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Hot Cracking in Welded Joint of Steels
Fukuhisa Matsuda

Synopsis: Hot cracking that may occur in fusion welding is described with respect to its mechanism and prevention for

carbon, low alloy and stainless steels, and heat resisting alloys.

keywords: Welding; hot cracking; carbon steel; low alloy steel; stainless steel; solidification cracking; liquation cracking;

segregation cracking; ductility-dip cracking; varestraint test; submerged arc welding; critical ductility curve; critical

strain rate for temperature drop; solidification brittleness temperature range.
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Fig.1. Schematic illustrations of typical welding cracks.
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Table 1. Classification of hot cracklings.

Segregation cracking, |
(resulted from segregation films)

1. Solidification cracking of weld metal
2. Liquation cracking of HAZ
3. Liquation cracking of welding(multi-layer welding)

Ductility-dip cracking, II
(resulted from ductility-dip of grain boundaries
at new grains without films)

1. Ductility-dip of weld metal
2. Ductility-dip of HAZ
3. Ductility-dip of reheated weld metal(multi-layer welding)
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Fig.2. Schematic illustration of a ductility curve of metal and
occurrence of brittleness at elevated temperatures.
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Fig.3. Cracking occurred in trans-varestraint test of SUS310S.
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Fig.4. SEM photographs of fracture surface of ductility—dip cracking of SUS310S.
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Fig.5. Microstructure of solidification cracking of SUS310S.
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Fig.6. Schematic illustration of displacement behavior in the vicinity
of fusion pool.

HEREF AR LUISBERT, COBEIE—RICEINIIE
U7, SERTERVRIBORENR L Z2CTABEZ L TEINnA

RELTLEMEEICIE, —RICCDEDLBERZRY,
Fo, QIFIAMICIIRREBREZIITNDIHBET, 2

DIFEDBEEERIIBCSOIMBICE D TDHSIREMEF
ITTWDZ EILKD, BRTLEBOARBRREZGTABET
E— RaELLEEDEREIN DL IICLED,
L7ch' 2T, ZOBEICIF—MICEINARELLZD, B
BERNEOHTRIEM CTHRBLIBEISENNRLET D,

GUIANKITZIBRAZZITTNDAY, BEICK O THER
WEOZEUERLICIBEDBERTHD, BERERICIIE
SO ABEMDSIREMA MDY, BHIRDAIC
BRT LOICEINAERIICEL DI ENBY

Fro, BEBOWBE, RiECOREGERZZIILBEE
CDEOBEEBERT ., NSREN BT DREHRE
(T) BN TamTHoHEDN, REN'TT I DEMHIR
BE (Ts) T3, FREBYNMTORICEDIITTHOLD

hY, ABHSDRFISISEENEEICKUeRICEIEHBIET N
TWDDTHhD, 2L T, ZOMHTIIRERDEREREME
SBEMEE (BTR) (ICHITDEME be BL UL (KLY
FeOICENARELTLISDTHD,

Sanyo Technical Report Vol.5 (1998) No.1



B OBRICH T DEEEIN

L7i=htoT,
ENTES,

ENEEDBEORAILRDESISRT Z

L, > EnEAE, < ERRLERT, =
ENFREDEEDRR, T2 TDy: - -BHHIVEEMA,
D -HMEZERL, D - BERORRIEMETH D,
ZDZEERRTBEFiQIERD, FTORITEEE—R
REDHERBOKEFREERL TS, LORIIT-TsED
ZuigeERO, @, OTEMMICRELTINVD, i

T-Ts@IC, BNELESITORFREMMRERLTN\D,

BTR 2!

I (BE [ e v 2 3 V. ?

L

o

o)

& ®

= :

o {tanBc=CST

& G

Dmin

|
|
|
|

(RLFY)

LI o D REAR

(IR i

Fig.7. Explanation of solidification cracking mechanism.
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Fig.8. Solidification stages and properties by strain theory.
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Fig.9. Schematic diagrams of HAZ liquation cracking mechanism.
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Fig.10. Explanation of constitutional liquation phenomenon.
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Fig.14. Example of Mn/S, S and P contents necessary to prevent
occurrence of horizontal cracking (solidification cracking)
in carbon steels.
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Fig.15. Example of solidification ductility and ductility—dip of commercial austenitic stainless steel.
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Fig.16. Relation between Cr, /Ni,, and P+S affecting on sensitivity of solidification cracking and solidification mode of stainless steels.
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Fig.17. Solidification mode and Schaeffler phase diagram.
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Fig.19. Hot ductility in thermal cycle simulation test of austenitic
stainless steels. (Maximum Heating temperature:NDT)
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