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ABSTRACT
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durance of the steel AISI type 316N(L) weldments defined as E

types 1, 2 and 3 according to R5 Vol. 2/3 Procedure classifica-
tion at 550C. The study is implemented using the Linear Match-
ing Method (LMM) and based upon previously developed creep-
fatigue evaluation procedure considering time fractioteriSev-
eral geometrical configurations of weldments with indivatioa-
rameter sets, representing different fabrication cases,devel-
oped. For each of configurations, the total number of cyaes t
failure N* in creep-fatigue conditions is assessed numerically for
different loading cases. The obtained set ¢fisl extrapolated

by the analytic function dependent on normalised bending mo
mentM, dwell periodAt and geometrical parameters. Proposed
function for N shows good agreement with numerical results ob-
tained by the LMM. Therefore, it is used for the identificatod
Fatigue Strength Reduction Factors (FSRFs) intended feigte
purposes and dependent on proposed variable parameters.
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h1,d1,hp,do, h3
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B.B

Po; P1, P2

ap, ...,ag,bo, ...,b3

time to pure creep failure

dwell period

Young's (elasticity) modulus

effective elastic modulus

Poisson’s ratio

number of cycles to pure fatigue failure
number of cycles to creep-fatigue failure
residual life

normalised bending moment

bending moment range

normal pressure

area moment of inertia

width and thickness of plate

parameters governing the profile form of
type 1, 2 and 3 weldments

radiuses of weld profile for type 1, 2 and 3
weldments correspondingly

height of weld profile in type 1 weldment
distance between opposite weld surfaces in
type 2 weldment

width of weld throat in type 3 weldment
auxiliary geometrical parameters for type 1,
2 and 3 weldments correspondingly

yield stress

R-O model constants

coefficients for parent material S-N curve
fitting parameters folN*


mailto:yevgen.gorash@strath.ac.uk
mailto:haofeng.chen@strath.ac.uk
qrb11208
Rectangle


INTRODUCTION Apart from operational parametensi (andAt), it is neces-
According to industrial experience, during the service lif  sary to investigate the influence of a weld profile geometry or

of welded structures subjected to cyclic loading at highgem creep-fatigue strength within a parametric study. Thepihiic-
ature, welded joints are usually considered as the critom- tion of geometrical parameters into the functiiii(M, At) al-
tions of potential creep-fatigue failure. This is causechigher lows the calculation of the FSRF as a continuous functioe abl
stress concentration, altered and non-uniform matergggnies to cover a variety of weld profile geometries including type 1

of weldments compared to the parent material of the entivest and 3 in dressed, as-welded and intermediate configurations
ture. Therefore, creep and fatigue characteristics ofegejolints

are of a priority importance for long-term integrity assessats

and design of welded structures. There were attempts tdafeve pPARAMETRIC MODELS OF WELDMENTS

analytical tools[[ll, 2] to estimate long-term strength ofldee Geometrical relations

joints under variable loading. However, residual life asseents It has been indicated[1] that one of the most critical fac-
are frequently complicated and inaccurate because of ®@mpl  ors affecting the creep-fatigue life of a welded joint ig tton-
material microstructure and too many parameters affettieg  gistency of the cross-sectional weld geometry. The sireplifi

strength of welded joints. In view of the complexity of a uedi  \ye|d profile is usually characterised by the following getrice
model development for the assessment of creep-fatiguegilte  parameterd[1]: plate thickness, effective weld throatkhéss,
there are a limited number of existing analytical approachet weld leg length, weld throat angle, and weld toe radius. Ugua

none of which are able to account for all of weldment parame- e weld profile is assumed to be circular for type 1, circolar
ters mentioned above. Thus, long-term strength of weldsient  yjangular for type 2, and triangular for type 3 weldmentshwi
a wide research area, which requires some unified integral ap fjjiets on toes connecting with parent plates. A vast quyrit

