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INTRODUCTION - CONTEXT

Welding Residual Stresses (WRS) are a consequéiirdaomogeneous thermal fields during the welding
process. Self-equilibrated, they are of secondatyre and thus cannot contribute to the plastiapeé.
However, for a low ductility material, they can tdioute to the fracture process since they conteitba
the stress field at the crack tip.

If this potential effect of WRS is well known, pattlarly in brittle fracture, it is also well knowthat, for
high ductility material, the WRS are removed by tlverall plastic flow in the ligament and thus beeo
inoperant. Between those two extreme situatiorss,rtherent difficulties regarding the consideratain
WRS within Fracture Mechanics Assessment (FMAh& the domain where they become non-significant
is not clearly established. This is particularlyetfor the brittle to ductile transition of highdlility ferritic
steels where a competition between brittle andil@ucacture is observed for the highest tempeeatir
the ductile to brittle transition.

Behind this unclear definition of the influence domof WRS, the fracture models conventionally used
FMA are too simple to capture the real impact of 8YRhose are based on global approach parameters
such as J or Xwhich appear to be over-conservative when apptiecal structures. The local approach
criteria, much more complex to use, are better idatels for modelling fracture process with WRS, but
they are limited to expertise applications andgesteralisable to industrial applications.

The development of a limit defining the conditiamsen the WRS will impact the FMA is of strong irdgst
since, with such limit, useless and non-physicatiefilng could be avoided. For that reason, EDF and
FRAMATOME have initiated a cooperative R&D projdor defining exclusion criteria for the WRS
consideration within FMA. This project is focussmutesting and modelling, as well as literatureveur
and pre-codification.

The present paper deals with the part 1 of thiskwadmvoted to the analysis of the existing testind a
modelling results in open literature (the applmati and modelling is presented in part 2). Thestav§the
survey is the brittle to ductile transition of fidir steels with the objective to highlight mairsudts and
recommendations already available. This survegi®idped in the first part of the paper. In a seqoanrt,
the numerical interpretation of one available testes is performed in order to illustrate the bdjtg of
global and local approach models to quantify tieatfof WRS on brittle fracture.
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LITERATURE SURVEY

General consideration

The reason why the WRS are significant or not rfiggrthe fracture process are well known and can be

roughly described as follows:

- Within the quasi-elastic domain (lower shelf of thtle to ductile transition of ferritic steelsall
stresses are significant regarding the fracturege®. WRS are impacting the fracture risk like any
other type of loading.

- When plasticity becomes more and more significafibte fracture (up to the upper shelf) the WRS
become less and less significant since theyeeasedby this plasticity: WRS, which in practice are
associated to elastic strains, are rapidly comgeddsy plastic strains induced by the external ilagd
which are significantly larger in general.

These two points are well known and recognizethénadpen literature. However, they do not alloweacl
definition of a domain of importance of the WRSagivthe fact that, for ferritic steels, we move giiaty
from one behaviour to the other. In addition, thare intrinsic difficulties directly linked to theature of
the WRS that must be overcome to build a refererperimental database:

- WRS can operate at different scales dependingem#thanisms that created them. In the following,
we are interested in self-balancing WRS at theesofithe welded joint and directly related to the
welding processes.

- The definition of these WRS is complex, both in Amgde and in distribution across the thickness,
these two parameters having a first order impogamcthe loading of a crack. Both measurement and
modelling are still R&D fields today with difficliéis to overcome.

One of the direct consequences of this point igliffieulty of imposing reliable and reproducibleR®
stress field, therefore, to carry out referencestes

- WRS issue is necessarily related to deposited miatal welded joint, the weld metal is potentially
different of the base metal, both in terms of maate behaviour and fracture behaviour. A precise
characterization of the weld metal (often in aduhitto that of the base metal) is therefore required
which constitutes an additional effort that may dmmplex if the sampling of characterization
specimens is limited by the size of the weld bead.

- Considering the two previous points, carrying aference tests, preferably with and without WRS, is
very difficult: as we will see later, some test gamgns published in the open literature are incigdi
some approximations that have significant effentshe fracture results.

- Numerical analysis of this type of multi-materialhfiguration (base metal and deposited metalksis al
a complex exercise, both in terms of mechanicabbielir and determination of fracture mechanics
parameters.

