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Relationship between cold cracking and restraint intensity in welds

formed by low transformation-temperature welding consumables
by Satoru Zenitani, Naoya Hayakawa, Junji Yamamoto,
Kazuo Hiraoka and Yasushi Morikage

F—7— R:@EN#. KREIN, <IVT U1 NERE, MIRE Keyword : High strength steel,

Cold cracking, Martensitic-transformation, Restraint intensity

1. ¥5

EREMO T — 7B TIMERENSREL S WREND 5, FE 5T Fig.l DX 5Lk
Paf UsBERBIN N 2K TE 2 KL BREREME O vy BAESINRBRZIT\, [FAEEME
WEDIKIREINZEETED ZEZRLEZ V. LaL., KBENOREICKELEEELITTH
HWEDOZEIHS Mo TV, AFETIE, MREEZEL AL G IKBEEN R
EXRFNED L DI T DML 7z,
2. ERFE

v A EENARJIS 23158) B L NHEHIRAIZEINAERJIS Z3159) 2 E ML /=, SHABRE
DK% Fig.2 12737, FEBRIEISERBREE SR —ThH 5. idBREOHMEHTIIHRE 38mm D7
% 780MPa 5k 18l & iV oo HIEHRAHZEINABRICB TS5 XY v EE Bs 14 100. 300,
800mm D 3FEEE Uiz, B 11%Cr-9.5%Ni (KA BIEEAEE GEs A) &k 780MPa
wEEAFMABEE B X) D2BEEHWE. SREEORBESEBOLFENRS & Ms 1%
Table 112/ . 1 Table 2 IZ/RT {HTir o7z, A% 48 KL EARE L 7218, JIS ICHE
WML TENOHEREIT T,
3. ¥R LEINE L ORER

Fig.3 IZHRE S WEEINROBERE RS . MlkiAENE X IZHREDOHEME & BICEINENE
e 25— BB E R Uz, —FH, BEEBREREE A ZHREOHEME LB ITENENMET
T OB E R L, JHUIHERDEVWZEBRESBROT IV T > NEERIRIC K55I
ERFENERHDENKRELS D0 EEZ SN 2, EIRERTHlRAEE X LD bENE
NEWERIZ, 7LV T o391 SOBESEORKRENEZENIEFTICENW D EEZ 5N S,
4. BB IED D OFEE BRI EBEME

HREDEHKRICEL S TEVAHEBEN M AHART 2720, BB —AT 1 bEFIHL 2B
SR O KERB IV OREEKRF Lz, Ms m&2 S SIK T X BEEeERITAH—
AT FA "R TS 12.5%Cr-9.5%Ni O RELREREREE Gd5 AA) ZilfELEINEER
Z{7o 72, Table 3 ICEINGARICBII DAELED Ms 5. BEA—ATF 1 g, B OWE
ERART, WBIBEEAA OBESBRITE 12.7%DREA — A7 1 MRS N, S DK
THRON, FKRECHMEINEKOBBEE Figd IOR7 . cEAHEE AA IZSERRE FTH
EICRWENEKRERLZ, A—Z2AF A bPREBTH5E,. I TP PERIERICK D 55E
A MR EME T T2 2 &R I N, Figh [ORTEREISTHEOER, BHEE A
TR F DVRE R EM TR IS NI DR S Nz,
SEH

1) . AR ZH K EW KW &8 BEES2ERRHEME Vol.e7. 510-511 (2000)
2) LA, KA, 8 B, SERM, FZRE, AL H6 BT — o ay THE 218-219 (2002)
BEFL2ERASHEEME 714 (2002-10)

120

NI | -El ectronic Library Service



Japan Wl ding Society

Y02

Conventional
welding consumable

N

v

Dilatation (%)

Expansion
[T N S T R T

Low transformation
temperature
welding consumable

300 500 700 900

1000 1300

Temperature (K)

Fig.1 Relationship between dilatation
and temperature of weld metals
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Fig.3 Relationship between restraint intensity
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section crack ratio

Table 3 Ms, retained austenite content and hardness
of weld metals for modified electrode AA

Electode Ms (K) | Austenite (%) { Hardness (Hv)
AA (modified) 344 12.7 313
A 508 <1 366
X 813 <1 334
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(b) H-type restrained weld cracking test

Fig.2 Specimen of cold cracking test (unit:mm)

Table 1 Chemical composition and Ms
of electrodes (all deposited metals)
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Fig.4 Relationship between restraint intensity and
section crack ratio for modified electrode AA

Measurement
60° point

Electrode

Measurement point

/

Weld bead
\

Chemical composition (mass%) Ms
o] Si | Mn| Ni | Cr | Mo [ (K
A (developed) 0.042 | 0.22 | 0.65|9.37 | 10.91 |0.26 [ 463
X (conventional){ 0.070 | 048 | 1.33|1.92 | 0.64 [0.27 | 793
Table 2 Welding conditions
Dry Treatment of Electrodes| 623K 2hour
Welding Current (A) AC 170
Arc Voltage (V) AC 25
Welding Speed (cm/min) 15
Heat Input (kJ/cm) 17
Ambient Temperature (K) 303
Relative Humidity (%) 80
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Fig.5 Residual stresses in weld metals
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