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A Study on the Influece of Residual Stresses on Fatigue Crack
Growth Behaviors in the Weldment Plate with Various Thickness

& E
Yong-Hoon Cha

ABSTRACT

The welding implementation used widely in the industrial field is gradually increasing
due to weight reduction, unlimited material thickness. simplified structure design. and 1
manufacturing time and cost reduction.

The most significant factor that influences the fatigue crack growth rate is the residual
stress generated during the welding process. Many researchers have studied the effect of
the residual stress on crack growth behavior.

Through a fatigue test in a various-thickness welded specimen, redistributed residual
stress is measured as the crack is developed. Then. by superposing the measured residual
stress on the K value obtained by the finite element method.
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Table 1 Chemical compositions of SM58 steel
(Wt %)

ClsilMa| P | s |[N|C | Mo

Table 2 Mechanical properties of SM58 steel

0.13 0.30[1.27 0.02 ] 0.01} 012001004
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Fig. 1 Geometry of CT specimen(as weld)
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Table 3 Chemical compositions of welding wire
(Wt %)

C Si Mn P S Fe
0.08 | 0.50 | 1.05 [ 0.013} 0.01 Remainder
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Table 5 Experimental conditions of fatigue tests
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ShaatelEEx| Mo M1z ‘939 3%

Gage Sectioning MethodZ ©l|&-8led Fig.33
Zgo] X - AZTAFEH oigo] 1mme Strain
Gage® CrackZ Akl e} smmHoz Azt
8l3l Strain GageF¥H& ddsle], Strainol
Relax®el wel dojub= Straing ¥3E Aas
A a7j9l Young’s Modulus® F8t] £H2FS
& Pk

AolE Gage Factor 2.08, Azt 12029
(Kyowa Co.90 Type KFC-1-Cl-11) Gage
Length 1m2] Strain gageZ AMg-3lgc}. 28]z
A Strain gagedl 4S5 VA F=F 3t
7] f18td AR} gage Alol9] AZE 2.5moly
A 392, Strain gageE €2 o HelA] 3
22 Calibration ¥ H3& 3 F A4
Straing A3t

strain
gage

5,5,55,5 51§1;7
ey 0. -0 .8 109
— LR SR B

cutting
line

Bead

Fig. 3 Strain gage sectioning method for
measuring residual stress

28] S£PRFSYHE AASIIAF £85I H
g (PWHT)ZH-& 650TA 1A §AA7 & =
WAIZT W& ert A2 gde 2 9L vy
22 S et 4852 e v 2o B

=9 Rl B30} =Rt
S0min
650t
A
g
2
g furnace cooling
a
£
i)

4]
- Time (min)

Fig. 4 Schematic explanation of post welded
heat treatment

73



R<200x (25/t)(C/hr)
t: A1 @) 5 (nm)
R ¥z4=(c/hr)
239 YAEEE o 120C/hr2d A 4g) 3
24 gelel Ak oldel dxe) 2A¢ Fig.
40l EABIT.

3. 48y 3 g

3.1 MFSYe 22 Y dxrEx

chid
HL

H R R BACE RESke 399 &
BRI PWHTHE S Bk HRlES Fig.
3%} o] Strain Gage Sectioning Method(S.
G.S. M)l <lste] Zhzhe] REGH ) A Wi
EHE BlEsges, HEY HRe Fighsd 2
=3

40— ®:5=1
Aif=2
Aif=3 A
~ 30 24
E [ ]
< 20 °
o
<
® 10} crack
i L/
az O .
- a
S 10— 2
27 11is
0
g
x —20H—
_30— Bead
Lo R

10 20 30 40 50 60 70 80 90
Specimen Width, W(mm)

Fig. 6 Initial distribution of residual stress in
weld metal specimens

Fig.be #EHEHHEo 3 upseaE 1<
BIED #RZH . BEENY s RWSZ B
ez A9 kS e Jehdoke HRAR)
#wEF slenh K weRel BRI BlErR

74

£ A5Ed A4 £-19 A% 29kg/me, f=2U )
32kg/mr, B=3Uw 33.5kg/mEA FAH 7} A
utel SisRgm o] 4t ARE ¢ 5 Uk K
Bead#feld oF 15mll L golxl mfRA &
10~14kg/mee] WHEEEESQ) & #A8T A
1, TR Lol utE B2 Sie AN
7t ARl ahel BHEEEE S gho) ¥t AA et
wkoh

B3 HERATE 112 Yt Beadiiol A 5 ISRARE
ez dAztEslon . SiEREE AT FANP)
o] #Mbol mte} & ZRE JehiA] ekt
Fig.6& PWHTRSsF o FEEAENS MEST #&HH7
g FRerH ol

