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A Study on the Crack Propagation Characteristics of

Weldments of High Tensile Steel HT5() for Marine
Structures under Various Circumstances

Kim Jingyeong.
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2. XRHH& 2% Ui
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Abstract

The fatigue crack propagation rates were investigated on the notched welding specimens
under such various circumstances as in air, in sea water and under cathodic protection in sea

water for SS41 and SM50A steel with the plane bending fatigue machine,

The main results obtained are summerized as follows ;
(1) Regardless of the kinds of steel and welding methods, the electrode potential appears to be
higher on the weld metal and the heat affected zone than on the other parts, and there is
a fine grain part of low hardness in the boundary between the heat affected zone and the
base metal,
(2) In all case, the crack propagation rate decreases until crack grows up to any length, and.

then it increases linearly as crack length grows,
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(rach propagation 1ate inanw test s e lowest ot the three tests

mcatoned above, and tends to become lower with cathodic protection in sea water,

Reonliess of 1he kinds of steel, crack propagation rate of the base metal is faster than
di wolimenis at oearly stage of propagation, but it becomes  slower as crack grows
iotoml any leneth, The fastest part of crack propagation rate of weldments except the basc
metal i chaneeable according to the circumstances, the kinds of steel and welding methods

applicd,

52 g5 3 BA(Nomenclature)

Tensie Stress, kg/mm?

. : Bending Soress, kg/mm?
P Load. kg

, x:Length. mm

E @ Youne's Modulus., kg/mm?
[ Moment of Inertia, mm!
it : Thickness, mm

5 Deflection. mm

= Modulus of Section, mm’

a

: Length of Crack., mm

5 Number of Cycle.

AN : Stress Intensity Factor Range. kg/mm® '

Peuw - Compesition of Weld Cracking Susceptibility.

C., : Carbon Equivalent.

WM : Weld Metal,

HAZ : Heat Affected Zone.

HE - Bounda > between Heat Affected Zone and Base Metal,
BM : Base Metal
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EEFE AEDMME PELY A% Hissy 2a ohuiel WEKIRuli R, KMAR 2 HEEaten o)
el FiRs RS G R A A o) iEAS a2 g v 2 SN = KEZN G
WALHAR I AN Y 58] RHS GRED = RS KR o) ol RS
AokstEz 2 2087 B % BT At go. HEHEH 4 A o€ 2dak K
of kAl Foluk T LMol BAF WEEKE %o Hamos fEAgezd 42d. = 5]
RRETE F& WMATS RO WIS ffze 2ike] e o e HEFEFH = EKER B
W, EKFEEE, TKEEEIM S Bl iEsnA ol FelAm glom sl ulelel oar By
RIED SR Y ol B 126kg/mm? Ll 19 MEE IS WHAA S Babstgiel, 28 M
W& ke A EAERC v BE ER, G4, T 9 gatke] sEsiw 7H 18] of
of gke}.

R Aol = feR7hAl A KEsrel 4lkg/mm RSl H@MITOl S o ot KEge] HE
R LY = REER K MR En %S s HTS0®M o] T3 M SEH R R
A AR, PR REER B obe RS SAE FHGE kEst Bk ol &9 fikiEy
< ke BRd AT KEEHY BBl 2 Bul o) EaEAE Als w

K Pite A= b HEiez MR SS41 M8t SMS0A S A7t 5 Mool cHaM Ve 4 8 0
(WM), ARBER(HAZ), B %9 @i, 'Lﬁi_ﬁih’_ 2 HEAEY #iEe #hds o o2
Bl x> & WA KRR, kS 9 Kt BRI & A WiEEEs s ek
2 HIRKETAE NS st 2R MBAEY eSS BEY D, =24 & oS Giem
s BREt, B R RES EREEEZA FHET Aow gAdy

