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A Study on the Fatigue Crack Growth Behavior in Welded
Parts of High Tensile Steel under Various Welding Methods

Song, Sung-Ok
Department of Mechanical Engincering, CGraduate Schoeol

Korea Maritime University

Abstract

it tius paper. the high temile steel RAZG plate specimens having a single edze erasna
qoteh wete investigated to find vut the fatigue crack growth behavier velded narts nude:
bmerged are sveliding

qeh various welding methods as the shielded metal are welding., the su
nd e electre gas welding By 3 point bending test, respectivelr.
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(Nomenclature )

: BRA#E (Nominal limit load)

: #8874 (Thickness of specimen)

: 3B Al vl (Width of specimen)

t = E 2ggh #9720l (Crack length including notch)
: 2l 7k mi B ] (Width of ligament) W —a
: 2302 Zo](Length of span)

: BERERAL (Yield strength)

: 513R5REL (Tensile strength)

B RBRR AL (Effective yield strength)
: % (Elongation)

: WE 3BE ARBHIA (Stress intensity factor range)
ACTOD :

Oys + Ot
2

B 45T 1HBA O A7 %M [Crack tip opening displacement range)
: MR EEE (Crack growth rate)

: EYEFRE (Young’s modulus)

: Eoplh (Possion’s ratio)

¢ 1'b#f (Base metal)

D BB (Heat affected zone)

P BEEB (Welded metal)

D FE)E oboba ti#E (Shielded metal arc welding)
: A4 Bmo] 2] & ofolz f51% (Submerged arc welding)
rel#@®= 2 sbs frie(Electro gas welding)

(kg)

(mm)
(mm)
(mm)
(mm)
(mm)
(kg/mm?)
(kg/mm?)
(kg/mm?)
(%)
(kg/mm**)
(mm)
(mm/cycle)

(kg/mm?)
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BREWERE KPBE e meal

2. HRIH®

21 R&BA X fREgs

A BBl EHT HEARE fLEMEYe Y el BAERS SKAER, 3 HE
o 2EUAR P BEEARS EmAoR BASE S 20mm o HE BT &
IRl BRI E HREHE RA36 S 24 1 (LB ¥ S WES Table 1
A Eb gl el

°f MM B E el FHj# olola fi (Shielded Metal Arc Welding : SMAW),
ARl = ofols f5i# (Submerged Arc Welding: SAW) 2 el B2 7}~ b (Elec-
tro Gas Welding :EGW) ¢l 3 7bx] faliikel ksl e BEHsIG el ole #ES
5 FEERKEC] (LB REMREY YEETS Table 2o thERA 9lc)

Table 1. Chemical compositions and mechanical properties

Chemical compositions(wt®%)[Mechanical properties
C |si{Mn| P |'s INbsolfySr a8t o EL

015 {043 11.3810.24|002p028p043| 40 55 27

RA36

Table 2. Chemical compositions and mechanical properties of electrode

Weldin Chemical compositions (wt % )|Mechanical properties
N g Electrode , . Bys 61 El
Methods C|Si{Mn| P | S {Mo (kg/mrlkg/mm| (%)
SMAW (b hydoran| 007(053 loss ooraloot| — | 49 | 57 | 2
SAW A enT? loos|o26 170 0024003| — | 44 | s6 | 27
EGW 8o M 210.08|0.36 | 1.72 jooisjoo0e{02 | 49 | 59 | 3

FHRE ool AL MUE GRS 10K K%t (KSE 5016)2 300 Cell 4
R et (RS o A uvloj =) = oboba b #a ¥ SN 59 A (Flux)



e a1 AW T 70~

CANS EGTOT 20

oL/ [
IO Co
PN o
a " Bt
! ;
: ! ®
H
2 [,
— e




722 WEME RS KB Rk o w

Table 3. Welding conditions

zondition | Current [Voltage Speed |Heat input

Weld (A) (V) (cm/min) (KJ/cm)
SMAW 160 29 13 21.42
SAW 800 36 40 4320

EGwW 620 32.5 9 134 .33

FOHE otolatifs ¥ Huvjoxe olobza kel A%+ ZmhiEo e THEE of
obatEHE-Z T~ (pass), 4 Bwlojx| = ootz fEES 4 WA (pass) 2 BHslgdn o o
ER VtafES EEo 2 Tty ol ol 2ol faEsl ez 3WEY ABES i
Wshe] KA &M (Welded Metal : WM), % =#(Bond), AR (Heat Affected Zone
HAZ) 3 ¥ (Base Metal :BM)ol x=2 = jnTsle BEAENZ 8& JMES x =
A B2 BRSSO}