BT GRS BEENS e &R A

BREHAGR Holx AT,
40— @:f=1
O:f=2
Af=3
-~ 30
£
~ 20—
£
5 10l crack
§ }————g—ﬁ.—g—g-a———
& 0
3—10—-
3
& —-20
-30— fecd
N I

10 20 30 40 50 60 70 80 90
Specimen Width, W(mm)

Fig. 6 Initial distribution of residual stress in
PWHT specimens

3.2 a-N A 1z

A HEM e —EMEIE(4P=Const) 3t &%
FEE ST A7l CrackZol at REK AT
kol BEIX BERS XAt FifkimalA °F 0. 5mm
AA o2 RESAIL, ast FEKEH N2 24,
a-NEIf#S {1, As weldtd 2 PWHTH | B

Journal of KHS Vol.8, No.1, March "93



B fREvolMel REBRARSEH olxls BRENo Folf S HENEN WX

brofl Wit Fig. 7, 8] Jebllc,

A AT a-N ol Bibhe) N g 9l .
Precracking7txl®] MEKE#HE A8t 10— Ry | | =302

a-N fifge) $Ee MvEw 2o MR (e0, o ah
BN SAUZE Aol et @Rl B S S 2
7o) HEEMM 27 Jehtes, PWHT#% 2 o°
Kol ZS fiHel vsel MERMERE o A U S L o7
shtort, Asl 2@ HiEE Bl W, As weld £ 5 &
AEpTe g9 & £%2E% JeEided, As % E oqbo .‘o“- *e
welditBi el 725 Bgrol AMol whe} HIEE ol cr PP o
Figal7) A9l MEREEE 2 Yoo 9 EFoee’ e
B=2 @ 391 W% Crack tipel #FsERo] $igst] s [0 aewem M0
fioll 2} a-N gt ol o] UERT as] i TN kU
% % CrackRE#E7} 349 2892 ¢ 4+ 3 5 et
oAk =@ ghmel (rEE kol B4E WA § I et el
oAl ¥ A Aol vhERETEH - 4 Narious Thickness(p=3) -1

-~ Thickness interface

&

0 =¥ ~8
s E 10 1 L1 I L1 | i 1
- -t 8 Q.5 0.8 0.7 0.8 0.9 1.0

o 0 :‘
[ - 3c:g ;‘ t‘ Dimensionless Crack Length, ) =a/W,
k] &, -
?“ 3 0o® Lt Fig. 9 da/dN-A relationship for weld specimens
00 . a a
30 - o Ec:’f, :v"r“ (as weld)
B zs.Qo\o-Nﬂdh"eg 100
Q=1 [ EX Y]
ey ] t=0w
zo — ':"3 T=n%
" L N N IS S S A 1 Ea=lir
] 10 20 30 40 50 &0 70 80 %9 -3
Number of Cycles, N(x1d) 10 Lt—- €g "-::-OJ
atal 4% o®
Fig. 7 Experimental a-N curves(as weld state) N 00
= 00
s % i o
F —30a Mﬁw_ ,3\ I 080 e ®e
o ~e KJ a ~ i’ o% P L) L]
g s £ € "
— - 2 -
40 Fi - ~— [0 I
‘?1 | § g 2 g ! I o8® ol 4ptas
. 35 N A ~ - (o) " A
£ U a ) | o A
¥ Sl s L w0 o A
3 o et . aP e a ad
3 g8 asst ~ '.090 o LA
5 |2 aowrss & "o e Ak
. o:f=1 Al P A
g2 tewnm £ Bad and
20} 1:g=3  Teme H a X
2 (g°|ams
1 i I L { ! L S F—
10 20 30 40 50 60 70 8o 90 X I~
Number of Cycles, N{x10) ] L O:Uniform Thickness(f=1)
1~ —
) ) &} ®:Vvarious Theikness(f=2)
Fig. 8 Experimental a-N curves(PWHT state) t A:Various Thickness(f=3)
- Thickness lmerfoee/
-1 & x —
3.3 da/dN-A A DE el 1

05 06 07 08 09 1.0
As weldt 2 PWHTH Ztztd) dietd ki

CrackZel(A=a/W1)E 0.5, 0.6. 0.7, 0.8. 0.9.
0.952 #MEAA da/dNe] BAE Fig.9 2 Fig.