2. EBAI RBHE

2.1 RBAI BEGE4
A Rl AT BEAMME T 6mme] Hk: MR BENM SM50A0]) 2, o] HEHBEe 2

Table 1. Chemical Compositions and Mechanical properties of Test Base Metals

. ", o Mechanical
Chemical Compositions (%) [ Propertl es
. [ 0 i E]ong *Pey **Ceq
¢ | si | Mn ‘ P | s | thers s /mm,)\ |
S§S41  0.1970 0.0444 0.6246 0.0268 0.0084 Cr. Ni. Cu. Mo, Sn 46 25.8 0.235 0.32
SM50 0.1111 0.2101 1.0770 0.0115 0.0119 Cr.Ni.Cu.Mo.AL V. Sn 54 27.6 0.175 0.31
Mn Ni Cr , Mo, V
SLyMn  Cuy N, C Mo, V g
* Pew (%)=C+ 3o+2o 20 60 20 1519 T9B
9\ = —' _._1 ._1_ i L ,1_ L 9
** Ceq(%)=C+ 5 Mn+ N Si+ 20 Ni+ 5 Cr+ 1 Mo+ 4 v
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Do Rl — s RE UL S48 ilskg e, Table 190 1 4LFRAY My BEGY 1T

G e s RS RUE el B —shE S w4 igREAl 7L % Fig.1 () 2
3 Lo AQEEYr u ApeledAE ofobafiize A ko A HERS
=18 P00 Table, 29} 7)ol

500 .
RN unit: mm N
t 6 W t 6 ><
~E -
2
a: Manual Welding(SS41, SM30; & b Submerged Arc Welding(SM50;
C0). Gas Shield Welding(SM30)
Fig. 1 Welding Methods
Table. 2 Welding Conditions
s | Rod wire ‘ Drv | Voltage' Amp Speed Heat Input e
Welding Method | Tgmm) | Conditica ! (V) | (A |(em/min)[(KJ/em) Remarks
| Y _ — 4 . o R
SS41 Manual Vertical *1 KRS E4313 26 81 5.9 _
2 pass (3.2mm) 100 ¢ > 1h 27 jt - 7.9 40.4

Gusp GO Gas Shield  * JIS YCW2 S 55 ois oD

e Flat 2 pass (1.0mm) Sl eT05 16.8 o YM506D 8

cve O - (9% - PANA MELT

SM30  Submerged Arc - JISYF W4l o 3 MY & 37.1 1500

(4.0mm; 35 750 85 YK1506U
1,0, 68C-—0. 38 Mn—0. 285i—0.017P-~0.011S
*0 0. 078C—0.98Mn—0.535i—0.014P—0.01CS
*50 0. 08C--0. 98N - 0. 3851--0.014P—0. 0155
*1.0.16C--1.65Mn—-0.3551--0.014P—0. 0155
Fused Type Flux, 12X 150mesh
STzl nep ofgh 3Al UHREE ik Alelsl wT, #ENT 2 A iIE s A

450 Zo0mm 5=} abE 3 Fig, 26 zhol I :yel 4 8] 6.5mm 5] & Foll 7 0.25mme] $XH
Aelx 7ot 5.0mmslAl =A% wbEgd b, o] wl o] TR = (0.1-~0.01)mm g vk,

0.25
P ad

/
L ST /™ unittmm

“tixed position /de!lectnon position

Fig.2. General View of Specimen.
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A bl e 229 (7B Table 3 ¥ Fig.35} 2onj, olo] a4 SRBH WBRE BES
et

Table 3. Kinds of Specimens

| Welding Method |  Notch Position | Code | Test Condition |Number of
SS41 Manual Vertical Weld Metal SS41-WM O In Air
2 pass Heat Affected Zone SS41-HA Z O In Sea Water
HAZ Base Metal SS41-HB o Under Cathodic
Base Metal SS41-BM }(’rotectio{} SCE) 12
—850m
SM50 Manual Vertical Weld Metal SM50A-WM QO In Air
2 pass Heat Affected Zone SM50A-HAZ O In Sea Water
HAZ Base Metal SM50A-HB O Under pathodic 12
Base Metal SM50A-BM lzi?tses%:g; SCE)
SM50 CO, Gas Shield Weld Metal SM50A-CMW QO In Air
Flat 2 pass

O In Sea Water

O Under Cathodic
Protection

(—850mV SCE)
SM50 Submerged Arc Weld Metal SM50A-SWM O In Air
Double pass O In Sea Water
O Under Cathodic 3
Protection

(—850mV SCE) (Grand Total 30}

HB

Fig.3. Notch Position of Weldment
2.2 HBMEE XBH%

A Rl AL ABREEE BOB A04 ¢ KETAEHS me - J= afF B
% oM 2 Bl Photo. 1(2) o 2ok, o REME MEAC Boz EAEse WEY R
Birel HAA Rl 59pmo e FIERETUESBRBEL € + 952 o o, = KERFe]
ok 35 Bk ozt AR BERBMRARMAAE TEESES wsgo.  Photo.1(b) & A&
h BEABANA RABAY EEkigel 2, Table 4% o] REo] A= KRB ARE] .

