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v 

LLlllnVlvnlflV1~u1v~flLLlJlJ L tl~ L ~u (Linear Elastic Fracture Mechanics LEFM) 
• 
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tJU LLIII~ttJUl.J~tJ~l~ L Vll.J!lUnULL~tl.J ~!l~~ 11 L ~l.JIIIU a. 
" 1 I.... I I 

LLlJlJ11J,vn~il~n~tVli'1f'IVit!VI'~L~tJ1,'n 0 ii~(J .L£lUfi'~,\U~tJVi 1 n) 
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tJ .... tJ tJ I II 

!lvIII ~lnl ~tJ~J1~fi'1tJ!l ~ 5!l~ ~ 11l't ~LL~t~!lI~rl'U YJ\jlfl~!l ~ ~ 11'\ utlu~ luViYJt)fl,t~fl1l11i~ ~ " . 
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Ll.J!l 
..... I .... tJ .... tJ tJl I .... tJ 

fl1ll.JlflUVin5tVli~fll~~Wu fl~tlU!ll~nl~~I'11!l~tlU~lu,~~~nu YJ\jlflL~l.JIIIU'II!l~~!lU511 
". " , , v 

.. .. 0 

, .. 
fl11l.JlflU5~LU!l~'lnnl~~l.Jln~~Vll LL~~ fl11l.JllllUVI1Un 1 ~ \Llllmrn'll!l ~ 1v~fl ~tlVI 1) ILM1~ • • " , ' v 

fl11l.Jrl'~U1l~~Vl1l~YJ\jlflfl1ll.J~11YJ!l~5!l~~11 
tJ .... tJ II 

'\~~IUtJ!l~nu~IUV1~ 3 tlu 
II tJ I I tJ tJ I 

flin1l.J~!l~11 L~1,tUiL!l1YJ!ll.J~L£lUfl~'\U~tJVi 1)1tJ'\£I'\un1~!l!lnLrulJtlu~1UIWD 
" "" , tJ tJ I f' " II 

WnI5tLLlJlJ11J.rn~ LL~::~nl~~11fl!lUl~1 'j? fl11l.Jrl'~U1lfi'~,\u~tJVi 1) 1l.JL Vll.J1::lflV1itJ'\~U 

, v .... tJ f' V f'tJ 
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n) ~14;]114~;]~1B ~~11l ~lJl'I14 a. BEJfIl~1M11~LlUU"ib,rn1n1~Vll'1l°1 
1 " 

"" a. 
1 

t-' I v 
,ol14114fl'jV~i1f111lJl fl14n1~Vll N 

~, c1 I 

'lJ) fI11lJl1lJWU151~""'1;] a l(fl~ N Vlfl1 <1 i 1'11;] "l 
, 

'" 111Vi 
" 

, , v • I ~' v 

'lJBlJ" 114 11JVl 1) L ~B"" 1f111lJrl'lJl;'1415~ L ...,lJ1 ~!il"" 1U1 'lI114n 11BB n LlUU L'lI141l;]114nJVI 2) [3) 
" " " I V I V 

~ ;]1J1maUm~1l1LL1J1Vl!i"IfG!!iB ;]1l1fhl B
V

mln1 1 'lJU1~1l1'lJfl;] 1B~ 111I'1B 1!J<i'm da/dN Ll"~ 
I V v · V I" , 

v 1 '" "':'i '" ~"m;]'lJfl;]m1lJlfllJL 'lJlJ'lJlJ bK (=K -K . )n'l1ViL'II14YI;] 1411JVJ2)lJ!lBL1~n11 Sigmoidal 
max ffiln \J 

LL~LciB;]'nn bK Lil14vr;];rl'~ 'lJfl;];J,,~1;]'lJfl;]fl11lJL~ M ( 
0" max - <1 . ) lL,,~'lJlJ 1 Y1 

mln . 
... II V V I v' 