- The same is true for the failure criteria whichwgbdbe intrinsic to the material but which, in piiee,
depend on the stress field distribution, in paticdhrough the triaxiality and the confinement of
plasticity. This is particularly the case for contienal global approach, which is not very efficien
this point in the field of brittle-ductile transith.

The following literature survey relies on theseimas observations with the aim of showing that nafst
the results and recommendations already publisihethe effect of WRS must be analysed with care
regarding their relevance. The strengths and wealasaof each publication are thus detailed, hilghilig
experimental campaigns as much as possible.

For each test or calculation campaign looked a&,ditimain of investigation in temperature is spedifi
considering that it is a major element regardirgribk of brittle fracture. On that point, it ispmrtant to
note that a large majority of publications aim how the detrimental effect of WRS on fracture. Fam
the reverse, i.e., the evaluation the conditionreliee WRS have no impact. To do this, the testsnainly
carried out in the lower shelf of the transitiondasometime very low in the brittle to ductile tsition
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where the material behaviour is quasi-elastic.hin lirittle to ductile transition, particularly c®$o the
upper shelf, the results are much less numerous.

To quantify the position of the test temperaturethée brittle to ductile transition temperaturegarmf the
investigated materials, we propose here a comparigih the indexing temperature allowing to defame
envelope toughness curve based on the codifieclloy steel toughness curve (from the appendix £G o
the RCC-M [1]). This temperature is defined by:

RTNpT-eq = To + 40°C URTro + 20C (1)

To is here the index of the Master Curve (MC) asraifiby [2] and R the indexing of the curve of
ASME toughness offered in code case N630. The ehafithis indexation is that, in presence of fest te
data, itis preferable to recalibrate an average ®lCthe contrary, in a FMA context, it is eas@ecompare
with a value of Rilpr, the index Fused in MC being generally not available withirerreh data. For that
purpose, the formula proposed here is very usefchbse it makes it possible to link the tests ¢dRiA
approach (R, and RRpreq being indexes equivalent to Rk for defining the minimum envelop
toughness curve).

Large scale testing

Test campaign performed by Wu [3]:

Wu [3] has performed tests on plates of large dsimers with a welded joint in their vertical symnyetr
plane (30 mm thick plates, represented on fig.rHosizontal symmetry plane (100 mm thick plat$)e
base metal is a fine grain ferritic steel (denorm@mOX 522D) with a yield stress, = 406 MPa at room
temperature. The weld joint is an X joint as shamtig. 1b, its yield stress being of the order4@0-
460MPa.

500

a)
Figure 1. Test on large scale plates [3]
a) tensile device, b) weld joint description, c)ldireg residual stress distribution

c)

The tests are carried out after welding (with WBSJ after Post Weld Heat Treatment (PWHT), the WRS
being assumed to be largely relaxed following ®PNMYHT. Test temperature is close to -120°C. At this
temperature and after PWHT, the average toughnessumed on CT specimens and PWHT plates is
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respectively 90 MPam for the 30 mm thick welded joint, and 114 Mfafor the 100 mm thick one. This
tells us that the tests temperature is close tthiis close to Ribreq- 40°C.

These relatively old tests are affected by thedliffy of precisely defining the WRS field and tifficulty

of taking it into account in the calculation of #B&ess Intensity Factor (SIF) K or the J param&espite
this point, tests results are showing a significketrease of the apparent toughness in compaointhe
tests with WRS, the toughness determined consigl¢hie WRS to the toughness without WRS. Adding
the contribution of the WRS makes it possible ttaobgood consistency between the two test conifio
thus showing that the global approach is apprapitathis configuration at low temperature. Howeaer
explained further, the direct comparison of the material states is questionable since the PWHTifiesd
the brittle to ductile transition temperature.

R6 validation tests [4]:

Similar tests results have been published morentlydey Ainsworthet al [4]. We focus here on tests on
large plates also included in the ‘validation caséshe R6 rule. This test series was carried @utow
alloy A533B steel plates with a thickness of 70 nirhe initial plate of large dimensions is cut then
rewelded by an X joint, therefore a similar weldeiht than the previous campaign, leading to a-self
balancing stress field across the wall. Once thidedejoint has been made, plates (for tests witfasa
defects in the middle of welded joint — see fig). &ad bending specimen (SENB specimen for toughness
characterization) are used. Half of the specimeastaess relieved while the other half is tested/elded.
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Figure 3. Softening of the material due to PWHTesbed by V.J. Farron [5]