_pr_oach able to improve the Iifg predicti_on capability forlged researches reviewed i [1, 2] has been devoted to inveistigatt
joints. The most comprehensive overviews of studies deviate effects produced by geometrical parameters on resideal lif

investiggti'on of influence of various parameters on fa}tilg‘ae)f In the present study, the geometry of the weld profiles for
welded joints are presented [0[[1,2]. However, the influesfce b6 1 2 and 3 weldments is more completely specified in or

creep on residual life is not investigated in these works. der to investigate their as-welded, dressed and interrecim-
This paper presents further extension of a latest developed g rations. The basis of the parametric models for type 1 ant

approach([B], which includes a creep-fatigue evaluatiacer 2 weldments shown in Fig] 1 are the sketches of the weldmer
dure con3|der|ng_ tl_me fractlon_ rule for cree_zp-damage assest specimens produced by the Manual Metal Arc (MMA) welding
and a recent revision of the Linear Matching Method (LMM) 10 5 reported in([5]. The type 1 weldment specimen contain:
perform a cyclic creep assessmerit [4]. The applicabilitshasf a double-sided V-butt convex-fillet weld, and the type 2 weld

approach to a creep-fatigue analysis was verifiedin [3] 8y th  ment specimen contains 2 symmetric double-sided T-buti-cru
comparison of FEA/LMM predictions for an AISI type 316N(L)  form concave-fillet welds. The basis of the parametric méatel
steel cruciform weldment at 580 with experiments by Brether- type 3 weldment shown in Fi 1 are the sketches of weld pro
ton et al. [56] with the overall objective of identifyingtigue files and corresponding regulations from British Stand{B(i4]
strength reduction factors (FSRF) of austenitic weldmédaoits for the weldment, which contains a root gap between the parts

further design applications. An overview of previous mddg| be joined. The type 3 weldment specimen contains 2 symmetri
studies devoted to analysis and simulation of these expaitsn double-sided T-butt cruciform mitre-fillet welds.

[518] is given in [3]. The parametric study presented in fis The parent material for the manufacturing of all specimens
per is based on the research o_utcomes given in prior viork [3] are continuous plates of width = 200mm and thicknegsk =
successfully validated by matching the basic experim&g]{ 26 mm made of the steel type AISI 316N(L). The typical divisio
Thus, exactly the same assessment approach is applieddo par ¢ e el into three regions is adopted here analogicalfgk
metric studies of f[he Weld.ment geometry in order to assess th including: parent material, weld metal and heat-affectedez
effect on the predicted residual I|_fe. ) . (HAZ). It should be noted that the HAZ thickness is assumed tc

Another outcome of the previous wofK [3] is the formulation be 3mm based on the geometry givenl[ih [5]. These 3 region
of an analytical function for the total number of cycles td-fa have different mechanical properties described by theviig

ure N* in creep-fatigue conditions, which is dependent on nor- 1 averia| hehaviour models and corresponding constan&0a€5
malised bending momeM and dwell periodMt. This function in [3] for the FEA with the LMM:

N*(M,At) matches the LMM predictions with reasonable accu-

racy and is used for the investigationdifinfluence on the FSRF. e Elastic-perfectly-plastic (EPP) model for the design tani
Therefore, the effect of creep on long-term strength of t2pe as a result of shakedown analysis;

dressed weldments (according to the classification in R52/8l e Ramberg-Osgood (R-O) model for the plastic and total
Procedure[7]) is taken in to account. strains under saturated cyclic conditions;
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The profile geometry of type 2 weldment is comprehensively
characterised by one of two pairs of parameters: (1) indeg@n
type 3 parametersd andf), which are not dependent on a plate thick-
nessthk, and (2) technologically controlled parameters &nd
D), which change their values with a change of plate thicknes:
thk. In parametric relations for strength of type 2 weldments
the independent parameters &nd 3) are used with a capabil-
ity of transformation into controlled parameteR @ndD). As
illustrated in Fig[l, angler represents a local geometrical non-

uniformity caused by a deviation from the tangent conditen
TIG R hy twee_n parent pl_ate a_nd weld. Angﬂerepr_e_sents a global geo-
dressing metrical non-uniformity caused by deposition of weld metat-
necting the orthogonal part.

