted, codes that
impose the use of some safety coefficients that take into con-
sideration the specific application, the materials used and the
functioning temperature, for the dimensional computation.

Studying the behaviour of the thermoplastic materials des-
tined to the construction of pressure fluids transportation sys-
tems, under various exploitation conditions, is a continuous
concern aiming to increase service safety.

In this paper the results of the experimental programs carried
out to evaluate the long-term mechanical characteristics of cer-
tain polyethylene pipes, used for the construction of the natu-
ral gas distribution system, are analysed.

The behaviour of the material in the presence of some simu-
lated flaws [7] is analysed, as well as the effect of the testing
conditions on the main material defects characteristics, aiming
to evaluate the in-service behaviour of the product, respec-
tively the degree in which the exploitation conditions do allow
component’s failure following a brittle or ductile mechanism on
the different loading conditions.

2. Experimental program for the evaluation
of the PE type thermoplastic materials
degradation

2.1. Experimental program conditions

To estimate the influence in time of the loading condition on
the mechanical characteristics of the high density polyethylene
pipes and butt welded joints of these pipes, an experimental
program was conceived that take into account both destruc-
tive mechanical tests and macroscopic analyses.

For experimental purposes sections cut of PE 80 A32x3mm,
SDR 11, GAS pipe were used. The sample destined to the ex-
perimental program were extracted from the above mentioned
sections.

2.2. Testing method

The experimental program consists both of internal pressure
tests at constant temperature and of macroscopic analyses car-
ried out on the specimens tested on the internal pressure.

Internal pressure test at constant temperature was carried
out aiming to determinate the bursting period of the sample on
the given test conditions (pressure, temperature, environment),
the identification of the fracture character and the bursting
position.

The macroscopic examination and the dimensional measure-
ments aim to study the evolution of the simulation flaws by
measuring their geometrical dimension before and after the fail-
ure of the pipe, highlighting the character of the fracture, ori-
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2.3. Luarea probelor. Volumul incercirilor

Probele s-au prelevat in mod aleatoriu dintr-un tronson de
teava cu lungime suficientd, unele dupa altele. Extremitatile
acestora au fost pregdtite astfel incat suprafata frontala a
acestora sa fie neteda si perpendiculare pe axa tevii, pentru a se
putea realiza o etansare perfecta. Epruvetele au fost marcate in
vederea identificarii. S-au utilizat doua categorii de epruvete:

* epruvete tip tronson, fara imperfectiuni

* epruvete tip tronson, cu defecte simulate avand adancimea

cuprinsa intre 0,15 si 1,5 mm, respectiv o adancime
caracteristicd A intre 5 i 50 %.

A=100a/e[%] (1)

unde: a-—adéancimea imperfectiunii
e — grosimea peretelui tevii

S-au utilizat epruvete fard imperfectiuni pentru stabilirea
caracteristicilor mecanice de referinta ale materialului de baza
si a modului de variatie a acestora in functie de conditiile de
solicitare (temperaturd, presiune, mediu). Astfel, intr-o prima
etapa s-au efectuat incercari mecanice la presiune si temperatura
constanta (80°C), pe epruvete fara imperfectiuni extrase din
tronsoane de teava de PE 80 cu diametrul nominal DN = 32 mm,
grosimea peretelui s =3 mm si lungime tronson 1 =300 mm.
Mediul de incercare a fost apa, incercarea fiind de tip ,,apa in
apa”.

Pentru stabilirea influentei mediului asupra rezistentei la
presiune interioara a tevilor din PE, s-a repetat programul ex-
perimental, utilizand ca mediu de incercare aerul cald, incercarea
fiind de tip ,,apa in aer”.

In etapa a doua a programului experimental s-au efectuat
incercari in vederea stabilirii comportarii la solicitari de presiune
interioara la temperatura constanta a tevilor din PE in prezenta
unor defecte simulate. Simularea defectelor s-a realizat prin taiere
cu fascicul LASER, imperfectiunile rezultate fiind asimilate ca
defecte plane.

2.4. Aparatura

Incercarile la presiune interioara s-au realizat pe o instalatie
de incercare informatizata ce asigurd mentinerea automata a
parametrilor de incercare prescrisi (presiune si temperatura).

Instalatia utilizatd a permis realizarea incercarilor in doua

variante: ,,apa in aer” $i,,apa in apa”, avand in componenta:

e Dispozitive de asigurare a etanseitatii epruvetelor de in-
cercare si racorduri flexibile de legatura la modulul de pre-
surizare.

e Modul de realizare si monitorizare a presiunii de incercare
ce asigura o abatere maxima de +2 +-1% pe durata incercarii

e Baie termostatata si cuptor de incercare, ce permite
mentinerea temperaturii constante, cu o abatere maxima
de+1°C.

