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ABSTRACT: Assesimg a flaw acceptability in a weldedstrucure by meansof a
failure assesmentdiagram (FAD) can be difficult whenacaurate data (K, local

behaviors) on the hetelngeneousmaterils of the weld are not available. Theaim of
this work is to demorstrate that the coarse grained heataffected zone(CGHAZ)is
the criti cal microgtructure of the studed weld and to study the behavior mismatt
of the different materids. Therefore bendng testson as receivel weld blankswere
conductad and shavedfailure initiation in the CGHAZ This microstructure wasre-
producedusing a GLEEB_E 1500themal simulabr. CharpyV-Notd testson weld
metal (W-M), basemetal (B-M) and simuladed CGHAZ were madeshawing the brit-

tlenessof the CGHAZ andthe mismatt diminution with increasing g,. Smooh ten-
siletess on B-M and W-M showedhe samemismatt evolution.

INTRODUCTION

The welding processcreatesin the basemetal (B-M) a heataffectedzone
(HAZ) in the vicinity of the weld metal (W-M). As the temperaturenistay
variescontinuouly in theHAZ only smallsizedomainsof homogeneousni-
crostructurearefound. Whenassessing flaw acceptabilityin suchawelded
structure the complex microstructurdeaturesandthe residualstressesnay
leadto the necessityof usinghigh securityfactorsbecausef the lack of ac-
curatedata. The paperattemptsto invegigate the brittle failure conditions
of a pipelinesteelbutt weld. The failure propertiescanrely on both the mi-
crostructuregropertiesandthemismath betweerthe W-M andtheB-M. The
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coarsegrainedheataffectedzone(CGHAZ), in mostcased1] [2] but notall

[3], [4] is the mostcritical material. Thereforethis studyfocuseson shaving

thatfor the studiedweld the CGHAZ is the mostcritical microstructureand
on studyng the B-M andW-M behaior mismatchin orderto improve esti-
matesof thelocal loadingof theweld.

First, bendingtestson asreceved weld blankswere performedat low tem-
peratureto determinan which microstructire the brittle failureinitiates. As

thesetestsshaved failure initiation in the CGHAZ, this microstructurevas
reproducedby thermaltreatmenton volumesbig enoughto machinesub-
sizedCharpy V-notchedspecimengCVN). The CVN enepiesof the B-M,

W-M andCGHAZ were comparedat varioustemperatureandthe acquired
load displacementurvesshavedthe mismatch(M) evolution with theyield

strengh(oay). Tensiletestsshaved the sameevolution. The work is still in

progresson applyingthe local approachto predictthe weld failure but the
presentstudyalreadyshavs how the CGHAZ is undeniablythe critical mi-

crostructure.

PROCEDURE

Butt weldedpipelineparts(6 passwelding)wereprovidedby GazdeFrance,
their wall thicknessis of 10mm and the pipeline diameteris 500mm The
materialsarepresentedn the next section.

Four points bendingtestson the weld itself were performedusing an IN-

STRON seno hydraulc testingmachineequippedwvith atemperatureontrol
system.Full thicknessspecimengfig.1 a) were cut out of the pipe-linebutt

weld andthetestswereperformedat-196°C in orderto obtainbrittle failure.
Dueto thelow thicknesf thepipesub-sizedCharpy V-notched CVN) spec-
imenswereused(fig.1b). The W-M specimensvere cut from mouldsfilled

with this material. The CGHAZ specimensverepreparedy applyingather

mal cycle to 60 11+ 8mnm? B-M blanks,usinga GLEEBLE 1500thermal
simulator All thespecimensverecutin thesamedirections(T-L) of thepipe
(fig.4). Thetestswereperformedon aninstrumenteghendulumof 300Jatthe
CEA/SRMA.

B-M andW-M tensiletests(fig.1c) werealsoperformedbetween196°C and
+100°C underthe quasi-staticegime (¢ = 5.10~4).
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Figure 1: (a) Fourpointbendingof theweld with misaligrmentandgeomet-
rical discontinuiies; (b) CVN specimen(c) Smoothtensilespecimen

MATERIALS

The B-M werecutfrom theweldedpipelinefar away from theweld. The W-
M wasdepositedn moulds(20mmthickness)n orderto obtainlargeenough
volumesof materialto machinespecimens.The baseandweld metalscom-
positionsare givenin table 1 whereaswelding conditions are given in table
2.

TABLE 1: Chemicakcompositim of thebaseandweld metals(weight%) and
meanmicro hardnessver six measurments.

C S Si P Cr Ni Mn || hardnes$1Vy.1
B-M | 0.14| 0.012| 0.18| 0.010| 0.01| 0.01 | 0.67 157
W-M | 0.14| 0.006| 0.23| 0.009| 0.04 | 0.008| 0.68 185

The basemetalmicrostructurds composedf ferrite and pearlite(fig.2).
A sgreggaked bandis found at mid thicknessof the plate and elongaéd (=
100um ) MnS stringersarefoundall over thewall thickness.Theweld metal
is ferritic with smallcarbidesatthe grainboundaries.
The CGHAZ is a mix of upperbainite,ferrite and pearlite. Its meanmicro-
hardnesss 173HVq ;.

RESULTS and DISCUSSION

Four point bendingtestswere performedon asreceved weld blanks. The
two weldedpartswere mis-aligned (=~ 1mm) andthe lastwelding passcre-
ateda geometricaldiscontnuity at the surfaceof the CGHAZ. Nevertheless
thesetestsshavedthatwhentestirg thewholeweld thefailureinitiatesin the
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Figure 2: Microstructuesof thebasemetal theweld metalandthe CGHAZ.