AERF S R W 27 HEmsy, i WSy BEE AR
CTOD iRBefifso 2 w25 Mslsla BS 57620 whe} suEsielch olefzbo] WfES)
B2 Fig 39 vebdigl e} ®

B4

S

|
n |

L2
K/LA
UR(ma

W:36
o B:18
a: 6
N: 23
N S 144
Detail of A

Fig. 3. Shape of specimen



TR TR o BEH#N B EAAM KRtk Bt A%

22 BRKE % HEHE

fikzel FAEL Kbk S Instron fHW A hG:irkL L8888 (capacity: 25ton) ol =i P
Jiik/L 200cpm, #& /11t R (Pmin, Pmax) =090 & 6jdi 2,000kg?l 34 w8l bql 4
ol M. (sine wave) 9} Kol EHSIEE “vh Photo, 1 9- o] Eleeiol  wmaEs
vhep o]

A A RS R RS S| Rk B D BRAE P(nominal limit

load) o1 40 %)1Fa 2000 kg <& @shs o P (1) kSt Raslolol®

4 Bb'zljy
2 o [ oA T I I R R IR
I 3 S (1)
i ' o ot L ap A LL = L | 51 - L Lo
ol 7ol 4, 0y = o s, B ABRR Ol FA, bz elvbrlE vhi Gaadth of liga-

ment ) W-a, W= JEnFel vy, ax xalzie], S& 2ol Ao, oy, w A LR
RomlEolel, gy bkle] glsliikBEo]) o},

W ANk 2 el (fatigue crack growth length)= —sggh R arE 2,000 kg & m
op 4 & (acetone; o4 @l 2l b U E (replica film)2 FHicied T ILEIRGEE o 5t

sidol 0.001mm7bxl JlED 7 dsdor W/REN =8 BT RE R (stress in-

e

tensity factor range) AK2} $WRICIHBECIBALI A (crack tip opening displacement ra-

nge) ACTOD® 7 #H&shsch
gb, MRe WIS EHEM T EMS (scanning electronic microscope) ol
ek WEises-s ol J§askal vk

Photo. 1. General view of experimental apparatus
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BREBERE LB RE P8

3. RBMER 2 EXE

3.1 fRERGEH WE AM U BESH Bt

Photo. 2, Photo. 3 3 Photo. 4 £ ##E# #alo] T wlo} Vel BB K
o MBBLE FHHE ololatiik, Arrlolxz ojolak U Jd ez s fimol
& T B WEEte el Aoloh ool 4 HESES WM, REESE HAZ,
BH = BMo g Jebugich

BESB AT BR% b B wol kS Y o 22 B (dendrite) AR
°of BRE I Sl58 BEY + Agrh o] Asfo] HEM B YAEZD satif o
Aurofxl e ofola kol 4= MMk Mol FoshAl UehdEul Kb T8 HE of
ohatifkat e BAR HE HHEO ASE kel A BREY Bul oide ®E
o MAEEE BRE Lol MEUK Mol TS Jeux %3 B—atA SEsHd o
=% BEY T+ Uch'?

Photo. 2. Change of continuous micro-structure in SMAW

=i Mol #ele]l E (ferrite) &0 Hrislo] gt ez e of = A=
Bpet zho] seglojo} @ ¢ ~ 8| vbo] E (prior austenite) R MR HRS A#Bo)



g TR uh G DB RO B IR el et AR

DR hobasgel Al el AHAb dbepuba efe] ce
AR e chapgEel A Seell of BESH o g w b Kogsl
Auge] 2

s}
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ot fiR-o
Sed 2o ol Y

oAl m Lol Kk )

wl o] tho] E (bainite)

T

A A e e

Fge

Photo. 2. Chang: nuous micre-structure in SAW
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Photo. 4. Change of continuous micro-structure in EGW

=¥, & BEFE o] ALEWE ARMEAN AL M st sddejo)e
(perlite) #REo2 =] BEHE x o %elo]y (normalizing) MEF HEES dg =
Aol BHECLE MRS RMEC] BESch oA M 1100C~900C BEZ m
e o] Foiz] GURC 7 MMM el MEL WH EHiEcl BEAC) o FHBRL A
M2 Re FEHYPR ololaBEL M 25mm, 4rroAe ojolakEL K45mm, o

