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Disclaimer 

qÜÉ=áåÑçêã~íáçå=éêÉëÉåíÉÇ=áå=íÜáë=êÉéçêí=Ü~ë=ÄÉÉå=ÅçãéáäÉÇ=~åÇ=~å~äóëÉÇ=Äó=

^Çî~åÅÉÇ=kìÅäÉ~ê=qÉÅÜåçäçÖó=fåíÉêå~íáçå~ä=bìêçéÉ=^_=E^kq=fåíÉêå~íáçå~ä∆F=

~åÇ=áíë=ëìÄÅçåíê~ÅíçêëK=^kq=fåíÉêå~íáçå~ä=Ü~ë=ÉñÉêÅáëÉÇ=ÇìÉ=ÇáäáÖÉåÅÉ=áå=íÜáë=ïçêâI=

Äìí=ÇçÉë=åçí=ï~êê~åí=íÜÉ=~ÅÅìê~Åó=çê=ÅçãéäÉíÉåÉëë=çÑ=íÜÉ=áåÑçêã~íáçåK=

^kq=fåíÉêå~íáçå~ä=ÇçÉë=åçí=~ëëìãÉ=~åó=êÉëéçåëáÄáäáíó=Ñçê=~åó=ÅçåëÉèìÉåÅÉë=

~ë=~=êÉëìäí=çÑ=íÜÉ=ìëÉ=çÑ=íÜÉ=áåÑçêã~íáçå=Ñçê=~åó=é~êíóI=ÉñÅÉéí=~=ï~êê~åíó=

Ñçê=êÉ~ëçå~ÄäÉ=íÉÅÜåáÅ~ä=ëâáääI=ïÜáÅÜ=áë=äáãáíÉÇ=íç=íÜÉ=~ãçìåí=é~áÇ=Ñçê=íÜáë=~ëëáÖåãÉåí=

Äó=É~ÅÜ=LCCQ éêçÖê~ããÉ=ãÉãÄÉêK=
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Acronyms and expressions 

^pjb= ^ãÉêáÅ~å=pçÅáÉíó=çÑ=jÉÅÜ~åáÅ~ä=båÖáåÉÉêë=

^pqj= ^ãÉêáÅ~å=pçÅáÉíó=Ñçê=qÉëíáåÖ=j~íÉêá~äë=

^sq= ^ää=sçä~íáäÉ=E`ÜÉãáÅ~äF=qêÉ~íãÉåí=

_^`= _çêáÅ=^ÅáÇ=`çêêçëáçå==

_jf= _çííçã=jçìåíÉÇ=fåëíêìãÉåí~íáçå=EåçòòäÉëF=

_to= _çáäáåÖ=t~íÉê=oÉ~Åíçê==

_wq= _Éåòçíêá~òçäÉ==

`Ci^p= `~êÄçå=~åÇ=içï=^ääçó=píÉÉäë=

``q= `çåíáåìçìë=Ó=`ççäáåÖ=Óqê~åëÑçêã~íáçå=Eaá~Öê~ãF=

``t= `äçëÉÇ=`ççäáåÖ=t~íÉê=EpóëíÉãF=

`ac= `çêÉ=a~ã~ÖÉ=cêÉèìÉåÅó=

`boi= `Éåíê~ä=bäÉÅíêáÅáíó=oÉëÉ~êÅÜ=i~Äçê~íçêáÉë=

`c= `çêêçëáçå=c~íáÖìÉ=

`co= `çÇÉ=çÑ=cÉÇÉê~ä=oÉÖìä~íáçåë=

`do= `ê~Åâ=dêçïíÜ=o~íÉ=

`rc= `ìãìä~íáîÉ=rë~ÖÉ=c~Åíçê=

`o= `çêêçëáçå=o~íÉ=

`oaj= `çåíêçä=oçÇ=aêáîÉ=jÉÅÜ~åáëã=

`ora= `Ü~äâ=oáîÉê=råáÇÉåíáÑáÉÇ=aÉéçëáí=Eçê=båÖäáëÜ=ëä~åÖ=íÉêã=Ñçê=“ÇáêíÒF=

`pq= `çåÇÉåë~íÉ=píçê~ÖÉ=q~åâ=

`q= `çãé~Åí=qÉåëáçå=EÇÉëáÖå=çÑ=ëíêÉëë=Åçêêçëáçå=~åÇ=Åçêêçëáçå=Ñ~íáÖìÉ=íÉëí=ëéÉÅáãÉåF==

`s`p= `ÜÉãáÅ~ä=~åÇ=sçäìãÉ=`çåíêçä=póëíÉã==

`wo= `Éåíê~ä=wçåÉ=oÉãÉäíáåÖ=

ai= aáëéçëáíáçå=iáåÉ=EêÉä~íáçåëÜáé=ÄÉíïÉÉå=Åê~Åâ=éêçé~Ö~íáçå=ê~íÉ=~åÇ=ëíêÉëë=áåíÉåëáíó=Ñ~ÅíçêF=

ap^= aóå~ãáÅ=píê~áå=^ÖáåÖ=

b^`= båîáêçåãÉåí~ääóJ^ëëáëíÉÇ=`ê~ÅâáåÖ=

b``p= bãÉêÖÉåÅó=`çêÉ=`ççäáåÖ=póëíÉã=

bac= bäÉÅíêáÅáíÉ=ÇÉ=cê~åÅÉ==

bcme= bÑÑÉÅíáîÉ=cìää=mçïÉê=eçìêë==

bcmv= bÑÑÉÅíáîÉ=cìää=mçïÉê=vÉ~êë==

bpeq= bäÉÅíêçëä~Ö=eçí=qçééáåÖ=

bpo= bäÉÅíêçpä~Ö=oÉãÉäíáåÖ=

bmof= bäÉÅíêáÅ=mçïÉê=oÉëÉ~êÅÜ=fåëíáíìíÉ=

c^`= cäçï=^ÅÅÉäÉê~íÉÇ=`çêêçëáçå=

d^ii= dÉåÉêáÅ=^ÖáåÖ=iÉëëçåë=iÉ~êåÉÇ=EoÉéçêíF=

d^l= dÉåÉê~ä=^ÅÅçìåíáåÖ=lÑÑáÅÉ=EçÑ=rp=`çåÖêÉëëF=

di= dÉåÉêáÅ=iÉííÉê==

da`= dÉåÉê~ä=aÉëáÖå=`êáíÉêá~=

e^w= eÉ~í=^ÑÑÉÅíÉÇ=wçåÉ=E~Çà~ÅÉåí=íç=~=ïÉäÇF=

e`c= eáÖÜ=`óÅäÉ=c~íáÖìÉ=

emf= eáÖÜ=mêÉëëìêÉ=fåàÉÅíáçå=

et`= eóÇêçÖÉå=t~ëíÉê=`ÜÉãáëíêó=EÑçê=BWRëF=
fa= fååÉê=aá~ãÉíÉê=

fd^= fåíÉêÖê~åìä~ê=^íí~Åâ=

fdp``= fåíÉêÖê~åìä~ê=píêÉëë=`çêêçëáçå=`ê~ÅâáåÖ=

htr= hê~ÑítÉêâråáçå=

i``= LWR=`ççä~åí=`ÜÉãáëíêó=

i`c= içï=`óÅäÉ=c~íáÖìÉ=

im= içï=mêÉëëìêÉ=Eëí~ÖÉë=áå=ëíÉ~ã=íìêÄáåÉF=

ito= iáÖÜí=t~íÉê=oÉ~Åíçê=

j^= jáää=^ååÉ~ä=

jf`= jáÅêçÄáçäçÖáÅ~ääóJfåÑäìÉåÅÉÇ=`çêêçëáçå=

j
Ñ
= j~êíÉåëáíÉ=cáåáëÜ=EqÉãéÉê~íìêÉF=

j
ë=

j~êíÉåëáíÉ=pí~êí=EqÉãéÉê~íìêÉF=
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jpio= j~áå=píÉ~ã=iáåÉ=o~Çá~íáçå=

kab= kçåJaÉëíêìÅíáîÉ=bñ~ãáå~íáçå==

kfp^= kìÅäÉ~ê=~åÇ=fåÇìëíêá~ä=p~ÑÉíó=^ÖÉåÅó=EçÑ=g~é~åF=

kj`^= kçÄäÉ=jÉí~ä=`ÜÉãáÅ~ä=^ÇÇáíáçå=

ko`= kìÅäÉ~ê=oÉÖìä~íçêó=`çããáëëáçå=

kt`= kçêã~ä=t~íÉê=`ÜÉãáëíêó=EÑçê=BWRëF=
la= lìíÉê=aá~ãÉíÉê=

lqpd= låÅÉ=qÜêçìÖÜ=píÉ~ã=dÉåÉê~íçê=

mteq= mçëí=tÉäÇ=eÉ~í=qêÉ~íãÉåí=

mto= mêÉëëìêáòÉÇ=t~íÉê=oÉ~Åíçê=

mtp``= mêáã~êó=t~íÉê=píêÉëë=`çêêçëáçå=`ê~ÅâáåÖ=

o`p= oÉ~Åíçê=`ççä~åí=póëíÉã=

oms= oÉ~Åíçê=mêÉëëìêÉ=sÉëëÉä=

opd= oÉÅáêÅìä~íáåÖ=píÉ~ã=dÉåÉê~íçê=

p``= píêÉëë=`çêêçëáçå=`ê~ÅâáåÖ=

p``f= píêÉëë=`çêêçëáçå=`ê~ÅâáåÖ=fåÇÉñ=

pbj= pÅ~ååáåÖ=bäÉÅíêçå=jáÅêçëÅçéÉ=

pf``= píê~áå=fåÇìÅÉÇ=`çêêçëáçå=`ê~ÅâáåÖ=

po_= pìäéÜ~íÉ=oÉÇìÅáåÖ=_~ÅíÉêá~=

ppoq= päçï=píê~áå=o~íÉ=qÉëíáåÖ=EÑçê=Éî~äì~íáçå=çÑ=SCC=ëìëÅÉéíáÄáäáíóF=
qdp``= qê~åëÖê~åìä~ê=píêÉëë=`çêêçëáçå=`ê~ÅâáåÖ==

qi^^= qáãÉ=iáãáíÉÇ=^ÖáåÖ=^å~äóëáë==

qq= qê~åëáíáçå=qÉãéÉê~íìêÉ=EÑçê=ÄêáííäÉ=íç=ÇìÅíáäÉ=ÄÉÜ~îáçìê=áå=Ñê~ÅíìêÉ=êÉëáëí~åÅÉ=`Ü~êéó=íÉëí=

qq^= qçäóäíêá~òçäÉ=

qqq= qÉãéÉê~íìêÉJqáãÉJqê~åëÑçêã~íáçå=Eaá~Öê~ãF=

rh^b^= råáíÉÇ=háåÖÇçã=^íçãáÅ=båÉêÖó=^ìíÜçêáíó==

rqp= räíáã~íÉ=qÉåëáäÉ=píêÉåÖíÜ==

rpko`= råáíÉÇ=pí~íÉë=kìÅäÉ~ê=oÉÖìä~íçêó=`çããáëëáçå=

ssbo= sçÇ~=sçÇ~=båÉêÖç=oÉ~Åíçê=Eoìëëá~å=îÉêëáçå=çÑ=PWRF=
sek= sáÅâÉêë=e~êÇåÉëë=kìãÄÉê=

sfm= sÉëëÉä=fåíÉêå~äë=mêçÖê~ã=EçÑ=EPRIF=
tli= tÉÇÖÉ=léÉåáåÖ=iç~ÇáåÖ=EêÉÑÉêêáåÖ=íç=~=SCC=ëéÉÅáãÉå=ÇÉëáÖåF=
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Unit conversion 

