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Carbon Equivalent to Assess Hardenability of Steel and Prediction of HAZ Hardness Distribution
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Abstract

A practical method to predict HAZ hardness distribution was studied by considering the effect of
prior austenite grain sizes on hardenability and that of tempering. For 400 to 490MPa grade steels,
hardness distribution between fusion and Ac, lines can be fairly well predicted by introducing the effect
of grain sizes to the maximum HAZ hardness prediction method. For boron added 780MPa grade steel,
since the maximum hardness is obtained at the area a little bit away from the fusion line, the present
method cannot predict its HAZ hardness well. Hardness at Ac, line can be evaluated with the tempering

parameter.
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Element A, A /A, CE (Bastien)  CE (Yurioka)
CE_, (Eq.(12)) (Ref.(3)) (Ref.(9))
C —3.02 1 1 1
Si —0.08 1/38 1/24
Mn —0.50 1/6.0 1/4.1 1/6.0
Ni —0.25 1/12 1/7.9 1/12
Cr —1.64 1/1.8 1/8.5 1/8.0
Mo —1.30 1/2.3 1/6.5 1/4.0
Cu —0.33 1/9.1 1/15
N 0.087 -1/35
U: ASTM grain number
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[A] [Vl [mm/s] [J/mm]

SMAW 150 27 4.75 852 I
SMAW 170 27 2.5 1836 I
SMAW 220 27 1.83 3240 I
SMAW 285 31 1.83 4819 v

saw L 100 " 8.67 8285 \%

T 850 40

o &b, HiIFAIZ400MPaRSM T, HHB~EIZ490MPaik, HHAF
FI3780MPaihdiit) Tdh %o RIS HHEDH Y, €D HH 121
2EMWSAWTH D, 5D IISMAWTH b, SMAWDHA 1, I
FEeiRII$ v — P> 7L — e i L7225, SAWIZDOWT
BV Z L Th ot i L7z WEMEHE, SMAWIZD
WTIE, AWSDAS.1 ET016%M %, SAWIZ DWW TIZFAWSDAS.23
F8AS-EG-GIEM & &b 1 L Tz, 2 offitt %, £3 05
e L, B2 2R Line i > TS 2 e L7z B2 DAc,
W, Acyfitld, I/ UM T A ETE LT, HBMSIE
Yy ) — AR S THEIIS5kgTH D,

H3 58 % T, KM ORIEESITITT 21 S 554 2R
LTWwa, Kb o@PHIEHRTH L, TNOHHRPLLNL L
&, HAZOREE S L, BAHEEO, HHY— FETOHS B
NDMEADD 5. UL, REMBURESENZ @ R b0
F—ATFA MROKEIMEE S, FOGBRAMENED LT
OThb, $7z, $MA, BIEEEELESH THICHAZO KL D
HREA N Lol TD720, IO 28I LCIE, WS
AL AR E THE L7ce —7, MIMC~FIZx L TIE, HAZOHK

Fusion line | Weld bead

Acl line

2 BIHHBlELE
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Chemical compositions of tested steels

Steel C Si Mn Ni Cr Mo Cu Nb A\ B N Hv "V T AC]Z’ T Acf)
A 0.149 0.20 0.95 0.016 0.018 - 0.005 0.001 0.002  0.0001  0.0028 131 1011 1 127
0.17 0.37 1.35 0.018 0.027 0.002 0.006 0.002 0.005  0.0003 0.0018 160 1006 1116
C 0.145 0.26 1.16 0.021 0.046 0.002 0.007 0.002 0.001 0.0002  0.004 163 991 1110
D 0.06 0.25 1.3 0.33 0.027 0.003 0.30 0.009 0.002  0.0003  0.0027 170 990 1139
E 0.149 0.21 1.11 0.021 0.023 0.002 0.008 0.007 0.001  0.0002 0.0014 165 984 1105
F 0.149 0.30 0.85 0.83 0.53 0.48 0.23 0.004 0.047  0.0021  0.0109 295 1029 1189
: Hardness of the base metal (Vickers scale, 5 kg loading)
2 Ac, temperature [K] using Eq.(9)
¥ Ac, temperature [K] using Eq.(A3)
—51— #oB #k B #3857 (2006)
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Experimental (@) and calculated (O) results of hardness distribution
in Steel F

LBIG B &, TS 53A  Ac #L E THME L 720

52 WBEIHmEEXDBE

4 BT S HMHEERORE DR e g L7, ERICEn
ARHET 27201003, EREEMAORE L LTRSS ATIUEES
BWNRT A=Y =NHb.T¥, R(B)ICHNLEHITH L), 2
NEFATT B 720D+ — A7 F 4 MRBEDIFEAL L AV F—13 L
T O TR L7219
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ln(AtM):106CEM 48, 24)
St Mn ,Cu Ni ,Mo
CEM_C+ 6 +15+ +4
Cr(1-0.16/Cr
+ % +AH +0.00585 - In(I'),
I'=2x10%71+125x 107},
0, B <0.0001
0.03fy, B=0.0002 _0.02-N

A = \0.06fN, B =0.0003" Iv= 0.02 -

0.09fy, B =0.0004
IOWCTETOHMPEMZ 2w, K (24) T, CE, DRSS
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LTIV TEOTEFHT L L, UTD LI ICERBITE 5,

EMVION
DW(r) L
&, BEY
HY, #H

In(Ar ) = 62CEB+087 (25)
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CE = C+36+20+9+5+ 2 +0.00501 - In(1I"),

In(At p) = 8.74CE p - 0.19, (26)

CE pp=C +0.28Mn + 0.053Ni + 0.36Cr + 0.42Mo + 0.0508 - 1n(I'),

In(Ar ;) = 0.99CE , +4.5, @7
CE 4 =C + 1.14Mn + 1.06Ni + 2.02Cr + 2.33Mo + 021 - In(I'),
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H ;= 884C (1-0.3C2) +294 (28)

H 5 =197CE ; + 117

—c+St Mn Cu Ni Cr Mo V _Nb
CE”—C+24+5 +10+18+ +2.5+5+ 3 (29)
H p=90.9CE ;; + 114 (30)
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Microstructures of Steel F after SAW(a: in the vicinity of fusion line,

b: region of maximum hardness)
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Relationship between hardness at Ac, line and I,
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