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Abstract 

During in-service inspection by non destructive testing the reliability is highly dependent 

on how the equipment is adjusted to the specific object and to the anticipated crack fea

tures. The crack feature and morphology vary widely between different cracking mecha

nisms and between material types, in which the cracks appear. The major objective of this 

study was to characterise a number of morphology parameters for common crack mecha

nism/structure material combinations. Critical morphology parameters are crack orien

tation, shape, width, surface roughness and branching. The crack parameters were 

evaluated from failure analyses reported from the nuclear and non-nuclear industry. In 

addition, a literature review was carried out on crack parameter reports and on failure 

analysis reports, which were further evaluated. 

The evaluated crack parameters were plotted and statistically processed in data groups 

with respect to crack mechanism and material type. The fatigue crack mechanisms were 

classified as mechanical, thermal or corrosion fatigue and the stress corrosion crack 

mechanisms as intergranular, transgranular or interdendritic stress corrosion cracking. 

Furthermore, some common weld defects were characterised for comparison. The 

materials were divided into three broad groups, namely, ferritic low alloy steels, stainless 

steels and nickel base alloys. 

The results indicate significant differences between crack parameters when comparing 

data from different crack mechanism/material type combinations. Typical parameter 

values and scatter were derived for several crack mechanism/material data groups, where 

the amount of compiled data was sufficient for statistical significance. 
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Sammanfattning 

Yid ofOrstorande provning ar provningens tillfOrlitlighet beroende av hur provnings

systemet anpassas tin det objekt som skall provas och till de fOrvantade defektemas 

morfologiska egenskaper. Dessa egenskaper varierar avsevart mellan olika sprick

mekanismer och meHan de materialtyper dar sprickoma upptrader. MaIet med denna 

smdie har varit at[ kartlagga et! antal parametrar som beskriver de morfologiska egen

skapema hos de vanHgaste sprickmekanisrnfmaterialkombinationema. Kritiska parametrar 

ar sprickorientering, form, bredd, ytfinhet och fOrgreningsgrad. Dessa parametrar har 

hamtats direkt fran skaderapporter eller uppmatts fran foton over trvarsnitt pa sprickor 

som redo visas i rapportema. U tvarderade sprickor ar skador som intraffat inom karn

teknisk och inom konventionell industri. Dessutom har en Htteratursmdie genomforts med 

syfte art sammansililla data fran liknande parametersmmer och darutOver samla in resultat 

fran skadeutredningar fOr egen utvardering. 

De uppmatta parametrama har behandlats statistiskt och grafiskt i grupper indelade efter 

sprickffiekanism och materialtyp. For utmattnmgssprickor sarskiljs mekanisk, termisk 

och korrosionsutmattning. For spanningskorrosionssprickor sarskiljs interkristallin, 

transkristalli:n och interdendritisk spanningskorrosion. Dessutom har nagra av de van

ligaste svetsfelen utvarderats fOr jamfOrelse med sprickoma. Materialen har delats in i tre 

stora grupper, namligen ferritiska laglegerade staI, rostfria sill och nickelbaslegeringar. 

Resultaten indikerar art signifIkanta skillnader fOr utvarderade sprickparametrar fOreligger 

nar olika sprickmekanism/materialgrupp-kombinationer jamfOrs. Typiska varden och 

spridning fOr de utvarderade parametrama har bestamts fOr alIa de datagrupper dar ett 

tillrackligt undedag fOrelegat. 
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4.6.2.2 Austenitic stainless steel 

The crack width was evaluated thermal fatigue cracks austenitic stainless steel. 

The range mm, 

5 - 40 mm and 3.25 - 100 %, respectively. results are shown in The 

crack show a crack width behaviour compared to the 
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4.6.3 Corrosion fatigue 

4.6.3.1 Ferritie low aUoy steel 

In 20 corrosion fatigue cracks :in ferritic low alloy steel were evaluated. The range 

u,",~",.u. wall ratio was mm, 4 -

1 - in 

number of evaluated cracks is larger compared to the ",,..,.,'un,,, two fatigue mechanisms, 

but scatter width data considerably The reason exc:eSS·lve corro-

increase width. In 0"''''''''''''''' are 



1000 
0 

Cl 
0 0 

0 0 00 
0 0 

00 
0 

0 
ID 0 0 0 
0 
0 0 0 

.:.:: 10 
u 
(ij 
"-

(.;I 

o 20 40 60 80 100 

Fig. 18, Crack width at surface and midway for 17 corrosion fatigue 

I''W'~U''~:'" versus 

1000 
0 

Cl 
0 Cl 

0 0 0 Cl 

b~ 
Cl Cl 

"' ~ 
~ 0 

p 0 DD 
0 DO 0 

~ 
Cl 0 B Cl 

rIl ID Cl 

~ 

~ Cl 

~ 

1 
o 2 4 6 10 

Fig. 19, Crack width at three locations for each crack venus distance 



one 
mm 

12 

10 

4-

, ... _'", .... 

/' 

/' 

o 

,/ 
,/ 

/' 
/ 

/ 

0.5 

is 

-":;;;.' '"Q 

.-' ..--/' 
/' 

/" 
/" 

..... , ........ 

............. 

1.5 2.5 3 

Fig. 26, Crack width at three locations for one corrosion fatigue crack in 

versus tip. 

