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Delayed Cracking Caused by Hydrogen in Steel Welding
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Table 1. Coefficients in carbon equivalents for the maximum hardness in HAZ.

Source G Si Mn Cu Ni Cr Mo Nb A% B
BECKERT!®) 1 1/11 1/2.9 1/3.9) 1717 | 1/3.2| 1/3.4| — — —
SATOHIS) 1 — 1/3 1/5 1/8 1712 | 172 — — —

Cul 1 1724 | 1/6 115 | 1740 | 176 | 14 1/5 1/5 10
Y urIOKAL7) Geq;-
eq 1 |—1/20 | 1/5 1/5 1/20 | 1/4 1/6 — — 10
Table 2. Coefficients in carbon equivalents for weldability of steels.

Source C | si |Mn|Cu| Ni|C Mo| Nob| V | B Note
Svuzukt® 1 1/24 | 1/6 — — — | 1/29 — | 1/14 | — 0.2194,C-steel
WE S 1 | 1/24 16 | — (1740 1/5 [1/4 | — |1/14| —

I1W 1 — |16 11517150175 |15 | — |15 | —
Trots 1 1/30 | 120 { 1/20 | 1/60 | 1720 | 1/15| — | 1/10| 5 l Low alloy steels
GRAVILLE20) 1 — | 1/16 1 — |—1/500 1/23}1/7 | 1/8 }1/9 — Low alloy steels
Stourzt) 1 — | 1/6 | 1/40 | 1/20 | 1/10 | 1/10 | — — \ — Line pipe steels
DURENZ2) 1 /25| 1/16 | 1/16 | 1/60 { 1/20 | 1/40 | — | /15| — Line pipe steels
$ 035 | | : |
5 C=015~26% ¢ T o ¥1C=0.15~0.26%
TO C=012~.14% & & X a ~
Zi= C=009~.11% v vV ¥ 0 .
+ 0.301— ¢ _ 005~ 08% o 0o = ¥ Py C=0.12~0.14%
g|e C=0.01~.04% . Rass ® ;A/Xﬁ”lb
S | Y. P
HT6
o;I 0.25— HT 80 K7 ‘g‘?*d S |
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+ 7/ :
3|8 208 _— _—u
S|N0.20 RA A 9
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§|g /'/- h/e,/ A
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Fig. 5. Relationships between Cgq and Pgy for structural steels with various carbon contents.



BEROKZICL 2ENEN

1663

Photo. 8. Laméllcr crack in multi;pass butt weld
of SM53 steel. (63 mm t.)
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Fig. 7. Examples of records of acoustic emission caused by weld cracking propagation?®.

Table 3. Diffusible hydrogen content in weld metal by various welding materials (m/{/100g DM*)

. . . H H
Welding method Welding Material (Gl;rlzserin) (Mt;:glry)
Cellulosic ~35 ~40
Shielded metal arc Ilmenite ~25 ~30
Low-hydrogen 1~5 2~10
Gas shielded arc
TIG
( MIG ) ~0.2 ~0.5
CO,
Ultra-low-hydrogen 0.3~1.0
Submerged arc Conventional 1~6
* Deposited metal
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Not Preheated, Ambient Temperature 20°C
At 11920 sec after Welding

Fig. 15. Example of FDM analysis for hydrogen
distribution at a2 weld (30k]J/cm, 50 mm thick)3®)
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Fig. 17. Comparison of critical preheating tem-
peratures for various weld cracks??).
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