The relations between the two parameter pairg3 andRy,

D) for a type 2 weldment are formulated using basic trigonemet
ric calculus in conjunction with the thickness of a platesso
sectionthk and the corresponding associated parameleran(d

d,) as illustrated in FidJ1:

thk
haz

thk thk thk—hy
Z—Wand d2—7+h2+ 2 tan60. (1)
The direct transitions are formulated as follows
thk/2 _ do
Ry — cos(a+p) sin(a+p) and
sina cosa
haz sin(a+pB) cos(a +B) 2)
D_2 R cosa +thk/2 2R,.
cos(a +B)

The reverse transitions are formulated as follows

d2+ (thk/2)> — R — (R, + D/2)?
= arccos[ R, (R22+ D/2) 1 !

thk
= _ t —_— J—
a=90°—arc an( > d2> B (3)
FIG. 1 WELD PROFILE GEOMETRIES OF TYPES 1, 2 RZ— (R +D/2)2— d2 — (thk/2)?
AND 3 WELDMENTS ACCORDING TO R5[[7] —arccos > |
—2(Ry+D/2)/d3 — (thk/2)

S—N diagrams for the number of cycles to failure caused by Relations between independent parametend controlled

pure low-cycle fatigue (LCF); parameterd for type 1 weldment are formulated using basic

Power-law model in “time hardening” form for creep strains  trigonometric calculus in conjunction with the thicknedsao

during primary creep stage; plate cross-sectiothk and the corresponding associated param-

Reverse power-law relation for the time to creep rupture eters b, andd,) as illustrated in FigJ1:

caused by creep relaxation during dwells;

Non-linear diagrams for creep-fatigue damage interaction thk k—hy

for the estimation of total damage. hy=77 and d=——1an40. (4)
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The direct transition is formulated as follows

5=Ri(1—cosa) with Ri=di/sina. 5) 550°C

The reverse transition is formulated as follows Py) 4 o

_ 2
a= arccos( RlR 6) with Ry = § + ﬂ (6) ,
1

ANANVANA

2 206

Since the geometry of type 3 weldment profile due to mitre } =g
fillet is much simpler than the geometry of type 1 and 2 weld- § § §
ments, there are only a few parameters governing this type of - 550°C
geometry. The form of type 3 weld is a isosceles triangle with
right angle, as shown in Figl 1. It is characterised by thedwel
throata, which should bga > 0.7 thk) according to the stan-
dard [8]. The gap between the welded pégshould satisfy the

requirementhg < 1 mm+0.3 mma), but it shouldn’'t exceed 'LB =3 P(y)
4 mm according to the standafd [9]. —

The fatigue performance of the original type 3 weld profile
is quite poor due to significant stress concentration in te&lw

VARVARVARY/

toe caused by inconsistency of weld profile in 138oreover, L] material without creep
the gap between the welded parts decreases the effectis® cro || parent material [T] totally elastic material
section limiting it to the only area of weld metal. For the pose B weld metal B heat-affected zone

of the fatigue life improvement, different post weld treatm
techniques are applied to the weld toe, as a potential mcati
failure. TIG dressing was found in [IL0] to be the best suitestp
weld treatment for implementation in mass production comga

to burr grinding and ultrasonic impact treatment, becadisben
large improvement observed in the experiments (up to 40% in-
crease in fatigue strength). TherefoRg,in Fig.[d is the radius
of fillet produced by TIG dressing on the weld toe. The angle o
discrepancy for the tangency condition between TIG weldainet
and patent plate is°5since it is a minimum allowable angle for
a finite element in order not to be distorted.

Since the proposed parameters for type 1 and 2 weld profiles
are fully convertible, they can be used to characteriseaifit
scales of technological dressing of weldments by grindirghs
as dressed, as-welded and intermediate. Thus, in ordedtcee . ) )
the computational costs, only five configurations of weldipep ABAQUS element type CPE8R: 8-node biquadratic plane strair
listed in TabldlL, were chosen for parametric study from agnon quadrilaterals with reduqed integration. The FE-meshety/fie _
the possible parameter combinations. In case of type 3 weld- L @nd type 2 welds consist of 723 and 977 elements respectivel
ment, the different scales of TIG dressing are charactitise The FE-mesh for type 3 weldwent contains the range of elesnent

the parameter ratip between fillet radius and plate thickness: ~ 1om 1008 for Conf. 1 to 908 for Conf. 7 respectively.
Referring to the technical details|[5, 6] the testing was per

formed at 55@-3°C under fully-reversed 4-point bending with
p =Rs/thk (7) total strain rangeAégiot of 0.25, 0.3, 0.4, 0.6 or 1.0% in the par-
ent plate and hold periods of 0, 1 or 5 hours using a strain rate
Analogically to Tabld 1L, seven configurations are proposed of 0.03%/s. For the purpose of shakedown and creep anakysis u
for the parametric study of type 3 weldment described by the ing LMM, the conversion from strain-controlled test commatiis
following values of the parameter. 2.0, 1.5, 1.0, 0.5, 0.2, 0.1  to force-controlled loading in the simulations using bewdino-
andp — 0 corresponding to the undressed configuration. mentM has been carried out and explained_in [3].