26 International Conference on Structural MechamcReactor Technology
Berlin/Potsdam, Germany, July 10-15, 2022
Division Il - Fracture Mechanics and Structurakimgtity

For that test series, the WRS are measured befdrafeer PWHT through a cutting technic on a dadata
block. Additionally, tensile properties of matesi@re determined for the two material states aadvtb
test temperatures. The following points emerge ftois)characterization:

- The effect of the PWHT on the yield stress of tlue taterials is quite small. A small undermatch
(lower yield stress of the welded joint) of the @rdf 10% at -120°C, and of the order 18% at -3i8°C
observed. At both temperatures, there is a redudfi@round 60 MPa (a drop of 10% approximately)
of the ultimate stress after PWHT.

- At -120°C, the toughness measured on SENB speciiseatzout 10% higher after PWHT (average
over 2 or 3 trials) to that measured before PWHIF38°C, the fracture mode changes with the materia
state, with a fracture in the brittle domain bef8\&HT specimen and a quasi-ductile fracture after
PWHT (respectively ik = 62 MPa/m compared to 320 MRan).

For explaining this large difference, one could gine an effect of WRS for SENB tests, but since
these were tested with a depth ratio of a/W =iS,track can be ruled out because machiningfa hal
thickness defect significantly relaxes the WRS.

Based on all these results, we can reasonably d@mtiat the PWHT has a significant impact on the
fracture behaviour of the welded joint, with a sofbg of the material and an increase of the éritl
ductile transition temperature. This softening waserved by V.J Farron in her PhD [5], showing a
temperature shift of the brittle to ductile traimsit measured on Charpy specimens, around 30 1© ¢&&
figure 3). With such a shift, the direct comparisbms welded and PWHT states is biased espeeaiathe
higher temperature of the transition.

Looking to the test temperatures and based on SEbiRsee fig. 2b), we can estimate:

- A To of the order of -10°C for the as welded state ENB tests are available). The tests on plate for
this as welded state are therefore carried ouedisly at RTioreq- 150°C and Ripreq- 60°C, thus
relatively low in the transition in both cases.

- AToof the order of -40°C in the stress relieved gtate only based on the 2 tests available at -120°C
With this estimation, the plate tests for this PWHiite are therefore carried out respectively at
RTnpTeq- 120°C and Ripreq - 30°C, which remains relatively low in the traitsi.

However, these estimates remain rather rough ghersmall number of available results. Nevertheless

they are compatible with the shift showed in Falsdhesis [5]. They show that all the tests areanad

significantly below or very far from the Rdr..q reference temperature.

For plate tests, a crude comparison of failuredasaffered in [4] between the two material statgthout

PWHT (therefore with WRS) and after PWHT (withouR®&). This gives:

- Areduction in the failure load approximately limes less than with WRS compared to without WRS
state at -120°C.

- Anequivalent failure load for the two materialtetaat -30°C, with in both cases a ductile propgegat
of the order of 4-5 mm).

Qualitatively, these tests clearly show that, Mewy in the transition, there is a significant etfe€ WRS
(the difference in toughness between the two stftéiee material at -120°C is only 20%), and asnsa®
the plasticity and ductile fracture appear, theraad longer any effect. This change in the fractnogle,
despite the low-test temperature (Bfe- 30°C), could be explained by the low constrdegting
configuration and the weld joint under-match. Thikould be investigated through a numerical
interpretation which is not available here.

Small specimen testing

Tests performed by Mirzaee Siseinal.[6]:

Mizaee Sisart al have performed tests on small specimen of ASZIBRIE steel where Residual Stresses
(RS) are introduced by an initial mechanical logdifhe technique used for that purpose consispsesf
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loading, by bending at ambient temperature, bardadming a groove (see fig. 4a). Pre-compressisn, a
applied, leads to a plastic zone at the bottonhefgroove and, once the load is released, to ¢eRSIl A
crack is then introduced by machining then propayaly fatigue in this RS field.

Once the specimens are pre-cracked, the fractst® dee carried out at -150°C (3 Points Bendints tes
3PB). Two material states are again compared: arithwithout RS. From each series of tests, theysisal
deduces a probability of failure as a functionhaf &pplied SIF only including the contribution @lling
load (fig. 4b).
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Figure 4. Tests on pre strained bars [5] a) Spetiescription, b) Tests results and interpretations

Based on tests performed on specimen without BSs €stimated at -130°C. Tests being performed
at -150°C, it results in a test temperature ofilRk = -60°C, thus low in the brittle to ductile traticsn.

