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1.1 5

WAN G BOAE R B, EIRARD I 78 & OHIREEMIZ I TIE, PR BIGIT K DI A A
EPEHERICE L CTEHERME L EST b D, BRIV TTHRR U U 7 EEHCmHT DO42
ZEEY, BN TIE BRIy Fa—F =7 b ORI DRI TS, =
LD O BIFITK LTI, BROBAENHER SN THIIET 5 L W I RIER R I TE D,
HMEFFE PR 2 P O R Z N TV D,

HEIEW) DR IR A B S T2dis, REL T T

(1) BREFHRHCIE T BIG 2 B8 LTz L ClEEm A (FRT 5,

(2) TReFASZ EMIIC IR L, JE57BRDNHER SN2 GEEHLNICHiET 2,
DFRPFELN TN D,

FERECIE, — R, BURIRINR & & & 2 B le BhE B OB ORI S RIE T I L 58
HNLZHA DN D 7 EORENRRAE L, BHHRMENR RSN T2 b b D, £, EFED
EAREICB W TIE, Ao d (RRE) SHE2 ML TRy, SROBIERIC X 2 AR &
b~DERBH L H 00, BRLAEZE LT-%E, SREIIHET 24ERH 0, S o &R
FEABIT RIS U 72 kTR 97 3R EE D) LIRS 41TV B,

(@ Tensile residual stress

@ Stress concentration at weld toe

Weld metal @ W
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(=

Stress

loading Residual stress

Fig. 1.1  Factors of decreasing fatigue strength in welded joint
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Fig. 1.2  Relationship between YS and fatigue strength at 2,000,000 cycles

FIEEMI I W TR T BHDOBAEDR KR L 22 DITEHEM Th 5 2 L% <, kT L iz
& LIRB RGN R SN T D[1-6l, —RICHED OBEHERICB VLT, Figl1lRd koI
R Om NG TA U e R OB X 0 ISET 2 @m WS RERRIS R ET S5, £
7o, WL ORI T DISTEF R AT H, ZhODOERPHE - T, BHEUFOR
FEIIRM OENL Y BIRT T2, EAL[TNE, 8722 R TRE & EHEE T O 5750 B D BIfR
ZMAELTWD, Figl.2 (TR X918, RMITERRIRS O LI~ T 200 75 [EHE S5 58E & [
ELTWD, —F, #eY, WEFnE 5, ARIL (ATt ) OFEERFICBNT
(X, BB OB GTIREE AN L LT 200 T3 B ST IR (XA LR WL EOBLE N D, RITERGEHT,
FRS DFFAIFREE L ~URAF L7 2 & ZRIHRIS, IR BERE-Cr ik R 200 S EY) ek
W2t L TR EEZRMERE RO bt TV b, #ilx X, EEEER Y% (International Institute of
Welding , [TW) TIIIEBHEE O 75 HESH1-2] 2B L TRV, fx OEHEMFFARRIIK LT
W Jr Rk (B J7 77 200 T3 BN 2 IS DHIH) Z23E LT\,

BRI EOSE, ERER G EL LORGHE DR S CTE Y [4-6], MFFRERIC XV HET%E
MOBRE SN TWD, —TF7, [EEEE IHEIROFE MO0, FrEdicBo o fFMoia ko
Fet2 B & LT, #ridiEsiEft s 27 A (New Technology Information System : NETIS)



i L7, NETIS ~OXEIC L0, 5 e B4 2 B s gk is i~ i S h o 1S
EEIN DM 5

UboBEsiy,

(1) ¥EHEE & OFE 57 BT EINHNC X 2 kT 570 |-

(2) BB DOBREE (I U T2 S5 5 g ) b

(3) IR 11T X B IRSF AR O AL
MREERDO LTI, x5 mEn EREPRFsh TE 7z,

L AN, EMSEIZEBVW T, TACS Common Structural Rule (CSR) 7% 2006 44 H X
DTS4, —EBUEOREIOX TN VE T —B XL OBEEDC LTI 6HAID
WHNER S TW5[6], CSRIT,

o WMAREYEA X0 LA O BRBECRIEICE LA

o RIS OREE BRI OE M K D HEEH SHEDER A PR T S
ZLEAMICHIESNIZ LD TH DN, HILOHEATOBEA L VER 2 7098 5758 ) ER OB A
ARRTHHICHEDLT, T OHHEMOBRANHE L VR L 2o T D, ZoRWIE, #ilx
IR ELIC L DB =RV FORBALNEL TL2HOTHY, AARDHE R L OEMED L D
REARINENTODLERICBWTL, RO2 6 THOETRNEZEALTND,

1.2 P I7sREE ) b TEIC B3 DA gEEh )
IRBEEE DR S738RE m ExsR & L TlE, Tablel.l1 12T X 9ICKEL 20D8LEND DFEN
FFons,

Tablel.1 Method for improving fatigue property of weld joint

Point of Point of improving Method for improving fatigue
interest property
Reducing + Smoothing weld toe + Grinding process
stress + Lengthening leg length of + TIG dressing process
concentration | weld metal + Welding consumables for
of weld toe smoothing weld toe
Reducing + Introducing compressive *Peening process (Hammer peening,
tensile residual stress to weld toe Laser peening, Ultrasonic peening,
residual Water jet peening )
stress around * Welding consumables using
weld toe expansion by transformation of
weld metal
* Reducing tensile residual stress by
heat treatment




LR, WHEMF ORI EERN E2 AR E L TIRES NI FECHO VW TERD,

1.2.1 BB ISR O S U < IFHRBINC X 26 8+ o

NG [8-91F, MR, REVARE, MERBLOT & —y N OBLE) OIEHEH LR
PRAVE 57 RN R AE T B O EBALEZRA TN D, ISR T IR NET OEAWIL, I
EPRH (Ko ) ICEWRENTEY, ZOMITIEmERE, K& ME, WEZR L OEESBSE
AERETHZ L TRIITE 510-11], BT OG ER 2R T S 25720 Ol TH1E b A
RREINTND, IERERNREIVITE, REVAENNIWTE, BHEBKEWIZEISES
REDNS L T2 D72, IR E LV LICT D7D D RN EZ LN TET,

