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Relationship between Charpy Impact Toughness and
Microstructure in Heat Affected Zone of High Heat Input Low Carbon Steel Weldment

Yutaka Kanersuxi , Eiji Ikepa and Masaaki Katsumata

Synopsis : Although it has been known that toughness of heat affected zone (HAZ) in low carbon steels lowers with increasing
heat input, high heat input welding has been demanded from economical reason. Toughness of HAZ has been often
investigated using synthetic HAZ, but thermal cycle in high heat input welding has not been well known. The thermal
cycle in tandem submerged arc butt welding in a low carbon steel was measured using thermocouples specially
designed. Cooling rate of HAZ markedly changed in around A, transformation temperature in high heat input welding,
that is high cooling rate above the temperature and low cooling rate below the temperature. Toughness of synthetic
HAZ of high heat input welding with high cooling rate above 700°C and low cooling rate below 700°C deteriorated
compared with that of synthetic HAZ cooled at a constant low cooling rate. This result was related with degenerated
pearlite precipitation in synthetic HAZ of high heat input welding.

Charpy impact absorbed energy of actual HAZ scatters in a wide temperature range of transition zone. This has
disturbed to understand toughness of HAZ. The scattering of absorbed energy occurred in a narrow temperature range
in synthetic HAZ and in a wider one by Izod impact test. It appears that the scattering of absorbed energy in actual
HAZ is caused by strength heterogeneity of actual joints because of no strength heterogeneity in synthetic HAZ and
larger strength heterogeneity by lzod impact test compared with Charpy impact test.
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Table 1. Chemical compositions of steel used (mass%).

C Si Mn P S Al Ti N

0.07 026 139 0.006 0.001 0.019 0.021 0.0040

Table 2. Parameters of tandem submerge arc welding.

Welding velocity : 60cm/min Groove : Y
Electrode distance : 35mm Wire : US43
Heat input : 72kJ/cm
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Fig. 1. Sch_ematic illustrations of the specially
designed thermocouple (A), shape of groove
and location of thermocouple (B).
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Fig. 2. Extraction of Charpy (A) and Izod (B, C)
specimens.
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Fig. 3. Optical micrograph of weld zone.
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Fig. 4. Vickers hardness distribution of weld zone.

R BB D K ABA S BB O > v © —FRIEEH L 3 2 2 O BIR

PEEOHAZT OREHIE#HE#Fig. 5 (/R T . Fig. 6 1354
WTFOXBBERGET, AHEZOVESOMNELZRL TV,
XAG SRR LT e & MOE. T BRET S, SR TR E T
TANLBERD T, BUlortinESRIIEL Tk
0, BESBCEAOKRIE 2HOBEL (127U, 1HERE
BRORIED 7 v 2 ME L T T ML HT AR D)L
B L TV 3 BE MR- 2UIHOBE D 6, Fig.5dD
WEAEFRIAMOBEXTHELLIHDOI bD2ETD
52 EDRERI NI, REOBEIILIERMD 2D W L
1258, i BVE R IIEAER GR > NED 3 EIe L AnE
i2H Y, Fig.5 DK FN(bond) TR L IEIERERDFG
12, 3HHOBEAIIEMERY 5 1 ~ 2 mmOALE A
LTHb, Z2OWERHTIIFig 5 PHAZTERL TV 5,
bondi & FHAZT DMEFEFD 3 11 b INBGE 1287500
°C/sT, FNEFNDESMBUEETH SsfrFFa s 2 b7
bhr otz 312, WHIER S IR 20 6 900°C 2 TI3HI80
*C/s, 700°CH 6 i3496°C/sDpim b, A FEBRERETH
MEEPRSSET 22 Db,
KABGEE OB A, FEREHE % O SRS g ) g B -
D720, EEBUC X b INBS n500°CRREE & I 5 (ARG
TIE200°CHRELES) 12, T00°CLL R DL E X 5 L
i ohb, ek, DAREEOHBRHAZOGAL, X

1500

1000

5001

Temperature (*c)

° 5 10 15 20 25 30
Time (s)

Fig. 5. Measured welding thermal cycle.
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Fig. 7. Schematic illustration of HAZ thermal cycle
simulation.
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Fig. 8. Results of Charpy impact test of actual HAZ
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and weld metal.
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Fig. 10. Results of Izod impact test of actual HAZ
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Fig. 13. Relationship between impact transition
curve of actual HAZ and that of synthetic
HAZ.
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