TEMPERATURE  MASS 

°C + 273.15 = K               °C*1.8 +32 = °F  kg lbs 

T(K) T(°C) T(°F)  0.454 1 
273 0 32  1 2.20 

289 16 61    

298 25 77  DISTANCE 

373 100 212  x (µm) x (mils) 

473 200 392  0.6 0.02 

573 300 572  1 0.04 

633 360 680  5 0.20 

673 400 752  10 0.39 

773 500 932  20 0.79 

783 510 950  25 0.98 

793 520 968  25.4 1.00 
823 550 1022  100 3.94 

833 560 1040    

873 600 1112  PRESSURE 

878 605 1121  bar MPa psi 

893 620 1148  1 0.1 14 

923 650 1202  10 1 142 

973 700 1292  70 7 995 

1023 750 1382  70.4 7.04 1000 
1053 780 1436  100 10 1421 

1073 800 1472  130 13 1847 

1136 863 1585  155 15.5 2203 

1143 870 1598  704 70.4 10000 
1173 900 1652  1000 100 14211 

1273 1000 1832     

1343 1070 1958  STRESS INTENSITY FACTOR 

1478 1204 2200  MPa√m ksi√inch 

    0.91 1 

Radioactivity  1 1.10 

1 Sv 
1 Ci 

1 Bq 

= 100 Rem 
= 3.7 x 1010 Bq = 37 GBq 
= 1 s-1 

   

 
=
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Summary 

`~êÄçå=~åÇ=äçï=~ääçó=ëíÉÉäë=~êÉ=ïáÇÉäó=ìëÉÇ=~ë=ëíêìÅíìê~ä=ã~íÉêá~äë=áå=ï~íÉêJÅççäÉÇ=êÉ~Åíçêë=

ÄÉÅ~ìëÉ=çÑ=íÜÉáê=ë~íáëÑ~Åíçêó=ãÉÅÜ~åáÅ~ä=éêçéÉêíáÉëI=É~ëÉ=çÑ=Ñ~ÄêáÅ~íáçåI=êÉä~íáîÉäó=äçï=ÅçëíI=~åÇ=~=

ïáÇÉ=ÉñéÉêáÉåÅÉ=Ä~ëÉ=áå=çíÜÉê=áåÇìëíêáÉë=ëìÅÜ=~ë=Ñçëëáä=éçïÉêI=éÉíêçÅÜÉãáÅ~äI=Ö~ëI=ÉíÅK=

b~êäó=ÅçåÅÉêåë=ëéÉÅáÑáÅ=íç=íÜÉ=åìÅäÉ~ê=éçïÉê=áåÇìëíêó=ïÉêÉ=~ëëçÅá~íÉÇ=ïáíÜ=ÖÉåÉê~ä=Åçêêçëáçå=

E~åÇ=áíë=áãé~Åí=çå=ÅêìÇ=Ñçêã~íáçåFI=Ñ~íáÖìÉ=~åÇ=áêê~Çá~íáçå=ÉãÄêáííäÉãÉåíX=íÜÉëÉ=ïÉêÉ=~ÇÇêÉëëÉÇ=~í=

íÜÉ=ÇÉëáÖå=ëí~ÖÉK=eçïÉîÉê=áå=íÜÉ=áåíÉêîÉåáåÖ=óÉ~êë=íÜÉêÉ=Ü~îÉ=ÄÉÉå=åìãÉêçìë=áåëí~åÅÉë=çÑ=

ÉåîáêçåãÉåí~ääóJ~ëëáëíÉÇ=ÇÉÖê~Ç~íáçå=áå=î~êáçìë=ÅçãéçåÉåíë=áå=íÜÉ=éêáã~êóI=ëÉÅçåÇ~êó=~åÇ=

íÉêíá~êó=ëóëíÉãë=áå=ï~íÉêJÅççäÉÇ=êÉ~ÅíçêëK=qÜÉëÉ=áåÅáÇÉåíë=Ü~îÉ=ê~åÖÉÇ=Ñêçã=ÅêÉîáÅÉ=Åçêêçëáçå=çÑ=

Å~êÄçå=ëíÉÉä=íìÄÉ=ëìééçêí=éä~íÉë=áå=íÜÉ=PWR=ëÉÅçåÇ~êó=ëóëíÉãI=íç=ãáÅêçÄáçäçÖáÅ~ääóJáåÑäìÉåÅÉÇ=

Åçêêçëáçå=áå=íÜÉ=ëÉêîáÅÉ=ï~íÉê=ëóëíÉãI=íç=áåíÉêÖê~åìä~ê=ëíêÉëë=Åçêêçëáçå=Åê~ÅâáåÖ=áå=PWR=~åÇ=BWR=
ëíÉ~ã=íìêÄáåÉ=ÇáëÅë=~åÇ=íç=íê~åëÖê~åìä~ê=ëíêÉëë=Åçêêçëáçå=Åê~ÅâáåÖ=áå=íÜÉ=BWR=RPV=ÑÉÉÇï~íÉê=éáéáåÖK=

qÜÉëÉ=éÜÉåçãÉå~=~êÉ=ÇáëÅìëëÉÇ=áå=íÜáë=êÉéçêí=áå=íÉêãë=çÑ=íÜÉ=ã~íÉêá~äI=ÉåîáêçåãÉåí=~åÇI=ïÜÉêÉ=

~ééäáÅ~ÄäÉI=ëíêÉëë=ÅçåÇáíáçåë=íÜ~í=Åçåíêçä=íÜÉ=ÇÉÖêÉÉ=çÑ=ÇÉÖê~Ç~íáçå=çÄëÉêîÉÇ=áå=ÄçíÜ=ä~Äçê~íçêó=

íÉëíë=~åÇ=êÉ~Åíçê=çéÉê~íáçåëK=pìÅÜ=âåçïäÉÇÖÉ=äÉ~Çë=íç=~=ÇÉÑáåáíáçå=çÑ=ëìëí~áå~ÄäÉ=ãáíáÖ~íáçå=~ÅíáçåëK=

^ííÉåíáçå=áë=éä~ÅÉÇ=çå=~å=ìåÇÉêëí~åÇáåÖ=çÑ=íÜÉ=ÅÜêçåçäçÖó=çÑ=ÉîÉåíë=íÜ~í=äÉ~Ç=íç=“Ñ~áäìêÉÒ=çÑ=~=

ÅçãéçåÉåíI=~åÇ=íÜÉ=ãÉÅÜ~åáëãë=íÜ~í=~êÉ=êÉäÉî~åí=áå=íÜ~í=ÅÜêçåçäçÖóK=qÜáë=ÉãéÜ~ëáë=áë=ã~ÇÉ=ëáåÅÉ=

áí=çÑÑÉêë=~=ëâÉäÉíçå=ìéçå=ïÜáÅÜ=íç=Ä~ëÉ=~å=~å~äóëáë=çÑ=íÜÉ=ëçãÉíáãÉë=ÅçãéäÉñ=áåíÉê~Åíáçåë=ÄÉíïÉÉå=

íÜÉ=ã~íÉêá~äI=ÉåîáêçåãÉåí=~åÇ=ëíêÉëë=ÇêáîÉêëK=

qÜáë=êÉéçêí=áë=ïêáííÉå=~í=íÜáë=íáãÉ=ïáíÜ=íÜÉ=~áã=çÑ=ÄêáåÖáåÖ=é~êíá~ä=ÅäçëìêÉ=çå=íÜÉ=íçéáÅ=çÑ=

ÉåîáêçåãÉåí~ääóJ~ëëáëíÉÇ=ÇÉÖê~Ç~íáçå=çÑ=Å~êÄçå=~åÇ=äçï=~ääçó=ëíÉÉäë=áå=ï~íÉêJÅççäÉÇ=êÉ~ÅíçêëI=

ëáåÅÉ=íÜÉêÉ=áë=~=àìëíáÑá~ÄäÉ=îáÉïéçáåí=íÜ~í=íÜÉ=ã~àçê=ÇÉÖê~Ç~íáçå=ãçÇÉë=~êÉ=ìåÇÉêëíççÇ=ïÉää=

ÉåçìÖÜ=íÜ~í=ãáíáÖ~íáçå=~åÇ=Åçåíêçä=ÅêáíÉêá~=~êÉ=áå=éä~ÅÉI=~åÇ=íÜ~í=íÜÉ=êáëâ=~ëëçÅá~íÉÇ=ïáíÜ=ëìÅÜ=

ÇÉÖê~Ç~íáçå=ãçÇÉë=áë=~ÅÅÉéí~Ääó=äçïK=rå~ÅÅÉéí~ÄäÉ=ÉîÉåíë=have ÅÉêí~áåäó=çÅÅìêêÉÇ=áå=êÉÅÉåí=íáãÉë=

EÑçê=áåëí~åÅÉI=Ñäçï=~ëëáëíÉÇ=Åçêêçëáçå=çÑ=~=ëíÉ~ã=äáåÉ=äÉ~ÇáåÖ=íç=éáéÉ=êìéíìêÉ=~í=jáÜ~ã~I=~åÇ=ÄçêáÅ=

~ÅáÇ=Åçêêçëáçå=íÜêçìÖÜ=íÜÉ=äçï=~ääçó=ëíÉÉä=ëÉÅíáçå=çÑ=íÜÉ=éêÉëëìêÉ=îÉëëÉä=ÜÉ~Ç=~í=a~îáë=_ÉëëÉF=~åÇ=

íÜÉëÉ=Ü~îÉ=ëáÖåáÑáÅ~åíäó=áãé~ÅíÉÇ=íÜÉ=éìÄäáÅ=éÉêÅÉéíáçå=çÑ=ë~ÑÉíó=çÑ=êÉ~Åíçê=ÅçãéçåÉåíëK=eçïÉîÉê=

íÜÉëÉ=áåÅáÇÉåíë=Ü~îÉ=ÄÉÉå=~ëÅêáÄÉÇ=éêáã~êáäó=íç=ä~Åâ=çÑ=ã~å~ÖÉãÉåí=çîÉêëáÖÜíI=ê~íÜÉê=íÜ~å=~=ä~Åâ=

çÑ=íÉÅÜåáÅ~ä=âåçïäÉÇÖÉ=çÑ=íÜÉ=éÜÉåçãÉå~K=
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1 Introduction 

qÜáë=êÉéçêí=áë=çåÉ=çÑ=~=ëÉêáÉë=çÑ=íçéáÅ~ä=êÉéçêíë=ÅçîÉêáåÖ=ÉåîáêçåãÉåí~ääóJ~ëëáëíÉÇ=ÇÉÖê~Ç~íáçå=çÑ=

