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Studies Of Fatigue Crack Propagation Rate In Weldments

Of Carbon Steel
Sattar, A.Abass. Ghazi K. SAEED
University of wassit/ college of basic Education

Abstract :
The rate of resistance to the penetration of the stress fungus was

studied for several samples in which welding is on different dimensions
from a welded sample at a distance of 5 mm to a welded sample at a distance
of 25 mm, with a difference of 5 mm for each sample. The highest resistance
to the penetration rate of the fungus was observed in the sample in which
the weld is at a distance of 25 mm, while the resistance decreases near the
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thermally affected areas in the welded samples at a distance of 5 mm and
10 mm.

It was also observed that the compressive residual stresses hinder the
penetration of the fungus into the samples containing small-scale welding
defects, and this effect is absent in the presence of large-scale welding defects..
Keywords : cracks, welding, defects and thermal effect.

-

1 daddall

Laglie Ly DA caclan Lage LISl jany 5l 500 ool deliall dals Cnpal
il Jess (535 Buiie lilgal I gmpas ) Lbh (gale Llle lly Jladl) Jesil lsal)
Giluliag Hladll Je s Y e djea 8 M ¢ palaall cpn) A lgia SN 35a 2B gl A5
shaY) Dens sl () adll Gpall sl il Ay P ga ghags Jdll dspall ladl
G oLl maaill CBllas 8 dals Tude Jaadl 13 (56Sy L Gsad o) cilali e Liginal)
Lpg e Jdll pias sl (sS Loie Aabidd) Lo lial) cilaydal)

(Linear Elastic Fracture Mechanics) Bl Opall sl clilSae dulas 4 o
8 sl e Job sas ¢ [1] 1016, dllie b ola WS 1920 4w 8 << i (e Creniiiad
JSLgl a3 Jlae¥) hy M5 Capal Gl Sl dals Jhdll e dles)
(Fatigue Crack Propagation = DIl jladll deg duhn Jen Ggall cllgige il
13 Liagy M5 [11-2] (FCP))
dle By JgY DS 2 asehe s (el Sl DS & Gacadid) Sl Gl o
e Mgall Hlgtin Lo aily casd) 138 Jid deag Y S5 Eoall ciluhall oSy ([3] 2V AV,
s fan DS 05 28 DS o1y clalgal) sda lake sia Lega 5850 Sililgals ledde it
. [7-4]
0o sl Gl L pe DU ponge Jare daluy (@bl el o duhall ciess 3l
il Lo @iy baledy dordival Gliall IS8 Jadig aad) eially ¢ daL L)l

. a8l

p bl el


http://ar.wikipedia.org/w/index.php?title=%D8%A3%D8%BA%D8%B3%D8%B7%D8%B3_%D9%81%D9%88%D9%84%D8%B1&action=edit&redlink=1
http://ar.wikipedia.org/w/index.php?title=%D8%A3%D8%BA%D8%B3%D8%B7%D8%B3_%D9%81%D9%88%D9%84%D8%B1&action=edit&redlink=1
http://ar.wikipedia.org/wiki/%D8%AD%D8%AF_%D8%A7%D9%84%D9%83%D9%84%D8%A7%D9%84#cite_note-schutz-2

4 J O B S . ) a glatl dae ISSN 2306-5249
= Journal of Basic Science &l sl

GOy AVEEY/ Y Y

-

>

J

rentl) By 3 Auals Aiday §ygemy hadll gty g piiall Jeall Jadss dilee DA (10
Clip (ald (ubia aladnul & Cua (initial Stage) ddiay) dsjalls dsjall ol andiy
s¢) I (Crack Opening Displacement (COD)) jladll daté dalj dad Jisail (Gage)
[13] 4] Alslaal) (e Lol Gl e kad Jsho
a = W(Cy+C u+Cu+caut+cut+csu’...) (1)

:Qit_u;

-

c 2 pand daghiia 8 PN laals Galad) el selind) 8 diacae culsi Cs...Cg

1+(Beff X E X 1)12
.Z\_Haj\ Slow = Beff

.2\.'1‘3)&}\ da\.’.c\:E

bl dasd d 53l
= (Compliance) icUadl = A
dasll aaal3)
Lall syl Alyla alasiasly i) s ihygall 32 (oAbl Loy haill Joh o st 2as
Jhdll st dad alao) &5 (g (Automatically) 44 5)5m0 da\dN lual (Least Squares)
st e Taldel ladll dils die dlgaV) 5230 Al dbaasy dicyimy Mly clypall a3l dpally
5] ((Pairs ) Gl 3 aaall dabedd) Gaukiy (AK) (el algal)
da/dN =c(AK)™ (2)
: ‘_'j dua
o Clyall aaal dpually PIKU Lladll Je g3 Jasw = da/dN
- ge b= C