4.6.4 IGSCC 

4.6.4.1 Ferritie low alloy steel 

13 were 

wan thickness and crack depth/wall thickness ratio is 1.0 ~ 23 mm, 5 -

are In Fig. 21 

surface and midway are plotted versus 

crack mcme,(] versus (11s1tarM;e 

each crack is included graph. The crack width lll¥.lVQ.'~ inCjrea~;in2 depth/wall 

and scatter 15 reasonlahl 
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4.6.4.3 Nickel base alloys 

Twelve were wall and 

depth/wall thickness ratio is 0.3 - 8.56, 1 - 8.56 and 50 - %, respectively. 

results are shown in 27 through 29. 
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Table 4, Cracli width statistics of fatigue cracks alloy 
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Table 5, Crack width statistics of fatigue cracks in stainless steels, 
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Table Crack width statistics of IGSCC for low aHoy steel and 

steet 
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Table 7, Crack width statistics of IDSCC and IGSCC for nickel base 

alloy. 



4.6.9 Literamre data on crack width 
measurements 

pipe means a low was mea-

sured by ultrasonic or by testing, examination. 

Statistics the crack width measurements and plots on crack width versus 

depth/wall are shown Table 9 and 45 and 46, respectively. 

measurements are 
were 

LfaI.J.A .... '-'i!I in two 14I"n,1",,'I"C' 

Ine!alIlog:rap,mc examinations 

was measured both at 

in 

at 

the crack. there no COIrellittlclfi between crack 

width. crack and pipe dimensions. a given crack depth, width is assumed to 

be controlled by bending moments. applied and he suggest the 

to presen.rea as a 

water reactor 

crack an extlon(~nUal function of crack depth. width data from 



not are 

cornp~trin:~ data 

.... V'.i"'M .... JI.~'U of this comparison is that crack measuremems on me~uu!ogralJ!mc sam-

[5] and an good accuracy as measurements made 

metal sun:ace 

cracks were 

turn 

on to-
gether with some data points from thermal fatigue in cast austenitic stainless steels and 

corrosion fatigue Type stainless steel. cracks were produced laboratory 

and the specimens used were of equal or almost equal thickness. The crack width mea-

surements were all made at the crack/surface The width are re-

plotted versus depth/wall values are 

more 

narrow thermal crack 

corrosion fatigue cracks. may partly be explained by the fact that all the width 

data DoctorlStenefjlill were obtained in laboratory where both loading and 

environmental conditions were well controlled. The major part of the cracks evaluated in 

are 

attack 
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stainless steels [6]. 

As mentioned previously the crack width strongly dependent on the stresses acting 

pe!'pel:l(:H~cm;ar to When cutting out a 

often is a:n]~u~a due to 

or 

crack width, and NDT rl"""'~n+...,. 

CaIlrlea. out Brickstad in 1991 crack 

closure was divided two categories. namely, I1P"r1Irp induced and crack gro\vth induced 

"'J.'-,"' ..... ,.., the by 

hVldrCIStiLtic loads, or "'U'''''U~''''''' 

as, weld residual stresses or residual stresses forming. Crack closure during 

crack growth occurs to local plastic residual strain in the of the crack surfaces 

"""'"u .... , .... a residual :is a remnant zone 



"'."'..,""" ~ .... "".ul""~ ID a cirl;;Wlrnfe]rentiru 

u"", ......... ' .r,r",.,"",..., iV'''''' .............. ID :a cmoollnterential 

in service __ ~ .... ,.., shut 
bent 

CQJ1W1U0I1S at 

stress 

occur 

a nuclear power plant. 

positions along pipe 

..... "",.",.fh un •. ",,,,,,", ........ v.:), ..... was c!a:lme~\1 to be well iIr .... ,., .. ",..., 

more difficult to pre~ru.c:t • ........ ~,J ... !F'.u. ~u'"'.uu, ..... fatigue at LUUlkU.l§ 

where water different temperature mix. was found possible. 

Considering estimations, the of crack closure must be accounted 

where the 
SlU.nlectto severe ti"lP'lrm;:! 

Crack width According to 

mechanical 

are presented ';:!v"'I'1.VU 4.6.9. A reasonably 

is 'I.',JI ~iCUJ.tJi.i3tt",U 20-
and approximately 40 Jlm the literature. 
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4.7 Crack surface roughness 

merumrements 

on 

4. '1.1 If'atigue 

evaluation seven mechanical fatigue, therm.al fatigue 20 

...... ~ .. "., ....... ' , ... ",,,.,-., are Table 

.lau~"",",· ""u ..... A.a show lower and less i:>'\.',",''''"",lVU compared to 'v, ..... "'''' ........ 

fatigue Cl'acl.(S highest 4-values were measured mechanical fatigue cracks, while 

evaluation fatigue thermal fatigue are 

shown in Table 11 and Fig. 52 and 53. Mechanical fatigue cracking in stainless 

a comparable roUg.!l1'1lesS to ferotic steel. One data 
212 !lm, U"e.~'''''A than the the scatrer this data group 

more sca1~r~~a 

to "'''''u''''',", 

cracking, as in terIltlC alloy values are, also approximately same. 
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two areas 
rest were the lnItuenCe 

11lttuelrlCe on se~re~!H IIletJtlO(lS to measure 

are many .... ..,.UUU ... 'JA .... which depend on 
measurement is .uu" .... " .. ""' .... '.5 methods are 1-''''''''''''''''''''''' measurement on a 

a surface roughness or measurements on a 

over a cross section The most common measW'es are and 

surface measurements on ratl,gue test spt::cu:neIlS of auste-

stainless and ferritic low 

median 

derived 

ness 

and global rOU.gID:less 
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