PN & 61V, BEIRIRE 300~750MPa fk#ilbk 4 F v Cff B AR S T 12 DV T SR
WBREAT o 1ok, WEBEHBIC T T4 V2 EFRBREITV, 6 S PRE ORI G U 735 55
DI bz fERd LTz,

MAG1211%, WA T 7 OWME% B R U TR W Tt IR @R T ik 2 F
L, ISTEFRBAEIR TS E 2 2 & THEFRO 41%~75%Dm i iR L,

& 511811, SMb8Q Mt 4 Hv 7z MIG ¥#IZ X W AFR L 72 U 7R ik 10, Mk 57
FREE ETFRED 1 28 UTARBEERZIZTIG RL oy o o 7 2 L C v — Rk os /158 4%
BEERT D2 L2k, RUHEMIZERT 14~30% D F7RE (108 [BIRFEBRE) om 1% He
WLz, F7z, HT80 HE MW7 — 7 T K W AER L 72 ) 7Pk R Is U Ttk
IESGIZ 7 T4 A B E T 2 L0 k0, WHEE EOMTITHATR 18% D J7 iR 2h5
DD Z L ahEd Lz,

TIG KL v ZRBRIC K 2 LR O MG S8 R T O R CREFIE 7 B35 Z &
%, 7B [14-15] B R L TV D,

Jis DI HF OARIRR DN 55 R OSBRI TR RITIE DN TE Y, FRZT T A v F0EIZ &
0 LSRR A A b — RIS ET 2 B MIEICER TR TH 2 2 L &, Rz HIRMNHB LR
TN END, FRCERDBFICB N TAIEORL TS FIETH D,

PLED X 51c, B EmEROEIE LS L<IEe— MR TRIC L 208 hEF ofEFf[16]12
K2 HFMON EFEICONTIE, FBAREISNTND, FFZ, 774 X EEHviciEsg
IESRER OB 204t EIFICRE SN D X512, MTEBICTHRNICR SN TS FIETH S,

1.2.2 BRI~ OFRERIS MM S L < IXEMZREEA
I G TR AR T DB & 7 D EE IR SR P2 L C T 2 5 BRI IS i, 8 2 \WITE
MEFRREIS ) DFAIT L0 R FIRITRE 2 M LS 2 FEBBEZ i shTnd,



A2 IR~ D EFE RIS S E AN IO NW T, B —= o F 7 B e S 1A B2 X D FiE L
B R OEEM R EEZ R L FEDRESN TS, £70, IEFRICBWTIE, BERICES
BEEh 2RI L7 UP (BER e —=27), UIT (EEHEERLE) OFELREIN TS,

W0 S [T, FefRIR & 300~ 750MPa #k 8 & T faf B AR R+ TR Pk O #i 4 SR
FRS 2 Z & T, SIIRIRREIS /1Y 100MPa LA F IR L T 5 2 & ONS R TR EE L2 U 72 200

[B1EZ 55 SR EE D 1) b A el L 72,

A G181, HT80 % W=7 T A vt EIFRIC S bl —= 0 ZWB & fii 3 2 & Ciahs
£ FOMFITHATH 114% DR RN EL 72D, ©—= 0 ZAERIC X 29 57 Fh R4
R L7z,

RAB[14-15]1%, Ny ~—E—=U 7T KD I5RE R BICsnT, MBI K O
BIZI1T D9 F7sm e 2 S5GE Lie, MU FRBIKICI W TIE, B AR E (Japanese
society of steel Construction, LA T JSSC) D39 5755k (5] OFEEH) 2n 1) EAMERR T &, Mk
BRIKIZIW TS ISSC IR D 2 FfkLL Lo LD etk Rmme s e, Nr~v—t—=v7
2K DR grRE A B RE, HHG[16], =ALNTINC R > THIEFESN TN D,

Kudryavstsev ©[19,20]%° Statnikov ©[21,22]1%, f#§i{# 2 2@ TRz 5 E ) BRI 5 B —=
VI FETHOMBERE—=0 7O 1 e LT, BEWESRME (UIT , Ultrasonic Impact
Treatment) %12 L7z, UIT ITEEHRE S 72 — /L MBS L OMIC& R E > Rl E
L, BELILEBERICEIZERIZI VIR EITET S 2 L THRMRmEIZEERE 2 i - S
% EIAIRHIT, T LR  AZEMORREIS N 2R E ST LB TH 5, UIT T K D T7EE
] Esh R [23-26]IC >V T HEHOWMEIC LV RSN TN D

J, O 5[27-29)1F, BEKRE—= 710k, B BT ORI 8w A2 SRR LTz,
BEREY—=C 7521952 8T, WHBEILS T A > B S IRIFEZEICe D T BT
HZ L xR LT,

—J7, WHBHDPA-TRERTIZBWT, BRHNONALZ 28EER%Z B —=2 7 FIETH
BIHZ IR, RENOESHFmAE N EXE 25 ICR L (Impact crack closure retrofit
treatment) [30-33]%BA%, &L L7,

NI BT K DRI~ D JEREFR RIS T VEATEZ DV TE, L= —= 734377
+—HF TV xy NE—= 73839 bIRE I N TR Y, I m R RORE L EREREIG)
BADEBREES N TN D

—J7, BRI 252 50T, BEeBOLEBRFEZFM L CEEIL~DE
Ma AR IS T BN Z K DM BHZ OW T H IR SN TE T,

KHS[4001%, 10%Cr-10%Ni FEHER B2 AW 82179 2 LT XLV, IR E £ OIREE CHE
IESE I EME RIS DA BA L, PR MREZM LSS0 FEZRE LT,



10%Cr-10%Ni IR B2 O T3 53R 1) ik, | LISk T 1E2y, mEmER T
BT O T bR an7z[41-46), F£7-, Rz 2B OEHEREHZ BT b AR
SREE) AR STV 5 [47],