Table 4. Quality of Sea Water for the Experiment

Hardness M Alkalinity | Chloride }Slg:icsiggce Specific Water
ppm CaCO, ppm CaCO; | ppm CI- O om Gravity Temperature ¢

4,400 95 14, 500 27.5 1.023 18
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(a) General View of Equipments (%) Eccentrics and Test Piece Setting
‘) Water Tank ?) Eccentrics
/3) Pulley and Motor % Support Spring
5, Test Piece % Insoluble Anode

7y Reference Electrode(SCE) 8 Potentiometer
9 D.C. Source for Cathodic Protection

Photo.1. General View of the Experimental Equipment under Cathodic Protection

o] FiEETAHSABBMAN =28 TAES o= L3k 2ol KT F k. A THBH
% 6=PI/3EI A Tffi-& P=3El3/l'o] B &

aw=M/Z=P{l—x)/Z=3EIs(l—x)/Z}
=3Esh(l—x) /20

(11, Young’s Modulus E'" 3= SS41 #ide] v} SM50A #fell 4 2,18 x 10'kg/mm* & 3] ¢},

SS41 #zk SMB0A #e] ZA7+e) AEEHol A4 & 0.25mm zlo] 5.0mme w3& i DRIE
(WM) Wifem s (HAZ) 9 EHEAREE— SR HB)ol Wl K, ke 2 ke B
Wibhfh ( —850mV SCE) ) 3Bkl 4] SS414Mell 39. 15kg/mm?(5[3LHE 12 85%) SM50Af ) 41. E6kg
/mm® (4 ZEENY 77%)9 FIAMESE 59cpm o2 FIERETIHAAES At o KBEddls
3.5x 10'~4x 10 @l et o} HER 23 39 Aol F 25~30mm7tx] WIESIH et o] iRl Nl
T mMENEY HEek 2o

@ TREL  BEPERGT (WSEH 107°Q/V, SBNEHEED, $f1sh 2= % (Fisher it 3

@ R - EEREEEGOV.DC. BF), FER (4 10mm, Pb—Ag T, AfE)

@ = = Ae] : Travelling Microscope(Type A, SHIMADZU #i)

@ W B : Shore Hardness Tester(Type D, B 5iztEasdny)

3. ol =48 & B{E

3.1 Kl kX
i ke SS418o] KS E4313 %2 FRMEES T SM50AH#d £ KS E5016 o 2
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FRGEhs Aol K2 A Q=S AuvoE ololafipo s M #d KSB 08234

Asl4 FUAABEGEEE Yo WESdom, 1 #REL Table 59 2k, o] w8 EIEKEIEL
Table 2 o] 4 o} 2t}

Table 5. Diffusible Hydrogen Contents for ‘Welding Condition (cc/100g)

Manual Welding ‘ CO, Gas Shield W. . Submerged Arc W.
SS41-KS E4313 ] SM50A-KS E5016 [ SM50A-JIS YCW2 . SM50A-JISWF W41
9.28 2.24 0.86 4.08

Table 5 € slwl FRFGEHET KB EKHERY KS E50164#HES #AstE Aol Bt st
KS E4313 fbe-S (BT MR ok IR IR KR Binke] A48 BoH L g, JiFta
AQERET AL 2 o MY B KRR domz Y Il AREERC KK M
mAA & e wAd Aog A

3.2 BEEMIc| MEWAICL WS A7

Fig. 4(a)x FBIEHT SS415 A% A 3+ SM50AM AR AS 2 HERCY BESFE HER &
Rolvh, olell 8 HELBRWME 6 BM)R vt BEEZF Foba 1 P BE— /M (HB)
ol & HEST % HES 4% AS & F gk 33] o HRESBERS BE Bine SS418Ee]