3. Rezultate experimentale
3.1. incercareala presiune la temperaturi constanta

Din punct de vedere a caracterului ruperii, prin incercarea la
presiune s-a pus in evidentd doua tipuri de ruperi: fragila si
ductila.

Ruperea ductila apare la presiuni mari dupa perioade scurte
de solicitare. In acest caz ruperea se produce prin umflarea tevii
concomitent cu subtierea peretelui acesteia pana la cedare.
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enting the flaws generated during the test and there sizing in
transversal and longitudinal sections.

2.3. Sampling. Number of tests

The samples were extract in an random way from a pipe sec-
tion sufficiently long, one after the other. The extremities were
prepared so that their frontal surface to be smooth and perpen-
dicular on the pipe axis, to allow a perfect tightness. The sample
was marked to allow identification. Two categories of sample
were used:

* section-type samples, without imperfections

* section-type samples, with simulated flaw having the depth

between 0.15 and 1.5 mm, respectively a characteristic
depth A between 5 and 50 %.

A=100a/e[%] (1)

where: a — notch depth
e —pipe wall thickness

Flawless samples have been used to establish the mechani-
cal references characteristics of the base material and that of
their variation depending on the loading condition (tempera-
ture, pressure, environment). So, one first stage mechanical test
under pressure and constant temperature have been carried
out, on flawless samples extracted from PE 80 pipe sections
having a nominal diameter DN = 32 mm, wall thickness e = 3mm
and section length 1 = 300 mm. The test environment was water,
the test being of “water in water” type.

To establish the influence of the environment on the resist-
ance at inner pressure of the PE pipes, the experimental pro-
gram was repeated using hot air as testing environment, the
test being “water in air” type.

In the second stage of the experimental program tests have
been carried out to establish the behaviour on the inner pres-
sure loads at constant temperature of the PE pipes, in the pres-
ence of simulated flaws. The flaws were simulated by LASER
cutting, the resulting flaws been assimilated as planar flaws.

2.4. Equipment

The inner pressure test were carried out on a computerized
testing equipment which ensures an automated maintaining of
the prescribed testing parameter (pressure and temperature).

This equipment allowed the performing of test in two cases:
»,water in air” and ,,water in water”, being composed of:

e Devices that ensure tightness of the test samples and flex-

ible connections to the pressure module

e A module that allowed to prescribe and control the test

pressure, which ensures a maximal deviation of +2 +-1%
during the test

e Constant temperature bath and test oven, witch allowed

maintaining constant temperature with a maximal devia-
tion of + 1 °C.

3. Testing results
3.1. Pressure test under constant temperature

From the point of view of the fracture character, the pressure
test showed two types of fractures: brittle and ductile.

Ductile fracture appears at high pressures after short period
of loading. In this case fracture takes place by pipe growing in
same time with a decrease of its wall thickness until bursting.
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Fisura produsd are o directie perpendiculard pe axa tevii
(figura 1).

Se remarca faptul ca in cazul atat in cazul ruperilor ductile
cat si a celor fragile, materialul de baza al tevii a cedat
intotdeauna in zona marcajelor cu pigment galben ale tevilor
(ce indica tipul acestora— GAZ), fapt ce ne duce la concluzia ca
marcarea prin aceastd metoda afecteaza calitatea tevilor de gaz,
afirmatie valabila pentru lotul de tevi incercat.

Figura 1. Rupere ductila — Material de baza/
Figure 1. Ductile fracture — Base material

Ruperea fragila apare dupa durate mari de incercare, cedarea
tevii se produce farda o deformare importanta a acesteia, prin
dezvoltarea de fisuri ce au o directie longitudinala in raport cu
axa tevii. Aceste fisuri sunt foarte fine si se inchid dupa eliberarea
presiunii din teava (figura 2).

Si in cazul probelor cu defecte simulate au fost evidentiate
cele doua tipuri de ruperi. Ruperea ductila s-a produs la intervale
scurte de solicitare, materialul din dreptul crestaturii fiind
puternic deformat si expulzat in afara (figura 3). Deformarea
tevii (umflarea in zona centrald) este cu atit mai mare cu cat
adancimea defectului simulat este mai mica (figura 4).

s \ ’
Fisura transversala/

Transversal Crack

Figura 3. Rupere ductila — Epruveta cu crestatura prelucrata
prin tdiere cu LASER: a) adancime crestatura 0,15 mm;
b) adancime crestatura 1,5 mm/
Figure 3. Ductile fracture — Specimen with simulated defect
created by LASER cutting: a) longitudinal notch 0.15 mm depth;
b) longitudinal notch 1.5 mm depth

In cazul probelor cu crestaturi (defecte simulate prin taiere
cu fascicul LASER), la durate mari de incercare au fost
evidentiate fisuri transversale in raport cu axa tevii dezvoltate
de la baza radacina fisurii preexistente (figura 5).

