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Tz, NIRRT ZFOMREIZIE, BHEOEDIZEBENESINT
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F—RFFARATULR(SUS3I6LN) itk &KV, Nig B ENL DR,
TN F—RXTTANZHHR AT X(SUS329J3L) Sl #lx D & F7 A°
BmMLTELOTH S,

SUSBIGLN IR ODNiZ B (X 11 ~14% B ETHDIDIZXL T,
SUS329I3LEMIR DNIiEZ B =1L 5~6% BELD 20N, SUS329I3L 1k
ETINNAVA—EEICEAEENE, FOERAODELAKREL,

=, NiEEENP G0, NIOEBRMEZEH L TREINIZK
BHEE A D,

S5IZ, SUS329J3L 4R M 0.2% it 411, SUS316LNHl#R D 0.2% i 73
D15ETHY, SUSI29BLMREFEA ITNIEL, MEBEOEE(N
AIBEICA R 18 Lo T, MU EERFICKIRMERMEN S
MNTES,

it s 0 /8 BB At (%, SUS316LN ik &Y% SUS329J3L itk DA A
B THHIZLIZBEMDIETHY, TIHLEAVA—FMEBEOERE i
DEMNHHTH, SUSI29BLHMREZEALEANMEBL THEIEE A5,

BOEM B ORAM T, 2016F 125 F B A SN =SUS329I3LT T Uk
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TENE, A—TXV VN OMZHMEL TSUS329I3L itk TH R T3
CENTE, MEBUNEL, GEHNGMAERENERTIHEEZLONDS,



SUS329J3L4Y 5wk itk & SUS32913LY )RR EEFE AL I AL
AUN—ZEICERLT, ERIRCZEEDSUS329I3LY T Uitk B D
TEEREMRFEAC, ZFEDSUS329I3LY T VRl 4R & #E £ iR BE D
SUS329J3LVwR R ED+F R EMFRBIZE, FEBICHEHVOREEREME®
MEENEKREIND,

AR TIE, SUS329I3LY SRR E7IhILEAY h—Hh—T20 Y
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EOIEE -5 510, HEERAICHA>TOEFBHEERFEOEE-
RET S ME, BLPABEMRFMEFTREOEE L& -KRET - MaL
FHMEL,
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F1EBE T IROERLEEW, BLIUERBXOEEIZDONT
~5%,
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ML T,
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4 E, B9 S8k (SM570Q, WES-HW685) & # %2, SUS329J3L
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2.1 IZFL®IC

TEANRUA—H—TRUIEERELT, 2016FICHR - B RIhi-
“HATULRA(SUS32913L) 7 ZyRHIARICDWNT, ZD#H & R B OHIE
Bts, BIE-RE ML

TIANBZA—H—TEVIBBERELTORT VLA Z YRR,
BEMELTORTULRABDESIE 3mm I —Sh T2,

SUS329I3LY SRl %E, 7 IhIL AV h—h—38 0/ EIZEA
$5LTC, REBREO—ON, EAREOKBHELEIETHD,
AED, BE3mmOEEMERAICEEBEIMEZ, TEATALBE,
BT AHRAE, HOIWNNIBRBETERL, BEREESIZRHAT
FOBRKREBERMMNFEININLTH D,

AETE, +FREMFIIRBZFHIERABRF LV VUMY
Sav(CT)BERABRAEMEALT, SUS29BLY YRR BEARED
WEHFHHELZEEL, FAEBEOZVA—XTFAMNRRATULR
(SUS316L, SUS317L) 72 YRt D LLRTBESIN =T —2%0, FFF]
[THBE SN = SUS329IBLYIVR IR DR E BB EERBDOT —%E,
B RRET - LML R2D (2D TR R B,

2.2 HEAHR, HEARBRE B LV BAEEE

SUS329I3LY R itk & A mOBHIBEHEOIEEICHALLFAER
FIZEARALESRDOIEZER D ETable2.112, KM E % Table2.2 12
ZNE I

T, HALETFRAERFIRBEEZIEARBRIOB K -TEE,
Fig.2.1127R 9, SHIZCTREE F O IR ~F A%, Fig2.2[2R7,



TF R EMRFIIRWENEARFECTRARFOREIZENT,
SUS329J3L Y 2w Rl O & & # Tdh 5 SUS329J3L #f #x A &= m I
SUS329J3LYwR it %, F£1=, SUS329I3LY T VR Stk D&+ TH 3
BB REICERMRE, ThZ AL, SUS329J3L iR DA £
Z % Table2.3 H&U Table2.4 2R T,

2.3 EREOWEHMMHHBRER

T FREMRFEIERZIMEABRAFICLOWEIEAREREZ
Table 2.5 2, F£7=, CTRHRBR FICL2BHMARIERETable2.6 (=
RY, 8, Table2.5 DR AL, +F B EMRF SRR AR
EROKcEFER2 Y, 34bs5, Eq(2.1)

KC — GomeF (a) (N/mm3/2) ...................... (2.1>
o=P/(2W+40) (N/mm?)
o= aeff/w

F (0)=1.122-0.154 o +0.807 & 2-1.894 o3+2.494 o *
W, aerr: Table 2.5 T~ #4318
L7,

F7=, Table2.6IT/RLI-CTRARBRFICKIHIZEHEHFERIERDOKE
EHIZIE, ASTMORZYEFEALE,

ShlZ, Table2. 5 [CRLIEHMHHBREROKAAELEELOR KR E,
Fig.2.3127R 9, RHKIZ, Table2.6 IZRLI-HIEHF AR ERDKE &
SBELDE%R%E, Fig24(27RY, bIZ, Fig2.3 LFig2.4 LER—T 57
[ZRLIE=EDA, Fig.2.5b TH5,

BH, K BEERELOBBRORRIE, 1963FEEBISEEBNRRRE
£LT, Eq.2.2)



Kc=Koexp(-To/Tk) (N/mm?¥?) «oevveviriiiiin, (2.2)
0o ¢ MBEH (N/mm’?)
To : MHEEH (K)

NRESNZOZIY 201k, Eq.(2.2) [CKDRRTELDT—ANER
SNTETVWDDT, Eq.(2.2) IZLPRRTEELS,

128, Table 25 IC/RL+FAEMF I RWBEHERABR LD
BiEH AR EOR Mm%, Fig.2.6~Fig.2.8I2/rd,

Fig.2.6~Fig.2.8 WoBALA LR ELIIC, TR EEAHNIEEERE
TREL, EEREICHA>TERLTWS,

£z, Table2.6 [C/RLACTR AR FICK O ZHUEHBRBROW T E
EOovIERIN R %E, Fig.2.9~Fig.2.13I1Z19,

F7=, Fig.29 8LV Fig2 10 " oBALA G LD, WHFTEBRDOEmH
BEAaREILENEOL), EERBETOMREFRLEEHILIELETD
BN, EEARAREWBELRONDIBEENRI-THY, TOEHIZHHIE
HEENRYKE(Table2.6 BR)2>TL\5,

2512, Fig.211~Fig2 13 hoBALN G LI, EHETRTREEBHN
FEEEEFRAATRLEL, BEEREITA>TERLTWS,

L7=mM>T, Table 2.6 IZ;RL7=FER i FTI-1 8LV FTI-2 D K fEIL,
BEARBEORBHRMMELTIE “IELWMETIEARL (Invalid) " & #) By
BIBEHF L, F2T, FKIZ-RLEFig2.4 3 5KV Fig.2.,b [z “ %
Invalid” &S &L 1=,

2.4 BHEEHEHARBREZOBENE AL UVUEEREKORAERRE
%12, Fig2.6 [CRLI=T+F A EMFSIRMEHMERR F(TCI-2)IZ
£5, WEHMHABRBEOENE ALV HERKIZODLWVTHELE,



RABEMRICLE, TCI2OM M E%E 5 E Fig214 (2789, 1=, BEHT
HODSEMB R R (A~G)%, Fig2.15(27R 7, SblT, FEHE R DSEM
BERERE, Fig.2.16 5LUFig217I12R Y,

Fig.2.16 B XU Fig.217 h SN R ESIZ, A #(SUS329J3LEAMR)E
B# (M) ~EEBEEELTHY, BERREWIBIZI>TER
SN E THD,

—F, WERKRKRERAE T 5=0IZ, Fig.2.1812;x T A-AETE &£B-B
WrEO<I0M# SLVOI/0EBEREL -

Fig.2.19 ICA-ABTE O /OEBE R, F7=, Fig.2.20 [CB-BETE D
TOOMEBETRT ., 51T, Fig2.21 IZA-AMEOI/O#E#%E, Fig2.22(2
B-BHrEIDIVOMBETRT, U LOERNSBHASHGLSIZ, BRIBRE
ThHEOLLEWKEE, BEAREHIVE, BEARBEICEIVEEH
(SUS329J3LEM#R) F7/=1% B4 (B4R ) TH>7=,