MPavm Lall dsla aic algal) sai= AK



KJ O B S = 3 Lu.l‘i‘ ?JM‘ Al o ISSN 2306-5249 -
== Journal of Basic Science e sl
qn AVEEV/aY Y
\ J
. Bald) ey cul=m
(9 50 g5t - @

. P clyga 22 = N
Al Aoled)l e caunid AK dadi L

AP 2+«
A — (0.886+4.64a-13.3202+14.72a3-5.6a4)..(3)
B\w (1-o)1.5
AP:Pmax - Pmin ..................... (4)
a kil Jska

J<& o5$ Fatigue Crack Propagation Rate (FCPR) DN hi Je g Jaee las
I PO SN
Stage | : 1s¥) dsyall

¥ sne I il 450 dushll sie Jhil g L 05 alls ASnS) Asyall
Lt Ay (s ) ddadi) 4 [14](Secant method) alalall 42 ks dalaiall sda 4 aadiiudg
5 @ball el e (a) i Ao Giyslate ksl G bl sl Ball e oy

Glual aadiiy Hhadll Jeha Jarag (@i+1-a0) Gfianys Jaead (FCPR) 11 Cosad dlalaal) o3a
(3) alas aga (AK)
Stage Il : dulll dls Q)



-

'JOBS

Al a slad) dlaa
<= Journal of Basic Science ) s

ISSN 2306-5249 B

AVEEY/ Y XY
J

ol il Al 4y« e saal Al (900) Al xie kil dess (S el
dabe gl oyl glabaally . (N) 2 () osiall Al Lala vie (dafdN) sl Ja

o okdll e

ol AAK 5 (dafdN) duwsail) Glilaadl Ui Aoy cawatd (C,M) 52lall culsi Wl
7] Adul daaal) (2) bl duas)le sl ANl 34l @l £dasl) Alsledll ae Log-log I

Log(da/dN) = log( C ) + mlog(AK)

Ayl 530 o Aaisdl Jaghadll (o ST ol aaly ae cildarall 33l Aausd gy i) g

Stage I

o
SRS SR

crack direstion
%
A
N Stage II d

s B o
o

DS &l Jalye ol sald) JSaa G Jalads

A

©  Stage III



&

J O B S s a glal) Alana ISSN 2306-5249
= Journal of Basic SC|ence Gl aand)

oy AVEEF/ A Y
Stage 11
Log (da/dn)
c >
0 Log (DK)

- S hadll Je i Jae Jsial e sl mpal) ez hga

P slendl 3al)
t laalady ciliall (<5 -

Assially (CT) aSaall 281 <3 ladinl) dadlal) disel) Jlawind 5 phadll Jegi jloal b
Clils e zs) B asgl Lo 5ems [15] (ASTM) dallell ilulaall cany igh) JSalL
.(Clip gage) suuidl cufl ddy daiie oS
oY) Lhaal miage oo LSy

R—0.25w\
o _
_______ s o
o
5 |2
3|
[ 4 '
) L —
oy =
v [e
i = 3} + e
14 W
f—t B
— 1= L5,
: 1 < >
| | !
| | a
: __F,,,,
e WX _— were X =0.005w
| -
L 1.25 + 2X ;

Clip gage : wsall -



J O B S s a glal) Alana ISSN 2306-5249
oo Journal of Basic SC|ence Gl aand)

Gy AVEE¥/ AT Y
- J
o8 LS5 (Strain) Jaill (s mpl cliall (e paill 138 ga pasital 52l Zalal) o
s ol ksl

_‘l/_\LA . / Ll S

/ \

.. \ gage - |
. /
T\- \\\ o //

O

i
Grips : &Ll (<& -z
ISy Vo) 20 Slea Al laly dsing ¢ M) Gl Jabadll 8 (e LS clSulall (€5
- Lol L) o) i) alelg

dx)) 4 30Hz L3 Ftigue Loading , dagall s (IS daesd 53 (5y90 25 Jarluss o
SHIMADZU 4SslasigV! aill and daghie alaaind ¢ dasadall clill gaeal djal) 5
58 ale S (5000) dawss
paladl) dolee

