GOi/3

Some Approaches to the Evaluation of Permissible Techneological Defects
in Welds of Equipment and Pipings for NPP with Water and Fast Reaciors
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Central Research Institute of Structural Materials 'Prometey’, Leningrad, USSR

The investigation of the effect of produchion welding defects
on the strength of welded joints manufactured from Cr-lli augte-
nitic, low carbon and low alloyed Territic-perlitic and perli-
tic steels has been performed. Tests have been carried oult un-—
der static, thermo-cyclic and low cyele isothermal loadings si-
mulating PR and TBR equipment and piping operation. I% has
been shown that defects ellsct is maximal by eyclic loading
when they descrease weldments strengbth and lifetime (the degree
of flaws effect depends on loading type), Strain concentration,
produced in leaded weld metbal by defects ig shown to depend on
defect type, geometric, physical and mechanical factors. The
objective strain concenbtration is the sffechbive strain concen-
tration factor K_., determined with the use of experimental
results. For isofthermal low cycle loading (for example, pregsu-
re vessel operation condition at 3507C) it is vossible to cal-
culate the sbrain concentration factor Ke(its value corrvelates
with K ¢ values for volume flaws). An evaluation procedire of
Weldin%“defects accepbance vasing on cyclic strength and life-
bime calculation has bheen proposed.

L

1 INTRODUCLION

Yelding is one of the main production processes by LPP equip-
ment and piping manufacture. The service 1life of these shructu—
re components are in considerable degree debtermined by welds
guality. Tligh requirements to NPP conponents service 1life and
Tilnancial reasons meke it necessary to have a clear ides of

the defects effect on weldments cervice life in operation con-
ditions. The statistical anslysie of welded NFP components dew
fects demonstrates the volume defects Lo meet more often (they
are slag inclusions, pores, tungsten inclusions found by arson-
shielded welding). Plans defects sre met more seldonm (they are
lack of fusion, cracks). The dafect acceptance gtandards consi-
der volume defects to be restrictively permitted. The acceptab-
le defect size is determined based on welded joint thickness
SMIRT 11 Transactions Vol. G (August 1991} Tokyo, Japan, © 1991 ’



and weldment cavepgory considering welded structure operation
conditions and possible vepalr after assembling or during ser-
vice. It should be noted that the current defect acceptance
standards for NPP structures are very strict and based on the
abilitiecs of non-destructive inspection methods snd production
processinge. Plane defects are not te acceph.

The defscted structure crpitical condition is to evaluate on
base ol Tatigue fracture initiation (microcracks appearance by
cyelic loading) and brittle fracture initistion (Ffor thick-wal-
led ¢ vesselsg made from low alloyed and low carbon ste-
1 with VVER resctor (thick-walled pressu-

re Ve loaded zones and in locations of strain
conec on, low cycle isothermal loading is reslized. By
the 0 ith FBR in transition regimes
a rap uid metal coolant moving is possible which resultes
in thermal stresses occurrence in structure components. Theree

fore, it is a more actuval problem for such sbructurss to study
production defects influence on weldments fatigue strensgth by
thermal and cyclic loading. The thermal and ¢

ng ycelic loading ef-
fect on reactor couponents in transition reg%m@s ig complicated
by the prolonged high temperaturs (up to 600Y3) abisck in the

pariod of steady ctor operation (90% of the whole lifebime)
which results in gtabtic damage accurulstion. In this connecti-

[

on aral with T study of defects influence on weld metal
o ? © b “ 1. bl .
Tatilgue Iractus registance, it appears to be necessary to de-

ternine their effect on weld metal strength by static loading.

Tests have been rried ocut on welded Joints of asustenitic Cpe
Bl steel of 09X18H9 type, produced by menual electric arc znd
argon=-sghielded arc welding processes (for FBR components) and
on weldments of 22K, MBX2NIA gnd OBXI8MHIOT ateels manulfactured
by menual, electric arc end auvbomatic submerped arc welding
(For PUR components).

e

3 PEST WULTS  ARD  AFATLYEIS
A8 - o Z5E0-600° leste under short-term and Long-
2.0 %%%“%%ﬁ max ’ tern loadings have Deen perfor-

med on specimens manufachured
from Cr=Ni 18-~9 stecl weldnents
produced by manual elechtric arc
'wﬁﬁﬁ welding with the elecbrodes of
A=1 prade and by argon-shielded
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tained defects (pores, slag and tungsten ichUDfnmo) By shorl-
term tension btests at 500, oOQq 6)0 C a small decrease of weld
metal temporary resistance (R') was found, it appearsd o be

almosgt Propo ortional to weld nftal area 1oéu0ulaa in specimen
cross section at theszpense of locabted there defechs (Fig.1).
The Rf value was practically independent on defect type. In op-
OOulCﬂ to PT the defected weld meual plastic characteristics
wers gufilcleany decreased. For example, by 10% porosity in