FIG. 2 FE-MESHES FOR TYPE 1 (A), TYPE 2 (B) AND
TYPE 3 (C) WELDMENTS WITH LOADINGS

Finite element models

The FE-meshes for the 2D symmetric models of type 1, 2
¢ and 3 weldments are shown in Hig. 2 assuming plane strain col
ditions. Each of the FE-meshes includes 5 separate arelas wi
different material properties: 1) parent material, 2) H8Yweld
metal, 4) material without creep, 5) totally elastic matkrin-
troduction of 2 additional material types (material withoteep
and totally elastic material) representing reduced sefsaoént
material properties in the location of bending moment ajapli
tion avoids excessive stress concentrations. Both FE-lnode


qrb11208
Rectangle


TABLE1 GEOMETRICAL CONFIGURATIONS OF WELD PROFILES FOR TYPE 1 ANDWELDMENTS

i . Independent parameterg Controlled parameters
No. | Configuration
a B a+p D R o
1 | Perfectly dressed 0 43.387 43.387] 54.578 25 0
2 | Typically dressed 7.745 38.382 46.127 59 25 0.682
3 | Precisely as-welded 17.685 32.079 49.764 64 25 1.566
4 | Typically as-welded| 32.371 18.415 50.78¢ 68 40 2.923
5 | Coarsely as-welded 45.177 9.6541 54.831 72 60 4.189

Another effective analysis technique, successfully eygxdo
in [3], was to apply the bending momelt through the linear
distribution of normal pressuife over the section of the plate as
illustrated in Fig[2 with the area moment of inertia in redyay
horizontal axisX:

Ix =wthi¢/12 (8)

where the width of plater = 200 mm and the thickness of plate
thk = 26 mm. Therefore, the normal pressure is expressed in
terms of applied bending momekitand vertical coordinatg of
plate section assuming the coordinate origin in the midaser

P(y) =My/Ix. (9)

STRUCTURAL INTEGRITY ASSESSMENTS
Numerical creep-fatigue evaluation

Since the principal goal of the research is the formulation
of parametric relations able to describe long-term stmadtin-
tegrity of weldments, the creep-fatigue strength of the &fige
urations from Tabl&]1 for type 1 and 2 weldments and 7 con-
figurations with differenp values for type 3 weldments should
be evaluated in a wide range of loading conditions. These con
ditions are presented by different combinationsAsf,; in the
parent plate outer fibre, as a characteristic of fatiguectsffeand
durationAt of dwell period, as a characteristic of creep effects.
The set of 5 values fol\g: is the same as in the experimen-
tal studies([[5,56]. The set dit values used are the same as in
the previous simulation study![3]: 0, 0.5, 1, 2, 5, 10, 100)A0
and 10000 hours. Therefore, for each of configuration 45eree
fatigue evaluations must be performed with different valoé
Agior andAt. In order to estimate all values of number of cycles
to failureN*, hundreds FE-simulations of the parametric models
shown in Fig[2 have been carried out, using the LMM method,
material models and constants given(ih [3].

The concept of the proposed creep-fatigue evaluation pro
cedure, considering time fraction rule for creep-damagess
ment, is explained in detail in][3] and consists of 5 steps:

. Estimation of saturated hysteresis loop using the LMM,;

. Estimation of fatigue damage using S-N diagrams;

. Assessment of stress relaxation with elastic follow-up;

. Estimation of creep damage using creep rupture curves;
. Estimation of total damage using an interaction diagram.