The numerical interpretation of those tests, itlatstd by fig. 4b show a significant effect of th®,Rvhich

is not surprising given the low-test temperatur@eyl also illustrate the fact that, for that lowttes
temperature where the material behaviour is quastie, the global approach criterion gives correct
results.

However, this conclusion could be discussed bec#tusere-straining of the material is not without
consequences on the material. Here the processasdgdbduce RS is directly imposed to the zonenrgh
the crack is introduced. This pre-straining islijki® harden the material and thus shift its l&itd ductile
transition to the left.
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Figure 5. Effect of pre-straining on stress disttitn (from [8])

The paper proposed by Coshatal [7] deals with this question by proposing an ekpental study
completed by a numerical analysis and a literagurgey. Two points are identified as potentialligafing
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the fracture probability: work hardening and prerdge of the material. However, it is clearly anrmeh
that material hardening dominates.

Regarding our problem of brittle to ductile traiwit the strain hardening mechanism is simple to
understand and quantify: the material being hardetiie stresses at the crack tip are reachingkehig
level for a given external load and therefore iasgethe risk of cleavage. This pointis illustrateéig. 5
taken from [8]. This aspect is critical in the etductile transition because it is precisely teigel of
stress, relatively low compared to the criticabslage stress, which leads to the competition betlatle
fracture and ductile fracture.

Tests performed by Hurlstat al[9]:

Hurlston, Sharples and Sherry offer the same tyfpestsmall specimen with RS introduced by local
hardening. The material is again the A533B lowyafiteel.

The specimens are bending specimens, but thighien@S are introduced by lateral punching (seecfiy.
This compression is carried out at ambient tempegatip to an average lateral strain of 1%. Being
performed outside the ligament, this pre-strairdngs not affect the crack tip of the specimen plautly

the global behaviour of the specimen.
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Figure 7. Punched bar tests interpretation [9]a)fdacture, b) Opening stress at fracture (r2=rom)

The tests are performed with and without punchfag,two different initial crack sizes (a/\W 0.2 and
a/W 0.4, 7 tests per series). RS distribution wasrdeted through FE modelling (see fig. 6b).
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The test series performed without RS and with g deack allows us to evaluate avialue of -130°C.
Therefore, the tests temperature is equivalentlimRq- 50°C. This temperature remains relatively low
in the brittle to ductile material transition.

Figure 7a shows the distributions of the J paranatigacture for the different test configuratiodss here

a value determined through FEM and including thetrdoution of the RS. This representation shows the

following results:

- For the shallow crack (a/W = 0.22), the averageieslare of the same order of magnitude with and
without RS. On the other hand, the dispersion seethsced in the presence of RS.

- The situation is opposite for the deep crack (a/&/42), the average value being higher with RS with
a similar dispersion.

- In both cases, for the average apparent toughmeb&wen more if we are interested in the lowest
values, the global approach seems relatively pengliFor the deep cracks, the minimum toughness
observed (lowest Jof the series at fracture) is of the order of2es higher in the presence of RS than
without RS.

Those results are discussed more in detail in gestton.

The RKR model was also applied with an openingsstoalculated at 0.2 mm from the crack tip (fig. 7b
This local model, although very simple, seems bédtpredict fracture, with all the points gatheiedhe
same dispersion band. This is not perfect sincty, RS and for the deep crack, this model showsvarlo
value at fracture significantly higher than the omserved on the other configurations.

Effect of the WRSon the dtress triaxiality

One of the consequences of WRS on the fractureiniskddition to the presence of additional stresise
the modification of stress constraint at the crigkThe WRS stress field is generally three-dinngma,
leading to a stronger constraint and thereforehigher risk of fracture.

Panontin and Hill ([10] and [11]) have worked exi@ely on this question of triaxiality through FEM
based on the RKR fracture model. letal [12] investigated this question through a testgaign. Those
tests were performed on A533B steel plates of 70timok which underwent a specific heat treatment in
order to increase its brittle to ductile transiti@mperature. CT specimens with a thickness of @bare
then taken from the plate.

For those CT specimens, either the geometry iglatdr(fig. 9a) or modified to introduce a pre-laagdby

compression (fig. 9b), pre-loading which creatassite RS at the crack tip. In a second step, these

specimens are either tested as they are, or wéddexdtensions to produce a tensile loading (conditien
which modifies the constraint conditions). There threrefore 4 test configurations: standard CT (@©-
stressed CT (P-CT), the tensile specimens (SENd peerhardened tensile specimen (P-SENT).