'lJfl;] 1B~111 a Y1
v

;]14v14L 1' ~;]!i'lJ'1(1""lBl~n1 1,,''lJfl;]~14 ;]114~~1B~111L 1lJLL1n LL,,~~m1lJ • 
v v 

L fllJLLlJU1!J ,rn1 n 1 ~Vll1Yll Y1~VJln11il14~ l n ~Vln '''Vi 

, 
v 1 '" Sigmoidal ~;] 14~1JVJ 

" 

v 

'" 2) 14an"l1n14 
V I ... I V I V \.IV 

fl1 1lJ~ 1 1~B~~11~~~~B~~11L~lJ'lJ~1~1l1 !il lJ'1(1fll141rulYl"n fl'fl1 1lJLfllJL'lJlJ'lJlJinql'l KC 
o 0 v 

..., ~B K ~;] L il14 fl1 fl11lJl'll14VJ114 n I 'j lL I'ln...,vn 'lJiH l
v
fll'l 
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• • 
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v v 

2. fl11'1181t1i1'11tJ, 1tJtI 111111t1L Ml1 ~Uuulb,~m 
i' • V tI 

flf'li'11fimfl1 'i llYlfllrm11" 'iln~fil1~m'ltlU l ~, l oIu fi 1l.J 1 'j[) L 'llYilU lt1tJ~YI1 lf1 1 'l'1Itllt1 , , 
'" lI' II I v 

YI~'l'1ltJ, 'jtJ tI 'j 11 L U~U, lUi], 11m 1 n llUU~fI1 'if'll llf1 ~ 111t1Y1~' "ll.liltll.JL 'ilL U nl'11il, da/ dN llf1~ 
" . , 

~ l 'IIUl1~,Lu'jl.lVl 2 ) 
" 1 V I V 

'1 .~ .... .c:.l.:!i 
fill.J1'j(HlU' m UU 3 filU 11,UfItJ 

fl. U~lltWi 1 liJUU~l 'ltWifll"Ul1~l lIK ~lfim'liil~l 
I I I I , 

, lIKth ~'V1fl1Y11f111 
tI V , I I , 

" '1 "'l ... 0 t.J «; "" U'itJtl111,~ l.Jlfll1f11'i'1ltllt1Y11 fil"1U'f'I"~fi1Ul.Jlf1fill1Kth '~ l.Jfill.1'j ~ l.Jlru 
v I 1'1 

,1f1 2x10- 5 0, 3x1 0- 5 firu1l1tJfl1Ll.JlIfI~fi'1lil;)mll.J~m'ltlU (E) ,,1ilVifil 
"" , v v , 

v ~ -10" 
ilYl'ilf11'l'1ltlltJlI'l'1lil , 'iiltJ'il1 da/dN "2. 5x1 0 m/cyc1e "'iilUiltlfl11 

'11. Uil 'lMi 2 liJuuil'lMi da/aN llf1~ lIK LUl.J1Y111filU ~tJfI ..§t1f1~l.Jr1U;flvU 

da/dN 

K 

lIK Yo v'iia 
r 

I ,. I '11' I t.I 

• •• •• 1 ) 

• •••• 2 ) 

• •••• 3 ) 

11l8V1 C lbf1 ~ m l iJUfl1fi , Vi '1Iil "vfillllYlf1~ 'IIilll ~ ,~Uil tln'UM 1\'i~ ;)ll111f1tJl.Jllf'l ~ 'i ~iu 
, " 

v v V I' I 

mll.JlfiUYlflfl1,V1tJtlLU~U'lU ll1t1Y1~'''ll.l m ~fl1'1f1 20, 4,,:jtJfi,fI11 
" " V !.J V V v 

K fl1mll.Jl fiUl '1Il.J'1IU (Stress i n tensity factor) '1Iil,1tJtl11'lLUnU 
v' , 