4

31 440
304 *, 450 4
2. ‘ .; H S ' ~ ——g 160
e : A e o 2 4704
3 S y
3 28 ' j : 5 80
*g 274 ) 2 4901
& /  —o— SS41Manual c i
526 | x-SME0AManal & 500
< o
2 254 o 5104
. @ (‘? 520 1
] A 530+ AZ weld o
23 queMetal-P—Z{»Weld Metal +[#24ieBase Metal 520 BcseMetal_.t..f._Metql.{..l. Base Metal

10 05 0 05 10

) 2520 15 100500.5 10 152025
Distance from Weld Center Linelcm)

Distance from Weld Center Line{cm)

(a) Hardness (b) Potential
Fig.4. Hardness and Potential Distributions on Surface of Weldments

=23 SM50AfC = A o B HERY BEERE SM50A#Y =3 SS41§dl = A o},

Fig. 4(b)x Al 7bA Fiko 2 KHsr SS41 485t SM50A 8 RBH Y A R BEEIE 5%
HNo; +1%FeCl, BEK'& W TAA FET FRole}. old &3ta SM50AY 7 EEE= 2 1HH:
ol w8 kst A9 grh. SM50AHS BEE = SS4186] K4 oF 45mV 7} da, = o] ¢
EE RBAS HEOERY BEBA/L 2 BHRd WAA Fehx v o WMo BEEMET
<F 35mV 2 vk, 28y BREERs BHEAcld FESHE KRR 3 BERL Hitde R
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W dordsbal Slvh wheba) SS4lgisk SMBOAHLS HibEd{oel A L WREUEE PRebabe B e
SEoalb AR B Ui Zh e AE o gl
3.3 BMEER

e B AR ST SS41 489 TEbiYeer A=k SMS0A fWel FEYANE, WA Au
s, Aav oz e obolmiflsgr 2 AB I WM, HAZ, HB, BM 2 {7l =} al 4] 5%Nitals
2 onmmAl gl F {4 20002 iggEta o},

(a) SS41 Steel (b) SM50A Steel
Photo. 2. Base Metals

Photo.2 (a)(b)= 7h7F SSAlf=l SMS0AHES #Estell o 8¢ WMEIFS Mol k. o] A o]} Ferrite
(F1fam0) o Pearlite(U i) nr &M 5o ¢lot SM50A #19] 4 kil o fxdishd ol=xe] o
7= gk Mgl 4 A= oh, Photo. 3~6& Z-F MEs Hifiikel whel WM, HAZ 2 HB
ol A e} filfkel ol ®@Al W EstE wedFa oleh, oo o Ed o]l Ao} WM(Fig. 4a):
Dendriteiilige] 3 HAZ(Fig. 4b) = 22skell ola 4} 4471 Widmanstiten fifhe] walrb, HB(Fig. dc) 2

SRS B )
yE) il S

diksl PUELERRAL A A E e IR Pearite Mol b, el b £5ET S FEIKLE SS41 fige]
i, SME0A RS FEIMGLRA, MuvidA = olebafEiabA Nkt A A EELRA, e
o qeiAa gl

4. AT EBERE

Fit. 6~8 % Table 324 1008 e (5 WIS AR A Kb, Tikok R ked A 1

A AT e MM S Rt ol ULMHES Zal LR da/dn
w5 R OR T AKS] ER e FoRrse Aol Sl L, AK=flo\zq B EAETG M0 1
dub A Rl el A AMERE £9 FHirel MY ¥ ohel Kawahara"age] o 5w ol
YU S o FEERTh da/dn B (doitdos/2) v ag ERTSl % A REIMES] o £& g}

won e debd A W A S AK= (doi+40s/2) v za FEEEE A Stom 2 JIERRE o BT
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(a) WM Part (a) WM Part

(b) HAZ Par: (b) HAZ Part

(c) HB Par; (c) HB Part

£hoto.3, Manual Welding for SS41 Steel Photo.4. Manual Welding for SM50A Steel
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) ¢ A A, 3' %) ¥,
; By S 0% el Yy LT
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w0 ALY }-&."EE, Yz
iR+ 2 .-v.’f% BE7 i S e

'L‘%-%W-‘;*{}?‘ S I o
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(b) HAZ Part (b) HAZ Part