ëíêìÅíìê~ä=ã~íÉêá~äë=áå=ï~íÉêJÅççäÉÇ=åìÅäÉ~ê=êÉ~ÅíçêëK=qÜÉ=Ñáêëí=áå=íÜÉ=ëÉêáÉë=EcçêÇI=OMMSF=ëÉêîÉÇ=~ë=

~å=áåíêçÇìÅíáçå=íç=íÜÉ=ëìÄàÉÅíI=ÄÉáåÖ=~áãÉÇ=~í=éÉêëçååÉä=ïÜç=ïÉêÉ=ÉáíÜÉê=åÉï=íç=íÜÉ=íçéáÅ=çê=

åÉÉÇÉÇ=~=“êÉÑêÉëÜÉêJÅçìêëÉ“çå=íÜÉ=ìåÇÉêäóáåÖ=éêáåÅáéäÉë=çÑ=ìåáÑçêã=~åÇ=äçÅ~äáòÉÇ=Åçêêçëáçå=

éÜÉåçãÉå~=êÉäÉî~åí=íç=íÜÉ=ëíêìÅíìê~ä=ã~íÉêá~äë=áå=ï~íÉêJÅççäÉÇ=åìÅäÉ~ê=êÉ~ÅíçêëK=qÜáë=ëÉÅçåÇ=

êÉéçêí=áå=íÜÉ=ëÉêáÉë=ìëÉë=íÜÉ=OMMS=êÉéçêí=~ë=~=Ä~ëÉ=~åÇ=ÑçÅìëÉë=áå=ãçêÉ=ÇÉí~áä=çå=íÜÉ=ÉåîáêçåãÉåí~ääóJ

~ëëáëíÉÇ=ÇÉÖê~Ç~íáçå=çÑ=Å~êÄçå=~åÇ=äçïÓ~ääçó=ëíÉÉäë=ÇìÉ=íç=íÜÉ=~èìÉçìë=ÉåîáêçåãÉåí
N

K==

`~êÄçå=~åÇ=äçïJ~ääçó=ëíÉÉäë=ã~âÉ=ìé=~=ã~àçê=éçêíáçå=çÑ=íÜÉ=ã~íÉêá~äë=çÑ=ÅçåëíêìÅíáçå=Ñçê=

éêÉëëìêÉ=êÉí~áåáåÖ=ÅçãéçåÉåíë=áå=ï~íÉêJÅççäÉÇ=åìÅäÉ~ê=êÉ~ÅíçêëK=qÜÉ=ÅÜçáÅÉ=çÑ=íÜÉëÉ=ã~íÉêá~äë=ï~ë=

Ä~ëÉÇ=çå=íÜÉáê=äçï=Åçëí=Eáå=Åçãé~êáëçå=íç=íÜÉ=ÜáÖÜÉêJ~ääçóÉÇ=ã~íÉêá~äë=ëìÅÜ=~ë=ëí~áåäÉëë=ëíÉÉäë=~åÇ=

åáÅâÉäJÄ~ëÉ=~ääçóëFI=íÜÉáê=ÖççÇ=Ñê~ÅíìêÉ=êÉëáëí~åÅÉ=Eáå=íÜÉ=ìåáêê~Çá~íÉÇ=ÅçåÇáíáçåF=~åÇI=Ñáå~ääóI=íÜÉáê=

É~ëÉ=çÑ=Ñ~ÄêáÅ~íáçåK=jçêÉçîÉê=íÜÉêÉ=ï~ë=ÉñíÉåëáîÉI=ë~íáëÑ~Åíçêó=ÉñéÉêáÉåÅÉ=ïáíÜ=íÜÉëÉ=~ääçóë=Ñêçã=

çíÜÉê=áåÇìëíêáÉëI=ëìÅÜ=~ë=éÉíêçÅÜÉãáÅ~ä=~åÇ=Ñçëëáä=éçïÉêK==

qÜÉ=“^ãÉêáÅ~å=pçÅáÉíó=çÑ=jÉÅÜ~åáÅ~ä=båÖáåÉÉêë=EASMEF=_çáäÉê=~åÇ=mêÉëëìêÉ=sÉëëÉä=`çÇÉ=
pÉÅíáçå=fffI=kìÅäÉ~ê=mçïÉê=mä~åí=`çãéçåÉåíëÒ=çìíäáåÉë=íÜÉ=ÅêáíÉêá~=íÜ~í=ãìëí=ÄÉ=~ÇÜÉêÉÇ=íç=Ñçê=

éêÉëëìêÉÓÄçìåÇ~êó=ÅçãéçåÉåíëK=sÉêó=ëáãáä~ê=ÅêáíÉêá~=Éñáëí=áå=çíÜÉê=å~íáçåëK=qÜÉëÉ=ÅêáíÉêá~=~êÉ=

~ÅÅÉéíÉÇ=EïáíÜ=ëçãÉ=ãçÇáÑáÅ~íáçåëF=Äó=íÜÉ=rp=kìÅäÉ~ê=oÉÖìä~íçêó=`çããáëëáçå=EUSNRCFI=ïáíÜ=
íÜÉ=ÇÉí~áäë=çìíäáåÉÇ=áå=qáíäÉNM=çÑ=íÜÉ=`çÇÉ=çÑ=cÉÇÉê~ä=oÉÖìä~íáçåë=ECFRF=m~êí=RMI=ïÜáÅÜ=~ÇÇêÉëëÉë=
íÜÉ=ÅêáíÉêá~=Ñçê=ÇçãÉëíáÅ=äáÅÉåëáåÖ=çÑ=äáÖÜí=ï~íÉê=êÉ~ÅíçêëK=få=é~êíáÅìä~êI=íÜÉëÉ=ÅêáíÉêá~=~êÉ=ÇáëÅìëëÉÇ=

áå=^ééÉåÇáñ=^=çÑ=NMCFRRMI=ïÜáÅÜ=ÅçîÉêë=íÜÉ=dÉåÉê~ä=aÉëáÖå=`êáíÉêá~=EGDCFI=~åÇ=áå=
NMCFRRMKRRI=ïÜáÅÜ=~ÇÇêÉëëÉë=íÜÉ=ÅçåÇáíáçåë=Ñçê=~=ÅçåëíêìÅíáçå=éÉêãáí=~åÇ=íÜÉ=~ëëçÅá~íÉÇ=ÅçÇÉë=
~åÇ=ëí~åÇ~êÇë=EENMCFRRMKRR~FK=

qÜÉ=NVTT=ASME=pÉÅíáçå=fff=ÇÉëáÖå=ÅçÇÉ=ÑçääçïÉÇ=~=êÉä~íáîÉäó=ÅçåëÉêî~íáîÉ=éÜáäçëçéÜó=
EoçÄÉêíëI=NVUNF=~ë=áääìëíê~íÉÇ=Äó=íÜÉ=ÑçääçïáåÖ=èìçíÉ=Ñêçã=íÜÉ=ÅçÇÉX==

“qÜÉ=éçíÉåíá~ä=Ñ~áäìêÉ=ãçÇÉë=~åÇ=î~êáçìë=ëíêÉëë=Å~íÉÖçêáÉë=~êÉ=êÉä~íÉÇ=íç=íÜÉ=`çÇÉ=éêçîáëáçåëI=

~ë=ÑçääçïëX=

~F qÜÉ=éêáã~êó=ëíêÉëë=äáãáíë=~êÉ=áåíÉåÇÉÇ=íç=éêÉîÉåí=éä~ëíáÅ=ÇÉÑçêã~íáçå=~åÇ=íç=éêçîáÇÉ=~=

åçãáå~ä=Ñ~Åíçê=çÑ=ë~ÑÉíó=çå=íÜÉ=ÇìÅíáäÉ=Äìêëí=éêÉëëìêÉK=

ÄF qÜÉ=éêáã~êó=~åÇ=ëÉÅçåÇ~êó=ëíêÉëë=äáãáíë=~êÉ=áåíÉåÇÉÇ=íç=éêÉîÉåí=ÉñÅÉëëáîÉ=éä~ëíáÅ=

ÇÉÑçêã~íáçå=äÉ~ÇáåÖ=íç=áåÅêÉãÉåí~ä=Åçää~éëÉ=~åÇ=íç=î~äáÇ~íÉ=íÜÉ=~ééäáÅ~íáçå=çÑ=Éä~ëíáÅ=~å~äóëáë=

ïÜÉå=éÉêÑçêãáåÖ=íÜÉ=Ñ~íáÖìÉ=Éî~äì~íáçåK=

ÅF qÜÉ=éÉ~â=ëíêÉëë=äáãáí=áë=áåíÉåÇÉÇ=íç=éêÉîÉåí=Ñ~íáÖìÉ=Ñ~áäìêÉ=~ë=~=êÉëìäí=çÑ=ÅóÅäáÅ=äç~ÇáåÖK=

ÇF péÉÅá~ä=ëíêÉëë=äáãáíë=~êÉ=éêçîáÇÉÇ=Ñçê=Éä~ëíáÅ=~åÇ=áåÉä~ëíáÅ=áåëí~ÄáäáíóK==

Protection against brittle fracture is provided by material selection rather than analysis. Protection 
against environmental effects, such as corrosion and radiation effects, is the responsibility of the 
designer.”2

==

qÜìëI=~í=äÉ~ëí=áå=íÜÉ=rpI=áí=áë=~éé~êÉåí=íÜ~í=íÜÉ=ASME=pÉÅíáçå=fff=ÇÉëáÖå=ÅêáíÉêá~=êÉäÉî~åí=íç=íÜÉ=
ÅìêêÉåí=iáÖÜí=t~íÉê=oÉ~Åíçê=ELWRF=ÑäÉÉí=ïÉêÉ=ÇêáîÉå=Äó=ãÉÅÜ~åáÅ~ä=éêçéÉêíó=ÅçåëáÇÉê~íáçåë=~åÇ=

íÜÉ=çåäó=ã~íÉêá~äë=ÇÉÖê~Ç~íáçå=ãçÇÉë=ÅçåëáÇÉêÉÇ=ïÉêÉ=ÖÉåÉê~ä=Åçêêçëáçå=Eáå=íÉêãë=çÑ=áíë=ÉÑÑÉÅí=çå=

åÉí=ëÉÅíáçå=ëíêÉëëFI=Ñ~íáÖìÉ=~åÇ=ÉãÄêáííäÉãÉåíK=^=ëáãáä~ê=ëáíì~íáçå=ÉñáëíëI=Ñçê=áåëí~åÅÉI=áå=cê~åÅÉ=

~äíÜçìÖÜ=êÉÅÉåí=ÅÜ~åÖÉë=Ü~îÉ=ÄÉÉå=ã~ÇÉ=íÜ~í=ÇáÅí~íÉ=íÜ~í=~ää=êÉ~ëçå~Ääó=~åíáÅáé~íÉÇ=ÇÉÖê~Ç~íáçå=

ãçÇÉë=ãìëí=ÄÉ=í~âÉå=áåíç=~ÅÅçìåí=~í=íÜÉ=ÇÉëáÖå=ëí~ÖÉK=

                                                 
 