LEiIc&kY, AERRICLE+FAERFSIREENERR
(TCI-2) Ik 2B IE, EAFRBOWBEHHIBERRLILTOENE,
THEMERTNDEDEEIBITED, LEEADT, TCI-4, TCI-5%, #A
REOWBHNUEIERABLLTCOEBNET S ERE L TNIEEAD
(Table 2.5, Fig.2.3 Z1R),

2.5 F—RFTFA FRATUVLRY Sy FHRRESREOD
IR & D LB
UBTIEBEN:, FREEOZWVA—ATFANRATULRAYTYR
MiRiES REOWIEHMMELYE, EROT—42LE2H%KT 5,
HAINI=FA—RTFTARATULRIZ YRR E B M DIEZE B D
ZTable2.7(C, 7oVrilR R ERBRFICLOEM B EE £ Table 2.8

[:7-]_T —‘j—2.9)°



SITBRAN=8Y, TEHILEAVA—RIVIVRHIRE B, 45,
F—ATFTARRAT UL AR DESE 3mmIZHf— S TS,

Table 2.7 MBEASMEELSIZ, SUSIT6LEANR 5KV SUS317LER#k 2L,
NiZHEITHNI3~15%TH 5,

HEHINETFRAEMRFSIREEZHUERBROB R -TEZ,
Fig.2.23 2R 9, &BIZ, HESNEASTMBE R ZEMLECTR R ER
FOWK T A%, Fig2.24I27R 7,

BE, TFAEMFEABREE, CTRARFE, A —XF AR
ATULRA YRR ORE®IZ, TNENREZEMIR D5 5R 4 B A
BEINT, BEAFMAIMISNTNS,

TEFREMRFABRAOCTREABRFO =R THEBRINED, #ELE
LHEBA T FTRERBEEZERLTNS,

T+TFREMFEABRRAOKEEHETILE, Fig2.25(2R7, £1=,
HHICERIN i EREEq(2.3)21012R T,

Kc = Ueq.m' F(a/B) (N/Mm3/2)  ceeeeiiiiinnn, (2.3)

1.122-0.561 (a / B)—0.205 (a / B)? + 0.471 (a / B)®—0.190 (a / B)*

F(a/B) =
fl—a/B
=1L, 0o : FMEIRIS A (N/mm?)
_ P tsus 2
O-eq - tsus-w X tsus"'hl‘l'hz_C (N/mm )
B: ABRAFAEFIE (mm)
2B = tSLlS + hl + hz (mm)

a: APURERS (mm)



a=(a+ta,)/2 (mm)

P: BIEEE (N)

W : 5|k BN TR DR (mm)

tsus : AT VLAMBIRMBIRDOKRE  (mm)
hi,hy: ATULRHFIREEIRAIOBAAREHNE (mm)

C: ATVLAHMEIRMMIRAORAEBES (mm)
a1, az : AT VLA 5| 5R 4 B AR A OB YA £ L i

oD REERS(HABRFPOICAMNDT) (mm)

F7=, Fig224 |T/RLECTR AR FICLD K EEHICIE, ASTMD
K2V pME A SN,

Fig223 [CRL=+FAEMFARA L, Fig224 (2RLECTRER
FIZ&d, ZERETOREHMABRGERDKEZ, Fig226l2"Y, TF
BEMFABRAICEESUS3I6LY T YRS R EOKEIE, 1255
~1700 N/mm*2 TdHY, SUS3ITLY VR iltkZEE R E DO KcfEIE, 550
~810N/mm?*? TH 5,

72#, Test Steel Plate No.4 M SUS31TLY YR AR D+ F R EMF
ABRFICEDKEIE, YIRESFEImEPANE TEMEERLIz=5HIZ, Valid
BRETIEROEH rahiz,

— A, CTRERAEBR FIZLDSUS3I6LYTYREIRES RE DK B,
1620~3040N/mm*?>T&HY, SUS3ITLY T VR iiEA REDOKEIL,
1520~ 1750N/mm>*?* T o7,

TFRERFABRFCLII2ERECORBHMEABRBOKY EZ,
Fig.2.27 12" T, AR AITR SEEMER L ERIBICI>THEETILTULS
CEMNBALHNTH D,

%12, Fig.2.5 2Rz, ZMBATULA(SUS329J3L) 75 wRilfRE4



REOWBEHERBRERE, Fig26s4F—4~77I12R9 &, Fig.2.28
D&S5I12% B, 12120, Fig.2.5 $XUFig.2.26 @ Invalid DT —ZI(XERL =,

FelsmR Rz k512, Fig.2.5127R L7z SUS32913LY S wRiltR A R E
D+FAREMFHABAICEDEKMES, Fig2.26 IZ/RLEZSUS3I6LE KT
SUS317LYZvrififi & R EO+FAEMFREBRFIZKDKEL,
BHICEAINLFERINELRDD, HIZValidis KcfETHDEHKL
T, & -BmETL1=,

Fig.2.28 s BLA R &SI, EREMD-180°C 12 E DB & & F TlL,
EEFREOKEIEE —EICHR2EDEAEEIL, SUS329J3LY T VR
WEARBOKEE, SUSZI6LEBLUSUSIIILY TRk E S R\
DKcBEIZX LT, BEdEBLHHRNEE Z D,

SUS316LE LUV SUS3ITLY TRtk D7 AN R h—h—a5 7
BEANDERAEENZNILLD, EAFEHBEHEOR A,hDIL,
SUS32913LY T YREAMRI(E, 7IHINEZYH—H—TF U@ EICEALT
MEMBEENES A5,

2.6 ZHHRTULRV Yy FHREEEAIRBFARAEEED
BIRE M & D LB

AR IBEINTZ, SUS329J3L MR (AR /F 9.4mm) D, TIGA
(Tungsten Inert Gas Welding) & FCA ;& #% (Flux-Cored Arc Welding) [Z
FOEREEARERFAESE D RBOBEH MM (KcE)2VE, £
[ZFig.2.5 (* : Invalid DT —AR% R [CRLEKcBELEZ &K T 5,

R I SUS329I3LYVUYREAR D1 B 5 & Table 2.9 (2, 4 A9
B % Table2.10 2R T, I, FRASNAEMBOISRKEZ,
Table2.11 5L U Table2.12 (2R T,

Ff, HHARBRA OTIGAE EFCABEDRELX K%, Table2.13 ([



RY . B, MAEELEBEE150C UL TELTLS,

WEZESM AR CHEAINAR RO RAMAFIREE ORI - TIE,
BOWNIZYIRFIK -~ %%, Fig2.29 (TRT, PRYUIREHmERIE, BES
0.2mmMAOEFE T I SNz TdOvEg RrRELL, EHIZ, Yz TOVH
UREEMFEFBRUREIN, HBRAXREEB TR 2mMmN IS,

T, RHBRYREMIIZHE=>TIE, PIREEHDIS HIEKE K
#HE(AKME) D, BB T HEEBESIRHARBRCL-THELON I IZLMEE
(KcfB) D 60% L T DEH1?1272 58512, TEBRUYBEWNRE (K N) &4
TiThnr=,

R B REMIiER%E, Table2.14 (2759, Table2.14 ([,
Eq.(2.4)%Y TEHINLISHIEKRHEHE (AKME) NRLTH D,

AK:Gg' Vi a © F(@/B) corrierei (2.4)
ZZT,
Gg=P/(2B*t)
F(a/B)={1—0.025(a/B)2+0.06(a/B)?*} X \/sec (r a/2B)
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Table 2.1

Chemical composition of test steel plates

(wt %)
Test Steel Plate C Si | Mn P Cr Ni Mo N
SUS329J3L
0.013 | 0.55|1.81| 0.026 { 0.000 | 22.55 | 5.75 310 | 017
{t:16)
9J3L~ Clad™*
SUS329J3 @ 0.01310.31 1097 | 0.025 0.002 | 22.55 | 5.42 3.10 | 0.17
(£:34+13)
* SUS329J3L Steel Plate (3mm)
Table 2.2 Mechanical properties of test steel plates
Test Stesl P Thick. 0.2 % Proof Stress Tensile Strength Elongation
t St I
est wteel Tlate (mm) (N/mm?2) (N/mm?) %)
SUS328J31 16 594 771 35
16
SUS329J3L- Clad™ 433 554 23
3+13)

* Full-Thickness Tensile Test (16mm)
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Fig.2.1