(ASTM Zau faall o glaall abial) 3uu 2lall (ARC) (gonul) (oussill alalllislac Creraind
Aalll dilee dasg dagale (93l Ay (V-groove) a lead due moag Nl Uiy 304)
s ) Gaeall s (e ) dea o ) alalll dalaidd (Grinded) sl dlee (5520



[‘J O B S . a " MY‘ ?JM‘ ISSN 2306-5249 B
<= Journal of Basic SC|ence Gl aand)
-?93;?_ AV EEY/ AT Y
P m—— _\
L J\\ LJ’\
e \ e | 10mm
4 4 9mm

(V-groove) ot Ja g dls -

Iﬁhﬁ|h$uk« éweu -

: La8lially gt
- dagalal) cilially duwlu) diall jhadl) #Uas) dafif 4d)lda
gl Jalad any Lghal Al Lyl ilial dligy dagalal) cilinl) (o 2t dpdenl) culadl sl o
(Vmin) (minimum crack opening Lial jhdll 7 Lal daliiaie ouw (2,1) JS& . e i)
Jbdll Al e ddlida sl o dagale clind S @) sl &lls (VMaX) alialls displacement)
ipalyy dabuly Lagalal) ciliall 4ldte cilyiaiall dba of SN (e Jadly . Luabud Lie aa Jaiial
s Agh Jaliat Liia clilgal a0 iy X=25mm Liall acle JOSN g s3ad dod A3 dbagy
- [16] saills Bole Ml e Sillg shadl) Jogs didaia yS
Lula) A pa 4alida slaly dagale cilind OIS Clge 230 a2 hill Jgb dglu Gau (3) Jil)
Jsas G X=25 mm dial) oo L SN g0 aand dyas) A3 09 sl Sl o) JISEN) (e Bandlag ¢
Jhill &gl d3le)
Smm ga Sl skl (gl o alall) alail 5alj g a5 sl J8 65 daglia o Lt Zaadg
(da\dN) sl hab 1865 Jara G 4Bl Jidi (Curve Fitting) gulkil) ciliaia (i (9-4) JSay)
(Stage 1) 4l dlajal) JISBY) sy (2) ads (cwl) Malea B ela LS (AK) slga¥) 53d gy

A



4 J O B S = A a jhi‘ s ISSN 2306-5249 -
= Journal of Basic Science & s
U =

(ol G culad) Balall fia auliens Jad (<& Ao adiall Badlg . (NS jhé 245 Jara (e
Ladib Lasalall bl b Lais [7,6,5] Sl b ela ae il 058 sills (4) JSa b Las
(break Points) jLusidU (ks g) ddadi 45961 daslicea aghd EDE ) cphad JS& Ao ()9S5 cilaral) o)
(M) ol ad o) WS ([10,12] A Gdiab dielgudi cladlall Caag a8 (AK) ¢a e s o
(M) pd O dale By gaige[16,12] Caiald) g R (sllly shadll Job Bal) g sty \guuki ddsall
- (AK) sl Madl (g2al) 8 3435 a3 dpdaal) & IS (M) g Allg X=5mm dial) L )ae L (AK) B2l
Aagalall cilially L) Liall (FCPR) ASSN jhail) Jegi Jara Ailia o
dalida sl Ao Lagale cilis g dagala 5 Luulad dial (FCPR) 1) gl 45)\5a (10) JSi griasy
- draadl) Jagpd Gl al) (e
Ll N Lial) dad (e (AK) J) a 20 Lo aoli 05 Dualdl) Lial) B (FCPR)  dglu
Gage dagalall ciliml) B 35390 Lee dlglal) 13 Cilidgg . [10] clodl) B ela Wl (Gilaa 05 (52l sl
gl A Al e Al (o ARl i) Gadli (aal)
Ly AU el 58 (X=5mm) Logalal) dinl) ga (FCPR) aull dpulo) disall ilisl) 43 liasd
dibial) A bl Jogi O Latie Lald CDUEAY) ik ba (10) J<E A cpae LS 45BN Aajal)
-8 Wy Jaral) s dus Aol Balal) e Lasie Tapai J Wany cdagalal
AK=14 - 17TMPaym (saalls 4uii ggd (ulul] Linlly (X=10mm) Lial) & (FCPR) I L
Jil (X=15mm) Ll (FCPR) 31 ¢f. Jhadl) J gl b3y Laajas (X=10mm) Lagalal) dialls 21235 oasg
s el (X=20mm) Liall (FCPR) ad o .alad ige 329 Ao Ja L (X=10mm) dially )l
(AK) 3 Al 2l wic Ja dlsbud) 1389 . (X=15mm) Ligll a8 ells
s clabiinad)
B 25mm sy o alall) lgb g A Adal) B IS Jhdl) g2 65 Jural Agglia o] anas
8,iliall ddhaial) i) daglaal) sda J& pa
g dgas il Je s Jual ABelibal Juanyg 10MM,5mm s e Aasalal) cilial) L6 U
- 20mm,15mm s e dagalal) cilial) 8 LS s (ulilas alal
dal e o Aygiaall cliall b hil) e Blef ) Lbleas) Ldda) clilgal) gap o
g d9ag BN 13 amig e (ulies
b Aaga Laglral) ol iaty 4leliSy alalll Baga ) Al shdll dbpa (e LAY (S g