 
N

=qÜÉ=ãÉí~ääìêÖó=çÑ=áêê~Çá~íáçå=áåÇìÅÉÇ=ÉãÄêáííäÉãÉåí=çÑ=äçï=~ääçó=éêÉëëìêÉ=îÉëëÉä=ëíÉÉäë=áë=åçí=áåÅäìÇÉÇ=áå=

íÜáë=êÉéçêí=
O

=_çäÇ=Ñçåí=áåëÉêíÉÇ=Äó=~ìíÜçêëK=
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eçïÉîÉêI=áí=ï~ë=êÉÅçÖåáòÉÇ=Äó=íÜÉ=ÇÉëáÖåÉêë=íÜ~í=íïç=ìåáèìÉ=éêçÄäÉãë=ÅçìäÇ=Ñ~ÅÉ=Å~êÄçå=~åÇ=äçï=

~ääçó=ëíÉÉäë=áå=åìÅäÉ~ê=êÉ~Åíçê=çéÉê~íáçåK=cáêëíI=íÜ~í=áêê~Çá~íáçå=ÉãÄêáííäÉãÉåí=çÑ=íÜÉ=éêÉëëìêÉ=îÉëëÉä=

ëíÉÉä=ïçìäÇ=çÅÅìê=áå=ÜáÖÜ=åÉìíêçå=Ñäìñ=êÉÖáçåë=çîÉê=íáãÉ=~åÇI=ëÉÅçåÇI=íÜ~í=Åçêêçëáçå=éêçÇìÅíë=

ÅçìäÇ=ÄÉ=áêê~Çá~íÉÇ=ÇìêáåÖ=é~ëë~ÖÉ=íÜêçìÖÜ=íÜÉ=ÅçêÉ=êÉÖáçå=~åÇI=ïçìäÇI=íÜÉêÉÄóI=ÅêÉ~íÉ=ê~Çáç~ÅíáîÉ=
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ÇÉÖê~Ç~íáçå=ãçÇÉë=ëìÅÜ=~ë=áêê~Çá~íáçå=ÉãÄêáííäÉãÉåí=EÇìÉ=íç=íÜÉ=áåÅêÉ~ëÉÇ=åÉìíêçå=ÑäìÉåÅÉFI=

íÜÉêã~ä=ÉãÄêáííäÉãÉåí=EÇìÉ=íç=~ÖáåÖ=éÜÉåçãÉå~=çÅÅìêêáåÖ=çîÉê=íÜÉ=ÉñíÉåÇÉÇ=çéÉê~íáåÖ=íáãÉ=~í=

íÉãéÉê~íìêÉFI=~åÇ=íç=Ñ~íáÖìÉ=EÇìÉ=íç=íÜÉ=Ñ~Åí=íÜ~í=çåäó=~=ëéÉÅáÑáÅ=åìãÄÉê=çÑ=Ñ~íáÖìÉ=ÅóÅäÉë=~êÉ=

~ääçï~ÄäÉ=Äó=íÜÉ=êÉÖìä~íçêó=êÉèìáêÉãÉåíë=~ëëçÅá~íÉÇ=ïáíÜ=íÜÉ=ASME=pÉÅíáçå=fff=ÇÉëáÖå=ÅìêîÉFK=
jçêÉçîÉêI=áÑ=ÉãéäçóÉÇI=äçåÖÉê=ÑìÉä=ÅóÅäÉë=ïáää=äÉ~Ç=íç=ÉñíÉåÇÉÇ=íáãÉë=ÄÉíïÉÉå=áåëéÉÅíáçåëI=ïÜáÅÜ=

áãé~Åí=çå=íÜÉ=ÉÑÑÉÅíáîÉ=ã~å~ÖÉãÉåí=çÑ=íÜÉ=ÇÉÖê~Ç~íáçå=éÜÉåçãÉå~K=

_ÉÑçêÉ=~ÇÇêÉëëáåÖ=íÜÉ=ëéÉÅáÑáÅ=ÅçêêçëáçåÓÄ~ëÉÇ=áëëìÉëI=ÜçïÉîÉêI=ëçãÉ=çÑ=íÜÉ=éÜóëáÅ~ä=

ãÉí~ääìêÖáÅ~ä=~ëéÉÅíë=çÑ=íÜÉ=Å~êÄçå=~åÇ=äçïJ~ääçó=ëíÉÉäë=~êÉ=~ÇÇêÉëëÉÇI=ëáåÅÉ=íÜÉ=ÇÉí~áäë=çÑ=íÜÉ=

ã~íÉêá~ä=Åçãéçëáíáçåë=~åÇ=ëíêìÅíìêÉ=~êÉ=ÅÉåíê~ä=íç=ë~íáëÑóáåÖ=íÜÉ=ãÉÅÜ~åáÅ~ä=éêçéÉêíó=ÅêáíÉêá~=áå=

íÜÉ=ASME=pÉÅíáçå=fff=ÅçÇÉI=~åÇ=íÜÉó=Å~å=~äëç=Ü~îÉ=~å=ÉÑÑÉÅí=çå=íÜÉ=âáåÉíáÅë=çÑ=ëçãÉ=çÑ=íÜÉ=

ÉåîáêçåãÉåí~ääóJ~ëëáëíÉÇ=ÇÉÖê~Ç~íáçå=ãçÇÉëK=



i``Q = p m b` f ^ i =qlm f ` =ob mloq =lk = bks f olkjbkq^iiv J^ p p f p q ba =abdo^a^q flk =l c =`^o_lk =^ka =

iltJ^iilv = p q b b i p = f k =t^qbo J`lliba =kr`ib^o =ob^`qlop = J = O M MU =

Copyright © Advanced Nuclear Technology International Europe AB, ANT International, 2008.  

OJNEOJNUF=

2 Physical metallurgy of carbon and low-alloy 
steels 

`~êÄçå=~åÇ=äçï=~ääçó=ëíÉÉäë=~êÉ=áêçåJÄ~ëÉÇ=~ääçóë=ïáíÜ=ëã~ää=~ãçìåíë=çÑ=ÉäÉãÉåí~ä=~ÇÇáíáçåë=

EÅ~êÄçåI=ÅÜêçãáìãI=åáÅâÉäI=ÉíÅKF=íÜ~í=~êÉ=ã~ÇÉ=Ñçê=êÉ~ëçåë=çÑ=ëíêÉåÖíÜI=ÇìÅíáäáíóI=Ñçêã~ÄáäáíóI=Öê~áå=

êÉÑáåÉãÉåíI=ïÉäÇ~ÄáäáíóI=ÉíÅKI=q~ÄäÉ=OJN=~åÇ=q~ÄäÉ=OJOK=EkçíÉ=çåäó=~=ë~ãéäáåÖ=çÑ=íÜÉ=ëíÉÉäë=~êÉ=

ëÜçïå=áå=íÜÉëÉ=í~ÄäÉëI=ëáåÅÉ=íÜÉ=äáëí=áë=ëáÖåáÑáÅ~åíäó=äçåÖÉê=ïÜÉå=í~âáåÖ=áåíç=~ÅÅçìåí=íÜÉ=ÇáÑÑÉêÉåí=

ã~åìÑ~ÅíìêÉê=ÇÉÅáëáçåë=~åÇ=ëéÉÅáÑáÅ~íáçåë=áå=ÇáÑÑÉêÉåí=ÅçìåíêáÉëK=qÜÉ=éìêéçëÉ=ÜÉêÉ=áë=íç=áääìëíê~íÉ=

íÜÉ=ê~åÖÉë=áå=ÅçãéçëáíáçåFK=qÜÉëÉ=ëíÉÉäë=~êÉ=ìëÉÇ=áå=íÜÉ=êÉ~Åíçê=áå=~=î~êáÉíó=çÑ=Ñçêãë=áåÅäìÇáåÖ=

ëÉ~ãäÉëë=éáéáåÖI=ÑçêÖáåÖëI=Å~ëíáåÖëI=~åÇ=éä~íÉK=qÜÉ=ëéÉÅáÑáÅ=Å~êÄçå=çê=äçï=~ääçó=ëíÉÉä=L=ÅçãéçåÉåí=

ÅçãÄáå~íáçåë=íÜ~í=~êÉ=ìëÉÇ=áå=~=é~êíáÅìä~ê=êÉ~Åíçê=î~êó=ÄÉíïÉÉå=êÉ~Åíçê=ÇÉëáÖå=~åÇ=ã~åìÑ~ÅíìêÉê=

ÄìíI=áå=ÖÉåÉê~äW=

• få=çäÇÉê=PWRÛë=~åÇ=BWRÛëI=êÉ~Åíçê=éêÉëëìêÉ=îÉëëÉä=îÉêíáÅ~ä=ëÉÅíáçåë=ïÉêÉ=ã~åìÑ~ÅíìêÉÇ=Ñêçã=

êçääÉÇ=äçï=~ääçó=ëíÉÉä=^RPP=dêK_=`ä~ëë=N=éä~íÉë=íÜ~í=ïÉêÉ=íÜÉå=ïÉäÇÉÇ=íç=Ñçêã=~=êáÖÜí=

ÅóäáåÇÉêK=kÉïÉê=éä~åíë=ìëÉ=êáåÖ=ÑçêÖáåÖë=çÑ=^RMU=dê=PK=qÜÉëÉ=ÅóäáåÇÉêë=~êÉ=íÜÉå=Åä~Ç=çå=íÜÉ=

áåíÉêå~ä=ëìêÑ~ÅÉ=ïáíÜ=~=R=íç=T=ãã=ä~óÉê=çÑ=qóéÉ=PMU=ëí~áåäÉëë=ëíÉÉäI=~åÇ=íÜÉå=ëíêÉëë=êÉäáÉîÉÇ=

ÇìêáåÖ=~=mçëí=tÉäÇ=eÉ~í=qêÉ~íãÉåí=EPWHTF=~í=RVRø`JSOMø`=Ñçê=çåÉ=Üçìê=éÉê=OR=ãã=

íÜáÅâåÉëë=çÑ=ëíÉÉäK=qÜÉ=Åçãéçëáíáçå=çÑ=íÜÉ=`JjåJjç=äçï=~ääçó=ëíÉÉäë=Ü~îÉ=ãçêÉ=ëÉîÉêÉ=

äáãáí~íáçåë=çå=íÜÉ=`ìI=pI=m=~åÇ=s=ÅçåíÉåíë=Ñçê=íÜÉ=ÜáÖÜ=Ñäìñ=ÄÉäíäáåÉ=êÉÖáçåI=ëáåÅÉ=íÜÉëÉ=

ÉäÉãÉåíë=áåÅêÉ~ëÉ=íÜÉ=ÉñíÉåí=çÑ=áêê~Çá~íáçå=ÉãÄêáííäÉãÉåíK=

• qÜÉ=íçé=~åÇ=Äçííçã=ÜÉ~Çë=çÑ=íÜÉ=éêÉëëìêÉ=îÉëëÉä=áå=BWRë=~åÇ=PWRë=~êÉ=ÖÉåÉê~ääó=Åä~Ç=äçï=
~ääçó=ëíÉÉä=^RMU=dêKO=`ä~ëë=N=çê=^RMU=dêP=ÑçêÖáåÖëI=ìëáåÖ=íÜÉ=ë~ãÉ=Åä~ÇÇáåÖLÜÉ~í=íêÉ~íãÉåí=