~U'lUVI~'1IU111"ll.J'lnl1 
v v 

K. llf1~ K . -0 [)1 0 _ liJumll.JlfiUfll1,, :jtJmll.J 
mln mln mln 

a 0" - 0" . r max mln , , 
" YI111,Y1 1) llfil1,fl1 Mlf111Yl (W IIK

th
) C llf1~ m filWiuLfI"t'llill1m,<JLu ' 

'j~UUL tJoILil [4 J 

V~qIV ~ f' 

W,fll.Jfl1UiltJ [11'i1.1Y1 1 ) l.I'i~fltJU J mll.J~l.Jiujj'j~"'1' da/dN llf1t lIK 
"" v 'v 

U~ llrui'l 't[)flfllUfil.Jl l1t1fl1mll.JmUYllUfll'jllYlfl"~fI'1Iil;j')volll Krc " , , 
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• • .. 
iii,., ~lnviiMfiJ~m~ m~'N'" fI1 Kth C LL!'1~ rn '1 [ 4) 

• 

1vii~ 
6.K TH m C' 

(!\1N m - "') (x 10-") 
• 

Mild steel 3.2-6.6 3,3 0.24 
Structural steel 2.0-5.0 3.85-4,2 0.07-0.11 
Structural steel in ~ea·waler 1.0-1.5 3.3 1.6 
Aluminium 1.0-2.0 2.9 4,56 
Aluminium alloy 1.0- 2.0 2.6- 3.9 3-19 
Copper 1.8-2.8 3,9 0.34 
Titanium 2.0-3.0 4.4 68.8 

• Units of Cwill give da/dN in m/cyc1~ when 6K is in MN m-l~ 
II I '" I I 

!'1n~~n1~~~1~~lU~~~~~~11LU~~~lnnl~!'11L~U~~1u~u~ 3)'~L,.,n~UnvUM~~ 
" ..... v . t.I .... I I' 

ii-lLLml~UV1~~mM1~1v~~,~m ~nvu~m~ V1v~UL W~l~~v'LLu~~l<"lmf)ml!'1~l~~~fI1 K "'1~ t¥-. . 
II t' I V I I I I 

i~uu L ~1~~iil~1~ lmlml~l~wvW'i~~""1~ da/dN LL!'1~ !J)< U~~~UM~\'l~1J~~l~~l~~m)Jl1~ 
" l.I V V v 

1Ml~nL1J1J\'l~i L ~~ LL!'1~Ui L ~ 1~~!'1"lu1 ~Unl~~~mL1J1Jl~ 
" 

1 ) 
• 1.1 I '" v • • v 

~~""1~~~~~1'L ~~I'1ULL!'1~\'l~l~ \'l~nl~~ 1 ) L ,j~iJ~~1 ~ Unl~~~mL1J1J~ijl'1 U!'1~fVr~'ln • 

, . 
3. ml~l~wlJfi~~"" 1-l d a/dN LL!'1~ 

"v I V 

nl~I'1\'l~1JLW~"'1~lBl~nl~!'1 1 "'~B~nvl'1~11~V1UV11U (On) 11'1~V11"lU~UV1I'1~ 1J,~ 
I V V II 

~!:J1l1~1 M l~~LL1J1Jml~ L run ~ ~V1i'lf°l\'l~ ~ViI'lV11 ~ 
" 

" I .... a 
~~nfl1Bvml~1Uml~Lflu rnin~ R = -1 

a 
1 I I V V .... I max 
5) <:!I v q ~ c::l 0 <:Iv 

LL~ I un 'l~V1I'1~B1J L WB"' lf11nl~U~l~m~B ~ ~B~~ l1LL1J1J~n1 ~!'11 m 1~ L ~ul'1-lV1n~ ~V11,~~!'1mKlJ~ 
'" I lItJ I I V II 1I I 