Dimensionless Crack tength, A =a/W

Fig. 10 da/dN-A relationship for PWHT
specimens

sagiorHstsix| X8 H1Z ‘93 38 75



xgE

109 Yebdct,

Fig.9v As weldilBiFel SAMd w&
CrackE:&EE (da/dN)9} KT CrackZo)
Aa/W1) e BAS PRBEEEE el Rolt},

o7]eA CrackpiRs ¥ da/dNe] izt
ol AU T2 o33 FHbsteR Zol vehdn
A=H, IR WHARKEAEE S0l Crack&E #i
Fell A= el Y|dste Aoz y4An),
22y Cracke| ol A% gEsH dolMe da/
dNe] EhnsiAl €}

BRSNS G=DY A+ diE 0,754
CrackE#E (da/dN)& A A ®ing
Heolz: itk ¥HA SERHEREE (3-2 3)dAME
450,991 RoX da/dNe} Simol #AES =), HE
el da/dNol #Eibsh= R WEHEESEE fo 7]
Adsle Aoz Ly A=0.990 MEER sivlo]
M CrackREFE7E &l 7t HAES & 7}
Ue AL BEIER| e B Ao 2 Azt

Fig.10& PWHTHEH 9] da/dN-A2] &4 E 1}
ellon As weldifBiHolA vebd CrackiiE
KIHAS] REMERERIRE S19] #2o 2 AR CrackRER
B (da/dN) 9] BB %S Holx| gttt ok sk
Bol o)ste] WK S 2 kR Q7 folatn
A7y, f=1.2 2 30lM CrackE#EEsT Ao
EHRNoE KEH 7l A& 8 £ gl ot 4=2
R 3% ZRolle MEHEFA FANe dgoz
CrackiE&E7t ZHEl 7t 22 B F A RS
As weld#@B ol X 9} 2t

CTE #EModeldlA] FAME =1, 2 L 302
31, KT CrackZe]l (Fa/Wi)E 0.5, 0.6,
0.7. 0.8. 0.9 € 0.952 H3AA, ol Ztze
Crackdold & Kate sEmiistdct. of7lq)
WEGEERAME 79 VEE o2 ABAQUS
9] Initial condition option® sl KresZ
Taka, HE U #ERE REAdN HARBS 5
3te] 33 a-N#A Data®RE CrackiESE
(da/dN)E T8t HEHHEXRE BEEE(4K))
& TERE ERdAY da/dN-4K v a-N#A|
Data2%¥ CrackikEFEES VRIS #
B FEARE BEE(I K. eff. D)ol e
da/dN-4Kv.eff.i2] BAE Plotstadct #HELHA

76

s
3 208
0 -_.fi-‘i -:L
F 18 *
- [
Y -
5 L
Baad
E o &
Rt K 4
S F s,o!"
8 T 3
® - &
'3 -
:f $£
5 }" o&f‘
§15°
UF
<
g L
5 O:da/dN~AKn.at ) :«:.03 o
®:38/0N—OKre ;'g::
X
L
107 P BT N
10 100 500

Stress Intensity Factor Range, AKw,AKy..m (Kg/mmi™)

Fig. 11 da/dN-4Ky, da/dN-4Ky e« relationship
for uniform thickness weld specimens
(B=1, ©=0.5, as weld)

“~a
10

5

T ]lllllll
ol

=

T

e sle

g

al
e
S
Pape,
i

=)
|||I

Q' das/AN~A K ntt.]
- Olda/aN-AKn

Crack Growth Rate, da/dN(mm/Cycle)

QA lascending point
94 descending point

107 1 T N l L L1
10 100 500
Stress Intensity Factor Range, AKw ,AKy.uns (Kg/mmt*y

Fig. 12 da/dN-4Ky, da/dN~4Ky o relationship
for various thickness weld specimeens
(B=1, «=0.5, as weld)

ERB el AE Fig. 110 Jell s, #E5sERE

el AE Fig. 12 2 Fig. 139 242} Log-LoghEiZ
2 JEhdT

Journal of KIS Vol.8, No.1, March ‘83



B MM e EHBRARRE| olXls BEEHe ol U HHEHBH WA

. 4T
Tl @g 208
._
L)
|l R o= 0.7
@ " f = 20 H
3 T .22
S
9
> -
£
Zz 10 Be
S *
s t g
. B &
2 §°
Q
4 5 &
£ 3 9
3 s &
310 I
S E o
L
3 L O:0atN-OKev.etts
<4 | Alda/dN-AKv
[3)
[© oalascending point
' @Aidescending point A= 3Pmox = 900Kg)
107 A | |

s L L
10 100 500
Stress Intensity Factor Ronge, AKw.AKw..ns (Kg/mrrt”)

Fig. 13 da/dN-4Ky. da/dN-4K, .« relationship
for various thickness weld specimens
(B=1, =0.5, as weld)

ol 7oA a-N #A9 da/dN-4 K. ef .15 4
BB RS BENIR #iE3 ZXT Uegy
k. Fig. 11014 2" da/dN-d K. eff.i2] Aol
A AR el @} K4 CrackKEdE
(da/dN) & A¢ ERme 2 whpstn Aok 229y
da/dN—A KI\"O’I ‘—"\:}2“ °“ k] = Crackfé‘iﬁ%ﬂﬁ#ﬂ
da/dNe] Edetetrt oA g skt Fig. 12
4 Fig. 139 #EHAEARAY 4% 90kg/m®
X AKin{120kg/mn** Q1 ol & -& 4Kwol f
st FAH)7E 7 el CrackE@E7l 2HA
VERstT, SRR A Y ASE B =
AKwe el web Cracki g s} wvsiclz)
Al g ekt ol RS EHEM A
o] wrEol = BAIUA T GRY CracksifdiE
7h BIEE = A2 HEECRE 119 #28E Ul
T ) o] WEHERSEATE o] #4Lety] w-Rolg}t
ArsE