ÅçåÇáíáçåë=~ë=Ñçê=íÜÉ=îÉêíáÅ~ä=ëÉÅíáçåëI=ÇÉí~áäÉÇ=~ÄçîÉK=kçíÉ=íÜ~íI=~ÑíÉê=Ñ~ÄêáÅ~íáåÖ=íÜÉ=îÉêíáÅ~ä=

ëÉÅíáçåë=~åÇ=íÜÉ=íçé=~åÇ=Äçííçã=ÜÉ~ÇëI=~ää=íÜêÉÉ=ëìÄ~ëëÉãÄäáÉë=~êÉ=ïÉäÇÉÇ=íçÖÉíÜÉê=íç=Ñçêã=

íÜÉ=éêáã~êó=éêÉëëìêÉ=îÉëëÉä=~åÇ=íÜÉå=ÖáîÉå=~=ÑìêíÜÉê=PWHTX=íÜìë=íÜÉ=íçí~ä=PWHT=íáãÉ=Ñçê=

~åó=çåÉ=ëìÄÅçãéçåÉåí=ã~ó=ÄÉ=ìé=íç=QM=ÜçìêëK=

• píÉ~ã=ÖÉåÉê~íçê=ëÜÉääë=çÑ=PWRë=~êÉ=äçï=~ääçó=ëíÉÉä=^RPP=dêK^=`ä~ëë=N=çê=`ä~ëë=O=éä~íÉë=çê=
^RMU=dêP=ÑçêÖáåÖë=ïÜáÅÜI=äáâÉ=íÜÉ=éêÉëëìêÉ=îÉëëÉäI=~êÉ=ëíêÉëë=êÉäáÉîÉÇK=qÜÉ=ëÉÅçåÇ~êó=ëáÇÉ=çÑ=

íÜÉ=ëíÉ~ã=ÖÉåÉê~íçê=áë=åçí=ìëì~ääó=Åä~ÇK=

• píÉ~ã=ÖÉåÉê~íçê=íìÄÉ=ëÜÉÉíë=áå=PWRë=ã~ó=ÄÉ=^RMU=dêKO=`ä~ëë=N=çê=^RMU=dêKO=`ä~ëë=OI=çê=

^RMU=dêPI=ïáíÜ=Åä~ÇÇáåÖ=çå=íÜÉ=éêáã~êó=ëáÇÉ=áå=íÜÉ=Äçííçã=ÜÉ~ÇK=

• píÉ~ã=ÖÉåÉê~íçê=ÅÜ~ååÉä=ÜÉ~Çë=áå=PWRë=ã~ó=ÄÉ=^ONS=dêKt``=çê=^RMU=dêPK=

• qÜÉ=éêÉëëìêáòÉê=ëÜÉää=áå=PWRë=ã~ó=ÄÉ=äçï=~ääçó=ëíÉÉä=^RNS=dêKTM=çê=^RPP=dêK_=éä~íÉ=çê=

^RMU=dêP=ÑçêÖáåÖë=ïáíÜ=áåíÉêå~ä=Åä~ÇÇáåÖK=

• oÉ~Åíçê=Åççä~åí=éáéáåÖ=Ñçê=PWR=éêáã~êó=ÅáêÅìáíë=ã~ó=ÄÉI=áå=ëçãÉ=ÇÉëáÖåëI=ëÉ~ãäÉëë=Å~êÄçå=

ëíÉÉä=ïáíÜ=áåíÉêå~ä=~ìëíÉåáíáÅ=ëíÉÉä=Åä~ÇÇáåÖ=ê~íÜÉê=íÜ~å=íÜÉ=ãçêÉ=Åçããçåäó=ìëÉÇ=Å~ëí=çê=

ïêçìÖÜí=~ìëíÉåáíáÅ=ëí~áåäÉëë=ëíÉÉäë=éáéÉëK=^ë=ïáää=ÄÉ=ÇáëÅìëëÉÇ=ä~íÉêI=íÜÉ=êÉÅáêÅìä~íáçå=éáéáåÖ=áå=

BWRë=áë=ìëì~ääó=ëí~áåäÉëë=ëíÉÉäI=~äíÜçìÖÜ=ìåÅä~Ç=^PPP=dêK=S=Å~êÄçå=ëíÉÉä=éáéáåÖ=áë=ìëÉÇ=áå=íÜÉ=
ã~áå=ëíÉ~ã=~åÇ=íÜÉ=ÑÉÉÇï~íÉê=äáåÉëK=få=~ää=éä~åíë=íÜÉ=éáéáåÖ=áå=íÜÉ=äçïÉê=íÉãéÉê~íìêÉ=

ÉãÉêÖÉåÅó=ÅçêÉ=ÅççäáåÖ=~åÇ=~ìñáäá~êóLëìééçêí=ëóëíÉãë=áë=ìëì~ääó=ëÉ~ãäÉëë=^NMR=çê=^NMS=

dêK_=Å~êÄçå=ëíÉÉäK=

• píÉ~ã=íìêÄáåÉ=ÇáëÅë=~åÇ=êçíçêë=~êÉ=ÑçêÖÉÇ=ÅçãéçåÉåíë=ìëáåÖ=íÜÉ=äçï=~ääçó=ëíÉÉäë=^QSVI=^QTM=

~åÇ=^QTNI=ïáíÜ=íÜÉ=ÇÉëáêÉÇ=ãÉÅÜ~åáÅ~ä=éêçéÉêíáÉë=ÄÉáåÖ=~ÅÜáÉîÉÇ=Äó=~ééêçéêá~íÉ=ÜÉ~í=

íêÉ~íãÉåí=~åÇ=~ääçó=ÅçãéçëáíáçåK==

qÜÉ=ãÉÅÜ~åáÅ~ä=éêçéÉêíáÉë=çÑ=íÜÉëÉ=ëíÉÉäë=Eq~ÄäÉ=OJPF=~êÉ=ÇáêÉÅíäó=êÉä~íÉÇ=íç=íÜÉ=~ääçó=

ãáÅêçëíêìÅíìêÉ=~åÇ=íÜÉ=éÜ~ëÉë=éêÉëÉåíI=~åÇ=Üçï=íÜÉëÉ=~êÉ=ÅçåíêçääÉÇ=Äó=íÜÉ=Åçãéçëáíáçå=~åÇ=

éêçÅÉëëáåÖ=é~ê~ãÉíÉêëK==
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Table 2-1: American Society for Testing Materials (ASTM) compositional specifications for ferritic and bainitic 
carbon and low alloy steels concentrations given in units of wt % (numbers in parentheses refer to the 
note number at the bottom of the table). 

ASME/ASTM 
or AISI Spec 

C 
max 

Mn 
 

P 
max 

S 
max 

Si 
 

Cu 
max 

Ni 
 

Cr 
 

Mo 
 

V 
max 

Typical 
use 

Ferritic steels             

A105 0.035 0.6-1.05 0.035 0.04 0.1-0.35 0.4 0.4 max 0.3 max 0.12max 0.05 Forging 

      (1) (1) (1) (1)   

A106 Grade B 0.3 0.29-1.06 0.035 0.035 0.10 min. 0.4 0.4 max 0.4 max 0.15 max 0.08 Seamless Piping 

            (2) (2) (2) (2) (2)   

A216 Grade WCB 0.3 1.00max 0.04 0.045 0.6 max 0.3 0.5 max 0.50 max 0.2 max 0.03 Casting 

            (3) (3) (3) (3) (3)   

A302 Grade B 0.25 1.15-1.50 0.035 0.035 0.15-0.40       0.45-0.6   PV Plates 

A333 Grade 6 0.3 0.29-1.06 0.035 0.035 0.1max           Feedwater piping 

A508 Grade 3 0.25 1.2-1.5 0.025 0.025 0.15-0.4   0.4-1.0 0.25 max 0.45-0.6 0.05 Forgings 

A516 Grade 70 (4) 0.85-1.2 0.035 0.035 0.15-0.4           Plates 

A533 Type A 0.25 1.15-1.5 0.035 0.035 0.15-0.4       0.45-0.6   PV Plates 

      (5) (5)   (5)       (5) PV Plates 

A533 Type B 0.25 1.15-1.5 0.035 0.035 0.15-0.4   0.40-0.7   0.45-0.6     

      (5) (5)   (5)       (5) PV Plates 

Bainitic steels            

1Cr1Mo0.25V 0.33 0.85     0.25     1 1.25 0.25 Feedwater piping 

2Cr1Mo (Grade 22) 0.026 0.49 0.012 0.009 0.28 0.05   2.42 0.98   Cross around piping 

NiCrMoV (A469 Cl.8) 0.28 0.6 0.015 0.018 0.15-0.3   3.25-4.0 1.25-2.0 0.3-0.6 0.15 Steam turbine  

NiCrMoV (A470 Cl.8) 0.35 1.0 0.015 0.018 0.15-0.35   0.75 0.9-1.5 1.0-1.5 0.3 wheels and  

NiCrMoV (A471 Cl.8) 0.28 0.7 0.015 0.015 0.15-0.35   2.0-4.0 0.7-2.0 0.2-0.7 0.05 rotors 

Notes             

1 Sum of Cu,Ni,Cr,and Mo shall be <1.00 wt.%; and sum of Cr and Mo shall not exceed 0.32 wt.%  

2 Limits for V and Nb may be increased to 0.1 wt.% and 0.05 wt.% respectively 

3 Sum of Cr and Ni shall not exceed 0.32wt.% 

4 Carbon max. varies with thickness of plate; 0.5"-2":0.28 wt.%max.; 2"-4": 0.30 wt.% max.; 4"-8": 0.31 wt.%max. 

5 For reactor beltline; Cu <0.1 wt.%max., P< 0.012 wt.%max.;S<0.015 wt.%max. and V <0.05 wt.%max. 

=

Table 2-2: Composition of high strength low alloy steels. 

ASTM 
Spec 

C Mn P 
max 

S 
max

Si 
max 

Cu
max

Ni Cr Mo V 
max 

Typical 
use 

4340 0.38-0.43 0.6-0.8 0.035 0.04 0.15-0.35  1.65-2.0 0.7-0.9 0.2-0.3  Bolting 

4140 0.38-0.43 0.75-1.0 0.035 0.04 0.15-0.35   0.8-1.1 0.15-0.25   
=
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Table 2-3: Room temperature mechanical properties of carbon and low alloy steels (Cl 1 and Cl 2 refer to 
“Class 1” and “Class 2”). 

Grade Yield strength 
Ksi 

Tensile strength 
Ksi 

Elongation 
% 

A105 30 70 22 

A106 Gr.B 35 60 30 (Long.):16.5 (Trans.) 