%72, Shiga ©[48]i% 10%Cr-10%Ni M EL 2 O CTHE B — RERE L, ZElEEAFIAH L
T EREFR I ) OFN & R ORI X IS TR LV, 10 5820 EooJg 55 Fanm) 2 s
L7,

3 9% 57 FR e Tl O FHEIC B 2 WFSEE )

X DHREEY DR TGO EY ORST (F=2 Y 7)) OBLEND, EHBRICED
FE A AR SR, EHHFMTROFELZhah, BUIELWR, BREHIT TVD,

BEOIX, @EERETD ORI AL LORERREZET /L, STHrEREN 5B N
BN D ETOFMMEEILE LML T H[49-63] 2 LI L - T, EHRAHMEY I2Lb—vara
— K TFLARP (Fatigue Life Assessment for RPG) | % [f%&[54-56] L 7=, FLARP ZFl|f] L 7=9% %
FmTRIIEZ < RS TRy, B LEERTFOR T Haz THIL, PIIRMEOFIELEET

P BHOFAEN DR E THR—MICHEE R CTH D Z L B3GR S 67], 6z, maTE
v METF A RITHII RO AR LI ST BROIE - RZH 2 EEMICHE TE 52 &N
RENTZ[59], FLARP IZ L5 RERAEOKEDO FRIKEE O SIL, HMES[BSIZL > THRIES
NTW2o, & 5 [60]1% FLARP %X — R |ZYEHIG ) L FRRR IS D53 K OV EEIRE 0 528 4
A5 2 L aFREE Lz, RIIB[61-62] % 8 H b DR LIcBER S )ET V66l 2 ~—2 L
L7z EhS R s Fan TS A7 K& BR%E U, UIT Jii T.% % & o 1= I i) O3 55 75 % T8 )
(CTRILTZ,

S 5 [63-6611%, SERRAENE & MR D FiEZ W TR ERREOE S Fiinds K OWE T I oA
T DR OISR LT, BRFITRRO K R0 K82 R 5 T i L, 18R L,
INZEFALEFEBRZCRESNTWD, AR6I[167T1F, HEMEELZ X—RIT, PRITHF
1T 2 MR E RIS U TEE DO SRIS 15Tk U To e B/ A T i L 72, 2D Ok
\ZHSNWTC, wITRSNERENT 7 1 77 & TSCAN (Surface Crack Analysis)] [68]23B8% &,

Zo7nr T rEHniFmHE LR Ao Tng, e b69iE, Ay 7iEED s
TNT  RIGIRBRICEIT 58K LT 25200 57 v IO BELRMEFR O RE T 2 9% 57 Az
(e kb IS D R E AR L OWEH L — MO RAET DAL ERFE 21TV,
AR D Hh T ar BRI & 5| AR EHRIE (2 eh T 2 R BRI 28 2 4 L BRI ME DALz,

T, BELICEY, FHFE7 7y hoRZGERFMZ B E LTSS 15 CORAT
— NAZGERMT FE LB S Tn 5 [70-71],



1.4 AF5ED HHY

1.2 fillCR LTS TR RIS B 2 A IS K 5 &, JEREFRBEIG ) & BN S 798 97 R B8 ) bRk
DN, ZOMENERTHY, ©—=2FIC L DEFRER ETER L O mE R FoR
\Z2W\TlE, Haagesen and Maddox 512k Y, DTk & & 412 IIW Recommendations[72] &
LTXE SN TNDD, BRD L ZATHITITER L TE LT, FEEERICE—= 7o
WA DRR DA, B, N~ = ZE TS K B I RE N B TEOE TSI
BT OEHRETT T A o FHE EFIZHARTRD T/hE W,

ZOBME LT, LIETERA L) Z2EM2TICIB T 5 CSR Off7°, 1.2 T TR LIZAH
DE—=2 T LIZ LV EASNEMEREIC I OMEN, THWEORELZZ T UKTT5L5
b TWB27,73]Z L nZXF b b, F, EUVERISIICK LR SREN T 7 4 v Zt b
FXICEED E VS mA L H 5[74],

LLED &9 25t At 2 M % 2, AR ClEny~—b—=r 7 OfitiEs ~oiEf %
HEES 2 72D OB OVWTERY HIF, ZOMEMR OGS A RET X MF Lz, &6
WEta B E 2, JERRRIS IS DEIET D56 O Fa Tilla B & LT, a2 N2
EIARDBES R 2 L—a UABH LR TRRERIFE L ERT 52 LT, 20REER
fEL T ~—E == 7 DuHE S BIDRT 5 Z sz AL LT,

HREEM ~OEA ZHET 272D OFEE LTEH LI-DIX, Ny~ —E—=0 72X D8

RS FAR OB RN X 2 I )5 OFE R K w57 A OHERINFIZ RO TH 5,

ABFFRICIBNT, N~ === ZI K DR FTREN EFIRICEIRE BV 2Bl & LT,
DFEITHAT,

(1) fIBLEIAE TR THErcx 5%
(2) TR LIBOBRP MR TE D
(3) TEBIEIC L v R, MEMTHL FRLLT W
7%, ISR L OREIGEA OB RN ERL Lo\ 0 &I L,

Fo, AFRICBNTEIE—= 7 FEE LT, =7 Y —LE2 AL, fII3BEKE —=
VDA, BEFOLONREMTHY, HolmEIROEERNES TlIivy, —F, =7 Y —
NVOSGENL, WEHELBBSEERIERT 577 v 7 AF v SERO X TR EZ VB2 57217 T,
Al OEEIC Y —= 7 H A TE 5, 361, ZmBREZBRICESEH T LN TE
B, IGHEREEMSE 520D IERBIROEE LA TH Y, BHOHEEICH G TS &
EZbhb,