Shape and size of cruciform welded joint specimen

for tensile fracture toughness test
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Fig.2.2 Shape and size of CT type specimen
for fracture toughness test



Table 2.3

Welding parameters of cruciform welded joint
tensile fracture toughness test specimen (FCAW)

Welding Arc Travel Heat Welding
Test Steel Plate | Build—up Sequence | Current | Voltage Speed Input Consumables

(A) V) (em/min} | (kd/cm) (JIS)

SUS329J3L~Clad % 200 32 247 12.0 TS2209
Steel Plate {1_ ? ~240 ~36 ~32.0 ~21.0 -FCO

+

SUS32943L p\ 240 36 23.1 21.4 TS82209
Steel Plate z 1 ? ~24.2 ~22.4 -FCO
Plate Thickness : 16 mm, Gas Flow Rate : 18 2/min, Interpass Temperature < 150°C

Table 2.4 Welding parameters of CT type specimen (FCAW)

Build Welding Arc Travel Heat Welding
Test Steel Plate s ula=up Current | Voltage Speed Input Consumables

eaquence (A) ) | (em/min) | (kd/om) (JIS)

SUS329J43L-Clad 200 32 27.9 12.2 TS2208
Steel Plate ~ 240 ~36 ~31.5 ~18.6 ~-FCO

+

SUS329J3L 240 36 30.6 16.3 TS2208

Steel Plate ~319 ~16.9 -FCO

Plate Thickness ;16 mm,

Gas Flow Rate :18 &/min,

24 —

Interpass Temperature = 150°C




Table 2.5 Results of cruciform welded joint
tensile fracture toughness tests

Number 8 off 1/Tk p
(mm) | (mm) [(CC)| (K| (K" (kN)  |(N/mm®'2)

TCI-1 - - - | - - ~ -
TCI-2 | 40.9 | 13.1 |-106|167(5.99x107%| 275 |1.37x10°
TCI-3 - - - | - - - -
TCI-4 | 42.3 | 14.2 |-119|154 |6.49x107%| 338 |1.75x10°
TCI-5 | 41.9 | 145 |-166[107}9.35x107%| 293 |1.58x10°

Lidbdo

| . Ke=o+Fan Fl@) [N/mm¥?

| E o=P/{(2W+40) [N/mm?]

2, e, | a=a.u/ W

Flo)=1.122-0.154¢.4-0.8070>-1.8940° +2.494¢a*

Table 2.6 Results of CT type fracture toughness tests

Fatigue
Socci Crack Qca Temperature Frf:;ciére Ko
ij‘r’n'g";” Length | (a:27.5)
e 1/Tk P

{mm} (mm) [ CC) | (K) (K™ (kN) (N/mm*?)
FTI-1 39.2 66.7 |-116| 157 6.37 %107 132 8.80x 10°
FTI-2 40.1 676 |-144| 129 7.75%107° 115 7.77 % 10°
FTI-3 23.2 50.7 |-105| 168 5.95 % 107 48.2 2.46 % 10°
FTI-4 25.3 52.8 | -159| 114 8.77x 107 49.1 2.61x10°
FTI-5 4.4 318 |-173| 100 | 1000x10° 69.5 2.95 % 10°
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Fig.2.6 Fracture surface after tensile
fracture toughness test
(TCI-2, -106°C)

Fig.2.7 Fracture surface after tensile
fracture toughness test
(TCI-4, -119°C)

Fig.2.8 Fracture surface after tensile

fracture toughness test
(TCI-5, -166°C)



Fig.2.9 Fracture surface and pass after

fracture toughness test
(FTI-1, -116°C)

Fig.2.10 Fracture surface and pass after
fracture toughness test

(FTI-2, -144°C)



Fig.2.11 Fracture surface and pass after

fracture toughness test
(FTI-3, -105°C)

Fig.2.12 Fracture surface and pass after

fracture toughness test
(FTI-4, -159°C)



Fig.2.13 Fracture surface and pass after

fracture toughness test
(FTI-5, -173°C)
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Fig.2.15 Fracture surface at mild steel side
(SEM observation points)
(TCI-2, -106°C)
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Fig.2.16 Fracture surface at mild steel side
(SEM, X 1,000)
(TCI-2, -106°C)
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Fig.2.17 Fracture surface at mild steel side
(SEM, X 3,000)
(TCI-2, -106°C)
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Fig.2.18 Macro-structure observation section (A—A, B-B)
(TCI-2, -106°C)
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Fig.2.19 Macro-structure of fracture section (A-A)
(TCI-2, -106°C)
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Fig.2.20 Macro-structure of fracture section (B-B)
(TCI-2, -106°C)



Fig.2.21 Macro and micro-structure of fracture section (A-A)
(TCI-2, -106°C)



Fig.2.22 Macro and micro-structure of fracture section (B-B)
(TCI-2, -106°C)
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Table 2.7 Chemical composition of austenitic stainless-clad

steel plate
(wt %)
Test Steel c IlsilMn| P | s | cr| Ni |Mo
Plate No.
SUS316L | 1 [0.017|0.66|1.54|0.037|0.002 |16.65|13.21| 2.09
—Clad
(t:349) | 2 |0.017/0.58/0.97|0.027 | 0.006 | 16.81|13.16| 2.26
SuUS317L | 3 |0.015/0.26{1.86|0.024 | 0.005 |18.41|14.71|3.29
—Clad | 4 [0.02 |0.36]0.50|0.0250.003|18.06/13.81|3.19
(t:3+12) | 5 |0.021]0.29{1.87|0.025|0.001 |18.19|14.08] 3.05

Table 2.8 Mechanical properties of austenitic
stainless-clad steel plates

Test Steel Thck. 0.Z% Proof | Tensile Elongation
P Stress  |Strength
ate 9 5 .
No.| (mm) | (N/mm2) |(N/mm®)| %)
12
SUS316L | 1 (340) 516 27.0
~Clad 12
(£:349) | 2 (3+9) 276 473 34.3
15
SUS317L | 4 (3+12) 294 445 31.8
-Clad 15
(t:3 +.1 2)| 5 (3+12) 286 485 20.5
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specimen for tensile fracture toughness
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S}:ainless—Clad Steel
\ sUS 2s

\
....__g‘_

o 23(a)

MS
46(W)
51.5

21

o

Fatigue Crack
Notch Detail

Fig.2.24 Shape and size of compact tension (CT)
specimen for fracture toughness test
(CT Type)



"

. tsus
My
2B

/ C ZB:tSUS+h1 +h2

q = (a;+az)
V4

4\
—N—

Fig.2.25 Model for calculation of Kc
(Cruciform Type)



I T 3
i O Cruciform Type
3500 [ CT Type
3000- ]
3
- ]
£ 25001
~
£
o
X 2000+
]
0 Ol O E
€ 1500-
3
= O
o
_§ 1000+
O
L.
500 - O
No. 1 2 3 4 5
Steel SUS318L SUS317L
ee —Clad ~Clad

Fig.2.26 Kg at bonded interface of austenitic

stainless-clad steel plates (R.T.)
(SUS316L-clad, SUS317L-clad)



SUS316L~Clad SUS317L-Clad
Steel No.1 Steel No.3

Ko=1255N/mm%¥2 Kc=550N/mm™"?
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Table 2.9 Chemical composition of base plate

(wt%)
Material C Si | Mn | P S Ni | & | Mo | N
SUS329.J3L
(ASTMV-E3180] 0019 044§ 139 [ 0022|0001} 568 | 224 | 315 | 018
450 | 2100 | 250 { 008
= = = =
JIS =0.030 =1.00{ =2.00{=0.040=0030 ~850|~2400 ~3501 ~020

Table 2.10 Mechanical properties of base plate

. Yield Point | Tensile Strength| FElongation
Material { N/mm?) ( Nimm?) (%)
psmrso 68 780 i
JIS =450 =620 =18

Table 2.11 Chemical composition of welding material (JIS)

(wt%)
Material { ¢ | Si | Mn | P S | NN | Cr | Mo| N
550 | 2400 250 | 008
< =
SUSs2as4l, |=0.030 =100} <1.50({=0.040<0030 15012604 ~350| ~030

Table 2.12 Mechanical properties of welding material (JIS)

) Yield Point  |Tensile Strength| Elongation
Material ( N'mm?) (N/mm?) (%)
SUSI2J4, =450 =620 =18

