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ABSTRACT

Full scale validation tests on elbows of 0.6Mo- and 1ZCr-steel are performed
under constant internal pressure and opening in-plane bending momeni. After
12000 h, the maximum strain is measured at the slbows’ extrades in circum-
ferential direction. The maximum equivalent strain occurs at the elbows’
intrados. Creep damage in form of cavities was found at extrados and intra-
dos of the 0.6Mo-elbow. For the 12Cr-elbew, the results of a Finite Element
calculation are in good agreement with experimental results.

1 THTRODUCTICH

Creep damage in form of cavities and microcracks is found in pipe bends
operating in the creep regime [1, 2]. Widespread premature creep damage
occurring at the extrados of the bends even lead to failurs by a longitudi-
nal crack in individual cases . The cause of this damages was thought to be
external additional forces and/or moments occurring in service. In ocrder to
prove this assumption and teo clarify the complex correlations betwsen
loading, time, material behaviour and failure behaviour, a joint validation
trial [3] is under way in the Federal Republic of Germany. Industry, asso-
ciations, authorities and research imstitutes are participating in this
validation project, Fig. 1.

2 TEST RIGS

One pipe bend of 12Cr- (German Standard X 20 CrMoV 12 1) and one of 0.6 Mo-
(German Standard 14 MoV 6 3) steel is being imvestigated at 530 °C in this
cesearch project. The dimensions of the bends and the schematic set-up of
the test rig can be seen from Fig. 2. Extensive numerical pre-calculations
were carried out in order to define the load conditions. A combination of
constant internal pressure applied by hot steam and constznt opening in-
plane bending moment, Fig. 2, should make the pipe bends f£ail at the
extrados after approx. 30000 h. The intended time to failure of approx.
20000 h should make sure that the damage mechanisms occuring in the
experiment would correspond to those observed in practice due to long time
service.
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The test rigs are vegulated and controlled by a computer. In order to
record temperature, deformations and strains at the outside of both bends a
large number of thermo~couples, capacitive transducers and capacitive strain
gages have besn ap lied. The measuring signals are recorded regularly and
the data stored as well as made accessible for further evaluztion. The tests
are regularly interrupted tc subject the two bends to extensive non-destruc-
tive testing.

3 EXPERIMENTAL RESULTS

3.1 Besults obtained on the 0.6Mo-bend

The evaluation cf strains measured at the outside of the bend made of 0.6Mo-
stezl showed that the maximum strains occur at the extrados in cirvcum-
ferential, at the intrados in azial direction. The strains measured at this
positions and the respective equivalent strains calculsted assuming volums
constency are shown in Fig. 3. They ave compared with the creep curve of an
uniaxial creep tsst at 2 nominal siress of 120 MPa and a fracture time of
20980 h. Obviously axisl etrain at the intrados and hoop strain at the
extrados ars of the same order of magnitude. In addition, there is only a
i

small difference in the equivelent strains, which are somewhat higher than
the results of the uniaxial creep test. As it is the cese for the uniaxial
test, the area of tertiary creep with accelerated creep velocity is reachsd
in the elbow test. As would be expected from these measurements, replica
taken during the Znd vevision after approx. 10000 h showed creep damage in
form of cavities at the extrades and the intrados of the bend as well.

3.2 Results obtained on the 12Cr-hend

The circumferential respectively axial strain at the extrados and the intra-

des of the 12Cr-bend and the respective equivalent strains are shown in
Fig. 4. The creep curve of a2 uniaxial creep test with an expected rupture
¢ of approx. 30000 h is also depicted there. Opposite to the 0.6Mo-bend,
there 1is still a decrease in creep velocity of the strains measured; conse-
quently, no creep damage has been observed yet at the 12Cr-bend. Whereas the
circumferential strain at the extrados is positioned distinctly above the
axial strain at the intvados the eguivalent strain at the intrados is on a
higher level than on the extrados.

& RESULIS OF FINITE ELEMENT CALCULATION

For the 12Cr-bend, an inelastic Finite Element calculation has been carried
cut. The creep behavicur of the material was characterized by an uniaxial
creep law [4] describing primary, secondary and tertiary creep. Fig. 5 gives
a comparison beiween results from experiment and analysis at the extrados of
the 12Cr-bend; the coincidence between experiment and analysis is good. Thea
stresses at extrados and intrados of the bend are depicted in Fig. 6. Where-
as the stress state is nearly uniaxial st the extrados, a biaxial stress
state with two tensile stresses of the same order of magnitude occcurs at ths
intrados. The v. Mises equivalent stress is, however, nearly identical for
both positions and decreases due to stress- and stirain redistribution in the
bend.




5 SUMMARY

Two large scale wvalidation tests on bends made of 12Cr- and 0.6Mo-steel
under static internal steam pressure and opening in-plane bending moment are
carried out at 550 °C. A test duration of 12000 h (February 1891) has been
reached. In both tests the circumferential strain obtained at the extrados
is the largest single strain component. In both cases, the equivalent strain
is, however, larger at the intrados of the bend. The difference between the
equivalent strains at extrados and intradcs is essentially larger at the
bend made of 12Cr-steel. Finite Element calculatiocns conducted for this bend
are in good coincidence with experimental results. Both bends are expected
to exhibit damage mechanisms comparable to those observed in practice due to
the long test duration. The results of the research project will thus con-
tribute to a qualified and validated assessment of pipe bends operating in
the creep regime even for the case of external additional forces and
moments.
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Fis. 1: Structure of the research project "Elbows®.
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Fig. 2: Schematic view of test rig.
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Fig. 4: Experimental resulis for the 12Cr-bend.
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Fig, 6: Comparison of stresses at extrades and intrados of the
12Cr-bend obtained by Finite Blement analysis.