All the tests are interpreted by finite elementuakdtion (pre-compression phase included). Fronseho

FEM, the author deduces the values of J at fra¢tnotuding the contribution of the RS). All thestdts

are grouped together in Fig. 9 which shows:

- For the standard CT specimen (fig. 9a), the avetagghness is around 100 M@, which means
that the test temperature is close ¢aid therefore Ribr-eq - 40°C.

- For P-CT specimen, the;Histribution with RS shows a steeper slope charatic of the effect of
pre-hardening. The Kleducted from the load, therefore without congidgthe RS, gives a left-shifted
distribution. It can therefore be seen that a simmlperposition of the K corresponding to the
mechanical contribution to that of the RS distribmitgives a relatively good distribution compared t
the one of CT specimen.

- For the SENT specimen (fig. 9b) the results aréediht: the distributions seem translated and no
longer modified in shape (P-SENT distribution ineging the contribution of RS). In the presence of
RS, the apparent toughness seems significantlycegbdcompared to the one without RS. On the other
hand, it is important to observe that, without R distribution corresponding to SENT specimen
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appears translated in comparison to the CT speciiftga results from a loss of constraint. In the
presence of RS, the distribution returns to theridigions of CT specimens.

At the end, when looking to the lowest probabdit@f fracture, the threeonfined’ configurations (CT,
P-CT and P-SENT) give very close valueBg MPavm). Thereby, the possible reduction of the apparent
toughness due to a higher constraint in the pressiRS only applies for the low constraint confafions.
The demonstration, as carried out in France, iefbee not to be corrected since it does not cangilie
loss of constraint.

Moreover, it is important to remember that hereR&were introduced by pre-loading. The effectef t
work hardening might be not negligible since iajplied directly at the tip notch. Its influencefomcture
process is mixed with the one of the RS and imjdestd separate.
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Figure 8. Test set-up on pre-strain specimen (fiit2y)
a) Standard CT specimen, b) Specimen for pre-staic) Mock-up for tensile loading
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Figure 9. Influence of RS on fracture — a) CT spexi, b) SENT specimen

| ntermediate synthesis

The literature survey proposed here shows thatmpajd of available results is focused on the filation
and the quantification of the WRS on brittle fraetuTherefore, it mainly focusing on relatively low
temperatures. Logically, at these temperaturesetfeet is pronounced. Higher in the transitioroifir
RTnpT-eq UP t0 RToT0g + 40°C), Nno data has been found.



26 International Conference on Structural MechamcReactor Technology
Berlin/Potsdam, Germany, July 10-15, 2022
Division Il - Fracture Mechanics and Structurakimgtity

However, in the context of new tests developmentesvery important results are highlighted in this

experimental data survey:
- There is no easy way to introduce a controlled mptoducible WRS field into a specimen or a
structure. Two approaches are possible dependirnigeoobjectives:
 The choice to work on a welded joint. This appro#&hihe most realistic one but requires a
substantial experimental effort. If such a choienade and if tests are performed on different
material states, it is necessary to be able totifydine impact of the PWHT on the toughness.

 The choice to introduce the CRs by an initial prading inducing plastic pre-straining. This
approach is simpler, especially at the stage ofaltind. However, care must be taken that the crack
tip is not affected by this pre-straining, becawsmk hardening might drastically modify the
toughness in the brittle to ductile transition ngven with few % of pre-straining.

- In addition to the loading induced by the presanfcRS, some authors have worked on the effect of
modified constraint at the crack tip. This effecttd be consider only for criterion consideringsthi
constraint effect (the J-Q approach for example}hke French regulatory approach [1], the toughness
curve is defined on the basis of envelope toughtesis on CT specimen. Therefore, no correction is
to be considered.

- Criteria and modelling have strongly evolved withd. However, the available results are showing
that the global approach criterion is either refehat the lower shelf, or relatively severe witspect
to test results. The local approach seems moreppate because it relies directly on the complex
evolution of the stresses and strains at the the€rack, evolution that cannot be captured siynale
energy parameter like J or G.