the defected specimen cross section the value of ﬂTongatﬁon and
reduction of area are equal To 16~and 45% regpectively as com-
pared with the values of 27 and 544 for the undefectead upeciu
men. Specimens test results at 8007C under prolonzed static loa-
ding showed the welding defects o influence on material cre ep
rupture. 3o, Dy D and 10% porosity as related to gpecimen eross
section the weldn %nt CFPPﬁ rupture {after G000 hours) was decres-
sed by 12% and 20%, = pCCLT"“1“ 4 higher Jomr@ of creep rup-
ture decrsass as ccnOLfgd with af ig caused bJ the increaged
weld metal zensibility to sty i X ration on account of

its embritt TOment by strain aging. Lo perform thermel-cycli
specinens (u,auetuﬁ 20 and 40mm) were m‘nuw

",_J

vests cylin

factured from Cr-l'i auvstenitic stsel weldments, contalning de-
fects of various types and sizes, which were located in the

middle zone of the specimen.

The @D901mem were loadad with the following thermalecyclic mo-
de: 500=200°C, 600=200°C, 550=207C, 600=220°C at vapid or
slow heabing and hdrp cocling in verious medie. Ths number of
loading cycles veried from 50 to 2000. The cyclic strain range
at variocus wcidpc specimen section points iz determined for
each loading type by finite element
nens were cult 8o asg the cubting ple
fects (the defects location was deter cay met hoo)ﬁ

whe microsection metallopraphic gpecime: manufactured To
determine the =ppsarance and Dcuha‘dL1ou of thermal fatigue
cracks from delects. A crack of D.7Mmm length was taken as a fai-
lure criteriuwn. The obbainsd results were plnﬁtﬁd gg a function

method, tested speci-
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meval contalning slapg inclusions and for comparison -~ for weld
setal without defechs e influence of defectbs on weld mebal
thermal fatigue resistance may be characterized by the eflfecti~
ve strain concenbration, its value (by a given number of load-
ing cycles) being determined with the relation of cyclic gtrein
ranges Tor weld metal Gontaining defects or without defects.
{¥ ~A5 JAE iJo Tor example, for slap inclusion size of Ec_nu
“h?Lvnlﬁe T 5 (Fig 1)? ue nunber of loading cveles - 107
Based on thite wc ulte the curves mfF versus a, (defect 012u'
may be constructed for slagz inclus 1oﬂu% pores dnd bungeben in-
clusions (fig.2). They show the strain concentravion produced
by defects to be oebopd nt on defeect Type: slar inclusions of
various form (FTom slobular o stretched, acute- unmled) apped=
red to be most danpercus. As for uuﬂwc“cﬂ 1nclu slons thelr ef-
fect is not mo QCPOHLGHt on their Lormuﬁ hecause a strong ine
clusion/matrix cohesion has formed. end the max1mal weld metal
strain has teken place not at the boundary with defect, but at
some digbance from ib.
In general, stress and strain concentrations abt welding defects
are determnined by geonetric, physical and meohaﬂibul factors.
Begides the evident sffscts of peometric facbors and the above-
nentioned strong cohssion at the defect/matrix boundary, the
correlation bebtween ths modules of ela aujcv of ﬁhe defect and
patriz meterials is also important. In the case of thermocyclic
loading we should take into consideration the leCOPHDG” in
weld netal and defecte thermal conductivity cmusing the Olquw
ring of temperature Tield and the appearance of zones with hig
hor stress and strain concenbtration in the vieinity of dsfe
(Balandin et al. 1986), Thus, stress and shrain concen*rqtions
produced by delfects depend on various Factors. The mogt appn
priate criterium, taking ilnto account the effect of numerous
factors, appears to be the effective stress and strain concenbt-
ration factor. Using the values of XK, ¢ for wvarious defects and
the characteristics of weld metal loﬁWmvewm strength and ducti-
lity we nmay calculate the long-term PVOJLC strength of weld mew-
tal with detected by inspection defects. The calculation method
is given in PNAR G7-002-80. The caleulation results may be pre-
sented as nomograms permltting Lo svaluate the welded Joints
streng“h and llf@blmr decrohae due to the effect ol detected
effects (Fig.2)
Ihe acceptance evaluation of production defects in welded QOJnts
of thick-wolled components of
PP with VVIR reactor is mads
with regard for their effect
on weldments low cycle fatigue
reaslobance. It should be Laken
into consideration that cyclie
changes of Inner pressure and
temperature ars most dangerous.
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The possible brittlk fracture or leakage cccurrance may be consi-
dered to be the critical pressure vessel condition. Therefore

the wmaximel acceptable calculated defect size o must be less
than acr/n (where a oo The critical defect sife of a crack
type., L. < safety mafgin), 1t must exclude the brilbtle fractu—
re initistion under any possible operation loading during the
whole planned period of structure operation. The accepbed defects
in structure should not exceed *he value of a . I nay be expreg-