'lfiViI'lV11-l L ~U1~-l R = 0 V1v~iJL w~1~1u~1-l~nml~ L l'1unl'1m~V1inu~u~lu ~Bml1'l~"l~~~1~ 

v v 

nml~l<"lf4!l<"l,.,~Unl ~1 ~~lULL!'1~ "l~~uml~\'lu1 ,~ln 
II lI' , 

L~1JUB~!'1Bv~~lnl~~~1~i1~~-l~B~ ~ 11~\'l-ln11 10-
8 

" " 
rn/cycle 

v • 

Paris-Erdogan l<"lwrunjru R = 0 "l1'1-j1Jml~\'lu1 '~ln~~1'1 
• 

v v ' 

Barsorn[5)"lI'1V1inl~~n~lBv~~lnl~~~1~i1UB~~B ~~11~1~\'l~nl~ 1) l<"l "'fU 

2070 
.... I I V . 

l<"l,.,fUL ,.,~nn!'11LL1J1J ferritic - pearlitic ~B~1~11'1!; K fI1L ~~1nvU BV~~lnl ~tI~ l~ 
" I 
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:' 

" ~~nl~l~~lU [da/dN LUU m/cycleJ 

Ferritic - Pearlitic 

Martensitic 

Aust enit ic Stainless stee l 

da/dN = 1. 35x l0 -l 06K2.25 

da/dN 5.60Xl0 - 126K3.2 5 

• .••• 4 ) 

• •••• 5 ) 

• •... 6 ) 
11 I '" t.I , 

ilVl;;i"j~YJil ~m l~ L fllH il~!Ni~l1il~~m;ru~nl ~ tJtJltJl1~100 ~ ~iltJ~11 LL~11 ~l'" L liul U~l.M 
u 

I, I V 0 ,K . 
~ v cl...t'! v d<l:l lJ mln [.s, __ ml n 

6) "O~mLLl.JWI"lftJ!nflil ill1~1~1UfI11~LflU R = -0- "0, K mtJ] 
11 I I I" V V max v mC3tX I t.I 

L l1UL il~tJ~fIl L W~~U rf"J~~ Llu11 UlMoll"'il~?1 'lln 1 ~YJtJ ltJ"~1tJil ~ ~il tJ1 11~fll L W~~Ul UVIn<J , 
, , , • v 

OO~n11l1 Sigmoidal LL~ ~1 11tJVI~111.JilVl;;W~tJil~nl·H W~fll R lW~L 1M1 2 "J~UiltJn11 

. " 
Forman [6] n~~~l.JLuui~ti 

u 

da/dN = 
(l - R)K -6K 

" c . " 
film l~mUVllUnl ~LL?1n.,,~ntJil~ 'r~l1 ~1"'{Ufl11~"'Ul~lflVl?1~ilU , 

• , '~~rrTT'T ,T l.,n,--r--rTTT'rTTT,,--,r-.-.-,r,...,-,""" _ 
, 
• • 

u " e~ : ~ 

':: .. · . , 
• · . , , 
: · • · 

6-0\ 3 6 
60r o-ABS-C 

40r- :::~~~--: 

20 -

CRACK-GROWfH RATE. do/clft, Inch P" C'fcle 
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, 

/ 

CRACK-GROWTH !'lATE, ~afdi'l, ;ftch po , cy<;l. 

, V 
Q..... v q 

~tJ"V1 5 tlmlnl~'IJ!:JI!:Jm'IJtl_1~!I!:J~l1l'11lJlilJnl~"V1 5). 
v 

V 

!i"1'r1~tH 'r1(1nml1'IIi1~ Martensitlc (5 J 

11K, ksifu 
~ '~r' ------__________ ~'°r-____________ -"'Too~ __ , 
~ 
u 
"­
E 
z la- \ 

'0 
"-
'" '0 

riO-" , ~ 
;;:J 

'" '" .,. 
l1l 
,~ 

;;:J 

' 0" 