Table 2.13 Welding parameters of FCAW and TIGW

Welding| Thick. Welding Shielding | Current| Voltage V‘g;l:igg Iﬁ;ﬁ Pass
Method!| (mm) Material Cas (A) i\ (m/min)| Tl 7 | B
FCAW MT@?‘Z?ML €O, 100%| 200 | 29 400 09 |3l2
9.4 -
TIGW WEL—382994L | \ 100% | 150 17 130 12 |54
$2.4)
80°
ol
o
a J
—3le—0 frem)
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Fig.2.29 Shape and size of center notched tensile
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Table 2.14 Processing conditions of fatigue cracked

notch (W.M.)
) . Notch | . Taest | Number of] Mumber of] Gross |Stress Intensity
_ Width | Thick. Length Freq. Load Cycle Cycle Stress | Factor Range
Speclt 9B | ¢t | 2a P N N, Og AK
(mm) | (mm) | (Gom) | (Hz) 5GKN) N {cycles) (cycles) {(N/mm®D| Nimm'®

| (W} 983.7 19,152 4 95 —

F—-111002| 9.8 64.1 6 1453 3.918 2.8x10 =0 585
_ D1 95.7] 17,115 s |96 —

F-—-211003}1 9.7 62.7 6 Gl 48.8 48.803 6.6x10 0 BEE

_@ 68.2 27,465 4 70 —
F—-3| 1004} 9.7 62.3 8 Ol a8.7 [ 12546 7.0x10 55 755
F—41100.6| 9.6 60.4 6 48.0 121,229 1.2x10° 50 635
T—-50{ 1003} 1056 | 63.0 6 b2.6 76,091 7.6%10% 80 669
T—51| 100,41 10.3 57.7 6 81.7 81,6086 B.2x10* 80 604

Table 2.15 Results of center notched tensile test (W.M.)

. . Notch Fracture! Fracture Stress | Fracture
_ Width | Thick. Length Test Temp. Load Gross Net |Toughness
Seectl g | ¢ | 2a | T lio°mk| P e On Ko
(mm) | mm) | (mm) | €C) | KTHI &GN) {(N/mm? |{(Nfmm?) | Nmm®
F—111002] 98 | 641 ] —89] 543 | 204 299 831 | 4.10x10°
F—21100.3! 9.7 | 62.7 | —187] 11.63 77 79 211 1.06%10°
F—311004! 9.7 | 623 |—138] 741 ] 155 159 419 | 2.10x10°
F—a4|1006] 96 | 604 |—164] 9.17 | 101 106 262 | 1.38%x10°
T—-50} 100.3] 10.5 | 63.0 |—188] 7.41 | 239 297 610 | 8.04x10°
T—51] 100.41 10.8 | 57.7 |—165] 9.26 | 152 147 346 | 1.78x10°
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Fig.2.30 Relation between K and temperature
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Table 3.1 Results of CT type fatigue crack propagation tests
Cross— Test Load
Width | Thick. | Section .
i . Min. R
S{ﬁecnbmen Area | Term Max in ange
umboer W t A Pmax Pmin Pr
(mm) | (mm) | (mm?) (kN) (kN) (kN)
A
B
FPI-1 150 | 10.06 1509 o 36 3.6 32.4
D
A
B
FPI-2 150 | 10.08 1512 C 36 3.6 32.4
D
Test Stress Number Crack
Max. Min. Range Freq. of Cycles Length
Omax Cmin GR F N (ZN) a
(N/mm?) | (IN/mm?) | (N/mm?) | (Hz) (cycles) (mm)
685,606 36.23
68,203 (753,809) 42.65
23.86 2.39 21.47 10 42.912 (796.721) 5537
20,683 (817,404) 73.9
488,217 39.6
52,202 (540,419) | 49.1
. . . 10 -
23.81 2.38 21.43 32,544 (572,963) 64.4
9,160 (582,123) 82.0




Table 3.2 Results of CCT type fatigue crack propagation tests

Cross— Test Load
; - Section
Width | Thick.
Specimen ! © Area Max. Min. Range
Number
W t A Pmﬂx Pmin PR
(mm) | (mm) | (mm? (kN) (kN) (kN}
PCI-1 121 8.0 968 110 11.0 99.0
PCi-2 121 7.9 956 110 11.0 99.0

Test Stress Average
Number Half
Freq.
Max. Min. Range red of Cycles Crack
Length
G max Qmin Or F a
(N/mm?) | (IN/mm®) | (N/mm?) | (Hz) (cycles) (mm)
114 11.4 103 10 160,960 36.3
115 11.5 104 10 280,670 37.9
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Fig.3.3 Relation between a and N (CT type : FPI-1)
[Interface of SUS329J3L-clad steel plate]
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Fig.3.4 Relation between a and N (CT type : FPI-2)
[Interface of SUS329J3L-clad steel plate]
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Fig.3.5 Relation between a and N (CCT type : PCI-1)
[Interface of SUS329J3L-clad steel plate]
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Fig.3.6 Relation between a and N (CCT type : PCI-2)
[Interface of SUS329J3L-clad steel plate]
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Fig.3.9 Relation between da/dN and /K
(CT type : FPI-1, FPI-2)
[Interface of SUS329J3L-clad steel plate]
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Fig.3.13 Fatigue crack pass after fatigue crack
propagation tests (CT type)
[Interface of SUS329J3L-clad steel plate]
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[Interface of SUS329J3L-clad steel plate]



Table 3.3 Chemical composition and

mechanical properties of

steel plates for comparison

Chemical Composition (wt %)

Steel Plate c si | Mn P S
SM570Q 0.17]0.1811.25(0.015; 0.004
WES-HW685 |0.1610.25]1.54]10.012{ 0.002
Yie:!d Tensile Elong.
Steel Plate Point Strength
(N/mm?) | (N/mm?) (%)
SM570Q 587 682 39
WES-HW685 758 839 22
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Table 4.1 Chemical composition of test steel plates

{wt %)

Test Steel Plate | %K | o | si|Mn| P cr | Ni |Mo]| N
(mm)

SUS329J3L—Clad" (31?3) 0.01310.3110.97|0.0250.002(22.55| 5.42 |3.10|0.17

SUS316L-Clad" (31?3) 0.00810.5810.78|0.021 |0.001(17.14]12.17 | 2.75| —

SUS329J3L 16 l0.008]0.56|1.80]0.025|0.001]22.50| 5.80(3.10|0.16

SUS316LN 175 10.019]0.69|0.60]0.027]0.001|18.22 |10.60 | 2.83| 0.17

* SUS329J3L, SUS318L Steel Plate (3mm)

Table 4.2 Mechanical properties of test steel plates

: 0.29 ile ,
Test Steel Plate Thick. Sf::;’{smf g’iﬁg‘ch Elongation
{mm) (N/mm2) | (N/mm?) %)
SUS329J3L-Clad" | 16(3+13) 433 554 23
SUS316L-Clad® | 16(3+13) 290 480 27
SUS329J3L 16 615 772 38
SUS316LN 17.5 399 679 48

# Full~Thickness Tensile Test (16mm )




Figd4.2 Shape and size of fatigue test specimen
(Butt welded joint of solid steel plate)
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Table 4.3 Welding parameters of butt welded joints

(FCAW) (Clad steel plate)

Welding Arc Travel Heat: Welding
Test Steel Plate Build-up Sequence Current | Voltage Speed Input Consumables
{A) V) (em/min) | {kd/em) {J18)
SUS329J3L—-Clad 4,5 200 32 16.8 22.2 TS2209
Steel Plate Stainless ~33 ~178 | ~22.9 -FGO
+
SUS8325J3L-Clad 1~3 200 24 175 15.4 T49J0T1
Steel Plate Mild Steel [ ~280 ~32 ~283 | ~19.0 | ~1CA-UH5
SUS316L-Clad 4,5 200 24 13.9 19.4 TS3091L.Mo
Steel Plate Stainfess | ~220 ~260 | ~236 -FBO
+
SUS316L~Clad %. 1~3 1200 25 19.0 18.4 T49J0T1
Steel Plate \ 1/ Mild Steal | ~300 | ~34] ~210 | ~23.7 | -1CA-UH5
Plate Thickness :16 mm, Gas Flow Rate :18 &/min, Interpass Temperature = 150°C

Table 4.4 Welding parameters of butt welded joints

(Solid steel plate)
Plate _ Gas Flow | Welding Arc Travel Heat
Test Steel Plate Thick. &V:Lﬁ':g Rate Current Voltage Speed Input
(mm) (2/min) (A) v) (em/min} | (kd/cm)
SUS329J3L
16 FCAW i8 170 32 16.1 15.9
+58US329J3L ~200 ~34 ~25.7 ~24.6
SUS316LN 180 32 18.2 17.0
. FCAW 18 ) '
+SUS316LN 175 ~200 ~33 ~21.4 ~20.0




Table 4.5 Results of fatigue test for butt welded joint
(SUS329J3L-clad steel plate. As-welded)