O wWNRE

Since the LMM requires lower computational effort com-
pared to other methods, it appears to be an effective toaxor
press analysis of a large number of different loading cases u
ing automation techniques. In order to perform hundreds FE
simulations in CAE-system ABAQUS and effectively retrieve
corresponding values &*, 3 analysis improvements using au-
tomation have been developed and in these parametric studie

The first automation technique is the embedding of all 5
steps of the proposed creep-fatigue evaluation proced HOR-
TRAN code of user material subroutine UMAT containing the
implementation of the LMM and material models described in
[3]. The most important parameters (derived in the 1st step o
the procedure) for further creep-fatigue evaluation aeetttal
strain rangé\&y, Stresso; at the beginning of dwell period and
the elastic follow-up factoZ. These parameters from each inte-
gration point with material properties for elasticity,ifate and
creep, defined in the ABAQUS input file, are transferred into a
new subroutine. This subroutine implements the next 4 step
of the procedure 3], which calculates and outputs the falg
parameters into ABAQUS result ODB-file: time to creep ruptur
t*, creep damage accumulated per cyofe number of cycles to
fatigue failureN*, fatigue damage accumulated per 1 cyn[g,
and the most important — total number of cycles to creeppiati
failure N* based upon a damage interaction diagram.

The detailed description of this technique in application t
FEA-results of type 1 and 2 weldments is reportedin [11]. An
example of the creep-fatigue evaluation procedure oufputhe
configuration no. 2 (typically dressed) of type 2 weldmenteo
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FIG.3 COMPARISON ORN* OBTAINED WITH THE LMM AND THE ANALYTIC FUNCTION (I0) FOR TYPE 1 WELDMENT

sponding to the loading case &t = 1% andAt = 5 hours is
presented i [11] and illustrated there in Fig. 5. Thoseltesor-
respond to the FEA contour plots of the LMM outputs (obtained
in Step 1) including\eior, £, €54 at the beginning of dwell and
gy at the end of dwell, explained ifil[3] and illustrated there in
Fig. 9. The critical location witiN* = 279 cycles to failure for
this case is the corner element in the weld toe adjacent to.HAZ

simple script, when started in ABAQUS/CAE environment, ap-
pends the list of available ABAQUS result ODB-files corre-
sponding to one configuration. For each of ODB-files, it reads
the values oN* in each integration point, selects the integration
point with minimum value oN* over the FE-model, and writes
the element number, integration point number and mategialen

to an output text file. Therefore, the critical locations @odre-

Exactly the same approach is used to demonstrate an exafmple osponding values dii* are extracted automatically for all config-

atype 1 weldment comprising geometry configuration no. @-(ty
ically dressed) and loading case/td,: = 1% andAt = 5 hours.
Figure 6 in [11] shows the outputs of FEA with the LMM, while
Fig. 7 in [11] shows the outputs of the creep-fatigue evaduat
procedure. The critical location with* = 206 cycles to failure

for type 1 is the same as for the type 2 weldment — the corner
element in the weld toe adjacent to HAZ. The examples of FEA
results for type 3 weldment under the same loading condition
and their analysis are to be presented at the conference.

urations and loading cases. Obtained results can be usétefor
formulation of an analytic assessment model suitable ffabt
estimation ofN* for a variety of loading conditiond{ andAt)
and geometrical weld profile parametess 3 andp).

Analytic assessment model

For each of the configurations for type 1, 2 and 3 weld-
ments, the array of assessment results consisting*ofalues
corresponding to particular valuesiifandAt is fitted using the

The second automation technique is the development of a |east squares method by the following function proposedhén t

stand-alone application using Embarcadero Delphi integrde-
velopment environment using Delphi programming language.
This simple application automatically carries out the szme

of all FE-simulations with differen (corresponding to A&t
values) andAt values for each of the configurations of type 1,
2 and 3 weldments. This is implemented by automated modi-
fication of the UMAT subroutine including changing of loagdin
values M andAt) and output file names, therefore producing in-
dividual ABAQUS result ODB-file for each loading case.

The third automation technique is the development of
a script using ABAQUS Python Development Environment
(Abaqus PDE) using Python programming languagé [12]. This

6

form of power-law in [[3]:

log(N")