Murakamie WHEREAE H5S @@t 5EER
BEIGO2 o] wikdw 4K #hpel wet
FHRPREEE7L Fbsidr) s sde
dl. ole BRI Hof R e Tl
7103 Aoz M7, £33 da/dN-4 Ky e i
Aol AE FAH] 2 & 3004 da/dNe] A9 2L 7]

ghnteiordistalx| xgH 1% ‘934 38

o ey
167 @y

o :
[ e=2w0s

ICH A

ES - r&a..g

()

S

E B <4

-

22:10 :—- ;

T [ ¥

P 3

) B

' )

s f ¥

Sl

S E

< o

g -

5 = Oida/ON=OKnettt ey e
' eda/dN-ake t = 20Mz
- Tw22¢C

[N
107 T B o

10 100 500

Stress Intensity Foctor Range. AKw,AKw.w (Kg/mm”)

Fig. 14 da/dN-4Ky o, relationship for PWHT
specimens(B8=1, «=0.5)

4_ 2N
10 |~ E w05
E o w
S -y
- -
L3 o
2
3 L
<
> | I
£ &
E C o
N
> o gPa
® - o &
§ & &
K - o a
-3 P8
£ B @® A
3 &
2 10 |
S E
x o O :da/dN—LKew.attd R~ 01
S ' ada/dN-AKe =20 Kz
5 - Tenc
B QA ascendng point - h
[~ ®A:descendog point
1079 e b
10 100 500

Stress Intensity Factor Range, AKw ,AKw.a (Kg/mmi™)

Fig. 15 da/dN-4Ky e, relationship for PWHT
specimens(f8=2, «=0.5)

&71(8=2°11 m=3.62, B=3°1" m=3.50)& 7}A
o, EHCR whnete A& 2 ¢ AUk

Fig.14, Fig.15 ¥ Fig.16& PWHTHE N4
da/dN—A ng_]. da/dN—A KIV.eff.ig] E'd-zﬂ—aé— "]’E}‘;ﬂ
ok HE @ S#EREN T 2ol 4Kn)60ke/m¥ ol

77



IR .
10— [4 w=2a0s
= t
[ 5
- -
0) L
4
<3
<
E ; Bead
£, o
FAA &
N F &
T &
© —~ ® &
g $ §
<]
4 & a
< - [ 2
F 5@4
210
& F
% [ Oida/dN-aKmetes LEXAM
4 | AdasdN-aKe T e 220¢
© b
04 : ascendi point
[ eAdescending ne?m A= 3Pmax = 900Kq)
107 NS BN |

10 100 500
Stress Intensity Factor Ronge, AKw,8Kw.wi (Kg/mm"™)

Fig. 16 da/dN-4Ky i1 refationship for PWHT
specimens(8=3. «=0.5)

Aol JEScracki BB =11+ mz& 3.68
B =26l m=3.60 28|32 B=3¢llM m=3.572x% A
9] Hl=g ghE By e, it B3 4Kyl et
o LAN7} A whe} CrackE#EE7E 2HA Y
BhgS 44 g a8l:, da/dN-4Kw.ei® BA
N AKiverr S Hfol @k CrackiiEde 3t
o] Bl Datagel 2ol A& & F Yt

A B Y KB £33 2 o] MEHERMI
WAZ ERE & e AR A, ge g A
ZajA] o7 Fiuge] BEMHREM st T3] B
®E LEMHC] kn AtgHETH

ohet mrrelAMe) da/dAN-4K BAS As Weld
m}# 2 PWHT ;’x%%«l da/dN_AKIV eff. :"‘:]_’7-1]
£ ulwdlH As Weld B8 2 PWHT #&H
Mo FEBHEHRBEERHS Ky B Btz #
Mol Aol ESBHBERSYE —BEH] ¥ ER
7} wieh. o] e Kakel ST b o} i
FE o] Bl Rke) ezl 7191 Ao 2 AtgETt

Table 6 ¥ 72 % 2 53 As Weld #5H
2 PWHTREE) ¢ T4 W& C mats et
RA=3

78

Table 6 C, m values from da/dN-4Ky relations

Specimen Thli{;rilg 58 C m
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S e . -10
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8 =3 3.52x10 3.50
PWHT B=1 3.46x10° 3.68
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