R=0.1
. i Cros;* Test Load Test Stress Number of
) Width | Thick. | section - y Freq. Cyeles to
Sh;;s:r:g;ern Area Max. Min. Range Max. Min, Range Failure Remark
w t A Pras P e Pa U e G n Jr f N
mm} | mm) | mm?) (kN (kN) kN) | (N/mm?) | {NZmm?) | (N/mm®) | (Hz) (eycles)
9-1 3.15x 108 Failure of
$29J~1 36.0 [ 16.6 | 598 233 | 23.3 | 208 389 38.9 350 5 314,600 SUS229U3L Toe
9-2 7.00x%10° Failure of
$29U-2 36.0 | 16.7 | 601 200 | 20.0 | 180 333 33.3 300 7 700,057 SUSI20J3L Tos
93 5.00 % 10* Failure of
$29-3 36.0]16.6 | 598 266 | 26.6 | 239 444 44 4 400 3 50033 SUS32943L Too
9-4 8.37x 10 Failure of
$26-4 36.016.6 | 598 239 | 23.9 | 215 400 40,0 360 5 93667 SUS39943L Tos
9-5 >2.00x10° ,
S20J-5 36.1 | 16.5 | H96 179 17.9 161 300 30.0 270 7 52,000,778 Non-Failure
9-6 _ _ _ . _ . _ _ _ _ .
529J-6
9-7 55t %10 Failure of
| 5290-7 359|165 | 592 250 | 26.0 | 225 422 42.2 380 5 55,070 SUS32903L Tos
Table 4.6 Results of fatigue test for butt welded joint
(Correct by K.)
(SUS329J3L-clad steel plate. As-welded)
R=0.1
. ' St Numb f
Width | Thick. R;':.’iis i':g’;t Jeignt | Wdth Gonaentration SRZ’;’;; cuyn;_%eesr 0
Specimen Factor Ki*Ox Faifure Remark
Number | t R o H B K. Ox N¢
(mm) | (mm} | (mm) | () (m) | (mm) (N/mm?) | (N/mm?) {cycles)
9-1 3.15x10°
52901 36.0 | 166 | 1.73 | 322 1.75 22.7 1.5 350 525 314,600
9-2 7.00x10%
S29U~2 36.0 1 16.7 | 1.27 | 285 2.00 21.3 1.6 300 480 700,057
9-3 5.00x 10"
S29J-3 36.0 (166 | 039 ¢ 271 1.70 21.8 2.1 400 840 50,033
94 9.37% 10"
8204 360 | 1666 | 0.74 | 353 1.65 22,2 1.9 360 684 93,667
9-5 >2.00%10° .
S29U-5 36.1 | 16.5 270 59,000,778 Non-Failure
9-6 _ _ . . _ . _ - -, —_
S§29J-6
8-7 551x10*
359 | 165 | 043 | 30.2 1.25 . .
5904-7 2i.1 2.0 380 760 55,079




Table 4.7 Results of fatigue test for butt welded joint
(SUS316L-clad steel plate. As-welded)
R=0.1
Cross— o Number of
‘ Width | Thick. | seotion TESt.L d Test S_tms Freq. cifmc!eirt%
S&ﬁ;\l;n:rn Area Max Min. Range Max Min. Range Failure Remark
w t A Pow | Pun Py O e 0. On £ Ny
{mm) | (mm} | {mm?) (kN) (kN) (kN) 1 (N/mm®) | (N/mm?} | (N/mm?) | (@2) (cycles)
6-1 2.96 % 10* Failure of
S16J-1 36.0 | 16.8 | 605 202 | 20.2 182 333 33.3 300 5 20,573 SUSI1BL Toe
_ - ,
6-2 1250|168 | 603 | 168 | 168 | 151 | 278 | 278 | 250 | 5 | %82X10 | Falureo
S164-2 98,179 | SUS316L Toe
6-3 1.59 % 10° Failure of
31643 35.9|116.7 | 600 133 | 13.3 120 222 22.2 200 8 159,379 SUS316L Toe
6-4 1.26 % 10° Failure of
S16d-4 36.0 (1671 601 133 13.3 120 222 22.2 200 7 125.768 SUSAT6L Ton
_ - -

65 1360 |16.4| 500 | 124 | 12.4 | 112 | 210 | 210 | 190 | 7 | 20910 | Feireof
$16J-5 206,245 | SUS316L Toe
6-6 228 % 10° Eailure of
S164-6 36.0 {16.6 | 598 93 9.3 83.7 156 15.6 140 9 2248737 SUS316L Toe
6-7 1.80 x 108 Failure of

. . 114 11.4 10 189 .
S16J-7 36.0 | 16.8 | 603 3 18.9 170 8 1,800494 | SUS316L Toe
Table 48 Results of fatigue test for butt welded joint
(Correct by K.)
(SUS316L-clad steel plate. As-welded)
R=0.1
. . Stre: Numb: T
| Wi | ik | glee | Flk | Heght | WA | Goncontation | Sest | Gycles to
Specimen Factar Ki*ORr Failure
Namber | | 4 R ) H B K, Ga N, Remark
{om) | (mm) [ (mm) | ) (mm) | (mm) (N/mm®) | {N/mm?) {cycles)
6-1 2.96% 10"
S16U-1 36.0| 168 | 0.33 37.1 2.85 21.3 26 300 780 29573
6-2 9.82 x 10*
S16U-2 359 | 168 | 044 | 35.7 2.80 21.5 2.3 250 575 98,170
6-3 1.59 % 10°
S16J-3 359 | 167 | 0.35 46.0 285 211 2.7 200 540 (59.379
6—4 1.26 x 10°
S16U~4 36.0 { 16.7 | 0.43 49.6 295 21.7 2.6 200 520 125,768
6-5 2.06% 10°
S16J~5 36.0¢ 16.4 | 0.68 47.0 3.00 20.6 2.1 190 399 206,245
6-6 2.25%10°
i 18. 0.75 398 . . .
S16U-6 360 | 165 7 3.05 21.8 20 140 280 2,248,737
6-7 1.80%10¢
S16U-7 36.0 | 16.8 | 0.67 40.0 2.20 20.9 2.0 170 340 {800,494
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Fig.4 5 Fracture surface and pass after fatigue test

SUS329J3L-clad steel plate, As-welded J
S29J-1, 350N/mm? 3.15% 10°cycles



Table 4.9 Results of fatigue test for butt welded joint
(SUS329J3L steel plate. As-welded)

Re==(, 1
) . Cross™ Test Load Test Strass Number of
Width Thick. | section Freq. Cyeies to
Specimen Area Max Min. Range Max Min. Range Failure Remark
Number w t A P... P Pa T T e Ox $ N,
(mm) mm) | (mm?) () (kM) ki) | (IN/mm ) | (N/mm?) | IN/mm?) | (H2) (cycles)
>2.05% 10° ]
BW5-1| 36.0 | 16.4 | 590 131 13.1 118 222 22.2 200 10 52 048,749 Non-Failure
>1.11x10° Base Plate
BwWs-2 [ 36.0 | 164 | 590 197 | 19.7 177 333 33.3 300 5 >1112.450 Failure
1.95 x 10°%
BWS-3| 36.0 | 16,5 | 594 264 | 264 | 238 444 44 4 400 5 195,905
a.80x 10* Faifure from
BWbH-4 | 36.0 16.5 594 297 | 29.7 267 500 50.0 450 5 08,953 Uranami-Tos
2.12x10° Failure from
BW5-5 | 36.0 16.5 5a4 231 23.1 208 389 38.9 350 5 211518 Uranami-Tos
1.06%10° Failure from
BW5-5 | 36.0 | 16.4 | 590 185 | 18.5 167 314 31.4 283 7 1062674 Uranari-Toe
" -
BW5-7 | 36.0 | 16.5 | 594 | 165 | 165 | 148 | 278 | 278 | 250 | 7 | 117x10° | Failure from
1,173,459 Uranami-Toe
Table 4.10 Results of fatigue test for butt welded joint
(Correct by K.)
(SUS329J3L steel plate. As-welded)
R=0.1
, . St Number of
. Width | Thick. R;r;is ‘::agr;: ;Ei:‘; °¥V|Bd:: d Conce;etf:tion SRE:;: K. (.‘l:lyn;I:: ::)
Specimen Factar 1" Or Failure
Number W t R 6 H B K, o N, Remark
{mm) | {mm) | {mm) ) (mm) {enm) (N/mm?) | (N/mm?) {cycles)
BW5-1 | 36.0 | 16.4 | 34 | 286 | 24 | 140 13 200 | 260 [229X10 | Fai
. . . . R ! . >2'048'799 on-rallure
>1.11%10° Base Plate
BW5-2 : 36.0 | 164 7.7 11.3 0.7 209 i.1 300 330 51.112.459 Failure
1.85 % 10°
Bw5~3 | 36.0 | 16.5 4.8 13.7 0.8 18.9 1.1 400 440 165295
4 ,
BW5-4 | 36.0 | 16.5| 24 | 166 | 09 | 208 1.2 450 | s40 | H89X10° | Failure from
98,953 Uranami-Toe
T -
BW5-5 | 36.0 | 165 | 33 | 125 | 08 | 191 1.2 350 gpp | 212107 | Failure from
211,516 Uranami-Toe
1.06x10°¢ Failure from
— , 16. X . . . .
BWS5—-6 | 36.0 64| 3.6 8.1 0.6 18.9 1.1 283 3t 1082674 | Uranami-Toe
6 .
BW5-7 | 36.0 |165| 31 | 116 | 08 | 190 12 250 sg | 17107 | Failure from
1,173,459 Uranami—Toe