A216 Gr.WCB 36 70(min.)- 95 (max.) 22 

A302 Gr.B 50 80 (min.)- 100 (max.) 18 

A508 Gr.2 50 (Cl.1): 65 (Cl.2) 80-105 (Cl.1) : 90-115 (Cl.2) 38 (Cl.1) : 35 (Cl.2) 

A508 Gr.3 50 80 (min.)-105 (max.) 18 

A516 Gr70 38 70(min)- 90 (max.) 21 

A533 Gr A 50 (Cl1):70 (Cl.2) 80-100 (Cl.1) :90-115 (Cl.2) 18 (Cl.1): 16 (Cl 2) 

A533 Gr.B 50 80 (min.)-100(max.) 18 
=

2.1 The metallurgical phases; their microstructures 
and their effect on mechanical properties 

qÜÉ=Ä~ëáë=Ñçê=ìåÇÉêëí~åÇáåÖ=Å~êÄçå=~åÇ=äçï=~ääçó=ëíÉÉä=ãáÅêçëíêìÅíìêÉë=~åÇI=íÜÉêÉÑçêÉI=íÜÉáê=

éêçéÉêíáÉë=áë=íÜÉ=cÉJ`=éÜ~ëÉ=ÉèìáäáÄêáìã=Çá~Öê~ãI=cáÖìêÉ=OJNK=qÜáë=Çá~Öê~ã=áë=Ä~ëÉÇ=çå=

íÜÉêãçÇóå~ãáÅ=ÉèìáäáÄêáìã=ÅçåÇáíáçåëI=~åÇ=éêçîáÇÉë=ÖìáÇ~åÅÉ=~ë=íç=íÜÉ=éÜ~ëÉë=EÉKÖK=~ìëíÉåáíÉI=

ÑÉêêáíÉI=ÅÉãÉåíáíÉF=íÜ~í=ãáÖÜí=ÄÉ=éêÉëÉåí=áå=íÜÉ=ãáÅêçëíêìÅíìêÉ=ïÜÉå=éêçÅÉëëÉÇ=ìåÇÉê=ëäçï=ÅççäáåÖ=

ÅçåÇáíáçåëK=qÜáë=Çá~Öê~ã=áë=Ä~ëÉÇ=çå=íÜÉ=êÉä~íáîÉ=íÜÉêãçÇóå~ãáÅ=ëí~ÄáäáíáÉë=çÑ=íÜÉëÉ=éÜ~ëÉë=áå=íÜÉ=

ÇáÑÑÉêÉåí=íÉãéÉê~íìêÉ=ê~åÖÉë=ÉåÅçìåíÉêÉÇ=ÇìêáåÖ=Ñ~ÄêáÅ~íáçå=EÉKÖK=Üçí=ÑçêãáåÖI=ïÉäÇáåÖFI=

ëìÄëÉèìÉåí=ÜÉ~í=íêÉ~íãÉåí=~åÇI=ëçãÉíáãÉëI=çéÉê~íáçåK==

`~êÄçå=~åÇ=äçï=~ääçó=ëíÉÉäë=ìëÉÇ=Ñçê=ëíêìÅíìê~ä=ÅçãéçåÉåíë=áå=åìÅäÉ~ê=éä~åí=Åçåí~áå=

Eq~ÄäÉ=OJNF=äÉëë=íÜ~å=MKP=ïLç=EáKÉK=ÄçìåÇÉÇ=Äó=íÜÉ=êÉÇ=äáåÉ=áå=cáÖìêÉ=OJNFI=ëáåÅÉ=ä~Åâ=çÑ=ÇìÅíáäáíó=

~åÇ=íçìÖÜåÉëë=ïáíÜ=ÜáÖÜÉê=Å~êÄçå=ÅçåíÉåíë=äáãáí=íÜÉ=~ääçóëÛ=ìëÉÑìäåÉëë=Ñçê=ëíêìÅíìê~ä=ÅçãéçåÉåíëK=

kçíÉI=ÜçïÉîÉêI=íÜ~í=ïÜÉå=ÜáÖÜÉê=ëíêÉåÖíÜë=~êÉ=êÉèìáêÉÇI=~ë=ïáíÜ=éêÉëëìêÉ=ÜÉ~Ç=çê=éìãé=ÄçäíáåÖ=

ïÜÉêÉ=íÜÉ=ã~íÉêá~ä=áë=åçí=åçêã~ääó=áå=Åçåí~Åí=ïáíÜ=íÜÉ=Åççä~åíI=ÜáÖÜÉê=Å~êÄçå=ÅçåíÉåíë=~êÉ=

ëéÉÅáÑáÉÇI=Eq~ÄäÉ=OJPFK=cçê=ÄêÉîáíóI=~ííÉåíáçå=ÜÉêÉ=áë=ÑçÅìëÉÇ=çå=ëíÉÉäë=ïáíÜ=Å~êÄçå=ÅçåíÉåíë=áå=íÜÉ=
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Figure 2-1: Iron-carbon equilibrium phase diagram. Note that the red line denotes the maximum carbon content in structural 
steels used in water-cooled reactors. 

 

Figure 2-2: Three stages in the formation of ferrite and pearlite during slow cooling of the austenite phase of a hypoeutectoid 
steel, Reed-Hill, 1964. 
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Figure 2-3: Simplified ternary equilibrium diagram for iron, chromium and nickel at 400°C. 
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Figure 2-4: Influence of solid solution elements on the changes in yield strength of low-carbon ferritic steels, Pickering, 1978 
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Figure 2-5: Hall-Petch relationship in low-carbon ferritic steels, Microalloying, 1977. 
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Figure 2-6: Scanning Electron Microscope (SEM) micrograph of pearlite showing cementite and ferrite lamellae (10000X), 
Vander Voort & Roosz, 1984. 
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Figure 2-7: Flow of carbon atoms into a cementite plate during growth of pearlite, Reed-Hill, 1964. 
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Figure 2-8: Variation of the pearlite nucleation and growth rates for a eutectoid steel, Mehl & Dube, 1951. 

 

Figure 2-9: TTT curves for the percent transformation in a eutectoid steel of austenite to pearlite, Reed-Hill, 1964. 
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Figure 2-10: Microstructure of typical ferrite-pearlite structural steels at two different carbon contents (Pearlite is the darker 
component; ferrite is the lighter component) (a) 0.10w/o C and (b) 0.25w/o C. Magnification X200. 
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Figure 2-11: Room temperature mechanical properties of ferrite—pearlite steels as a function of carbon content, 
Krauss, 1980. 

 

Figure 2-12: Effect of carbon content in ferrite-pearlitic steels on charpy V-notch transition temperature and shelf energy, 
Roe & Bramfitt, 1990. 
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Figure 2-13: Isothermal transformation diagram for a 0.35w/o C, 0.37w/o Mn hypoeutectoid steel, United States Steel 
Corporation, 1951. 

 

Figure 2-14: Bainite microstructure (a) “Upper Bainite” (b) “Lower Bainite” X500. 
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Figure 2-15: Continuous cooling diagram for 4340 steel, United States Steel Corporation, 1948. The colored circles refer to 
transformations that are discussed in the text. 
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Figure 2-16: Variation of Ms and Mf with carbon content in steel, Troiano & Greninger, 1946. 
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Figure 2-17: Relationship between carbon content and the yield strength of martensite, Leslie, 1981. 
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Figure 2-18: Relationship between lath martensite packet size (d) and yield stress of martensite in a 0.2w/o Carbon (upper 
line) and a Fe-Mn (lower line) steel, Krauss, 1980. 
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Figure 2-19: Effect of tempering temperature on the mechanical properties of a quenched and tempered (for 1 hour) type 
4340 steel, Krauss, 1980. 
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ÑçääçïáåÖ=ëÉÅíáçåë=íÜÉ=ãÉÅÜ~åáÅ~ä=éêçéÉêíáÉë=~åÇLçê=íÜÉ=Å~êÄçå=~åÇ=äçï=~ääçó=ëíÉÉä=ãáÅêçëíêìÅíìêÉë=

Å~å=~äëç=Ü~îÉ=~å=ÉÑÑÉÅí=çå=íÜÉ=ÉåîáêçåãÉåí~ääóJ~ëëáëíÉÇ=ÇÉÖê~Ç~íáçå=ê~íÉëK=bñ~ãéäÉë=çÑ=ëìÅÜ=

áåíÉê~Åíáçåë=áåÅäìÇÉX=

• qÜÉ=êçäÉ=çÑ=jåp=éêÉÅáéáí~íÉë=E~ëëçÅá~íÉÇ=ïáíÜ=ëìäéÜìê=áãéìêáíáÉë=áå=íÜÉ=ëíÉÉäF=~ÅíáåÖ=~ë=ëáíÉë=

Ñçê=éáííáåÖI=ïÜáÅÜ=ã~ó=íÜÉå=äÉ~Ç=íç=ëíêÉëë=Åçêêçëáçå=Åê~Åâ=áåáíá~íáçåI=ïáíÜ=íÜÉ=ëìÄëÉèìÉåí=

Åê~Åâ=éêçé~Ö~íáçå=ê~íÉ=ÄÉáåÖ=ÇÉéÉåÇÉåí=çå=íÜÉ=ëáòÉI=ëé~ÅáåÖ=~åÇ=ãçêéÜçäçÖó=çÑ=íÜÉ=ëìäéÜáÇÉ=

é~êíáÅäÉëK=

• qÜÉ=ÉÑÑÉÅí=çÑ=ÅÜêçãáìã=~ääçóáåÖ=~ÇÇáíáçåë=áå=ÇÉÅêÉ~ëáåÖ=íÜÉ=ëìëÅÉéíáÄáäáíó=çÑ=Å~êÄçå=~åÇ=äçï=

~ääçó=ëíÉÉäë=íç=ÑäçïJ~ÅÅÉäÉê~íÉÇ=ÅçêêçëáçåK=

• qÜÉ=ëÉÖêÉÖ~íáçå=çÑ=ãÉí~ääçáÇ=áãéìêáíáÉëI=éêáã~êáäó=éÜçëéÜçêìëI=íç=éêáçê=~ìëíÉåáíÉ=Öê~áå=

ÄçìåÇ~êáÉë=äÉ~ÇáåÖ=íç=íÉãéÉê=ÉãÄêáííäÉãÉåí=~åÇ=ÉåÜ~åÅÉÇ=áåíÉêÖê~åìä~ê=ëíêÉëë=Åçêêçëáçå=

Åê~ÅâáåÖ=ëìëÅÉéíáÄáäáíó=çÑ=ëíÉ~ã=íìêÄáåÉ=ÇáëÅ=ëíÉÉäë=áå=Å~ìëíáÅ=ÉåîáêçåãÉåíë=ìåÇÉê=ëéÉÅáÑáÅ=

éçíÉåíá~ä=ÅçåÇáíáçåëK=

• qÜÉ=áåÅêÉ~ëÉ=áå=ëíêÉëë=Åçêêçëáçå=ëìëÅÉéíáÄáäáíó=ÇìÉ=íç=ã~íÉêá~ä=éêçéÉêíáÉë=íÜ~í=ÅÜ~åÖÉ=íÜÉ=

ÇÉÑçêã~íáçå=ÄÉÜ~îáçê=~í=~=Åê~Åâ=íáéK=pìÅÜ=ã~íÉêá~ä=éêçéÉêíáÉë=áåÅäìÇÉ=áåÅêÉ~ëÉë=áå=óáÉäÇ=ëíêÉëë=

