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A parametric study on creep-fatigue endurance of welded joints
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This work is devoted to parametric study on creep-fatigutueance of the steel AlSI type 316N(L) weldments defined as
type 3 according to R5 Vol. 2/3 procedure at 8680 The study is implemented using a novel direct method knasvthe
Linear Matching Method (LMM) and based upon the creep-taigvaluation procedure considering time fraction rule for
creep-damage assessment. Seven geometrical configsratithe weldment, which are characterised by individualeslof

a geometrical parametgr are proposed. Paramejerwhich represents different grades of TIG dressing, isia k&tween

the radius of the fillet of the remelted metal on a weld toe ddthickness of welded plates. For each configuration, the
total number of cycles to failur&™ in creep-fatigue conditions is assessed numerically fitergint loading cases including
normalised bending momert/ and dwell periodAt. The obtained set oN* is extrapolated by the analytic function
dependent o/, At andp. Proposed function foN* shows good agreement with numerical results obtained bl .

It is used for the identification of Fatigue Strength Redutfractors (FSRFs) effected by creep and dependeittandp.
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This paper presents a further extension of a recently dpedlapproach [1], which is based upon a creep-fatigue ev@tua
procedure considering time fraction rule for creep-damaggessment and a recent revision of the Linear Matchingddeth
(LMM) to perform a cyclic creep assessment [2]. The applidsitof this approach was verified in [1] by the comparison of
FEA/LMM predictions for an AlSI type 316N(L) steel cruciforweldment at 550C with experiments by Bretherton et al. [3,
4] with the overall objective of identifying fatigue strethgreduction factors (FSRF) of austenitic weldments fotHer
design applications. Apart from the influence of loadingditians (normalised bending momehf and dwell periodAt)
investigated in [1], the influence of a weld profile geometnyooeep-fatigue strength has to be analysed within a paramet
study. The introduction of geometrical parameters intoftimetion N*(A1, At) allows the calculation of the FSRF as a
continuous function able to cover a variety of weld profil@egetries in dressed, as-welded and intermediate confignsat

In the present study, the geometry of the weld profile for ypeldments is specified in R5 Vol. 2/3 procedure [5] as shown
in Fig. 1. The parametric model is developed based upon théatons from British Standards [6, 7] for the weldmentjeth
contains a root gap between the parts to be joined. The typa@went specimen contains 2 symmetric double-sided T-butt
cruciform mitre-fillet welds. The parent material for allegimens are continuous plates of width= 200 mm and thickness
thk = 26 mm made of the steel type AISI 316N(L) at 38Dwelded withhaz = 3 mm according to experiments [3, 4].

The fatigue performance of the as-welled type 3 weld prosilguite poor due to significant stress concentration in the
weld toe caused by inconsistency of weld profile irf 4Bloreover, the gap between the welded parts decreaseddoaves
cross-section limiting it to the only area of weld metal. Bog purpose of the fatigue life improvement, different pestd
treatment techniques are applied to the weld toe, as a jmtlerciation of failure. TIG dressing was found in [8] to bethest
suited post weld treatment compared to burr grinding andsdinic impact treatment. In order to characterise diffeseales
of TIG dressing and to reduce the computational costs, onbnfigurations of weld profile were chosen for parametridgtu
They are characterised by the ratio between the weld toerfitbus and the plate thicknegs= R3 / thk, having the values:
2.0,1.5,1.0,0.5,0.2, 0.1 and— 0 for the as-welled configuration. The 2D weldment FE-moddidsed upon the plane
strain condition and uses ABAQUS element type CPE8R: 8-bagieadratic quadrilaterals with reduced integration.

The creep-fatigue strength of the 7 configurations withedéhtp values are evaluated in a wide range of loading conditions.
They are presented by different combinationg\af, in the parent plate outer fibre, as a characteristic of fatgftects, and
durationAt of dwell period, as a characteristic of creep effects. Fehemnfiguration, 45 creep-fatigue evaluations must be
performed with different values ake; (5 values as in the experimental studies [3, 4]) &td9 values as in the previous
simulation study [1]). Since the LMM requires lower comgigaal effort compared to other methods, it appears to be an
effective tool for express analysis of a large number ofedéht loading cases. In order to perform 315 FE-simulations
CAE-system ABAQUS using the LMM method and retrieve corogsping values ofV*, 3 analysis automation techniques
have been applied to improve the efficiency in parametridistuof types 1 and 2 weldments [9].

For each of the configurations, the array of assessmentsesrisisting ofV* values corresponding to particular values
of M andAt is fitted using the least squares method by the followingtiongroposed in the form of power-law in [1]:

) be(At) )

a (At) = aglog (At +1)° + ag log (At +1)* + a; log (At 4 1) + ag

1
b(At) = bslog (At + 1) + by log (At + 1) + by log (At + 1) + by, @
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' Fig. 22 FSRFs: constant for pure fatigue, and dependent on dweétichar for
Fig. 1. Dimensions of type 3 weldment profile [6,7]. different configurations of type 3 weldments obtained wit Tressing.

where the fitting parameters( - as, bo - b3) have individual values for each configuration. In orderdptare all configura-
tions with an unified set of fitting parameters, they are defeedependent gnusing the least squares method:

aT3(p) = —4.506- 102 In(p + 1) + 0.285, bT3(p) = 0.118 In(p + 1) + 0.57,

aT3(p) =4.1-1072 In(p+ 1) +4.701 - 102, bT3(p) = 8.742- 1072 In(p + 1) + 0.195,
a3®(p) = —3.202- 1072 In(p + 1) = 7.575-107%,  pT3(p) = —7.197- 102 In(p + 1) — 0.152,
ai®(p) =8.74-1073 In(p + 1) + 2.10773- 1072, pT3(p) = 1.397-10~2 In(p + 1) + 4.034 - 10~2.

)
p

The current approach in R5 Volume 2/3 Procedure [5] openatdsthe fixed values of FSRF for 3 different types of
weldments accounting for dressed and as-welded variahtshwonsider only the reduction of fatigue strength of watehts
compared to the parent material. Therefore, the approdchiiich additionally accounts for the influence of creegpplied
to obtainAt¢-dependent FSRFs for a variety of configurations defineg.dyor this purpose Eq. (1) is converted analytically
to the relation)/ (N*, At) and inserted into the group of relations . (1) as explained in [9], resulting in the relation
Aceiot (N*, At, p) for weldments S—N diagrams, which is used for the estimaifdfSRFs:

FSRF= APy (N*) / Acior(N*, At, p)  with  log (Aeb2) = po + p1 log (N*) + pa log (N*)?, (3)

where the coefficients of the parent material S—N diagrarhdd po = 2.2274, p; = —0.94691 andps = 0.085943.

The FSREF for type 3 dressed weldments shown in Fig. 2 is wittenmange 1.302-1.425, for welded joints with moderate
TIG dressing it is within the range 1.425-2.362 dependinghenamount of TIG dressing, while R5 also doesn’t give any
value for these cases. The FSRF for as-welded joints witaoytadditional treatment may reach up to 3.252-3.459, while
R5 gives the value 3.2, which corresponds to lower boundiierange. It should be noted that the value of FSRF for type 3
recommended by R5 procedure may be significantly conseevditsome kind of TIG dressing is applied.
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