(c) HB Part (¢) HB Part
Photo.5. CO, Gas Shield Welding for SM50A Steel. Photo. 6. Submerged Arc Welding for SM50A Steel.
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x10 SS41 HAZ-BaseMetal °
84 InAir o ,"/
Q Y
\‘ u x l'dl
54 54 %,
3 A
] 9 -/ /°/°
£ £ ‘
< E
S c 21
S °
o o
O
— -o—-—Surface
—x—Weld Metal 1 -~ Back
N\ —--»--Base Metal x— Mean
--eHAZ-
Base Metal
100 150 200 75 100 150 200
A K (kg/mm¥*) A K(kg/mm*)

Fig.6. Relation between Stress Intensity Factor:
Range and Surface, Back and Mean Crack
Propagation Rates for HAZ-Base Metal of SS41.

Fig.5. Relation between Stress Intensity Factor
Range and Suface Crack Propagation Rate
over all Range for SS41.

Lol A iaBHMEe] BAFESA] hebyte}

Fig. 5% SS41 x=A1{f REH ol Ml A KGrhol 4 ALY EEad =2 @ELEBLSERS R
HBACLA FRT Aelvt. oldl A3 2 ada RAolst L —FEME FHikd web 4~
Smm)oll FEY @ 7Ax = WM, HAZ#H 2 HB#®S 2% 2da @iEEE} Bt o
Ligkdl A8 HRM o2 Bt ek ol ok e HEMEE L MRS K] HE BE R
BhAZ ek, o] Bifel 471e Bhi: XES EHY o 2@EEE Sl o)
WEelAY 2l At HEGAA 4 MIELS BANA o= REAAE TUBES Bns
T2 DESE = il Bl A & 42T 4+ dvh. 28 BEm, BE 2 e 7
BREEA A BT Fig 6l 4% FA—% HAae ehiz gong o Wit HEd o84
debvbe Aoz AR Fig. 7~9% 1209 SS418s} 18 #5] SM50AZEY REH-o A4 =2
EBREROSES BIBEE ©e RE 2920 KKes Mrsgon, B oA ME
HE LS ERERELRD) &S & BT A Wit 984 R/ Holth. Fig. 7~00)
A3k 2ipyo 2 SSAMl v SM50A Y - Aol E adaMEEES SRT0] BE] T Bk
ol 4 EEBIRE(—850mV SCE)shed  Mmpighe) HBu v EESHIMES) ARt domz A
Aot @Al g 2Ey o] SBEANA BF 2200t AJAEE TR IHIBRES B
MR glek. REAAA 2 2B AR kel A Bigit A= Photo 7.4 (d)sh zbol,
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x 10
] SS41
20 In Air
104
©
S
9
£
£ 05
= .
S /
° /Y — —o—-HAZ
‘ x— Weld Metal
—-=--Base Metal
e HAZ-
0.2 Base Metal
100 150 200 250
A K(kg/mm*)
(a}
x10 2
204 sS4 /Q
In Sea water /‘/
7y
/o
/e
1‘0< /A/ ’:"/ //
—_ . x
S Y
< .
£ .c'/ x
w054 i/
kel / x
: — o— —HAZ
B e x/ —x—Weld Metal
—-—-- Base Metal
- e---HAZ-
Base Metal
., X
021 7/
[ ]
100 150 200 250

aK{kg/mm*)

(b3

,Fig.7 Relation between Stress Intensity Factor
Range and Crack Propagation Rate for
Welded Joint Specimens of SS41(continue)

»10*
204 SMS0
In Air
1,04
@
L
L
€ 05
s
E /
——— HAZ
o e —x——Weld Metal
/! F -~~~ BaseMetal
0.2 /) e HAZ
° xe Base Metal
100 150 200 250
A K(kg/mm*)
(a)
x10*
SMS0A
201 In Sea wWater
10
@
rs)
>
L
£
£
< 051 7/
E il
B/ /% —-o-—HAZ
// / —x—Weld Metal
cy‘ b4 --——--Base Metal
/. ---o---HAZ-
0.2 — Base Metal
100 150 200 250
AK{kg/mm**)

(b)