. s
[oy=) 3 r]-‘- 4 4a1 7oA r - L
sed analyelLc 1u 3 ao 4 Aa(m@ ally, C, m) = a“) .
i
where a ~ initial defect size; sa - defect prow increase; II -
nunber of loading cycless s K - stress intensity factor; C,m -
parameters, characterizing meterial fatigue crack growth resig-

tance (the constang of Paris equation, da/dli= Clag) ™),

Yo calculate the cyclic slrength of pressure vessel weldments
based on PNAL G7~002-86, we should debermine the structure cpi-
tical condition by the moment of microcrack initiation. An ac
ceptable defect size is to debermine with the regard for the efw-
fective sbrain concentration Tector K (vhich ig experimetally
defined for defects of various types End sizes). Begides, ag by
low cycle isothermal loading +the peometric factor appears to bhe
determinant, we may introduce the caleculation paramneter - gshbrain
concenbration coefTiclent, which charachterizes strain concentra—
tion at defect tip and differeniates defects according to thelr
forn and gize offects at the moment of Tatigue crack 1nitiation.

14 The K, factor is debermined (in
3 jdbmm pore, 71 complex stresssd and strained cone-
3& Low carbon @&ﬁii; @1tlons oy,load%ng process 12 de~
OF steel ~ fect zone) as the relation of ma-

ximal values of strain intensity

31 . s ) S . -
5 o . o in the vicinity of defects or apart
or - - from it. Defects are simulsted in
4L PEI514.72 the following manner: sphere ¢10mm
e M e < ‘
; - . (the initiation of a raseous pore
LPrlack of fusion 4 o . O :

2 lac o'Pfu © tymm or rounded slag inclusion); ellio-
92 . . . goid of revolution with axises re-
Lﬁﬂﬁmn paore lation 10:6 and rotation radius
10 Tow slloved?las p=1.8mn (strehiched slag inclusion):
a teel ellipsoid of revolution with axiges

- sree rolation 10:2,0=0.2m1; thin dig
6 relatlon 10:2,0=0.2nn: thin disc

] with exises relation 10:0.2, imita-
At Ting of slag film with p=0.07nn

(Larzov et a2Ll.1982). Ths evaluation
of stressed-zstrained condition in
defsct zone by elastic-plastic los-
@me ﬁiﬁf:;hﬂﬂ” ding was performed by finite ele-

nent method. The comparison of ex-
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chain of slag 1nclu¢10na) the calculated A& values appeared to
be higher uh& experimental K .. values. Baging on strain crite-
rium of fatigue damage 1n1t1az¥on and strain Cﬁﬂc sntration fag-
tors K¢, 1% 1s possible to determine the amplitude of local
straing 1in various configurations defecta lloc which permits to
calculate the relabtive service life before the initiation of
fatigue cracks N /N with The use of steel weld mstal low cycle
fatigue curves. ¥ the defects acce eptance is estimated with the
regard for crack initiation and propagation stage before reach-
ing the dangeroug for a structure a_ value, the curves of ac-
cepted gsingle defect sizes versus welded components thickness t
may be cons structed. Tigure 4 1llustrates such velationg for
welded Jointe cof low carbon Ferritic-perlitic, low alloved per-~
litic and Cr-Ni austenitic steels. fHere "The inspection degula~
tlons” PKASM4-Y2 is also given, which DFClJy %h@ pernissible

defact elzes in the weldments of HIP ijh VVER reachor. An ese
sential differvencs in acceptable sizes ol ﬂofec 5 of wvarious
typeﬂ {especially pores and slag inclusions) is observed. The

sizes of acceptable defects of one type bub of “ﬁDLOUu naterie
als are also diffsred. The reculrenents of FLI1514-72 Resulatie
ong are somewhal conservabive for pores and compact slag inclu-
giong, but agrees with the requirements providing componenis
necesgary cyclic strength as regarding for actu-angled slags.

strength approximately proportionslly with the detec—
vel in weld section. &y long-tern sbatic loading of
Cr-li steel weldmente an increased defects inlfluence is ob-
served.

2. A1l welding defecte egmsentially decreage weldmente strength
by cyelic losdlnbg the deoreauwnu depends on defects and cy-
clic loading types.

3. The dofpcb acoenranew evaluation procedures and acceplbance
criteris Tor WIP welded components should he hased on calcu-
lated estimabion of cyclic strvength of welded JO?HLM with

defects of wvarious types and zizes. In calcula umon bauing

on strain criteria of fatipue damapge the swperimental ¥ ..
alues and weld metal creep rupbuve strength and duct 111£y
should be taken into consideration (if it is necessary to
consider Temporal processses).

e
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