1.5 AGw L O

REWSCE, 426 A BAENRT 5, ARG COWRL & MFHEE & Oxtic % Fig.1.8 12k Lz,

B 1 BTV TUE, TR RICET 2 R EART —~ OBRITE > TofEIC OV TR LT,

F2EICBWTIE, Ny —E -V OFERG LR TRER ERRABREL, Nrv—E
— =V 7 OWAIC X DEBELSRIC T DG 1B R O R & ERETR RIS A O 2h R % BRI
L7,

FI3WICBWTIL, E—=r ZHROEFFHEICKIETT®MAINS) (PHE) ORI OWTREE
L, TWEEEEILmSIZI T 2580 ORMRE X NSk F ORI REORREZ RT Z LI
XV, ¥—=07ICLoFEERMIC LT,

FABIIBWTE, Nrv—tE = S o TRBMTICEAN U2 BRI D, &

SRR DI T BALIE R DRI ST WEERTZEICLD, Nov—EBE—=0 T

29 55 7 a) R ah R A 7 B AN R OBLS ) b IREIC LT,

BHEIZBNWTIE, Ny —t—=r U EiliEe, EEEM 2R LHBRIEICEN L, 2o
REMGET 2 L Ebic, EmitEL2EmT 5 2 L TRER~O N ~—E—= 7 HTom Iz

%9 5 FE ) b A BRELC LT,

56 BB WTIE, AL THRLNTHEREASZROBEIIONTE L DT,

Effect and mechanism of improving fatigue property by hammer peening process
(Chapter 2)
| |

Effect of hammer peening processing on Effect of Compressive Residual Stress

the fatigue property of weld joints after on Fatigue Crack Propagation
preload (Chapter 3) (Chapter 4)

A\ 4

Verification of effect of improving
fatigue property by beam specimen
(Chapter 5)

Fig.1.3 Schematic contents in this paper
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B bIESN TS, ZNHOTIED, BHEIEESEZTRT 5 2 & CIRE RO HE
DFEFINE N AL I B T FEMER RIS ) & BT 2 2 & CTHEETF OB M 2 17 b S 5 Fik
ThV, FHBRGETIRRL OO, EIHFEMUGEICHFE L WL FEIIEKED D TH 5 (3],

Nw—E—= U 7, BEEE — =2 T FER SIS TR W T 72 75 Tl L3
TEDLEWVWOIRERH Y, Ok TAROTENFTRET, it L EREERESTEDL LW
IMENDH D, Fio, WHEEDO ANy ZRBIHMAT 277 v 7 AF v\ 80TV — )LD
AV BRZ DT TAREZOEEMAT L LN TE LD, a XA MNEATHEMTH S,

L L, FEEOBEEHSIEERO LS TIXY 74 v X2 RO REAIROFEREH S b 2
ENZL, B U IRV BV DRI AR,

ZOHERDOOEHSE LT, B—=r 70O LR (fLEOKIE) 7SI Ew LR Z E
BB CEX2NWZ EBRRITF NS, BIZIET T4 v X2 AVTgE, R E R LT
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R ENTWD Z L OfERPRNETH D, o, E—= 7 LTI, BEBIMEmOE U’
ROMAFRDPEE STV D Te DI IR E ZE 2 DIV DHEPANR DN D Z &b, RSP
DIRBENRD ARy LZITMoN 256 bH 0, UL, E—=r 7 Lodgs, EOREET
1R 232 C X AUXE RS 2955 i OUEZIR PG O N DVERIICHEE TS RN &
EHEE LTV D,

ARETIE, =7 Y —LEHW Ny~ —E—= 0 VP RIER L OZ O FE R LRIz oV T,
VUSRI, FTRALE OBLR O BERAMICKREET 5 & & bIT, FIREOIMEIC X 5 EMER I
JREAEZECOWT b E LT,
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(1) Zedm e IR 2 TR & U ClE kg 200> TH® T 5 ik

(2) et IR AT (GEE) & L i ikin o O R & F T892 51k
ik (1) 28T 2 &, EMIREICOEA & ILR OFE R LSRR ZER TE D, —J7, 77
5 (2) 28 LS8BT R ES R O 2 28 A T\ L (S B R R IS I 2 EATE 5 2 &
5, WHEE— F~O == 7 THAREERGEE — F~OESEMTAE L bR DMk
DI FMOYGHEICETH LN TE D, £, QOFEICEBNTUIEEILG A > THET 2
L0 LIS S ER RIS 2 i RIRIEAT 5 Z & L RIMICORITERS 5 2 & TITRIEIZR
WX DRAESIEZATREL 42 Z &I S N5,

2.2.1 FEBRFIE

ARAFGENZ AN T2 SR DAL FHHEARL & Btk PEE % Table2.1 12773, ARJE 12mm @ AH36, SM490Y
W DM A IV Tz, WA BN, JIS Z3313 % i /= 3 #kE ~490MPa fk#fifi 7 7 v 7 A ANV U A
Y (VA v 12mm) ZEH L, Fig2. 1 \IR-$HEIIT Y MNEEKFEAIER Lz, B e TE
v b EVIKET AR E Lo, SRR, Table 2.2 IR 504 TV, AZAE 10.8KJ/cm
BILOHODHE 6mm UL EE Lz,

Table 2.1 Chemical composition and Mechanical properties of steel plate

Material Chemical composition (mass%) Tensile property
ID C Si  Mn P S Ceq(WES) | YS(MPa) TS(MPa) E1(%)
0.16 0.35 1.45 0.015 0.006 0.42 384 533 25
B 0.15 0.28 1.51 0.016 0.004 0.42 415 543 25

Ceq(WES)=C+Mn/6+Si/24+Ni/40+Cr/5+Mo/4+V/14

Table 2.2 Welding condition

Shielding gas Current Voltage Welding speed
100%CO> 240A 30V 40cpm
E
]
.