CGHAZ (fig.3). Secondargrackingwasevidencedon theload/disphcement
curvesby pop-inphenomenandon polishedetched nital 4%) cross-sections
of fracturedwelds. Thesesecondargracksareall locatedn the CGHAZ, this
is anotherevidenceof the brittlenessof the CGHAZ.

’ & 200pm
o 05 1 15 2 25 —

Figure 3: Four poin(?ql:r;gndingload displaend:urve andsecondaryrack-
ing in the CGHAZ.

The CGHAZ microstructurevassimuatedusinga Gleeble1500thermal
simulator First, Rosenthabnalysig5] (eq. 1) wasusedto estimatehetem-
peratureavolution in the CGHAZ andsoto obtainthe peaktemperaturéTp)
andthe coolingcriterion (At%) neededo useRykaline’s thermalcycles(eq.
2). Theparametersf equationl werefittedin orderto reproducehetempera-
tureevolution experimentaly measureduringthelastpasswveldingsequence

(fig.4).

_ HV, ( la
T—To_iznr.ra.@(p< vaﬂ> .@(p( va—) (1)
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TABLE 2: Weldingconditionsandparametersisedio simulaetheHAZ ther

mal cycles
Powver (U1) 3900W
Output (n) 0.6
Speedf thearc (Va) 2.6mms

Thermalconductvity N =0.028J/mnfC
Specificvolumicheat  pc = 0.0044 Jimm3.°C

Platethickness t=10mm
Inter passtemperature To=150C
Thermocouplalistance ~ y=5mm,z=8mm
H= u.l.n k _
A ~ pc
{=x— Vit r2=0+y?+7

This equationwas appliedwith the parameterditted for a point located
in the CGHAZ region. This first thermalcycle was appliedto blankscut
from the basemetal, and subsequentlynodified so that the simuated CG-
HAZ microstructure(fig 4) matchedthe actualweld CGHAZ with respect
of phaseshardnessandcrystallographyEBSD). The CGHAZ doesnot ex-
hibit a bandedmicrostructurebut the basemetaldoes. To reducethis effect
a first temperaturepeakat 1300°C followed by a rapid cooling (At8%0 = 5s)
wasnecessaryo obtaina morehomogeneousmicrostructure Afterwards,a
secondhermalcycle Tp = 1200 C A8 = 19senabledo obtainthe desired
microstructure.

\

|:|\A/Z :—w—Thermocoup
Figure 4. Thermocouplelocation during welding (left), SimulatedCG-

HAZ(right)

TheCharpy ductileto brittle transiton (DBT) curvesareshavnin figure5.
The CVN enegy decreasem theductileregimewhentemperaturéncreases,
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sotheregulartanh curvescould not be fitted to the datasets. The function
usedto describethe impactenegy versustemperatures givenin eq.3from
[6] whereL representsower shelfvalueandH(T) the so calleduppershelf
valuewhichis allowedto decreasavith temperature.

CVN(T) = S50 4 HOL s tanh () -
H(T) = Ho— k(T —To)
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Figure 5: Charpy DBT transitioncurves

TheseDBT curvesshaw thatbetween60°C and50°C (DBT) theCGHAZ
Is the mostbrittle material. The CGHAZ is still brittle at 20°C, whereaghe
B-M andthe W-M arealreadyductile. Evenin the uppershelfthe CGHAZ
impactenenpy is thelowest Soin termsof materialpropertieshefailureis
mostlikely to occurin the CGHAZ.
At lower temperaturegbrittle regime, T < 60°C) theimpacteneqy is fairly
the samefor the B-M and CGHAZ, in factthe failure occursfor very small
displacementsthe enegies are very low andit is not possble to conclude
from thesetestswhetherthe CGHAZ is morebrittle thenthe B-M or not.
The load displacementurvesof thesetests(fig.6) shav thatthe W-M over-
reacheghe basemetalat temperaturegsbove -60°C. But this over-matching
decreasewith temperatur@andthe B-M andW-M areeven-matcheat-60°C
underdynamicloading. The samephenomenonvas obsened with smooth
tensiletestsonthe B-M andW-M (fig 7) : Themismatchdecreasewith tem-
peratureandthe two materialsareeven matchedat -196°C.Thistemperature
is lower thanfor the CVN testsbecausehe phenomeno is enhancedy the
dynamicloading.
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Figure 6: Load/ deflectioncurvesof theinstumentedCharyy tests
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Figure 7: Compariso(n))f the B-M andW-M behaiors evolution with tem-
perature F\’(F,’_2 proof stresqleft) andstressstraincurves(right)

As hasreportedin [2] the MnS stringersare not modified by the welding
heattreatmentThereforetheB-M andsimuatedCGHAZ have similarfailure
modesbut not at the sametemperaturebecausef the brittle microstructure
of CGHAZ. In the uppershelfthe failure occursby lamellartearingaround
theMnS stringers.In the DBT domainthislamellartearingenableghe stress
concentratiomeededor the onsetof cleavage(fig.8).

Figure 8: Failure modeof the CGHAZ in the DBT a) transiton lamellar
tearingto cleavage;b) cleavageinitiation in front of alamellartearingcrack;
¢) MnSinclusionsinsidelamellartearingcracks
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CONCLUSIONS

1. The CGHAZ is the mostbrittle materialof the butt-weldedjoint.
2. Thefailureof weldis governedby thefailure of the CGHAZ.

3. Theweld mismath is a function of temperaturendstrainrate. This
hasto betakeninto accountbecausehelocal strainandstressstatein
the CGHAZ is influencedby the mismatch.

Furtherwork is actuallyin progressn orderto apply the local approacho
predictthe failure of theweld. This work focuseson modelingthe behaior
andbrittle failurecriterionfor thevariousweld constituent¢B-M, W-M, CG-

HAZ).
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