In figura 6 se prezintd doua curbe de tranzitie obtinute pe
cale experimentald, care delimiteazd comportarea la rupere a
tevilor cu imperfectiuni simulate in doua zone caracteristice:
zona cu ruperi fragile si zona cu ruperi ductile.

3.2. Analiza macroscopica si misuritorile dimensionale

La masuratorile dimensionale si la examinarea
macroscopica in sectiune longitudinald si transversald a
epruvetelor incercate s-au constatat urmatoarele:

The resulting crack has a direction which is perpendicular on
the pipe’s axis (figure 1).

One can see that both in the case of ductile fractures and of
brittle fractures, the base material of the pipes broke always in
the area of the yellow markings of the pipes (which indicated
their type — GAS), which leads to the conclusion that marking
by this method affects the quality of the gas pipes, statements
that is valid for the tested lot of pipes.

Brittle fracture appear after a long period of testing, the pipe
failure taking place without an important deformation of the
pipe, by the development of flaws heaving longitudinal direc-
tion along the pipes axis. This crack are very fine and they close
after the pressure form the pipe is released (figure 2).

Por/ Pore

Figura 2. Spargere — Material de baza/
Figure 2. Brittle fracture — Base material

In the case of sample with simulated flaws the two types of
fracture have been highlighted as well. Ductile fracture took
place at short loading interval, the material near the crack being
highly deformed and ejected to the outside (figure 3). The de-
formation of the pipe (growing in the central zone) is larger as
the depth of the simulated flaw is smaller (figure 4).

Fisura transversala/
Transversal crack

Figura 4. Rupere ductila — Modul de deformare a tevii
functie de adancimea crestaturi/
Figure 4. Ductile Fracture — The distortion of the pipes
in accordance with notch depth

In the case of the notched samples (flaws simulated by LASER
cutting), at long periods of testing cracks that were transversal
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e Subtierea ligamentelor initiale pana la fisurarea peretelui
tevii.

e Fisura simulata se dezvolta atat pe directie longitudinala
cat si transversala, producand o latire a zonei fisurate,
concomitent cu subtierea ligamentului initial;

_1-

Fisuri transversale plasate la
radédcina crestiturii originale/
Transversal cracks place at the
root of the.original n

bohmbahrpldo b

Figura 5. Rupere fragila — Epruveta cu crestatura prelucrata
prin tdiere cu LASER/
Figure 5. Brittle fracture — Specimen with simulated defect
created by LASER cutting

e Evolutia fisurii in raport cu adancimea initiala se prezinta
in figura 7. Dezvoltarea fisurilor este mai accentuata pe directie
transversala 1n raport cu cea longitudinal, fapt ce conduce la
cedarea dupa aceasta directie.

Dezvoltarea imperfectiunii simulate/
Growth of the simulated noth

_ 200
S 150 y = 284,68’ - 494,06x + 251,18
Y R? = 0,9266
100
50
0
06 08 1 12 14 16

Adéancime crestatura initiala/ Initial noth depth [mm)

Figura 7. Evolutia defectelor tip crestaturd simulate,
laincercarea la presiune/
Figure 7. Growth of the simulated notch at the pressure test

e In cazurile studiate ruperea are un caracter ductil. In acest
caz, fisurile care au produs strapungerea sunt perpendiculare
pe generatoarea tevii; zona fisurii simulate se alungeste
concomitent cu reducerea grosimii peretelui tevii.

4. Concluzii

 Din punctul de vedere al caracterului ruperii, experimen-
tal prin incercarea la presiune s-a pus in evidenta doua tipuri de
ruperi: fragile si ductile.

e Ruperea ductild apare la presiuni mari dupa perioade scurte
de solicitare. Ruperea se produce prin umflarea tevii concomitent
cu subtierea peretelui acesteia pana la cedare. Fisura produsa
are o directie perpendiculara pe axa tevii.

* Ruperea fragila apare dupd durate mari de incercare,
cedarea tevii se produce fara o deformare importanta a acesteia,
prin dezvoltarea de defecte pe directie longitudinala in raport

1/2007

against the pipe’s axis were highlighted, developed form the
basis of the pre-existing crack root (figure 5).

Curbe de tranzitie ductil-fragil la /
Brittle ductile transition curve at T = 80°C

o
o

Ductil/ Ductile

o apa/l water
o aer/ air

S
o

(]
o

Fragill Brittle

(a5
o

-
o

Dimensiunea caracteristica
a imperfectiunii/ Characteristic
dimension of the imperfection [%]

(=]

7 8 9 10 11 12
Presiunea de incercare/ Test pressure, p [bar]

Figura 6. Curbe de tranzitie ductil — fragil la temperatura T=80°C/
Figure 6. Brittle Ductile Transition Curves at T=80°C

Figure 6 shows two transitions curve obtained experimen-
tally, which separated the fracture behaviour of the pipes with
simulated notches into two characteristic zones: brittle fracture
zone and ductile fracture zone.

