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Toughness Evaluation by Means of Side-notched Charpy Test

Yukito HAGIWARA, Susumu TSUKAMOTO, Tadayuki OTANI, Goro ARAKANE and Ko MATSUDA

Synopsis : Fracture path deviation (FPD) is often observed in the standard Charpy V-notch (STD-Cv) test on laser welded joint due to the steep gradient
of hardness distribution. The side notched Charpy V-notch (SN-Cv) test is often used to avoid FPD. Fundamental study on the comparison
between STD- and SN-Cv tests on laser welded joint for high strength ultra-fine grained steel and on base metal for conventional steels indi-
cates that the results obtained from SN-Cv test gives higher transition temperature and lower absorbed energy compared with those of STD-
Cv test.

A big difference between these two tests is observed on the fracture surface. The fracture surface is divided into three types; that is, flat
ductile fracture observed at the notch tip and the specimen end (Df), slant fracture at both sides (Ds) and brittle fracture (B). SN-Cv speci-
men has smaller area of Df and no Ds. The areas of each fracture surface were measured and the unit fracture energies for these fracture sur-
faces are determined by using regression analysis method. Unique relationships of E,/E,=0.1 and E, /E,~2.3 are obtained irrespective of
steels tested. The difference of fracture surface areas between SN-Cv and STD-Cv are formulated and finally, STD-Cv absorbed energy is

well estimated from SN-Cv test results.
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Table 1. Chemical compositions of steels tested (wt%).

Steel c Si Mn P S

UFGI0C ] 0.095] 0.30 | 1.45 | 0.005] 0.001
SN400B | 0.16 | 0.22 | 0.92 | 0.024 | 0. 0096
| SM490A | 0.15 | 0.28 | 1.30 | 0.017 | 0.005
| SM490C | 0.15 ] 0.39 | 1.55 | 0.011 | 0.003
HT780a | 0.11 | 0.26 | 1.08 [ 0.008}0.0026{ 1.
HT780b 10.073]| 0.24 | 1.34 | 0. 00710.0009 ] 1
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Table 2. Mechanical properties of steels tested.

YS TS Elong.
Steel | aupa) | pa) | &)
UFGI0C_|_ 686 | 705 [ 19.7
SN4OOB | 310 | 478 | 40.1
[swagoA | 370 | 577 | 349
["SM490c_| 413 | 536 | 250
HT780a | 735 | 915 | 31.0
HT780b_| 820 | 872 | 32.0

Fig. 1. Three-weld (3W) Charpy test method.'”
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Fig. 2. Geometry of side-notched (SN) Charpy test speci-
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Fig. 3. Hardness distribution of 1W and 3W laser welded
joints for UFG-10C steel.
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Fig. 4. Effect of side-notch depth on FPD in standard
Charpy test of laser weld metal (UFG- 10C).
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Fig. 5. Charpy transition curves (crystallinity and ab-
sorbed energy) of HT780a steel.
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Fig. 6. Definition of fracture surface in Charpy test speci-
men.
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Fig. 7. Variation of area of fracture surfaces, (a) Df, (b) B and (c) Ds with test temperature in Charpy test (HT780a).
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Table 3. Fracture surface energies of Df, B and Ds ob-
tained by regression analysis (J/mm?).
Steel Eor Es Eps | Es/Eor | Evs/Ear
Welded joint | UFGIOC § 4. 60 | 0.48 | 9.39 | (0.10) | (2.04)
SN4OOB | 2.10 | 0.27 |1 5.22 | (0.13) (2. 49)
2.351 01714381 (0.0D ] (1.86)
Base metal SM490C | 3.66 | 0.31 | 8.75 | (0.08) | (2.39)
HT780a | 2.42 | 0.37 | 5.42 | (0.15) | (2.24)
HT780b | 2.39 | 0.38 | 7.56 | (0.16) | (3.16)
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Fig. 8. (a) Variation of difference in fracture surface area
of Df between STD- and SN-Cv tests, A4, with
normarized test temperature, T—DBTTgy. (b) Vari-
ation of difference in fracture surface area of Ds
between STD- and SN-Cv tests, A4, with normal-
ized test temperature, 7—DBTTgy.
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Fig. 9. Relationship between unit surface energy of Df, E;
and upper shelf energy of SN-Cv test.
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