500mm

Loading direction

E G
o
3 4

| R 12mm
212. 5mm | J5mm | 212 5m =IT

Fig.2.1 Test specimen (Out-of-plain gusset welded joint)
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ER L@ v MESERT OB LE O IR Y — & LT Fig2.2lnT 77 v 7
AF w8 FCH-20 (A -THR) Z#HVWCE—= 7Bl 24T -7, LR, KE—=2 700
FAEOBENE & 7R~

L OJeE, Fig.2.8 a)lorn 3248 4.5mm X £ & 5mm O EHFRROFR O D &, Fig.2.3b)
(R ER Y 3mm X Smm,  FREAS AR 0.5mm DML E 72D X H T Li=b 0%
oo WHEDT=0, [FEFIRORER T OWEBEILIEEIC 7 T A o A WLBR % fi U 72 3B 1 & HEfi L 72,
Fig.2.3a), b)OEE v 2 HW - B —= 7l T# OB % Fig.2.4 1277, a)DLiHe v %
W26, WEEILMRICRIOICEMRE L 2 LS CTD L H I L TR ZITY, by v % H
WA T, BRI R ~ TR L T s S, JHVLE 2RSS Imm LA &
LCHB L, =7 Y —VOZEXKET 0.68MPa, =7 Y —/LRXRWIC 5 2 5 #EE%IE 90Hz T
o, Nrv—t—=U IR TRE, RBRIESIITER LanE 912, RBRIKOE S J7mic b
Widh % ) TR L, Nrv—bE—=U ZHTH#ICIRY S LTz, a), bOKEmy v 2 HnTr
—= VL Lt OB A Fig.2.5 a), DITRT, a2 Hnicifs, BEbigo ik
ME—=U THIFZETEML TS Z EMRERTE, bk 2 HWGE T, 1JERMO
HPFTEINTWD Z &R S 17z,

Fig.2.2 Air tool for hammer peening
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g 45R '3\‘ ‘f’

5 BW RO.5mm

a) 4.5mm radius semi-cylinder pin b) Square and flat pin

Fig. 2.3 Schematic figure of tip of pin

Gusset Weld metal @
Gusset
Pin
Pin (for peening)
(for peening) U, Weld metal
Base metal

Base metal
a) Hammer peening on base metal

using 4.5mm radius semicylinder pin

b) Hammer peening on base metal
using square and flat pin

Fig. 2.4 Schematic figure of hammer peening

b) Hammer peening on base metal
using square and flat pin

a) Hammer peening on base metal
using 4.5mm radius semicylinder pin

Fig. 2.5 Appearance of weld toe after hammer peening
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b= i TR OB B T2 O C, IR RS O BRI 1 E 3 X OVE 57 3k Bk & S ht
U 7o 9 5 s e/ N ) & 3MPalZ[EE L7 5h b L <3S 1k 0.1 & U, Ji P 2 150MPa,
200MPa, 250MPa & L CZ%ffi L7,

DI E W == T K DR O DI, 7T 4 XX EEER A B
7ok b e L7,

b) D4 & & VT IGEICBWTIE, BIEFTRIRR & FRBEIS /)36 ORI 57 30 2 o BE R

ERLT 52 22 BC, fTREME B SEERETo 7, EHRBRIY, ARG
100MPa (Zxf Ly ~w—E—=0 i LEH 0 Bl (EHEE E), 7o 6 QNTEAT ARG )i
150MPa, 200MPa, 35X Ut250MPa @ 3 #— A2k L 1 Eld 7= 0 O Ti#E % 5em/min & L
T Uy~ — == T LEITW, N ~—E—=2 7l LEE % 0~4 [Bl& L7ZF 16
AL THEE L, Nrvy—vY—=r U LR Z 2 S BmE, BRI 5 A
wELA LS, EMEREIS ) OBNE LPEITRE & OBMREZIRILT 2 2 LA BRI LD TH
Do

V= U UL LT RIS WG, ks (N~ — B == T L), v oRBEHE
OIS ZWE LTz, FREIS) ORE R X #BRIEHTE (B X#: Cr-Ka (F&=2.29A), 1.0mm
o OFAF) 2 L7, Dk, XBREHNEZEH L72Fs DEICBE L TE, 7XTRU X#
DM CTHER L TV D,

2.2.2 FEBAER
£ 4.5mmxKE S 5mm O AR O Jeln B IR Tl IRIRIC B — = 0 Z i T U 72 45k
(BT, e BRI D BT [T ~— b —=2 7 LT 2) 1oV, L—
VBN FH 2 O TR LR OBR 2T Lz, R 4.5mmxE & 5mm Oy cr—=1
T Utk O bR E Fig.2.6 (2, 7 7 A U Z B L=k F O ILmFBR % Fig 2.7 [ZENZEIVRT,
o 4.5mm THE L2 FO IR EERIT 6.4mm & 70> Te, 774 2 XA L 7ok F o (ki
P1L 6.5mm THoTo,
W% 4.5mm X B & bmm O v TR A0 L 724 2 v MRBEETICOW T, IR
(FTEEER) DFREEIS11E-60TMPa &\ 5 R & 2R EMGFREIS I BEAN SN Z & At L7z,
V—= 7 aE Llcmsh i v MEFEORTRBREE R L, 774 X B LTEik TR KO
PE FM TR FFES L OV IIW  (International Institute of Welding) THIE S L7218 4851k T
\ZXE D9 SRk R R3] & Eel U C Fig.2.8 (TR, Selin A8 4.6mm CH B A M L 7-imsh &~
MAEBSEFIX, IS )EPE 250MPa DL T C IIW 32 EHah#R FAT125 (200 J7 (a1 577 2% 125MPa)
UET®HY, FISAHEM 1560~200MPa OGN T, 7T A & TH BT T in kT
X bENT T Fm AR LT,