COMPLEMENTARY FE MODELLING

Within tests series detailed in the literature synthe one performed on SENB specimen by Hurlston
al [9] appears pertinent for complementary modelliRgr this test series, RS are introduced by lateral
punching far from the crack tip and thus it canaseumed that the crack tip is not affected. Martg da
being available, this test series can be moddliathéck the relevance of finer models, like the BERN

one, regarding the consideration of RS. The materithe A533B low alloy steel, and the tests are
performed on punched or not 3PB specimen.

For interpreting the test series, 3D modellingasfigrmed with the following sequence and assumption

- A 3D model limited to a ¥4 of the specimen is usdtk size of mesh at the crack tip perpendicular to
the crack front is 50x5@m2 to allow a post-processing by the BEREMIN moddéle crack front is
supposed to be straight across the specimen.

- Pre-compression is imposed at room temperaturethiofirst phase of modelling, the notch is 6 mm
shorter than the crack which will be defined foe #econd phase of bending loading. The punching is
obtained by imposing a displacement of approxingde25 mm of the external surface (fig. 10a).

- After punching, the complete crack is opened (sfepthe corresponding nodes) then the bending
load is imposed a -140°C (corresponding to a teatpeg RRpr-eq- 50°C).

The fig. 10a shows the plastic strain field aftenghing and the load displacement curve during lpingc
As it is illustrated here, a good accordance isiolet between tests and modelling. The resultastipl
strain is limited at the crack tip, confirming thhe effect of punching on the material toughness e
neglected.

The fig. 11 compares load-CMOD curves for the twitidl crack sizes adopted in the test series: the
accordance remains very good.

For the fracture interpretation (fig. 12), tests mterpreted per series, an experimental protyabilifailure
being affected to each test by ordering them pgeasing loading.

For the global approach, the interpretation is nmaaed on the mean J along the crack front atréailu
(denoted ) derived from FEM and including the contributiohtbe RS. On fig 12 (left graph) one can
see that the points corresponding to each sereetatively grouped, in particular the lower prolies
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of failure. However, if we look more in detail, vean see that, for a/W = 0.42, the points with RS ar
systematically on the right of the points withou$.RThis illustrates that the global approach tetads
overestimate the impact of RS on the fracture.

The trend is inversed for the smallest defects (@/BV22): this inversion is linked to the loss ohstraint

in the presence of a small defect. In accordantiewthat has been shown in the previous literatureey,
the RS have the effect of re-confining the crapkhience the distribution with RS is on the leftle one
without RS but remains on the right of the refeesane (deep crack without RS).

Compressive load (kN)
P .

/
1L

N S I a) Displacement {mm) b)
Figure 10. a) Plastic zone after punching, b) Ldagacement curve during punching

Load (kN)
Load (kM)
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Figure 11. Comparison between tests and modeldAYT{D.2 on left, a/WD.4 on right)
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Figure 12: Application of the global (on left) alutal approach criteria (on right)

Regarding the global approach, these results threrebnfirm two important results:
- Relatively low in the transition, the global appchagives a correct estimate of the effect of R$hen
risk of rupture. As an average value, this ovenesibn obtained here is around 10% on the SIF.
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- The presence of RS modifies the triaxiality anddbiefinement of the stresses at the crack tip.

Considering that the local approach criterion ik &b capture the crack size effect, the resulttheftwo
crack sizes are merged together. The local approtehion is thus applied here for two test serveith
and without RS. The results illustrated on thetrggyaph of fig. 12 show that the two series aresisiant,
showing that they follow the same failure prob&pilaw, as expected. It can therefore be conclutet
the local approach correctly represents the impa&S on the risk of fracture: relying on stresasd
strains determined at the crack tip and having#pability to consider the loading history effatcis able
to highlight the impact of plasticity and consttain

CONCLUSIONS

This paper proposes a literature survey regardiadadble results concerning the effect of RS ontatitle
fracture. Major part of available results is cop@sding to relatively low temperatures where ttfeafof
RS is pronounced. Higher in the brittle to dudiinsition (pertinent temperature range for theugtidal

applications), no data has been found.

Nevertheless, in the context of a new test devetmpnall those results are providing very important
recommendations regarding the knowledge of RS (BS)Y the way to introduce them, effects of pre-
straining or PWHT on the material.

As a complement to that literature survey, the mizakpost interpretation of one of the availaldstt
series is proposed. The aim of this complement iglustrate the intrinsic conservatism of the glbb
approach and the relevance of local approach fantifying the potential impact of RS on the risk of
fracture.
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