M2 /a(At), (10)

where the fitting parameters dependent on dwell pekicare

a(At) = azlog (At +1)%+ aglog (At 4 1)
+alog(At+1)+a and

b(At) = bglog (At + 1)3+ bylog (At + 1)2
+b;log (At + 1) + by,

(11)
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and the independent fitting parameteag{az andbg - b3) have is implemented by applying EqE{10) ad](11) to estimdte

particular values individual for each type of weldment (il Number of cycles to failurdl* is estimated for all configurations
3) and each available configuration. using the corresponding values of anglesadf3) from Table1
In order to capture all configurations with an unified set of and ratiop (2.0, 1.5, 1.0, 0.5, 0.2, 0.1 and 0). The compari-
fitting parameters, parametexs a;, az, az, bo, b1, by, bz should son is done for the same load combinations as were used for tl
be defined as dependent on geometric parametef$ and p LMM analyses. The results of the verification are illustcata
using the least squares method. For the type 1 weldments thes diagrams in Fig[13 for type 1, Fi@l 4 for type 2 and Hig). 5 for
parameters are dependent on arglenly: type 3 weldments in the form dfi* obtained with the analytic
function [I0) vs.N* obtained with the LMM. Comparison of the
all(a) = —4.175-10%a?+2.72-10 3a + 0.227, analytic and numeritN* for all types of weldments shows that

the quality of analytic predictions is quite close to theslof op-
timal match and provides a uniform scatter of results thihoaig
variants of loading conditions and configurations. The réige

ajl(a) =-2169-10 3a +1.21-10°%,

Tl(a =1.907-10%a — 7.093-10°2,

)=

)=

)

all(a) =—-5.352-10%a + 1.968 10* , (12) ancy between analytic predictions and numerical LMM owgput
le(a) —4.76324 10 3a +0.793 is generally found to be within the boundaries of an inaccyra
bi (@) = 14210 *® ~ 8.547-10°%a + 04028 brotucing both conservatve and non-conservatve results |
roduci Vi -

le(a) =1531-10a ~0.3015 P Havirgllg defined the number of cycles to failu by
bi*(a) = —3.08-10 *a +8.364-10 2. Eq. [T0), the residual service life in years is thereforeatetent

on the duration of 1 cycle, which consists of dwell perlicand
For the type 2 weldments these parameters include the de-relatively short time of deformation as follows:
pendence on angle from Egs [I2) and an additional effect of

angleB as in the following form: At 2 Neor(M)

L* =N~ . 1
365-24+ € (365-24-60-60) |’ (15)

ab?(a,B) =all(a)+3.179-10 4B +2.355-10°3,
312(0’73) :all(a) 1.636-10 38 +3.043-10°2, where ¢ = 0.03%y/s is a strain rate according to experimen-
al?(a,B) = al'(ar) +1.636- 1034 — 3.043-10°2, tal COQdItIOHSM], a_nd the parametric analytical reia_s for

T T 4.136.104 1+ 7.33.10°3, Agior(M) are derived in Sect. 3 of [11]. These relations for
33°(a1, B) = a5*(a) — B+ Agior(M) include the geometrical parameters of parent plate
bg?(a,B) = bg'(a) +0.0291 (13) cross-sectionthk andw) and weld profile ¢, B and p), and

—1.684-10*exp(0.16228), parent plate material parameteks ¢, B, 3, oy).

bl%(a,B) =bl*(a)—-0.1789

T2 _pTl

by*(a,B) =b;"(ar) +0.1558 PARAMETRIC FORMULATION OF FSRF

bi?(a,B) = bj'(a) —4.546-10°2 Since the functiofN* (M, At) proved its validity in the previ-

ous subsection, it can be applied for the fast creep-fatigaess-
For the type 3 weldments these parameters are dependent orments of new welded structures during the design stage. How

ratio p only in the following form: ever, it is generally hard to generate conclusions abous¢ne
vice conditions(M,At) required to estimate particular value of
al%(p) = —4.506-102In(p + 1) +0.285, N*. .Loading ponditiqns comprise a yvide range of mechanica

T3 loading described b or corresponding range @ in par-

p)=41-10In(p+1)+4.701-10°2, ent material adjacent to welded joints. Thus, introductidm

3%(p) = —3.202:10 ?In(p +1) ~ 7.575-10°%, Fatigue Strength Reduction Factor (FSRF) allows a widegang

p) 8.74-103In(p+1)+2.10773 103 of mechanical loading relevant to application area of agiesi
(14) welded structure to be captured. The FSRF takes into accoul