-

- daland) clidadatt)

3 .o



J O B S MMY\ a JM\ ISSN 2306-5249 »
A Journal of Basic SC|ence SN sy

G AVEEY/aY LY
— -

a4 BASE MATERIAL
s A A & WELDMENT X=5mm
E 054 000 WELDMENT X=10mm
E oo WELDMENT X+15mm
- “+++ WELDMENT X*20mm
g XXX WELDMENT X=25mm
=
S 04
3
& 035+
o
2 03+
z
g 025~
g 02 4
S 0154
=
2
= 0.1-]
=
’ 0.08 ) ° 1 1 ]
OE+000  1E+006 264006  3E+006  AE+006
NUMBER OF FATIGUE CYCLES

cilise e dpnibo Asad OIS ) 5 93 30 A58 Lial) ) A 3 s 45 B (1) S
. Al e ABlid M) o dagala

«24 BASE MATERIAL
& 4 A WELDMENT X=Smm
000 WELDMENT X=10mm
*-¢- ¢ WELDMENT X=156mm
= ~+++ WELDMENT X=20mm
E XXX WELDMENT X=25mm
’g 0.7-}
Q 06—
3
o
w
a 05-
o
£
& 04+
o
o
g 03
o
§ 02~
; 01 l T T T T
OE+000 1E+006 2E+006 3JE+006 4E+006
NUMBER OF FATIGUE CYCLES

2 Al At OISl ) 99 daad ANaS alind) jladl) A 3 e 4 e (2) JS&
LAl e ddliSe Aay) e dagale cilis



&

(" J O B S Al a glatl Lse ISSN 2306-5249
== Journal of Basic Science &l sl

>

Gy AYVEEY/aY oY)
oL ~

++4 BASE MATERIAL
AAA NT X=5mm
000 WELDMEN T X=30mm
*-o-o-WELDMENT X=15mm
1 +++ WELDMENT X=20mm
344 XXX WELDMENT X=25mm
_ 32+
g
E 30-
; 284
© 264
F4
4244
x
- S
O 204
184
164
14 ] ! T T
OE+000 1E+006 2E+006 3E+006 4E+006
NUMBER OF FATIGUE CYCLES N,

2en Apl) Aiad OIS <) ) 93 2303 ANAS i) J gha (s A 84 (3) S8
Lol e ddliS slay) e dagale cilis

=
>y

-
o
1

fl.v\'
Yogt e

»

&*‘

FATIGUC CRACK GROWTH RATE 44dN , (NM CYCLE)
"

—
)

| I 1 1
2 3 4 5
STRESS INTENSITY RANGE |, 2K MP; /' m

+ pa) ) b IS i) (6 55 o O (4)

AR



&

JOBS ...

rnal of Ba3|c SC|ence

ISSN 2306-5249 .

GullEl) aaad)
AVEEY/aY Y

J

105

=
lh

FATIGUC CRACK GROWTH RATE dAdN , MM CYCLE)
3,
1

-
©Oun

be
4+
t‘;("‘.t
/4
A
+
“
o
x
1 1 1
1 2 3 4
STRESS INTENSITY RANGE , 2K MP, /m

o Al Ga 5Mm 2y e dagale diad NS jhil) J2 65 Jira (i (B) JSd

104

FATIGUC CRACK GRONTH RATE dAdN , [NMCYCLE)
3,
1

-
S,

*
v
‘%I
X% x
%%
Wk %
X X
< *
T T T
1 2 3 4

STRESS INTENSITY RANGE

AKMP, [ m

LAl e 10mm 2 e dagale dad S ladl) J& 65 Jara G (6) JS

VY



- J O B Z\,,\-MMW a JM\ ;fu%‘ ISSN 2306-5249 -
== Journal of Basic Science &l sl
oy AV EEY/ AT Y
k R )