— 92



Table 4.11 Results of fatigue test for butt welded joint
(SUS329J3L steel plate. Dressing by grinding)
R=0.1
Crose- . Number of
Width Thick. ser::;zn Test Load Test Stress Freq, G‘;‘Eleﬂs"t‘;
Specimen Area Max Min. Range Max Min, Range Failure Remark
Number w £ A P.. 2. Pe T s G G, £ N,
{mm} {mm} (mm?} (kMY (kN) k) ] (NZmm®) & (INZrom ) | (N/mm®) | (Hz) {cycles)
2.64x10°%
BW2-1) 36.2 | 15.6 | 565 | 220 | 22.0 | 198 | 389 | 388 | 350 | 5 | 00
5.10% 108
Bw2-2 | 36.1 | 15.7 | 567 | 180 1189 | 170 | 333 | 33.3 | 300 | 7 10982
E]
Bw2-3| 362 | 15.7 | 568 | 284 | 28.4 | 256 | 500 | s00 | 4s0 | 5 | T93XTO
102,778
2.08x10°
BW2~4| 36.1 | 167 | 567 | 252 | 252 | 227 | 444 | 44.4 | 400 | 5 | "N
>2.00x10° ,
BW2-5 | 36.1 | 15.7 | 567 | 158 | 15.8 | 142 | 278 | 27.8 | 250 | 10 |7 Non-Failure
BW2—b| — | — | - | = | = | = | = | = | — | -] —
[
Bw2-71 36.0 | 15.7 | 565 | 176 | 17.6 | 158 | 312 | a12 | 280 | g [7207*10 Non-Failure
22,073,007
Table 4.12 Results of fatigue test for butt welded joint
(Correct by K.)
(SUS329J3L steel plate. Dressing by grinding)
R=0.1
. , St Numb: f
Width | Thick. R::iﬁs xi:;: u?'gi};z Dzvédet: d Conce:::f:tion g::s: GL;'rZIeesrt(;
Specimen Factor E Ki*Or Failure R .
Number w t R 8 H B K, Uy N; emar|
{mm) | (mm) | {mm) | (° ) (mm) {mm) (N/mm?) | (N/mm?) (cycles)
2.64x10°
BW2-1 | 362 | 156 | 235 | 114 ] 14 | 200 12 350 420
263,803
5
Bw2-2 | 36.1 [15.7] 54 | 160 | 15 | 202 12 300 3go | >10%10
510,382
5
BW2-3 | 36.2 1157 75 | 148 | 14 | 200 11 450 | 4gs | 1O3%10
102,778
208x%10°
- 1| 1s. 7 17| 1 . .
BW2-4 | 361 | 15.7| 57 | 17.7 6 | 19.1 12 400 480 207 860
>2.00%10° ,
BW2-5 | 36.1 | 15.7 | 11.8 | 221 | 14 | 198 1.1 250 275 | ooy | NenFaiure
BW2—6| — | — | — | — - — - - - —
B
BW2-7 | 36.0 [ 15.7 | 214 | 112 | 12 | 190 10 280 280 | 20T Failure
»2,073007




Table 4.13 Results of fatigue test for butt welded joint

(SUS329J3L steel plate. Dressing by TIG arc)

Re=(.1
) ) Cross— Test Load Tast Strass Number of
Width Thick. | section Freq. Cycles to
Specimen Area Max Min. Range Max Min. Range Failure Remark
Number w t A P Pon Py C G Or f N,
(mm) (mm) | (mm?) (kN) (kNY &N | (N/mm®) | (N/mm?) | (N/mm?) | (Hz) {cycles)
>2.36%x 10° Base Plate
BW3-1i 36.0 | 15.7 565 220 | 220 168 389 38.8 350 5 235,635 Eailure
7.79% 10
BW3-2 | 36.0 | 15.7 565 283 | 28.3 | 2585 500 50.0 450 5 47,891
>7.24 % 10% Base Plate
BW3-3| 361 | 15.7 | 567 | 188 | 189 | 170 | 333 | 333 | 300 | 6 5723956 e
&
BW3-4 | 36.0 | 15.7 | 565 | 169 | 16.9 | 152 | 300 | 30.0 | 270 | 8 ;23;6"0;02 Non-Failure
3
BW3~5| 36.1 | 15.7 | 567 | 208 | 20.8 | 187 | 367 | 36.7 | 330 5 3;1‘7’;;2
BW3-6| — — — — - — — — _— - s
5
Bw3-7| 361 | 157 | 567 | 189 | 189 | 170 | 333 | 333 | 300 | 6 |7O89%10 Base Plate
>588,906 Failure
Table 4. 14 Results of fatigue test for butt welded joint
(Correct by K.)
(SUS329J3L steel plate. Dressing by TIG arc)
R=0.1
. . 8t Mumb: f
Width | Thick, RT;e Kfanlk I;I;lgh’; ‘fN;j th d Gunce':t?':tion [Sqtress C;J;:l:sr&
Spacimen Aa3Ius ngle 3] [-1:] Ls) aal Factor ange Kt.oﬁ Failure
Number w t R 0 H B K, . N, Remark
(mm) { (mm) | {mm} | (¢ ) {mm) {rmm) (N/mm?} | (N/mm?) (cycles)
>2.36x10° | Base Plate
BW3-1 | 36.0 | 15.7 | 16.0 | 20.6 1.8 201 1.1 350 385 595,635 Failure
4
BW3-2 | 36.0 | 15.7| 64 | 108 | 12 | 192 12 450 | 540 7'73:8;‘1
>7.24%x10° Base Plate
BW3-3 | 36.1 | 15.7 8.3 229 1.5 19.5 i1 300 330 723,956 Failure
»207 %108 .
BwW3-4 | 36.0 (1571 139 | 225 | 15 18.8 1.1 270 207 2,066,002 Non-Failure
3.12x10°
BW3-5 | 36.1 | 15.7 3.1 20.7 1.5 18.8 1.3 330 429 312.136
BWI-6| — | — — — - —_ — — — —
5
BW3-7 | 361 |15.7| 48 | 110 | 07 | 187 14 300 330 |”389%107 | Base Plate
>588,906 Fatlure




700

K, 0 =5.90 X 10%-N, 10

stof —— :
Mt -

' R ) i Pl
BRI n

300 G Tl v T v gt
R oot | ]|

W RELL P b | |

I

200 |+ Dressing -
A8 Weidsd Grinding |TIG Arc N l i

Ki'or| @ O O SEEER

SUS329J3L

Stress Range, Oy. K,* G, (N/mm?2)

o | ® | O | 9 | R=04
100 | IR e YA GOSN O O e I

1x10 1x10% 1 %1068 1x107
Number of Cycles to Failure, N; (cycles)

Fig.4.6 Results of fatigue test for butt welded joint
[O‘R—Nf, Ki"Or—Nr curve ]
SUS329J3L-solid steel plate



Table 4.15 Results of fatigue test for butt welded joint

(SUS316LN steel plate. Dressing by grinding)