-18-



ULbDX oz, B—= 7 TikOWHEEFICOWTIE, BEIRmIZIB W TEMERE IS 150
RS, HITHRE S FIRREOWEILmEEBIRE AT L0107 74 AU Eh kT2 &
[[5 2 & zmeRd L7,

Radius of curvature:
6.4mm

7 direction
w
T

Weld metal
1k Base metal
I L
-1
0 5 10 15 20

x direction

Fig. 2.6  Profiles of weld toe after hammer peening (4.5mm radius pin)

7
2mm
5
= Radius of curvature:
S}
i) 3 | 6.5mm
2
g Weld metal Base metal
N 1 F
- - ﬂ‘i -
-1
0 5 10 15 20
x direction
Fig. 2.7 Profiles of weld toe after grinding
1000 Stress ratio:0.1
AT A HP by 4.5mmR pin
< < Grind weld toe
© Y O as weld
~N
% 100 AN *R : Failure from weld root
— 500 | g0
® (80
o .
c S
o .
[7)]
7
(V]
=
7
©
£
S
[®]
Z
100 A, e
104 105 106 107

Number of cycles to failure

Fig. 2.8 Fatigue property of out-of-plane gusset welded joint after hammer peening (HP)
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SEHES S 3mm X 3mm, fE6AS IR YA 0.5mm o PN TR 0 Seiii & o & s 1k 31 0 J5 PH o>
B2 4T84 2 ik (UUF, TRMITBA L ~— == 7] LT2%) 2oV T, K7 — A0
BT 5 B R %, JSSC (B ASREE W 2) CHUE S IV VEBENK T k9 2 95 55 SR E 55tk 4]
g LT Fig.2.9 (12”7, Fig.2.9 ToOAKANL, EHBHEN KA TH D H O ORI D72
DI TR A PR L2 A BER LTS, Fig29 kv, Nr~—t—=2 7 LaEs 8 in-g
HIZONT, FWHMENT ELTNWDZ ERHERTE D, SHIC, BHEEEORBRAKNE Sk T
boloZ inh, Dl L bl LEEA 3 Bl & UL 7MKL 2 Eifkmn Lo C FEfkiZik
ETEDLZENDDD,

VEBEE TR SRR SN D, IR K 0 R AR RAET D ARREN BV EA T Y RO
SMUDFBH DN~ —fTIERR 2, V—PEMFHC L 0 RIE L, £, XFBREHFHEICE D
v — B U I TR OB NFRE IS 3 L, Fig.2.10 a), bICIXEA RS & 7RI & O
BIfR%, TFig.2.11 a), bICITEEAMIFE & WA AP S H#iPH 250MPa B OREWTERL & ORIMRZ, &
BrfifEE PEARS XIE) & L6 L BA Y RRKRS XIR) & LIESA L icatene
WRT, 22T, BRISHOWE S 2B RSN D 10mm & L72BRHIE, BRI TR T
BLTBVERAISHOMENRETHY, N~—E—=2 7 LI K DFTERIR & RIS
53 A DZEALD BMR DN TRIE O VEPZ ISR & TR ORI & TEMIZF C TH D LB X 2T
b%, Fig.2.10a),b) LV, EHEBOEIITEY, EMEFREIS ) OEARREIML TWD Z LR
5302 %, Fig.2.10 a), (b) DFAFRRIE ) DR IE 2 35 T2 TV D DI, HN 7R OFFRENRIT K
LbDEBEZHND,
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Nominal stress range, A ¢ (MPa)

10007

300
200

100

s

Y

.

-
e

O As weld
4 times
3 times,
2 times

= O K <

1 times

Failure from weld ro

ot

\-\.. N . .-
AT | TR R T O
\\ \‘ "-__:
AT =
:.: SM490Y A N
=y

1.0E+04

1.0E+05

1.0E+06

Number of cycles to failure

1.0E+07

Fig.2.9 Fatigue properties of weld joint which is applied hammer peening by several
type of peening times
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Fig.2.10 Relationship between area of depression and residual stress after hammer peening
on base metal
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Fig.2.11 Relationship between area of depression and number of cycles to failure at
250MPa stress range after hammer peening on base metal
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Fig.2.13 Relationship between distance from weld toe to edge of depression and
number of cycles to failure at 250MPa stress range
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Fig.2.14 Appearance of weld toe after hammer peening on base metal
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Fig.2.15 Fatigue properties of weld joint which is applied hammer peening on

base metal by appropriate peening times
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Fig. 2.16 Fatigue property of out-of-plane gusset welded joint after hammer peening (HP)
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Fig.2.18 Schematic figure of hammer peening on steel plate
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Fig.2.19(1) Distribution of residual stress on base metal after peening in case of flat
and sphere type pins (square type pin)
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Fig.2.20 FE model of weld joint

-32-



< 800
E I e = mm =TT I
E 600 [ ..o
Z //
© 400 [
()
5
© 200 |
()
c
l_ 0 I’ | ) ‘ |
0 0.1 0.2 0.3 0.4

Fig.2.21 S-S curve of base metal and welded metal
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Fig.3.3 Schematic conditions of preload and fatigue test
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Fig. 3.4 Profiles of weld toe after hammer peening (Using 1.5mm radius pin)

Table 3.1 Residual stress at weld toe of peening area (unit in MPa)

Radius of pin

4.5mm | 1.5mm
As HP -607 -560
-302MPa -541 -411
(compression)
302MPa (tension) -260 -197
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Fig. 3.6 Fatigue property of out-of-plane gusset welded joint after hammer peening (HP)
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Fig. 3.7 Fatigue property of out-of-plane gusset welded joint after HP and preloading
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Fig. 3.8 Fatigue property of out-of-plane gusset welded joint after HP by 4.5mmR and 1.5mmR

pins and compressive preloading
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Fig. 3.9 Fatigue property of out-of-plane gusset welded joint after HP by 4.5mmR and 1.5mmR

pins and tensile preloading
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Fig. 3.11 Calculation result of Stress at weld toe after peening and preload
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Fig. 3.12 Calculation result of stress at weld toe after peening and preload
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Table 4.1 Chemical composition and mechanical properties of base plate

Chemical composition (mass%) Tensile property
C Si Mn P S Ceq(WES) | YS(MPa) TS(MPa) El(%)
0.12 0.30 1.34  0.100 0.040 0.34 321 463 28

Ceq(WES)=C+Mn/6+Si/24+Ni/40+Cr/5+Mo/4+V/14
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Unit in mm

Sawcut (width: 0.2)
20.3¢ |

30R

-—
370

Fig.4.1 Center notched specimen used.