/_\/_\/_\/_\/_\/_\/_\/_\

bT3 p)=0.118Inp + 1) +0.57, ; ) :
bT3 p) = 8.742-102In(p + 1) + 0.195, the d|ffere.nce in bghaylour of the weldment compared to #re p
bT3 7197-10-2| 1) —01 ent material, considering weldments to be composed of parel
p) =~ n(p+1)-0.152, material. The FSRF is determined experimentally by conmggari
bi*(p) = 1.397-10?In(p+1)+4.034-10 2 the fatigue failure data of the welded specimen with theytati
curve derived from tests on the parent plate material.
The verification of the fit quality using the the geometrical The current approach in R5 Volume 2/3 Procedlre [7] op-

parametersd, B andp) for the proposed relationE (12)[={14) erates with the fixed values of FSRF for 3 different types of

7
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weldments taking into account dressed and as-welded ¥srian FSRF as dependent i in [3] using functionN* (M, At) for the
which consider only the reduction of fatigue strength of dvel case of type 2 dressed weldment allowed the influence of toeep
ments compared to the parent material. For austeniticwtdt be taken into account, and to provide the adjusted valueSBH-
ments [13], FSRF = 1.5 is prescribed for both variants of type for creep-fatigue operation conditions. Therefore, theesap-

1, FSRF = 1.5 for type 2 dressed and FSRF = 2.5 for as-welded proach[[3] is applied to obtaift-dependent FSRFs for a variety
variant, and FSRF = 3.2 is prescribed for both variants of §p of geometrical configurations considering additional dejsnce
All this variety of the FSRFs is representative of the regturcin on parameters of weld profiler( 8 andp).

fatigue endurance caused by the local strain resgenhance- For this purpose Eq.[T10) is converted analytically to

ment in the weldment region due to the material disconyynuit ¢, reIationI\7I(N* At) and inserted into the group of rela-

and geometric strain concentration effects. The intradoaf tions Ago(M) as explained in[[11], resulting in the relation
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are listed in Tablg]2 and could be compared with the values rec

creep, which is important for design applications. Theahital-
ommended in R5 Volume 2/3 Procedurk [7].

ues of FSRFs corresponding to pure fatigue conditidtis=(0)

DIFFERENT CONFIGURATIONS OF TYPE 3 WELDMENTS
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The FSRF for type 1 dressed weldments is within the range REFERENCES

1.146-1.444 depending on the quality of grinding, while R5
gives the value 1.5 (refer to_[1L3]), which is more conseweati
The FSRF for type 1 precisely welded joints without grind-
ing is within the range 1.444-2.062 depending on the quality
of welding, while R5 gives the same value 1.5, which is non-
conservative. The FSRF for type 1 coarsely welded jointB-wit
out any additional treatment may reach up to 3.308, while R5
doesn'’t give any value for this case.

The FSRF for type 2 dressed weldments is within the range
1.362-1.682 depending on the quality of grinding, while R5
gives the value 1.5, which approximately corresponds ta-ave
age value for the obtained range. The FSRF for type 2 prgcisel
welded joints without grinding is within the range 1.682322
depending on the quality of welding, while R5 gives the value
2.5, which is more conservative. The FSRF for type 2 coarsely
welded joints without any additional treatment may reachaup
3.43, while R5 doesn't give any value for this case.

The FSRF for type 3 dressed weldments is within the range
1.302-1.425, for type 3 welded joints with moderate TIG gres
ing it is within the range 1.425-2.362 depending on the arhoun
of TIG dressing, while R5 also doesn't give any value for thes
cases. The FSRF for type 3 as-welded joints without any addi-
tional treatment may reach up to 3.252-3.459, while R5 gives
the value 3.2, which approximately corresponds to lowemiolou
for the obtained range. It should be noted that the value 8-S
for type 3 recommended by R5 procedure may be significantly
conservative, if some kind of TIG dressing is applied.

CONCLUSIONS

The parametric study on creep-fatigue strength of the steel
AISI type 316N(L) weldments of types 1, 2 and 3 according to
classification of R5 Vol. 2/3 procedurel [7] at 58D has been
implemented using the LMM. The study is based upon the lat-
est developed creep-fatigue evaluation procedure [3]idens
ing time fraction rule for creep-damage assessment. Pegpos
approach improves upon existing design techniques, e.B5in
procedure([7], by considering the significant influence efeqr.
Moreover, the obtained FSRFs for pure fatigue revises the va
ues recommended in R5 Procedure [7] removing the redundant
conservatism for type 1 and 3 dressed weldments and type 2 un-
dressed weldments.
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