YEZ JtAKES 52 mm Bojx) Bl FAETS BET 4 Yo P
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ARE&EE 27 0) (crack length) a2} REE# (number of cycle) Noto| BIH=E FRgt
ZAelch ool ofshm —g REHE Tl 49 REBLAA L B67 REER) #sio
e BRERBHL ¥olu glow, e REBE, BELBE FF hiky o
W MEBRRBHS 2ol g} RMEGET e BEY BaRES Rolotrb g
REH A obE Bl HEGY LS WL RBEH S Yeldn 9o}

ol #Re Adurioixe ololatss 9 Yues ThAMEEES] B folx 7
7t #ER = Qo

rlo

SMAW WM a
BOND o
HAZ o
Ew BM L]
£ 8 a
st 8 '
o 1 g
sl 1 ]
A \\([ 1 §
= [ Qg £
s” ' ﬁ
o &
g .l oA
o9 fa%a'a'a)
E’ AR08 -
=1L AAmAA&
0?'g".'otl‘al1!8'212.2'5'3‘0‘?;1.‘3'25.4;30‘

Number of cycle.N.(cycle)

Fig5. Fatigue crack length vs.number of cycle
in shielded metal arc welding

—ReEIo B MR mifist o Wdlo)nkel B RAE (crack growin rate )3l da/
dn 2} FEF7REE RS (Stress intensity factor range) AK 2}2) MBS {15k
RS BEELRe A9 da/dnd AK b Hms Paris Rule el {koled b (2
°b ol &opwl et

da/dn = CCAK)™ cooreemmemenre oo 2)

A7l A, CoF n & kil o) o},

Fig-6, Fig 7, Fig 8 & & el 4 k& EBeum ofolatifz, 4 rrfolzl g ofolg
ik s ddEr bt BESE, 2o HEEE 3 BHEM AE da/dn
“AK® BIRE MIBBUEEC #ia Aol BB R AK = 58 REgpol



m S TRl w2 BRI BRI SRR BRI MY IR 72
Ak RG] kol RBE RS Kshgep W
B‘AP‘S\E’E{

A= 220 (1.09- 1735 (afw)+ 820 (ajw) 1118 (a/u)’
2B(w-a)

o Ael 4, APA: MEEE, SE AWMl el alr wAh § guk Al Bl

o) ool war 3

ga/dn- AK

Ao i s

P N KO 3 1T kg el ¥
: R o] B 3 o S oot b
T PR e o gl hand 0 el BREERD 00 930wl an ol s Bk

1
t } 1 r W Al
s SMAW WM o | o SAW ¥ M 2
C N oo 61 BOND ©
€r BOND © . N
. HAZ e | | HAZ o
T BM @ I B M @
r
! 2k
l‘
s:f"L ‘ 1 10t co
aﬁ il ‘ 3F p o K
s 5 - (XS >
S L IR L . Q&O
I / i AR ) .
“ DKo Limit of f L] %ﬁ_, Ln(r:ut &?“t ,
] -" X Base Metal ! -oo O\ __Base Metal
- ; NG > . .
o CF " L] : 2 3"—\‘6 Limit ¢t
< el ¥ L = Wey \__Welded Part_
< | gw Lirmit of W 2
= r b No__Welded Part = sk ‘ !
L) 1dec - : af &
g 6 og'og | é e Y ﬁ‘ I‘
[SEES ’ D !
E i i " |
54 S s &) = “
PR / % ! v [ i
& i & i o] R
x » . 5
K -
g ; . ° !
] 10 ¢ ™ i
e
: 0 °
g i er S
i i b
. \! &
L 1 L
| ,
LE ; -
i o X i
’ | el - P BRI B
bt bbb R T L6 80 2 . e w2

AR kg-mmt?) AK (kg-mm')
Fi3.6 Crack growth rate(da/dn) vs stress Fig.7 Crack growth rate(da/dn) vs. stress
imersity factor range{ N} intensity factor ranqe{AK) in
o aided metal arc welding submerged arc welding
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& EREte) BEES n 9l

olsh ZE RRell A WEBRBM ol Aol F—8 AK WHTAA BHE7 e
Hrch o Wi M|EREHFS BHS volm Qo ®

E&, BEE T4 duroc ololati W ddER ololakikEil Po] AM
Bl B2 BEYTS APERN/L 2ofuc o oE GRREEFY BHS Jeh: K
HOLEE ARdC] 4 FHRE ololakiie A0k RSl MEESYcE we
WRBLRRES BHS el u 9o}

BEEZL 28002 Bt ko BEMBRES BT 2L BESY Aot

EGW W M & 3

2 3 SMAW WM 2
. BOND o sf BOND o
- HAZ e - HAZ o
4 B M= 4r BM =
2 2}
[y
‘d] oll 103.—

6: ;m/

st l(#) , sf
G: '%JB ,: .
!