Fig.4.2 Exclusive jig for hammer peening treatment
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Fig.4.3 Appearance of specimen after hammer peening treatment

Table 4.2 Fatigue crack growth test conditions
Specimen Maximum Minimum stress: AK*** Stress ratio:
ID stress: Omin [MPa] [MPa - m?©53] R= Gmin / Gmax
Omax [MPa]
TP1* 165.7 8.2 20 0.05
TP3* 122.7 6.13 15 0.05
TP4* 165.7 8.2 13 0.05
(165.7) (87.0) (0.53) ***
NP1** 67.3 3.7 8 0.05
(67.3) (35.5) (0.53) ***
NPp2** 82.4 4.1 10 0.05
(Notes) * peened specimen; **non-peened specimen; ***AK at start of testing;
****Beach mark test

4.2.2 FEERE R

Fig.4.4 |CE—=2 7% (TP4), Hr—

TILRR DRERDFF DI,

v T (NPD % W2 B —F~— 7 JEI2 X DI 578k

WX Eonizar 7747 o AL ETREE SOBRERT, B LI —=0 T

STz,
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Fig.4.4 Relationship between compliance and crack length
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Fig.4.5 Relationship between cycles and crack length
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Fig.4.6 Relationship between AK and da/dN
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Fig.4.7 Model of calculation
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Table 4.4  Condition of calculations

Analysis range: 1/8 model
Kind of element: 8 nodes solid element
Minimum mesh size: 0.1x 0.1 x 0.2[mm]
Young's modulus: 206,000MPa
Poisson's ratio: 0.3

600 - - . .

o
%
B
W
v
=
~
200r T
i e Peening ]
o Non-peening
0O 0.1 0.2

plastic strain € [—]

Fig.4.8 Relationship between true plastic strain and true stress
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DEENPDHONIT 5 2 L& BIIC, 7 RREIFICE T 28R LBIEEBIOBLE N O F
I DIERFRHEIPH 2 35325 RPG {af B (6] FEHE D% 57 S 2t e 1| 2 528 S 17 e Jy o7 S 24 PR
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Ny === T ERBAFEERICHE T 2 &, WEH R TEREIG OB RE S B2 DM,
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Fig.4.9 Experimental and numerical simulation results of fatigue crack growth property
(TP-1)
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Fig.4.10 Fatigue crack growth curve by numerical simulation
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Fig.4.11 Relationship between fatigue crack length and RPG stress
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Fig.4.12 Fatigue crack growth curve by numerical simulation including
residual stress estimation
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Fig.4.13 Behavior of fatigue crack propagation in comparison between simulation and

measured value (NP1, as weld) (Simulation is based on FLARP : in case without
considering residual stress.)

-64-



Half crack length (mm)

30

TP1(Peening)

25 |

Numerical

15/ 0

\ Measured values

-------------------------- B
1

iAK:ZOMPa»/_m~
o max:166MPa

simulations

(mid-thickness)

0

200000

400000 600000 800000 1000000
Number of cycles

Fig.4.14 Behavior of fatigue crack propagation in comparison between simulation and
measured value at mid-thickness (TP1, Peening) (Simulation is based on
FLARP : in case without considering residual stress.)
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Fig.4.15 Residual stress distribution between surface and mid-thickness of test piece by

calculation
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Fig.4.16 Behavior of fatigue crack propagation in comparison between calculation based on
Paris low and measured value at mid-thickness (TP1, Peening )
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Fig.4.17 Relationship between fatigue crack length and RPG stress (Estimation of residual
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Fig.4.18 Behavior of fatigue crack propagation in comparison between simulation and

measured value at mid-thickness (TP1, Peening) (Simulation is based on FLARP :
in case of considering residual stress.)
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Table 4.3 Welding condition

Shielding gas Current Voltage Welding speed

100%CO> 240A 30V 40cpm
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a) Base metal

Peening area

b) Weld joint

Fig.4.20 Test specimen after peening
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Fig. 4.21 Schematic fatigue crack growth test conditions applied beach mark
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Table 4.4 Fatigue test condition of beach mark method

a) Base metal

Mark | Peening Omax Omin R Cycle
(amax) (omi.u)
[MPa] [MPa]
Bl No 277.8 27.8 0.1 50000
(277.8) (138.9) | (0.5 | (50000)
BP1 | Peening 277.8 27.8 0.1 50000
(277.8) (138.9) | (0.5 | (50000)
311.1 31.1 0.1 50000
(811.1) (155.6) | (0.5) | (50000)
b) Weld joint
Mark | Pecning Opax Opmin R Cycle
(omax) C[mi.n
[MPa] [MPa]
Al No 277.7 22,7 0.1 20000
(27771 | (134.85) | (0.5) | (20000)
A2 No 2222 22.2 0.1 20000
(222.2) (111.1) | (0.5) | (20000)
A3 No 144.4 14.4 0.1 20000
(144.4) (72.2) 0.5 | (20000)
Pl | Peening 2229 29.2 0.1 20000
| 222.2) | (1.1 | (0.5) | (20000)
244.4 24.4 0.1 20000
(244.4) (122.2) | (0.5) | (20000)
P2 | Peening 277.7 29.7 0.1 50000
(277.7) | (184.85) | (0.5) | (50000)
P3 Peening 244.4 24.4 0.1 20000
(244.4) (122.2) | (0.5) | (20000
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Fig.4.22(1) Profiles of base metal and weld toe in test piece
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Maximum stress (MPa)