ÇìÉ=íç=ÅçäÇïçêâáåÖ=çê=íÜÉ=çåëÉí=çÑ=ÇáëÅçåíáåìçìë=óáÉäÇáåÖ=~ëëçÅá~íÉÇ=ïáíÜ=Çóå~ãáÅ=ëíê~áå=

~ÖáåÖK=^ë=ïáää=ÄÉ=ÇáëÅìëëÉÇI=íÜÉêÉ=áë=~å=ÉñéÉÅíÉÇ=EcáÖìêÉ=OJOMF=áåÅêÉ~ëÉ=áå=íÜÉ=ëíêÉëë=Åçêêçëáçå=

Åê~Åâ=éêçé~Ö~íáçå=ê~íÉ=ïáíÜ=~=ÇÉÅêÉ~ëÉ=áå=Ñê~ÅíìêÉ=êÉëáëí~åÅÉ=EÇìÉ=íçI=Ñçê=áåëí~åÅÉI=ÅçäÇ=ïçêâI=

íÉãéÉê=ÉãÄêáííäÉãÉåí=~åÇ=áêê~Çá~íáçå=ÉãÄêáííäÉãÉåíFK=

 

Figure 2-20: Schematic crack propagation rate vs stress intensity curves, illustrating potential effects of decreasing KIC values 
on crack propagation rate. 
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3 Uniform corrosion 

“råáÑçêãÒ=ÇÉÖê~Ç~íáçå=ãçÇÉë=áåÅäìÇÉ=ÖÉåÉê~ä=ÅçêêçëáçåI=ÄçêáÅ=~ÅáÇ=Åçêêçëáçå=~åÇ=ÑäçïJ

~ÅÅÉäÉê~íÉÇ=ÅçêêçëáçåK=pìÅÜ=ãçÇÉë=êÉëìäí=áå=äçëë=çÑ=ã~íÉêá~ä=çîÉê=êÉ~ëçå~Ääó=ä~êÖÉ=~êÉ~ëI=ÇÉÑáåÉÇ=

Äêç~Çäó=~ë=ÖêÉ~íÉê=íÜ~å=NJO=Åã
O

I=~ë=çééçëÉÇ=íç=äçÅ~äáòÉÇ=Åçêêçëáçå=íÜ~í=ã~ó=çÅÅìê=çîÉê=~êÉ~ë=

ÖçîÉêåÉÇ=Äó=ãÉí~ääìêÖáÅ~ä=áåÜçãçÖÉåÉáíó=çê=ãáÅêçëíêìÅíìêÉK=

3.1 General corrosion 

dÉåÉê~ä=Åçêêçëáçå=çÑ=~ää=íÜÉ=ëíêìÅíìê~ä=~ääçóë=EÉKÖK=~ìëíÉåáíáÅ=~ääçóë=~ë=ïÉää=~ë=Å~êÄçå=~åÇ=äçï=~ääçó=

ëíÉÉäëF=áë=ÅÜ~ê~ÅíÉêáòÉÇ=Äó=ìåáÑçêã=ëìêÑ~ÅÉ=äçëë=íÜêçìÖÜ=ã~íÉêá~ä=çñáÇ~íáçåI=~åÇ=ã~ó=ÄÉ=ÇÉäÉíÉêáçìë=

íç=éä~åí=çéÉê~íáçå=ÄÉÅ~ìëÉ=çÑW=

• qÜÉ=ÇÉÅêÉ~ëÉ=áå=ÑìåÅíáçå~äáíó=çÑ=~=ÅçãéçåÉåí=ÇìÉ=íç=~=äçëë=áå=ëÉÅíáçå=íÜáÅâåÉëëK=

• qÜÉ=éêÉëÉåÅÉ=çÑ=Åçêêçëáçå=éêçÇìÅíë=íÜ~í=ã~ó=ÇÉÅêÉ~ëÉ=íÜÉ=ÜÉ~í=íê~åëÑÉê=ÉÑÑáÅáÉåÅó=ìéçå=

ÇÉéçëáíáåÖ=çå=ÉKÖK=ëíÉ~ã=ÖÉåÉê~íçê=íìÄÉë=çê=ÑìÉä=Åä~ÇÇáåÖK=

• qÜÉ=éêÉëÉåÅÉ=çÑ=Åçêêçëáçå=éêçÇìÅíë=ïÜáÅÜ=ÇÉéçëáí=çå=íÜÉ=ÑìÉä=Åä~ÇÇáåÖ=ëìêÑ~ÅÉI=ÄÉÅçãÉ=

~Åíáî~íÉÇ=~åÇI=ìéçå=êÉäÉ~ëÉI=áåÅêÉ~ëÉ=íÜÉ=ê~Çáç~Åíáîáíó=äÉîÉäë=áå=íÜÉ=oÉ~Åíçê=`ççä~åí=póëíÉã=

ERCSF=~åÇI=áå=íÜÉ=Å~ëÉ=çÑ=ÇáêÉÅí=ÅóÅäÉ=BWRëI=íÜÉ=Ä~ä~åÅÉ=çÑ=éä~åíK=qÜáë=ëÉèìÉåÅÉ=çÑ=ÉîÉåíë=áë=
ÇáëÅìëëÉÇ=áå=ÇÉí~áä=áå=íÜÉ=LWR=`ççä~åí=`ÜÉãáëíêó=ELCCOF=péÉÅá~ä=qçéáÅ=oÉéçêí=çå=CRUDI=

EoáÉëë=C=iìåÇÖêÉåI=OMMSFI=éêáã~êáäó=Ñçê=íÜÉ=~ìëíÉåáíáÅ=~ääçóë=EëáåÅÉ=íÜÉó=éêÉëÉåí=íÜÉ=ä~êÖÉëí=

ëìêÑ~ÅÉ=îçäìãÉ=çîÉê=ïÜáÅÜ=Åççä~åí=é~ëëÉë=ÄÉÑçêÉ=ÉåíÉêáåÖ=íÜÉ=ÅçêÉ=êÉÖáçåFK=

qÜáë=ëìÄëÉÅíáçå=çÑ=íÜÉ=êÉéçêí=ÅçåÅÉåíê~íÉë=çåäó=çå=íÜÉ=ÖÉåÉê~ä=Åçêêçëáçå=éÜÉåçãÉå~=Ñçê=Å~êÄçå=

~åÇ=äçï=~ääçó=ëíÉÉäëK=^äíÜçìÖÜ=íÜÉ=ëìêÑ~ÅÉë=çÑ=íÜÉ=éêÉëëìêÉ=îÉëëÉä=~êÉ=ãçëíäó=Åä~Ç=ïáíÜ=ëí~áåäÉëë=

ëíÉÉäI=íÜÉêÉ=~êÉ=ÅçåëáÇÉê~ÄäÉ=~êÉ~ë=çÑ=Å~êÄçå=~åÇ=äçï=~ääçó=ëíÉÉäë=áå=íÜÉ=RCS=çÑ=BWRë=íÜ~í=~êÉ=åçí=
Åä~ÇI=ëìÅÜ=~ë=íÜÉ=íçé=ÜÉ~Ç=çÑ=ëçãÉ=BWRëI=íÜÉ=ÑÉÉÇï~íÉê=áåäÉí=åçòòäÉI=êÉé~áê=êÉÖáçåë=çå=íÜÉ=
éêÉëëìêÉ=îÉëëÉä=Eã~áåäó=éÉåÉíê~íáçåëFI=~åÇ=î~êáçìë=éáéáåÖ=Ñçê=ÑÉÉÇï~íÉêI=ã~áå=ëíÉ~ãI=ÉíÅK=páãáä~êäóI=

íÜÉëÉ=ëíÉÉäë=~êÉ=åçí=Åä~Ç=ïáíÜ=~ìëíÉåáíáÅ=~ääçóë=áå=ëÉÅçåÇ~êó=ëóëíÉãë=ëìÅÜ=~ë=íÜÉ=bãÉêÖÉåÅó=`çêÉ=

`ççäáåÖ=póëíÉã=EECCSF=çÑ=BWRë=~åÇ=íÜÉ=ëÉÅçåÇ~êó=ï~íÉêLëíÉ~ã=ÅáêÅìáíë=çÑ=PWRë=áåÅäìÇáåÖ=íÜÉ=
ëíÉ~ã=ÖÉåÉê~íçê=ëÜÉääK=qÜÉó=~êÉ=~äëç=åçí=Åä~Ç=áå=íÉêíá~êó=ëóëíÉãë=Ñçê=ÉKÖ=ëÉêîáÅÉ=ï~íÉêI=ÉíÅK=çÑ=~ää=

íóéÉë=çÑ=êÉ~ÅíçêK=

dÉåÉê~ä=Åçêêçëáçå=áëëìÉë=Ñçê=Å~êÄçå=~åÇ=äçï=~ääçó=ëíÉÉäëI=~åÇ=íÜÉ=Ñçêãìä~íáçå=çÑ=ãáíáÖ~íáçå=

~ÅíáçåëI=~êÉ=ÑçìåÇÉÇ=çå=~=ä~êÖÉ=ÄçÇó=çÑ=êÉëÉ~êÅÜ=çîÉê=ã~åó=ÇÉÅ~ÇÉëK=qÜìë=íÜÉêÉ=áë=ÖççÇ=êÉ~ëçå=Ñçê=

íÜÉ=àìÇÖãÉåí=íÜ~í=ÖÉåÉê~ä=Åçêêçëáçå=çÑ=íÜÉëÉ=ëíÉÉäë=íÜêçìÖÜçìí=íÜÉ=éêáã~êóI=ëÉÅçåÇ~êó=~åÇ=íÉêíá~êó=

êÉ~Åíçê=ëóëíÉãë=áë=~=ã~å~ÖÉ~ÄäÉ=áëëìÉK=qÜÉ=ÑçääçïáåÖ=ÇáëÅìëëáçå=áë=áåÅäìÇÉÇI=ÜçïÉîÉêI=ëáåÅÉ=íÜÉ=

ÉäÉÅíêçÅÜÉãáÅ~ä=ÇÉí~áäë=çÑ=ÖÉåÉê~ä=Åçêêçëáçå=~åÇ=íÜÉ=Ñçêãìä~íáçå=çÑ=ï~íÉê=ÅÜÉãáëíêó=ëéÉÅáÑáÅ~íáçåë=

áå=ï~íÉê=ÅççäÉÇ=êÉ~Åíçêë=Ñçêãë=~=Ä~ëáë=Ñçê=ìåÇÉêëí~åÇáåÖ=çíÜÉê=ÅçêêçëáçåJÄ~ëÉÇ=ÇÉÖê~Ç~íáçå=

ãçÇÉëK=

^ë=Éñéä~áåÉÇ=éêÉîáçìëäó=EcçêÇI=OMMSF=ÖÉåÉê~ä=Åçêêçëáçå=ê~íÉë=ã~ó=ÄÉ=ã~å~ÖÉÇ=ÄóX=E~F=

ÅçåëáÇÉê~íáçå=çÑ=íÜÉ=íÜÉêãçÇóå~ãáÅ~ääó=ëí~ÄäÉ=Eçê=ãÉí~ëí~ÄäÉF=ëéÉÅáÉë=ëìÅÜ=~ë=ÇáëëçäîÉÇ=ãÉí~ä=