R=0.1
) i Cross— Test Load Test Stress Number of
Width Thick. | section Freq. Cycles to
Specimen Area Max Min. Range Max Min, Range Failure Remark
Number |, t A | P | P | P | O | Gw | Oa | f N
{mim) (mm) (mm?% {kN) (kM) &N | (N/mm®) | IN/mm?) | (8/mm?) | (Hz) (cycles)
>2.08 X 10° Base Plate
Bwa-1| 36.0 | 16.4 | 590 | 230 | 23.0 | 207 | 389 | 388 | 0 | 5 | T e
>5.65 % 10¢ Failure frorm
BWa-2 | 36.1 | 16.4 | 592 | 296 | 206 | 266 | 500 | 50.0 | 450 |5, 3| o0 0 | U e
3.83 x 10*
Bwa-3 | 36.1 | 16.5 | 596 | 199 | 109 | 179 | 334 | 334 | 800 | 6 | "ot
4
BW4—-4 | 36.1 | 16.5 | 596 | 265 | 26.5 | 239 | 444 | 44.4 | 400 | 4 6'6;:6‘303
5.48%10°
Bwa-5 | 36.1 | 16.5 | 596 | 198 | 19.8 | 178 | 333 | 333 | 300 | & | T
52,06 % 10°
— Neon-Fai
BWA-6 | 36.1 | 16.5 | 596 | 166 | 16.6 | 140 | 278 | 27.8 | 260 | 7 |T S on-Failure
gwa—7| — | — | = | = | — | = | = | = | = | = —
Table 416 Results of fatigue test for butt welded joint
(Correct by K.)
(SUS316LN steel plate. Dressing by grinding)
R=0.1
. " Sty Numb: T
‘ width | Thick. | T iifg",'; Mejeht | Width Concentration ‘;t;:;: i c:”y”c‘;e'i'&
Specimen Factor Ker O Failure Remark
Number |, t R g H B K. O Ny
(mm) | (mm) | (mm) [l (mm) {mm) (N/mm?) | (N/mm?) (cycles)
5
BwWa-1 | 36.0 | 1641 114 | 71 | 23 | 2009 11 350 | 385 | 2D8x107 | Base Plate
>207,931 Failure
4 '
Bwa-2 | 36.1 [ 16.4 | 17.8 | 124 | 27 | 194 11 450 | 4gs |7285%107 ) Faiure from
>56,493 Welded Defect
BWA-3 | 36.1 | 165 | 135 | 123 | 24 | 198 1.1 300 | asp | &1
383,059
LS
BW4—4 | 361 |16.5] 127 | 138 | 21 | 188 1.1 400 4ap | BE7TX10
66,633
5
BWA-5 | 36.1 | 165 | 149 | 138 | 22 | 192 i1 s00 | sz | ¥#*1°
547,527
1]
BWA-6 | 36.1 |165| 158 | 88 | 19 | 190 11 250 975 | 7209X10T L Failure
>2,053,146
BwWa-7 | — | — | — | — | — | — — — — _
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Table 4.17 Welding parameters of full penetration cruciform
welded joints (FCAW)

Welding Arc Travel Heat Welding
Test Steel Plate | Build-up Sequence | Current | Voltage Speed Input Consumables
{A) V) {em/min) | (kd/cm) (JIS)

SUS32943L-Clad 2 180 30 17.0 13.6 TS82200

Steel Plate ~ 200 ~32 ~28.2 ~22.6 ~FCO
+

SUS329J3L 15.7 13.6 T52209

Steel Plate 200 32 ~28.3 ~24.5 -FGO

Plate Thickness : 16 mm,

Gas Flow Rate : 18 2/min,

Interpass Temperature =150°C

Table 4.18 Welding parameters of full penetration cruciform
welded joint

i Gas Flow Welding Arc Travel Heat
Test Steel Plate :ﬂv:iﬁig Rate Current Voltage Speed Input
(2/min) (A) V) (em/min) | (kJ/cm)
SUS316L.-Clad 170 29 20.1 6.7
FCAW 18
+SUS329J3L ~200 ~32 ~45.0 ~17.8




Table 4.19 Results of fatigue test for non-load-carrying full penetration
cruciform welded joint
(SUS329J3L-clad+ SUS329J3L. steel plate. As-welded)
R=0.1
' , Cross— Test Load Test Stress Number of
) Width Thick. | section . : Freq. Gyc_les to
Srgz[:;n;n Area Max Min. Range Max Min. Range Failure Remark
W t A P Poin Pza U [ 9% Gr f N
{mm}) (mm) | (mm®) {kN) (kN} &) N/mm®) | (N/mm?) | (N/mm?) | (Hz) (cycles)

A-1 2.66 x 10 Failure of
SNCA-T 60.0 16.7 | 1002 | 334 | 33.4 | 301 333 33.3 300 5 26,601 SUSA29J3L Toe
A-2 4,48 % 10° Failure of
SNGA-2 60.0 16.6 996 166 16.6 149 167 16.7 150 8 447,647 SUS329J3L Toe
A-3 4.37x10° Failure of
SNCA-3 60.0 16.6 996 132 13.2 119 133 13.3 120 8 436,586 SUS328J3L Toe
A-4 7.49 % 10* Failure of
SNCA-4 60.1 16.6 998 222 | 22.2 200 222 22.2 200 7 74,807 SUS329J3L Toe

A-5 >2.23x10° .
SNCA-5 60.1 16.6 998 | 88.7 8.9 79.8 88.9 8.9 80 i0 52,032,866 Non=Failure
A6 1.07 X 10° Failure of
SNCA-6 60.0 16.7 | 1002 | 11t 11.1 100 111 11.1 100 9 1,071,265 SUS320U3L Tos
A-7 _ o - - _ _ . . _ . _
SNCA-7

Table 4.20 Results of fatigue test for non-load-carrying full penetration

cruciform welded joint (Correct by K.)

(SUS329J3L-clad+SUS329J3L steel plate. As-welded)

R=0.1
N . T Flan | Vertical ) Prajecti Stress st Number of
spesimen Width | Thick. Ragfﬁs A:;e Lel_l,.‘e;h [i:nﬁ::;zl_l "&ie;&llﬂn Con;:;\:;:tlon R;:;: K.+ 04 C;’:!leusr:o .
Number w t R B h he 8 Ky Oy Ny
Gom) | (mmd | Gom) [ C ) | (mm) [ {mm) (mm) (N/mm?) | (N/mm?) | (eycles)
A-1 2.66%10°
SNCA-1 60.0 | 16.7 | 1.18 | 47.7 | 13.3 11.8 16.4 2.8 300 840 26,601
A-2 4.48%10°
SNCA-2 600 | 166 | 1.06 | 499 | 153 12.4 16.3 2.9 150 435 447,647
A-3 (3.4) 4.37x10°
SNCA—a | 600 | 16.6 | 061 | 460 | 147 | 129 | 165 20 120 | 360 4a0 500
A-4 3.1 7.49%10*
SNCA—4 60.1 | 16.6 1 0.68 | 389 | 150 13.0 16.6 10 200 600 74,907
T 8
Sl\fCi—S 601|166 — | — | — | — — — 80 — z:z::g;% Non-Eailure
A-b 3.4 1.07%10°
SNCA—6 60.0 | 16.7 | 0.70 | 49.9 | 151 120 16.4 10 100 300 1,071,265
A-T
SNCA-7

— 100 —




Table 4.21 Results of fatigue test for non-load-carrying full penetration
cruciform welded joint
(SUS329J3L-clad+ SUS329J3L. steel plate. Dressing by grinding)
R=0.1
. . Cross— Test Lead Test Stress Number of
Width Thick. | section Freq. Cyclas to
Specimen Area Max. Min. Range Max, Min. Range Failure Remark
Number w ¢ A P P.. P [+ 0 T i Tn f N
(rmm) (ram) | (mm?) (kN) (kM) N} | (N/mm®) [ (N/mm?) | (N/mm?) | (Hz) (cycles)

B8-1 6.30x 10* Failure of
SNCG-1 60.1 16.6 | 998 333 | 33.3 | 289 333 33.3 300 § 62,053 SUS329U3L Toe
B-2 9.05 % 10° Failure of

. . 16. 151 187 .
SNCG-2 60.1 | 16.7 | 1004 | 168 6.8 5 16.7 150 8 204505 SUS329J5L To
B-3 3.22%10° Faiture of
. . . 222 22.2 200
SNGG-3 60.0 | 16.6 | 996 | 221 | 22.1 | 199 6 322267 SUS329J3L Toe
B-4 >2.09 x 10° .
SNCG-4 60.0 | 16.5 | 990 132 | 13.2 | 119 133 13.3 120 8 52,086,000 Mon-Failure
B-5 1.23x 10° Failure of
. . . . 250
SNGG—5 60.0 | 16.5 | 990 | 275 | 27.5 | 247 | 278 27.8 ] 123,427 SUS3253L. Toa
B-6 5.26 %10 Failure of
. . . . 3
SNCG-6 60.0 | 16.4 ; 984 361 36.1 325 367 38.7 330 52,504 SUSI20U3L Tos
B-7 _ _ _ . _ . - - _ _ .
SNCG-7
Table 4.22 Results of fatigue test for non-load-carrying full penetration

cruciform welded joint (Correct by K. )
(SUS329J3L-clad+ SUS329J3L steel plate. Dressing by grinding)