Table4.5 Residual stress near the weld toe after peening

a) Base metal

Mark | Peening | Residual | Residual
stress stress
(MPa) /o,
BP1 | Peeming | -322 -1.00
b) Weld joint
Mark | Peening | Residual | Residual
stress stress
(MPa) /o,
P1 | Peening -450 -1.40
P3 | Peening -407 -1.26
1000 T ]
*Peening ||
ONomn—peening :
ﬁl'"'“'m..ﬁ_
‘h.n{_.\l
Im 1L L i i1y 1L L i i a1 L Ll 5 1y
10,000 100,000 1,000,000 10,000,000

Number of cycles to failure - 4

Fig.4.23 S-N curve of gusset weld joint with and without peening
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c) Non-peening, weld joint, Adro.1=200MPa

Fig.4.24 (1) Fracture cross-section after fatigue test under beach mark method
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f) Peening, weld joint, Adro.1=200—220MPa

Fig.4.24 (2) Fracture cross-section after fatigue test under beach mark method
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Fig.4.25 (1) Relation between cycle and crack length and crack depth
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Crack depth, a

Fig.4.25 (2) Relation between cycle and crack length and crack depth
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c) Non-peening, weld joint, Aoro.1=130MPa
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Fig.4.26 (1) Relation between stress intensity rate and fatigue crack propagation rate (Base metal)
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Fig4.27(1) TFatigue test result of test piece (as weld)
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Fig.4.28(1) Relationship between crack depth and stress intensity factor (as weld)
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Fig.4.28(2) Relationship between crack depth and stress intensity factor (Peening)
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Fig.4.28(3) Relationship between crack depth and stress intensity factor (Peening)
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Fig.4.29(1)  Equivalent distributed stress (as weld)
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Fig.4.29(3)  Equivalent distributed stress (Peening)
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Fig.4.30(1) Fatigue crack propagation curve (as weld)
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Table 4.6 Chemical composition and mechanical properties of base plate

Chemical composition (mass%) Tensile property
C Si Mn P S Ceq(WES) | YS(MPa) TS(MPa) El(%)
0.16 0.26 1.50 0.014 0.002 0.43 413 550 27

Ceq(WES)=C+Mn/6+Si/24+Ni/40+Cr/5+Mo/4+V/14

Table 4.7 Welding condition

Shielding gas Current Voltage Welding speed
100%CO> 240A 30V 40cpm
~ r Y
= : <
= ! 1 f ﬁ L
i i
1 1
1 1
1 1
r Y
<
= |
o |
|==H' F-
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4
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¥
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Fig.4.31 Test specimen
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ERSAE % Tabled.8 (o, HANIISIEIPH 123MPa L 0 BRIA L, JEIT8LINTA L T
WZ L H AR THER LN S 1EHZ K& LTWE, K& H#H % 250MPa & L7,

Table 4.8 Fatigue test condition of beach mark

Stress ratio 0.01
Stress range (MPa) 123
Cycles 500,000
1
Stress ratio 0.01 0.5
Stress range (MPa) 123 62.12
Maximum stress (MPa) 124.24 124.24
Minimum stress (MPa) 1.24 62.12
Cycles in a priod 100,000 100,000
Stress ratio 0.010.5 66 times
!
Stress ratio 0.01 0.5
Stress range (MPa) 195 88.49
Maximum stress (MPa) 196.97 196.97
Minimum stress (MPa) 1.97 88.49
Cycles in a priod 20,000 20,000
Stress ratio 0.01<0.5 200 times
1
Stress ratio 0.01 0.5
Stress range (MPa) 250 126.26
Maximum stress (MPa) 252.52 252.52
Minimum stress (MPa) 2.52 126.26
Cycles in a priod 20,000 20,000

Stress ratio 0.01$0.5
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Fig.4.32 Profiles around weld toe in test specimen
Table 4.9 Results of fatigue test
Stress Cycles Load Number
Stress Frequency
Mark range in a Max Min of cycles
ratio (Hz)
(MPa) period (kN) (kN) | to failure
123 0.01 20,000 5 151.6 1.5 1,420,000
(No
62.12 0.5 20,000 5 151.6 75.8
failure)
195 0.01 20,000 5 240.3 2.4 8,000,000
Peening | RP1 |[------------p-mmmmmmmpmmmm e
(No
88.49 0.5 20,000 5 240.3 | 120.1
failure)
250 0.01 20,000 5 308.1 3.1
------------------------------------------------------------------------ 890,439
126.26 0.5 20,000 5 308.1 | 154.0
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Fig.4.33 Fracture cross-section after fatigue test under beach mark method
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Table 5.1 Chemical composition and mechanical properties of steel
Thick Chemical composition (mass%) Tensile property
ness C Si Mn P S Ceq(WES) YS TS El
(MPa) (MPa) (%)
12mm | 0.16 0.26 1.50 0.014 0.002 0.43 419 556 23
16mm | 0.16 0.26 1.50 0.014 0.002 0.43 413 550 27
Ceq(WES)=C+Mn/6+Si/24+Ni/40+Cr/5+Mo/4+V/14
Table 5.2 Welding condition
Shielding gas Current Voltage Welding speed
100%CO> 240A 30V 40cpm
le 300 )l
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Fig.5.4 Area applied hammer peening around stiffener of gusset weld

(unit:mm)
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Fig.5.5 Peening area (Maximum of depth X width) on No.1 specimen
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Fig.5.16 Appearance of fatigue crack at area S5 on No.2 specimen
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