;n 10 -' ., .. 
r 
c 
r .. 
~ uri 

'", 

::::f)~ II. • OS 
H • 0 a 

I 
I 

I" 
II. • ":} 
II. • O~ . ~+t:1=::.JI. M 06 

4 ,It, 08 

''''"L-____ ~_!:__-----_;:';:__--' 
'0 100 

, 
" ~tJ"V1 6 

v 

V V V 

~1_1'IJtl_1fi1 1lJLfiUL'lJlJ'lJU 11K MN - 3/ 2 

V " 
G G q qq ..... 
tl"V15~~'IJtl_1fil1lJLftULQ~!:J"VllJ~tltl~~1 

V V 

nl~'IJ!:JI!:J~v,~tl_1~tl!:J~I1LLUU~1 (6J 
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II II .... ( 

4. n1~fl"lJ1ClM1El1~n1~t11'l1El-l~lJ-l1lJ111~'l ~nOlI'11t'lmn1~LL~mrn 
~~~~~~.~~~~~~~~~~~~~~~~ 

I I , ~ 

t'lIJn1~ii 1) "'~Elt'lIJn1~YJEl-l paris-Erdogan LillJt'lIJn1~iiL~ElIJfl11IJtflMiJfm:-
• 4' .... , II " ..... " ........ 

""11,m0ll'11\'l~~n1 ~LL~n,.,umLOI~n1~~1 mfl11IJ L fl1JL 'lIIJ'lI1JVl111<nnm~1-l1ut'lfl t'l1IJ1~[)'l ~1fl 
• v • • 

n1mu~~ln1~~1~~1nEJ-l~El~~11 ~1"'~U1~[)VI~fll • 
I'll'" I I 

fl1 K ii"''''l,.,\nflnl~'lI~1~~1'l1El-l~El~~11~fl1~'' 
.... .... I I I .... II.... .... 

\ ~nIJ1nt'l1IJ1~[)'l ~ LEFM 1m iluEl~1-l~ \ ~Elm lUmfl11IJ'\ fl1J L 'lIIJ'lI1J KI~l"'Wn1 ~'l~-l1lJ'llJ 
I ........ I I 'lI I 

~1~1-l ~ El'~n,~'l~-lllJ'lIEl-l~lJ,'lJ'llJ~1-lii\"'~El \'l1IJ1~[)"'11fl~lnn1~~~\n~,.,t'llJnl~ii • 
I .... I .... II I .... 

.. '" U 1" 1) ~~"'11-l~El~~11\~IJ\L~n (a
i

) LL~~~El~~11'lffll1~ (a
f

) fl-l~El UlJ: . , . 
LL~m~1nl'U.Jn1~ii 3) OI-l'llJ\'lIJn1~ii 1) 

da/dN = e [Yo ·/ii-ayn ••••• 8) 
r 

. .... I........... d 

L~El1El~'jl1'l1~1~ 'l ln a
i 

1ULillJ a
f 

'l1J~1-lEll~n1~'l~-lllJ N
f 

mU-l ~lJ-lllJn~~ 
I II I .... 

'"" V ~ "I """" .- Vq 
\nflnl~LL~n,.,n '1-lt'llIJ1~n""I~'llnn1~El~Ln~,.,t'lIJn''j'" 8) fl-l1J 

LL~~ 
1 

=If 

a . 
1 

a. 
1 

a f 
1n(-) 

a, 
1 

2 
(m-2) 

-1 
) 

I'll"" I 'lI 

••••• 9) 

m = 2 

: • ••• 1 0 ) 

m> 2 

••••• 11) 

I'U.Jnl~ii 10) \il1JEll~nl1011'l1El,~lJ,'lJ ii~~\n~"''lfl~lnt'l)Jnl1'l1El' Paris-• 
• I I 'lI I I 

Erdogan '\~El Y f. yea) ~-l\illJniU\\lWl~\""UlJ ~1"'lumMr1 ~ 1tJii Y = yea) t"jIJ-

• • 
n11ii 10) ~~n~I~\il1Jt'lIJnI1V1 12) 