R=0.1
Vertical | Horizontal " Stress Number of
. . Toe Flank Praiection . Stress
N L e P e B I A e b - I I
Number w t R 6 h hp B K, Ga N,
(m) { Cmm) | Gamt) | C ) | L) {mm) (mm) (N/mm®) | (N/mm*) (cycies)
B-1 6.30x10*
SNCG-1 60.1 (16.6 ] 261 | 450 | 15.0 121 16.5 2.2 300 660 62953
B-2 8.05x10°
SNCG-2 60.1116.7) 279 1 438 | 164 13.1 16.7 2.2 150 330 604505
B-3 3.22x10°
SNGG-3 600166 | 3.04 | 486 | 160 11.7 16.4 2.2 200 440 322067
B-4 >2.08x10°
. . e e —_ - -_— — - —Fai
SNGG-4 60.0 [ 16.5 120 52,086,000 Non—Failure
B-5 1.23%10°
SNGG-5 60.0:16.5] 3.14 | B35 ; 157 11.5 16.4 2.2 250 550 123,427
B-6 526 X 10*
SNCG—6 60.0|16.4| 354 | 425 | 153 11.9 16.4 20 330 660 52,504
B-7 I N . _ _ _ . _
SNCG-7

— 101 —
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Table 4.23 Results of fatigue test for non-load-carrying full penetration

cruciform welded joint
(SUS316L-clad+SUS329J3L steel plate. As-welded)

R=0.1

i : Cross-— Test Load Test Stress Number of

Width Thick. | section Freq. Cycles to
Specimen Area Max. Mir. Range Max. Min, Range Failure

Remark
Number w t A P P B, e O e G f N, emar
{mm} {mm) {mm2} (kM) (ki) kN) | (N/mm®) | (NYmom®) | (N/mm®) | (H2) (cycles)
8.76x10* Failure of

FPLN1-1| 60.0 | 16.2 | 972 | 324 | 32.4 | 202 | 333 | 333 | 300 | 5 o758 | SUSSIOL Too

8.31x10° Failure of

FPLN1-2| 600 | 16.3 | 978 | 163 | 163 ) 147 | 167 | 16.7 | 150 | 10 w3220 | SUSBI6L 1os

6.77 % 10° Failure of

FPLN1-3| 60.2 | 16.2 | 975 | 217 | 21.7 | 195 | 222 | 222 | 200 | 7 sr6085 | SUSSIEL. Too

1.66x10° Failure of

FPLN1-4| 60.1 | 16.2 | 974 | 271 | 271 | 244 | 278 | 278 | 250 | 7 106082 | SUSI0L. Tos

»2.02x%10° .

FPLN1-5 | 60.0 | 16.2 | 972 | 130 | 13.0 | 117 | 134 | 13.4 | 120 | 8 | °" Non-Failure

6.66 x 10° Failure of

FPLN1-6| 60.0 | 16.2 | 972 | 216 | 21.6 | 194 | 222 | 222 | 200 | 7 w6017 | sUSaIEL Too

FPLN1-7| »— —_— ] e | = = | = | - — — | = —

Table 4.24 Results of fatigue test for non-load-carrying full penetration
cruciform welded joint (Correct by Ko
(SUS316L-clad-+SUS329J3L steel plate. As-welded)

R=0.1
. i T, Elank Vertical | Horizental Brojection Struss~ g Number of
oo | | T i | Ange | Lok, | e | T | Oongenwaton | g | Koo | Gyt
Nuember w t R ] h hp B K. Ga Ny Romark
{ram} | (mm) [ (me) | () {mm) {mm) {mm) {(N/mm?) | (N/mm?) {cycles)
FPLNI-1160.0 [16.21 45 | 207 | 147 | 137 | 165 17 300 510 8'7::5‘8‘;
4.31x10°
FPLN1-2 |60.0 | 16.3| 14 | 269 | 164 | 155 | 165 2.2 150 330 431228
677x10°
FPLN1-3 |60.2 |16.2| 49 | 334 | 147 | 146 | 165 1.7 200 340 476989
5
FPLN1-4 |60.1 [16.2| 34 | 305 | 146 | 137 | 165 18 250 450 | MEExT0
166,382
>2.02x10° ]
FPLN1-5|60.0{16.2| 25 | 348 | 162 | 140 | 165 2.1 120 262 |1 e | Men-Failure
5
FPLN~6 |60.0 [16.2| 32 | 358 | 180 | 141 | 165 19 200 agp | 86810
666,317
FPENT-7 | — | — | — | — | — — — — — — —

- 103 —




Table 425 Results of fatigue test for non-load-carrying full penetration
cruciform welded joint
(SUS316L-clad+SUS329J3L steel plate. Dressing by TIG arc)
R=0.1
) . Cross— Test Load Test Stress Number of
Width Thick. | section Freq. Cycles to
Specimen Arca Max Min. Range Max Min. Ranpe Failure R
Number emark
w t A P rax P in PR G ene G e TOr f N;
() {mom) | (mm?) (kN ()] (kN) 1 (N/men®) | (N/enm®) | (N/mm?} | (Hz) (cycles)
569%10% Failure of
FPLN3-1| 60.0 | 16.1 | 966 | 268 | 26.8 | 241 | 278 | 27.8 | 250 | 7 200200 | SUSEI 0L 1o
1.08x10° Failure of
FPLN3-2| 600 | 16.1 [ 066 | 215 | 215 | 184 | 222 | 222 | 200 | 8 | ‘ot 0| SO0
52.03 % 10° .
FPLN3-3 | 60.1 | 16.0 | 962 | 182 | 182 | 164 | 189 | 188 | 170 | 8 |7 " o | Non-Faiure
253%x10° Failure of
FPLN3-4| 600 | 16.1 | 966 | 322 | 322 | 200 | 333 | 333 | 300 | 7 vo26i8 | SUSSION toe
210% 10° Failure of
FPLN3-5| 600 | 16.1 | 966 | 322 | 322 | 200 | 333 | 333 | 300 | 7 J0452 | SUSSIon toe
FPLN3~6| — | — | — | — | = | — | — NG U —
FPIN3-7| — | — | — | — | — | — | — _ - | - —
Table 4.26 Results of fatigue test for non-load-carrying full penetration
cruciform welded joint (Correct by Ko
(SUS316L-clad+ SUS329J3L. steel plate. Dressing by TIG arc)
R=0.1
) . T Elank Vertica! | Horizental Projosth Stress‘ Stress Number of
Specimen i | Thike Ra;’iis A:I;e L.e‘;e;th i,.eLneg[‘;th rﬁﬁﬁon Gon;:z:::tfon Range Kyt 0n Cli":illiieto
Number Remark
W t R 8 h hp B K, Ua Ny
{mm} | {momd | Gom} | ) | (om) {mm) (mm) (N/mm?) | (N/mm?) (cyeles)
5
FPLN3-1|60.0 | 16.1| 108 | 27.7 | 173 | 132 | 165 14 250 | gso | O%9x™@
569,200
[
FPLN3-2 [60.0|16.1| 66 |31.3| 169 | 153 | 165 16 200 q00 | 10910
1,091,606
FPLN3-3 [60.1 [16.0] 11.9 | 369 | 163 | 162 | 165 15 170 o55 | 7208X100  Failure
»>2,031,203
5
FPLN3-4 |60.0 [ 16.1] 126 | 300 | 151 | 147 | 165 1.4 300 490 | 283x10
252,848
FPLN3-5 {60.0 [ 16.1| 96 | 335 | 162 | 141 | 165 15 300 | as0 | 219%10
210,452
FPLN3~6| — | — | — | — | — | — - - — - -
FPING-7 | — | — | = | — | — | — — — — — —

— 104 —
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Fig.4. 12 Fracture surface and pass after fatigue test
SUS329J3L-clad+SUS329J3L-solid
steel plate, As—welded :’
SNCA-3, 120 N/mm?, 4.37 X 10° cycles
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ke L O O ) &

*

Fig.4 13 Fracture surface and pass after fatigue test
SUS329J3L-clad+SUS329J3L-solid
steel plate, Dressing by grinding,
SNCG-2, 150N/mm?, 9.05 X 10° cycles
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Fig.4.14 Fracture surface and pass after fatigue test
SUS316L-clad+ SUS329J3L-solid
steel plate, As-welded,
FPLN1-4, 250N/mm?, 1.66 X 10° cycles
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Fig.4.15 Fracture surface and pass after fatigue test
SUS316L-clad+SUS329J3L-solid

steel plate, Dressing by TIG arc,
FPLN3-2, 200N/mm?, 1.09 X 10%cycles
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