Fig.8 Relation between Stress Intensity Factor
Range and Crack Propagation Rate 1or
Welded Joint Specimens of SM50A (centinue)
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0™ , x10 SMSOA
20{  SS4i - 20 . /
Under Cathodic -/ e gndter %athodlc A
Protection .~ /3’ rotection . y
. A o tl’
101 A "/ 107 Y/
@ ’ 3 7
A 7 [3] /
g £ 3 o /x /
O /P x L o
E /',' E ':'
£ . o £ /!
E 0.5 1 /4 [ 0.5' S
4 ° ¢
5 74 3 .
© iy ® 7 —e-haAz
% —o-—HAZ A b4 —x—Weld Metal
o/ . ——— B\,?w me{g{, . / —---Base Metal
--—~—-—Base Met ; e, -
v / TeHA 02y ¢ " Base Metal
021 Base Metﬂ 0. ase Meta
100 150 200 250 100 150 200 250
A K (kg/mm™) AK(kg/mm*)
() (c)

Fig.8. Relation between Stress Intensity Factor
Range and Crack Propagation Rate for Welded
Joint Specimens of SM50A

Fig.7. Relation between Stress Intensity Factor
Range and Crack Propagation Rate for Welded
Joint Specimens of SS41

E#Me2 TV #Akhdl A sl g BB E mHEme XRREAA BEe dgd
Photo.8¢] fifRge] A t7H1gr A& /i-ol = Photo.7 (a)(b)(c)et 7ro] Rzl =7} g o 7} wek
. Photo.9(a) (b) ()& ZFrhol v} ERBIBERRE A A Jebd: Exzd=e, REG) (@ NOE B
RBIRsLA e ¥kl 4 Uehd Rgzelze 7 1008 BAEAo . BEE L3 fikd

(a) WM Notch (b) HB Notch (¢) WM Notch
(d) WM Notch
Photo 7. Crack on SM50A Specimens

B fzA st 4Roesd REadazr BEAI o I B o8 EHESEHA
Ao REAE Ao A = o] RBAA 269 W RAEFS AABEEEE FH
BT AL qx Aol 2F BMEgs 1 @R EEEERY el 4 ul2u o EREEHE

Photo 8. Weldment View by X -—Ray Photographing
to Investigate Defects
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cay S84 WA i Air d, S841--HAZ in Sca Water

508840 =HAZ unler Cathodic Proteciin Soo SN WM in Sea Water

¢; SM3oA- -CWA under Cathedic Protection U SANS0A--BM in Yea Woter
‘Micro Cracks : 4.2mm Lower Part from a Main Crack;
Photo. 9. Cracks on Specimen X 100
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BRS AR b3 e 2B ada Ao or EEsA Aolxw SS4Mme ARpalA
HAZ®, #KsolAx Bl BAtRelel HBEIL 714 welxlz, SM50A ffol A+ SEE 2T

»10 x10
201 SM50A 20] SMs0a x
’ Manual W. ' Submerged Arc W. / ,
xM,’ ’/
/
1.04 1.0 -
s s /
4 S “ 4
9 L
e E
£ E
< 05 c 05
§ 3 .
g 8 . L ]
* —-o-=InAir ’ » =-o-—In Air
—=—— In Sea water /4 ——— In Sea Water
---&---- Under Cath- ;‘ ---e---- Under Cath-
02 odic Protection 0.2- ° odic Protection
150 200 250 100 150 200 250
AK(kg/mm¥%) A K(kg/mm?*)
(a) (b)
x10* x10] SB
SM50A v
201 ~ x 201 M:Manual W.(—)  SAMA/7MB
CO. Gas Shield W. / S-Submerg AW(----- )
C:CO.GSWl-—) /
. 10 < 101
w —_—
2 5
p £
£ E
- , c
é 05+ ”l '4 ° 0.5 - .
8 S/ ]
Il’ / . /
/9! 7 o InAir S8 g A:In Sea Water
Fa / —— In SeaWwater /i B: Under Cathodi¢c
[/ ----e---- Under Cath- M8 SA/ Protection
02 /‘/D odic Protection 0.2- malB /'
A x CA .
100 150 200 250 100 150 200 250
AK(kg/mm™) AK({kg/mm*)
(c) (d)

Fig. 9. Relation between Stress Intensity Factor Range and Crack
Propagation Rate for Various Condition of SM50A Weld Metal,
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