= 
1 

e[o v1f)m 
r 

•••• ~ 12) 
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• v' v· v 

L~!)L~ULLU'li'11-l'lun1'i'l'll~l-Jn1'i~ 1) "~!l 10) ~1" 'i1.M 1!l1Un 1 'ifl1!J!l-ltN ~1U • 
I t.I I t.I t.I' '" 

Ln!l'i!)U'i1'ltJU1U~v'l~1n a
i 
1UL~U a

f 
'lU'i~"'l1~n1'i'l'll~1U N

f 
fl'iv~ 'l~u,~!J!lLL~fNfl1_ 

, t.I I t.I 

ilU 1-l'lVlflfi~~ 1uii 
y 

I t.I I t.I 

f11!lU1-lYi 1 ~U~1ULLmJLLUUL 1mdl.JIl1'i~LLU1J'l1l"lvn'i'l ULLU'lLLnU L ~U'l 1 flU~fl111J L flUtJU1fl 

• • 
fI~LU~W"l1n a = 180 MN/m21ULilu a . 

max ffi1n 
, t.I.... t.I 

fl~l-JlJI1"'LtlVll~~1~f1~U~ a t = 600 MN/m2 E 
• u 

207 GN/m
2 

" t.J V I V • 

01~U~1~tJU1fln 'l1~ 1l-J"lln
v
fl LLfl~~ 'i!l U 'i 1 'lvi~fl~fl!) ~fl11IJ>1U1Yi!J!lUan • 

v v 

"l~fllU'lnM1!l1Un1'ifl1!J!l~~U~lU • 

a. = 0.5 mm 
1 

V tJ I V I tJ I 

1~1 !)lUnl'ifl'1!J!l ~~~'1ULLrJun'l'1-l11J"llnvfl~1l-J'1'iOfllu1riJ1'n 1fl"l'1n~l-Jn'1~Yi 1 0) 1 flUm~ • 
• v 

fi-l~1lli1 

<il"'ii.Jn'iM1iu~lU~ ~~tJU'fln;'~1~"llnvfl fl
v
-lu::U"l1n fl11l-J;"11~nMI'1~~;nt 'iLL~n.,vn [11 

" 
"" t.I I tJ " " I . , 

L 'i '1"l:: 'lVlflt Y=1. 1 2 LLfl ~<il" 'iU~U~ 1U~ .JVIl"l1n L .,~nnfl '1fl~l-JU>1~!) L il~nnfl '1f11 'iU!lU~l il ~ • 
v • 

LiluL VI~nnfl'1Tlilfl ferritic-pearlitic fit C LLfl~ m 'lu~)Jn'1'i!J!l~ Paris-Erdogan 

•• • .. .. '" .. ,.. -2 
~::)JfI'1f1.JV1~'1l-J~l-Jn1'i~ 4) LUU c = 6.9x10 

" " 

Krc 2 1 
a [ ] = 

f = IT Ya If 
max 

3 ~'lUfl'1 a = 
r 

" " . 2 ... q 4 
N/m ~~ULUil~"l'1n 

100 2 
1.12x180 ] = 0.078 m 

• t t tJ t.I v' I tJ 

LLmlfltm~ OJ 'lu~n'1'iYi 10) L 'i'1"l::1fl!)'1Unt'ifl'1!J!l~~U~1UL~Uflv~~!l1lli1 

["l'1n10 ) ] 

= 

a . 
1 

• 

•• • •• 10) 
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cycles 

Yo ~ 
r l 

= 1.12x180xO.0005 7.99 

3 -1 
= 1_(0.0005)2 = 0.92 

0.078 

I I I t.I V '" 

LLVlUfI1m" '1 'tu\'U-Jn1~Vl 10) L~1 "~1f1il1~n1~('I1l'1Ll"~U" 1\J N
f 

= 261,396 

, I • ",' '" 
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