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Influence of Ni and Mn on Toughness of Multi-Pass Weld Heat Affected Zone
in Quenched and Tempered High Strength Steels

Toshiei Hasecawa, Toshiaki Haze, Shuji Amara and Kentaro Oxamoro

Synopsis :

Influence of Ni and Mn on toughness of multi-pass weld heat-affected zone (HAZ) in quenched and tempered high

strength steels was investigated in order to make clear the metallurgical factors controlling the toughness of the local

brittle zone (LBZ) in the HAZ.

Change of simulated HAZ microstructure due to chemical compositions and thermal cycle condition is expressed by
a modified hardenability index (S;), which corresponds to ideal critical diameter (D;) taking account of the factors of
boron and austenite grain size for the HAZ. Simulated HAZ toughness has good correlation with S; and Ni content. The
highest toughness is obtained at optimum S, value (=11) regardless of the chemical compositions and the thermal

cycle conditions.

For lower bainite, martensite and their mixtures, cementite which precipitated in the laths of auto-tempered

martensite during cooling has a important role for controlling the toughness.

austenite is not a main controlling factor.

But, fracture facet size or retained

Key words : welding ; heat affected zone (HAZ) ; toughness ; high strength low alloy steel ; steel plate ; weld thermal cycle ; bainite ;

martensite.
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“Fable 1.-Chemical compositions of steels tested 1T, #itv 7Y H OEERE T SRMSE(TEM)BEE b £l
(mass% *ppm). L7,
steel C Si Mn Ni Cu Cr Mo Al B* N*
Al | 0.081 0.21 0.49 1.03 0.25 0.59 0.47 0.078 - 26 3. EERER
A2 | 0.080 0.21 0.73 1.03 0.25 0.59 0.47 0.077 - 26
A3 | 0.081 0.21 0.98 1.03 0.25 0.59 0.47 0.072 - 25
A4 | 0.081 0.22 1.27 1.01 0.26 0.60 0.47 0.073 - 22 . - > N BAETR = B :
A5 | 0.081 0.22 1.50 1.00 0.25 0.59 0.47 0.072 - 23 Fig:1, 2 &% nEnBRIEMH, BlJﬁﬂ*ﬂ'@@llﬂE&Nl,
A6 | 0.077 0.21 2.20 0.98 0.25 0.59 0.51 0.047 - 20 MnEDOBERZRT . B4 2 v R BRINOBEIZL Y
A7 | 0.076 0.23 0.52 3.16 0.25 0.63 0.55 0.072 - 38 W e 3e b Teae Tt ,
A% | 0.083 0.22 0.78 3.19 0.26 0.62 0.55 0.074 - 24  TIOGHAZEIEIZ 3 SIXT Ni, Mo XM ZALT 5.
A9 | 0.085 0.23 1.06 3.14 0.28 0.62 0.55 0.079 - 35 BEFRIMM CIRE— 4 2 v O4, Nikd' 1 %TikMn
A10 | 0.084 0.22 1.25 3.01 0.25 0.61 0.48 0.074 - 27 - ) AR
All | 0:085 0.21 1.48 2.99 0.25 0.60 0.48 0.073 - 29 BOWINC & b HRHAZEE WM ET 5%, Nigb' 3%,
Al2 | 0.094 0.23 0.54 6.30 0.26 0.63 0.55 0.072 - 33 O/ ) X 1= Mo L - 2 —
Al3 | 0.094 0.22 0.76 6.43 0.26 0.61 0.54 0.073 - .24 6 % T I-MnREDHIMI- & 9 MIERHALT 5. AcKHE
Al4 | 0.085 0.23 1.03 6.08 0.27 0.60 0.53 0.074 - 35 RELFCHANBRINZ ZEFA 2 vO%EAI12 3 %Nilzkw
A15 | 0.091 0.22 1.25 6.11 0.25 0.60 0.48 0.073 - 25 ; N
Al16 | 0.090 0.21 1.49 6.07 0.25 0.60 0.47 0.072 - 29 TMnEOHM & b WIEEET 2. 6 ¥NITOBIELAL
Bl | 0.075 0.22 0.75 1.04 0.25 0.64 0.48 0.068 9 16 RIZEAEBDONL LY, MnRiZ & 6 TV~
B2 | 0.075 0.22 0.98 1.04 0.25 0.64 0.49 0.068 10 15 EECBRTTH B,
B3 | 0.074 0.22 1.20 1.03 0.25 0.63 0.48 0.067 10 14 . i }
B4 | 0.071 0.21 1.48 1.01 0.25 0.60 0.48 0.065 10 17 BEIA X BEGRMM L R Y H—4 4 2 v i2351) 5 Mn
B5 | 0.073 0.21 1.73 1.01 0.25 0.60 0.48 0.068 10 18 - 2 $1O/N:iT & =0 >
B6 | 0.073 0.21 1.96 1.01 0.25 0.60 0.48 0.069 9 19 BOBIMIZ & 5 BIESHT L RNIT SRD SN2, if’_
B7 | 0.075 0.21 0.74 3.01 0.25 0.60 0.48 0.048 11 17 BM—Ff 2, “EYF A vl b Mnic & 2RESILIZETE
BS | 0.076 0.22 0.98 3.01 0.25 0.60 0.48 0.088 11 17 . . . <
B9 | 0.077 0.21 1.25 3.02 0.25 0.61 0.48 0.087 11 18 Th L, HHRHAZAM YR b Bif & 2 2 BoEMnBEVHET
B10 | 0.076 0.21 1.48 3.00 0.25 0.59 0.48 0.072 10 14 P
Bll | 0.076 0.21 1.72 2.99 0.25 0.60 0.48 0.072 10 13 _ ) e p oo .
B12 | 0.076 0.21 1.98 3.00 0.25 0.60 0.48 0.072 9 18 Fig. 3 \Z BEER M O X ESHMERAROF # /R T, —F
(P, S=0.003mass%)
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. . HAZ toughness of boron free steels.
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Fig. 3. Influence of Ni, Mn and thermal-cycle condi-
tions on the microstructure of simulated
HAZ of boron free steels.
(a)steel Al, single cycle, (b)steel Al, double cycle, (c)steel
A5, single cycle, (d)steel A5, double cycle, (e)steel A7,
single cycle, (f)steel A7, double cycle, (g)steel All, single
cycle, (h)steel All, double cycle.
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Fig. 4. Influence of By fraction on simulated HAZ
toughness of boron free steels (D; =12inch).
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Fig. 5. Influence of D; on By fraction for simulated
HAZ microstructure.
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Fig. 6. Relation between D, and fg.
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Fig. 7. Relation between S; and hardness of simulat-
ed HAZ of boron free steels.
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toughness.
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Fig. 9. Influence of chemical compositions on the
size and distribution of M*in simulated HAZ
of boron free steels (single cycle).

(a)steel A4 (1.27%Mn-1.01%Ni : B, fraction 69%, vTrs
=-4°C,), (b)steel A7 (0.529%Mn-3.16%Ni : B, fraction
67%, vITrs=—34°C)
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Fig. 10. TEM microstructures of simulated HAZ
with S,=16-17, extraction replica (boron
free, single cycle).

(a)steel A10 (1.25%Mn-3.01%Ni : S;=16.8), (b)steel A6
(2.209%Mn-0.98%Ni : S;=15.7).

Fig. 11. TEM microstructures of simulated HAZ
with §;=25-30, extraction replica (single
cycle).
(a)steel
24.9), (b)steel B12 (1.98%Mn-3.009%Ni-boron added :
$,=30.5).
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