i ® ./ ‘r Limit of
~ | ,eo Limit of i Welded Part
@ 2r =* o o Base Metal a2k
5 = ”? \. Limit of
> ‘ A" Limit of o
=i s \_Welded Part f Base Metal
Eo C & £ 8 C 1
€sf £ 6F ]
‘C’ - ‘% -~ r ‘
E L 5 4 F
3 ‘%ﬁ & 3

~
T
~
T

%

4 0

e L
B8RP VB

& of
6 ® C
o
4 3 o
° - o
o
2+ .g F o e
a
vl 1 Lol 1 N T ENEYE | N L
4 & 8107 2 4 6 8100 2 2 L 6 810" 2 4 6 810°
AK(kg-mm1S5) ACTOD(mm)
Fig.8. Crack growth rate(da/dn) vs. stress Fig.9 Crack growth rate(da/dn) vs. crack tip
intensity factor range(AK) in electro- opening displacement range (ACTOD)

gas welding in shieded metal arc welding
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0.45w-a)

< (V=-V")

vz2V’'e A%, ACTOD =

045w+ 055a+ Z

0.45w-a)

V2

V< 2V 4%, ACTOD =

o 7)ol A, V= Toya (1-v2)
’ E

0.45w + 0.55a+ Z

4V’

, 7=4048 (a/w)*-7.026(a/w)’+ 1.928(a/w) +

3396 (a/w)el™, av x5 T FLAol, o, = BREE, Ex B4AT 25
WEMBZHA A, vE ZolE H, wt HEBRA U

da/dn - ACTOD BI%E 2ol & HEHE ool RERERHS WREMRBOBL
®E ACTOD 7 # 0.05mmol 252 pitks BABRMKS RERKEZ Efsich da/dn-

ACTOD Bifk+ da/dn-AK 2| BEfRYcl 2 HRE B 2olx
e FERERE fRol

CTOD BAfk7} & —EH%

AA T

ol o9 o}
= [=A

%ol da/dn-A

+ g,

FEWHE olotaEESY A% da/dn-ACTOD BffA: da/dn - AK Bfkels R¥=2
—3&F ACTOD 3t sholl A= BRpf#Bell 4 MEBERE 7} BEgect =3 @EES Jebd

=35, FHEE olotakaEel

] folle ZE EREES T EM

o ek
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g Mol n govh 4
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wefeja] = ofola kit
=g4 Blgel i

Holx

2 JgAle e 7}
LA A9
o] ER ool BES] UST
ek,

Fig- 12+ Lo BGRE
S5t FHUE olotamEe 4 &

Gt

PREEIR IO A o) 5555 R EEDH AK
Zroll wE ACTOD #1{tE RISl 2

HRE £ Aol

Fig. 12l {kst™d & BEBLAA
7Fo] AKZFY #{tol uwiz} ACTOD 3t

Slov —iEst

L=

= HHste #msln

SMAW W M o
BONDo
S HAZ o
500 LI BMEBE
L
oB al
cA'
400} &
-
s .t
E Lo
5 s
X300 oo
x °A L]
q :Oa L]
28
& F
? | ]
O‘A a
200} {A"f
$2!
| §
2 4 6 810 2 L 6 810°

AKZ REET A g4rol BfrEe] 7

ACTOD (mm)

Figl2 Stress intensity factor range{(AK) vs.

crack tip opening displacement range
(ACTOD) in shielded metal arc welding
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-1
H
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SMAW e l
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@ )
W,
A\

3 Afi .qﬁ o a o 1
PR |

7 %.w - g)
T T TR T w 22 Ll
Number cf /»\P N {cycle) x10

Fig)3 Fatique crack length vs. numner of cycle in
heat -affecied zore under various welding methods
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Fig. 14, Fig- 15, Fig. 162 3 /Mol HEF ke N3 REWHP, Lo L HELE
Bzl glol el BEWB KRBHES da/dn -AK o MHEZ KIS MNKEE: &
A Aelch A7 BHBREAEGE AKE RE)L FATS ksl

SR s YRl X BESN, U RERE 2o Y BECR chPo] MRBAEE
o REBREZ Fio] BEHT + Ush

REFH Z=folde ZE BRYES KO UL B ool gEso dch 5
AurlolAle ololaffsl dd ez slafge] RRY BT FHHE ololakzo
ER¥ ERcs BESY 3% ¢ + ok =3 BBEBRERK A4 A— M
TIBERBEE AK BT A & Husiol 2= ololatis o de ez slamhgol F
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Photo. 5. Fractographs of Fatigue Fracture Surface in Shielded Metal Arc Welding
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Photo. 7. Fractographs of Fatigue Fracture Surface in Heat Affected Zone
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finite element method.
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