105
w
o 16+
“
g
§ 10
g
x 5
4 10
L& )
o
E
7
10 1 1) 1 1
2 3 4
STRESS INTENSITY RANGE , AK MP, /' m

. AN e 15mm ar e dagale ddad IS jhil) 2 68 Jaa G (7) JS

105
o /ﬁ‘(
T
o
|
W
&
5
g 10 =
o
o
=
s %
o
o0
10 T T T
10 2 3 4
STRESS INTENSITY RANGE , AK MP, /'m

LAl e 20mm 2 e dagale dial S ladl) J& 65 Jara G (8) JS

VY



JOB

oo Journal of Ba3|c SC|ence

ISSN 2306-5249

GullEl) aaad)
AVEEY/aY Y

>

J

5
10°
xX »
LA ’;

g £ P
o X
= ¥
= <
% %
s L)

6
2 101 :
& v %
$ .
o
x
2 X
o
O
: :
“ 7

10

I I
: 2 3
STRESS INTENSITY RANGE , AK MP, /m

LA e 25mim e dagade Al DISY adll J& 65 Jara G (9) JSd

109
a
g 10
£
g 74

x ¥

= L XXX BASE MATERIAL
g xo & & A WELDMENT X=5mm
E 10°- Rb. i 000 WELDMENT X=10mm
§ Ratd P *-¢-¢ WELDMENT X =15mm
& C TR ~+++ WELDMENT X=20mm
x 3 ® ® @ WEL DMENT X=25mm
3 s,o.a
o .
O 0o®d
2
-
" -6

103 T T T ]

2 3 & s
STRESS INTENSITY RANGE , AK MP,./ m

o R gl S gon ] Al Ul JE 5 G e i (10) IS

Al ¢ 25 20,15,10,5mm sl

: sdbaal)

1- kocanda. S. Fatigue failure of metals, series on fatigue and fracture, Vol.l.

(Warsaw, Sijthe off.and Northe off International

Pub. 1978).

2- Lair, C. "The influence of metallurgical structure on the mec-hanisms of fatigue

crack propagation™ ASTM, STP 415,1967

,P 131.

|



(" J O B S . dald) a glatl idae ISSN 2306-5249
= Journal of Basic Science il s

\_

N

J

3- Ostergaurd, D.F., Thomas, J.R. and Hillberry, B.M.," Effect of a increment on
calculating (da/dN) from acersus (N) data -fatigue crack growth measurement and
data analysis, ""ASTM,STP 738. 1981,PP194-204.

4-Askeland.Donald R.Pradeep P.Phule ""The Science and Engineering of Materials™
the d. Brooks /Cole 2003 .

5-Paris, P. and Erdogan, F., ""A critical analysis of crack propat--ion equation,
"Transactions of the ASME, Dec. 1963.

6-Chell, G.G., "Fatigue crack growth equation for brittle and ductile materials
including the effect of threshold,static mode and elastic plastic deformation®. Central
electricity researchlaboratories' RD/L/2480/No 83,1983.

7-Zheag. X/ ""Fatigue crack propagation instead" Engng. Fracture mech. Vol. 18. No.
51983.

8-Barsom, J.M. ""Fatigue considerations for steel bridges,fatigue crack growth and
data analysis'. ASTM,STP 738, 1981. PP-205-251.

9-Mddox, S.J., ""Desigining against fatigue failure’ metal and material, Dec. , 1989.

10- Shahinian, P., ""Fatigue and creep crack propagation in stainl- ess steel weld
metal’* welding research supplement, march. 1978, pp 87-5-92-5.

11- Masubuchi, K. "*Analysis of weldstructure™, 1980. Pergaman Press Ltd.

12- James, L.A, ""The effect of product from upon fatige crack growth begavior in
alloy 718." Transction of ASME, Vol. 103 July 1981.

13- Saxena, A. and Hudak, S.J., ""Review and extension of compliance information
for common crack growth specimen® . Int. Jour. Of fracture. Vol. 14. No.5, Oct. 1978.
14- ASTM designation, E 64-88.

15- ASTM designation, E 6470775.

16- Buackund, J. and macherle, J., stress intensity and crack opening of compact
tension speciemens. ""Engng. Fracture mech., Vol,. 12. 1979.

Yo