Å~íáçåëI=çñáÇÉëI=ë~äíëI=ÉíÅK=~í=íÜÉ=ãÉí~ä=L=ï~íÉê=áåíÉêÑ~ÅÉ=~åÇI=EÄF=Åçåíêçä=çÑ=íÜÉ=êÉäÉî~åí=çñáÇ~íáçå=

~åÇ=êÉÇìÅíáçå=âáåÉíáÅëK=

få=íÜÉ=Å~ëÉ=çÑ=Å~êÄçå=~åÇ=äçï=~ääçó=ëíÉÉäë=áå=åÉìíê~äI=ÇÉçñóÖÉå~íÉÇ=ï~íÉê=ÅáêÅ~=OMMø`=íÜÉ=

éêáã~êó=êÉÇìÅíáçå=éêçÅÉëë=áë=çÑ=ÜóÇêçÖÉå=Å~íáçåë=çê=ï~íÉêI=ïÜçëÉ=ÉèìáäáÄêáìã=éçíÉåíá~äLée=

ÅÜ~ê~ÅíÉêáëíáÅë=~êÉ=ëÜçïå=Äó=íÜÉ=Ç~ëÜÉÇ=äáåÉ=E~F=áå=cáÖìêÉ=PJNK=qÜÉ=ÅçìåíÉê~ÅíáåÖ=çñáÇ~íáçå=

êÉ~Åíáçå
V

=áë=íÜÉ=Ñçêã~íáçå=çÑ=ã~ÖåÉíáíÉI=bèì~íáçå=PJNW=

bèì~íáçå=PJNW= PcÉ=H=Qe
O
l=→=cÉ

P
l

Q
=H=Ue

H

=H=UÉ
J

=

                                                 
 
 
V

=kçíÉ=íÜáë=áë=~=ëáãéäáÑáÉÇ=îÉêëáçå=çÑ=íÜÉ=çîÉê~ää=êÉ~Åíáçå=ëáåÅÉI=áå=~Åíì~äáíóI=çíÜÉê=áåíÉêãÉÇá~íÉ=ëéÉÅáÉë=ã~ó=

ÉñáëíK=
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4 Localized corrosion  

qÜáë=ëÉÅíáçå=~ÇÇêÉëëÉë=ã~íÉêá~äë=ÇÉÖê~Ç~íáçå=ãçÇÉë=ïÜÉêÉ=íÜÉ=Åçêêçëáçå=Ç~ã~ÖÉ=çÅÅìêë=çîÉê=

êÉä~íáîÉäó=ëã~ää=~êÉ~ë=ÄìíI=éçíÉåíá~ääóI=ã~ó=çÅÅìê=~í=ÜáÖÜ=éÉåÉíê~íáçå=ê~íÉëK=qÜÉ=êÉëìäí=áå=ëìÅÜ=Å~ëÉë=

ã~ó=ÄÉ=äçÅ~äáòÉÇ=äÉ~â~ÖÉ=çê=~=ÇÉÅêÉ~ëÉ=áå=ëíêìÅíìê~ä=áåíÉÖêáíóK=pìÅÜ=ÇÉÖê~Ç~íáçå=ãçÇÉë=áåÅäìÇÉ=

ÅêÉîáÅÉI=éáííáåÖI=Ö~äî~åáÅ=~åÇ=ãáÅêçÄáçäçÖáÅ~ääóJáåÇìÅÉÇ=ÅçêêçëáçåI=~åÇ=ÉåîáêçåãÉåí~ääóJ~ëëáëíÉÇ=

Åê~ÅâáåÖK=

qÜáë=ä~ííÉê=Å~íÉÖçêó=ÅçîÉêë=ëíêÉëë=Åçêêçëáçå=Åê~ÅâáåÖI=ëíê~áåJáåÇìÅÉÇ=Åçêêçëáçå=Åê~ÅâáåÖ=~åÇ=

Åçêêçëáçå=Ñ~íáÖìÉI=~åÇ=áë=ÅçîÉêÉÇ=ëÉé~ê~íÉäó=áå=pÉÅíáçå=RK=qÜÉëÉ=é~êíáÅìä~ê=ÇÉÖê~Ç~íáçå=ëìÄãçÇÉë=

êÉÅÉáîÉ=íÜÉ=ãçëí=~ííÉåíáçå=áå=íÜÉ=ÑçääçïáåÖ=ÇáëÅìëëáçåë=ëáåÅÉ=~êÖì~Ääó=EjìëÅ~ê~I=OMMT=~åÇ=EPRII=
OMMUF=íÜÉó=éêÉëÉåí=íÜÉ=ÖêÉ~íÉëí=ÅÜ~ääÉåÖÉ=íç=ã~áåí~áåáåÖ=ÅçãéçåÉåí=áåíÉÖêáíó=~åÇ=ÇÉîÉäçéáåÖ=

èì~äáÑáÉÇ=äáÑÉ=éêÉÇáÅíáçå=~åÇ=ÉñíÉåëáçå=Å~é~ÄáäáíáÉëK=

4.1 Crevice corrosion  

^ë=íÜÉ=íáíäÉ=ëìÖÖÉëíëI=íÜáë=éÜÉåçãÉåçå=áë=~ëëçÅá~íÉÇ=ïáíÜ=ÅêÉîáÅÉë=áåëáÇÉ=ïÜáÅÜ=~=ëí~Öå~åí=ëçäìíáçå=

áë=éêÉëÉåíI=~åÇ=ïÜÉêÉ=íÜÉêÉ=áë=~=ãÉÅÜ~åáëã=íç=ã~âÉ=íÜ~í=ëçäìíáçå=ãçêÉ=~ÖÖêÉëëáîÉ=EÉKÖK=áåÅêÉ~ëÉÇ=

~ÅáÇáíó=çê=~äâ~äáåáíóI=ïáíÜ=áåÅêÉ~ëÉÇ=áãéìêáíó=ÅçåÅÉåíê~íáçåFK=qÜÉ=ÅêÉîáÅÉë=ã~ó=ÄÉ=áåÜÉêÉåí=íç=íÜÉ=

ÅçãéçåÉåí=ÇÉëáÖå=EëìÅÜ=~ë=~í=Ö~ëâÉíëI=ä~é=àçáåíëI=Äçäí=ÜÉ~Çë=~åÇ=íÜêÉ~ÇëFI=çê=ã~ó=ÄÉ=ÇìÉ=íç=

Åçêêçëáçå=ÇÉéçëáíë=~åÇ=ëäìÇÖÉ=éáäÉëK=qÜÉ=ÅêáíáÅ~ä=Ñ~Åíçêë=áå=ÅçåíêçääáåÖ=íÜáë=Ñçêã=çÑ=~íí~Åâ=~êÉX=E~F=

íÜÉ=ÖÉçãÉíêó=çÑ=íÜÉ=ÅêÉîáÅÉ=~åÇ=íÜÉ=ÅçåÇáíáçåë=íÜ~í=~ÑÑÉÅí=íÜÉ=íÜÉêã~äÜóÇê~ìäáÅëI=~åÇ=íÜÉêÉÄó=

ëçäìíáçå=êÉåÉï~ä=ïáíÜáå=áí=~åÇI=EÄF=íÜÉ=ãÉÅÜ~åáëãë=íÜ~í=ÅÜ~åÖÉ=íÜÉ=Å~íáçåáÅ=~åÇ=~åáçåáÅ=

ÅçåÅÉåíê~íáçåë=ïáíÜáå=íÜÉ=ÅêÉîáÅÉK=

^ë=áåÇáÅ~íÉÇ=ëÅÜÉã~íáÅ~ääó=áå=cáÖìêÉ=QJN=íÜÉêÉ=áë=íÜÉ=éçëëáÄáäáíó=íÜ~íI=áå=ÉåîáêçåãÉåíë=

Åçåí~áåáåÖ=ÇáëëçäîÉÇ=çñóÖÉåI=ëìÅÜ=~ë=áå=íÜÉ=BWR=RCS=çéÉê~íáåÖ=ìåÇÉê=“åçêã~ä=ï~íÉê=ÅÜÉãáëíêóÒ=

ÅçåÇáíáçåëI=íÜÉ=ëáíÉ=Ñçê=çñóÖÉå=êÉÇìÅíáçå=áë=éêáã~êáäó=çå=íÜÉ=ÉñéçëÉÇ=ëìêÑ~ÅÉ=~í=íÜÉ=ãçìíÜ=çÑ=íÜÉ=

ÅêÉîáÅÉI=ïáíÜ=îÉêó=äáííäÉ=çÅÅìêêáåÖ=~í=íÜÉ=ÅêÉîáÅÉ=íáéK=^=êÉ~ëçå=Ñçê=íÜáë=ä~ííÉê=ëáíì~íáçå=áë=íÜ~í=íÜÉ=

ÅçåîÉÅíáçåJÅçåíêçääÉÇ=íê~åëéçêí=ê~íÉ=çÑ=ÇáëëçäîÉÇ=çñóÖÉå=áåíç=íÜÉ=ÅêÉîáÅÉ=Å~ååçí=Ä~ä~åÅÉ=íÜÉ=

êÉãçî~ä=çÑ=ÇáëëçäîÉÇ=çñóÖÉå=ÇìÉ=íç=ÖÉåÉê~ä=Åçêêçëáçå=çå=íÜÉ=ÅêÉîáÅÉ=ëáÇÉëK=qÜÉ=êÉëìäí~åí=

ëÉé~ê~íáçå=çÑ=íÜÉ=çñóÖÉå=êÉÇìÅíáçå=ëáíÉ=~í=íÜÉ=ÅêÉîáÅÉ=ãçìíÜ=Ñêçã=íÜÉ=ãÉí~ä=çñáÇ~íáçå=ëáíÉ=~í=íÜÉ=
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Figure 4-1: Schematic of crevice in aerated solution, indicating the separation of the metal oxidation and oxygen reduction 
sites, and the consequent changes in pH and anionic concentrations. 
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Figure 4-2: Schematic of crevice formed at PWR steam generator tube/ carbon steel tube- support, together with the 
phenomena that give rise to the localized corrosion, Staehle, 2001. 
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5 Environmentally-assisted cracking 
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Table 5-1: Correlation between different submodes of EAC, type of loading and reactor operating conditions, 
Seifert, 2002. 

Mechanism 

Environmentally-Assisted Cracking (EAC) 

Stress Corrosion Cracking 
(SCC) 

Strain-Induced 
Corrosion Cracking  

(SICC) 
Corrosion Fatigue 

(CF) 

Type of loading Static Slow monotonically rising 
or very low-cycle 

Cyclic: 
low-cycle, high cycle 

LWR operation condition Transient-free, steady-state 
power operation 

Start-up/shut-down, 
thermal stratification 

Thermal fatigue, 
thermal stratification, 

… 

Characterisation of crack growth BWRVIP-60 
disposition lines 

? ASME XI, 
code case N-643 

(PWR) 

Characterisation of crack initiation ? 
(σ > YS) 

Susceptibility conditions: 
ECPcrit, dε/dtcrit, εcrit 

ASME III, 
Fenv-approach 

=
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Figure 5-1: Conjoint material, stress and environment requirements for environmentally-assisted cracking, Speidel, 1984. 
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