3.2. Macroscopic analises and dimensional measurements

During the dimensional measurements and macroscopic ex-
aminations along the longitudinal and transversal section of
the tested samples, the following conclusion were obtain:

e A decrease of the initial ligaments’ thicknesses until the
cracking of the pipes wall

e The simulated crack developed both on longitudinal and
transversal directions, producing an increase of the width of
the cracked zone, in the same time with the decrease of the
initial ligament thickness

e The evolution of the crack compared to the initial depth is
presented in figure 7. The development of the cracks is more
pronounced on transversal direction compare to the longitudi-
nal one, witch leads to failure following this direction.

e In the studied cases fracture has ductile character. In this
case the cracks witch produced bursting are perpendicular on
the pipe’s generatrix; the zone of the simulated crack elongates
in the same time with the decrease of the pipe’s wall thickness.

4. Conclusions

e From the point of view of the character of the fracture,
experimentally, by pressure testing two kinds of fracture have
been highlighted: brittle and ductile

¢ Ductile fracture appears at high pressures after short load-
ing intervals. Fracture takes place by pipe growth together with
an decrease of the pipe’s wall thickness until failure. The crack
that is produced has a direction perpendicular on the pipe’s
axis.

e Brittle fracture appears after long periods of testing, the
pipe’s failure taking place without its important deformation,
by flaws development on a longitudinal direction along the
pipes axis. These defects are very fine, and close after the pres-
sure is release from the pipe.

e The two kinds of fracture were highlighted also in the
case of the specimens with simulated flaw. Ductile fracture of
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cu axa tevii. Aceste defecte sunt foarte fine si se inchid dupa
eliberarea presiunii din teava.

 Cele doua tipuri de ruperi s-au evidentiat i in cazul probe-
lor cu imperfectiuni simulate. Ruperea ductila a tevilor cu defecte
simulate s-a produs la intervale scurte de solicitare, materialul
din dreptul crestaturii fiind puternic deformat si expulzat in afara.
Deformarea tevii (umflarea in zona centrald) este cu atat mai
mare cu cat adancimea defectului simulat este mai mica.

e Ruperea fragila a tevilor cu defecte simulate s-a produs
dupa durate mari de incercare. Cedarea s-a produs datoritd
fisurilor transversale 1n raport cu axa tevii dezvoltate de la baza
radacinii fisurii preexistente.

e Cucresterea presiunii de incercare domeniul de rupere
fragila se restrange, ruperea ductild producandu-se incepand
cu dimensiuni caracteristice A mai mici ale defectelor.

« In cazul polietilenei mediu de incercare / exploatare
afecteaza comportamentul materialului. incercarea tip apa in
apa este mai severd, mediul de incercare apa conducand la
restrangerea domeniului de rupere ductila. Pentru un defect cu
o dimensiune caracteristica data, in apa ruperea fragila apare la
presiuni de Incercare mai mici decat in cazul incercarii in aer.

* Dimensiunea caracteristicd A [%] a imperfectiunilor
afecteaza comportamentul de duratd a materialului tevilor din
polietilena prin reducerea rezistentei tehnice de durata MRS,
respectiv durata de exploatare in conditii de siguranta.

« Intrucat la lotul de tevi utilizat in cadrul programului expe-
rimental spargerile tevilor fara defecte simulate s-a produs in
zona marcata cu galben (tevi pentru gaz), se apreciaza ca pig-
mentul utilizat pentru marcarea acestora afecteaza caracteristicile
de rezistentd a materialului. Se recomanda analizarea la produ-
catori a acestui fenomen pentru a nu fi afectate caracteristicile
de durata a acestora prin aceastd metoda de marcare.

« In scopul verificarii unor procedee de sudare, aprecierea
calitatii imbinarilor sudate de tevi cap la cap cu element incélzitor
drept SD poate fi operativ efectuata prin incercari la presiune
pe epruvete cu defecte simulate. De asemenea poate fi realizata
optimizarea parametrilor procedeului de sudare prin incercarea
simultana a diferitelor variante de tehnologii, luand ca referinta
rezultatele obtinute pe epruvetele cu defecte simulate prelevate
din materialul de baza al tevilor. Pentru o apreciere corectd a
calitatii imbinarilor sudate, alegerea dimensiunii critice de de-
fect si a parametrilor de incercare trebuie sa fie facuta astfel
incat cedarile sa se produca in vecinatatea curbei de tranzitie
ductil — fragil.
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