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Effects of Strain-aging and Welding on Embrittlement of
Cold-worked Structural Steel Plates

Jun-ichi KUDOH and Michihiro TANAKA

Synopsis:

COD tests were conducted on JIS-SM41B, -SM50B and -SM58Q steel plates in order to examine
the effect of strain-aging on embrittlement of these steels. Hot straining embrittlement phenomenon
was also studied on weld joints of cold worked steel plates. Finally the bending radius allowable in
cold working of structual steels was examined on the basis of COD test results.

The main results obtained are as follows:

(1) Strain-aging strongly affects the brittle fracture behavior and shifts the COD transition curve
toward the higher temperature range. Fibrous crack initiation at the crack tip and its slow growth,
on the other hand, are not strongly affected by strain-aging if the prestrain is limited up to 10%.

(2) The amount of the shift of COD transition curve toward the higher temperature range due to
strain-aging is in good accordance with the prediction based on the Tetelman’s critical fracture stress
theory.

(3) The COD value at the hot straining embrittled zone near the weld joint of cold worked steel
plate is nearly equal to that of the steel plate which is strained and then aged at 250°C for one hour.

(4) The critical bending radius allowable in cold working can be calculated using the COD test

results, and it is 4.5~7.3 times as large as the plate thickness.
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Table 1. Chemical compositions of steels tested.

. Al
Thick .
Steel ( mm) c Si Mn P Sol Insol Total
SM41B 25 0.14 0.02 1.16 0.018 0.015 0.003 0.005 0.0032
SM50B 25 0.15 0.35 1.45 0.020 0.009 } 0.036 0.001 0.0062
SM58Q 25 0.12 0.36 1.37 0.018 0.005 \ 0.054 <0.001 0.0054
Table 2. Welding conditions.

welding weld Materials | Current | Voltage |Welding [|Heat input|\yelded

method preparation used (A) ?v)g }’grl,?fn'.ﬁ y |(kIlcm) |steel

Submerged| —%%— | KB 80C

arc 2MEEL P | kwatoic {500~ 600 | 26 ~30 | 20~28 40

welding > ok 3passes | L 8g)

Submerged| 45 KB;50

arc © gf tpass | Kw-43C 900 40 27 80 SM50B

welding 2 1 pass (4.89)

Electro- 20° KF-100

X

slag ass kwesoc | 450 40 |81~85 | 130

welding (1.69)

Submerged ;%F 3passes KB;SOG

arc =t Kw-43 |500~600| 26~30 | 20~28 40 |sMs8Q

welding —->—A6. PSS (4.89)
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Fig. 1. Ceometries of a tensile test specimen for

prestraining and a COD test specimen.
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(b) SM50B, (c) SM58Q.
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Fig. 4. Effect of strain-aging on the temperature
giving d¢=0.1mm, T;-0.1.
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Fig. 9. Temperature dependence of COD at the hot straining embrittled zone in weld joint
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