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Influence of Martensite-Austenite Constituent on Toughness of
Heat-Affected Zone of High-Strength Weldable Structural Steels

Yutaka KasaMATSU, Syuzi TAkAsHIMA, and Takashi Hosova

Synopsis:

A study has been made of the cause of heat-affected zone (HAZ) embrittlement from the metallurgical
point of view. The special emphasis has been placed on the clarification of the role of martensite—austenite
(M-A) constituent. A synthetic weld—thermal-cycle technique has been applied to various high-strength
steels in order to simulate the coarse-grained HAZ over a wide range of welding heat input/cooling time.

In each steel, an initial increase in cooling time results in a microstructure change from martensite to a
mixed structure of martensite and lower bainite, which lead to an increase in HAZ toughness. Further
increase in cooling time causes microstructure to change from the mixed structure to upper bainite, which

" is accompanied with a marked degradation in HAZ toughness.

A close correlation is found between HAZ toughness and the amount of M—A constituent, whereas the
effect of austenite grain size or fracture facet size is only capable of explaining less than 30 percent of loss
in HAZ toughness. The deteriorating effect of the constituent is evaluated to be 8°C/volume percent of
M-A constituent in terms of V-notch Charpy FATT.

Characteristics of an extremely low carbon steel have also been examined with satisfactory results due to
its minimized tendency to the formation of M-A constituent.
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Table 1. Chemical composition of steels (wt2).

Steel C|SiIMn|P|S|Cu

Ni|CriMo| V| AL | B [Ceq

HT-50 [0.14 [030]1.38 00160008 -

-1 -1-1- loo33]| - 0383

HT-60 - 0.1 {0.241.22 00080007|0.20

045]0.14 10.13 {0.04|/0035| - [0.398

HT-80 10.12 {0.23|084 [0.01410005/0.25

096059 0.39|0.04|0060/00012| 0513

HT-100(A){0.10 {0.281.01 {0010{0003{0.25

332|058 [0.43]006(0037| - [0591

HT-100(B)]0.09 {0.26 |0.60 |00080003{0.25

4.91/0491042|006{0040| - |0531

* Ceq.=C+1/24Si+ 1/6Mn + 1/40Ni +1/5Cr +1/4Mo +1/14V

1400
Size of test specimen : 16¢ x 55(mm)
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Fig. 1. Synthetic welding thermal cycle.
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Fig. 2. Variation of notch toughness and micro-
structure with cooling time in simulated
HAZ.
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Fig. 3. Variation of simulated HAZ toughness
caused by microstructural change.
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Fig. 4. Relationship between ASTM grain size
and simulated HAZ toughness.
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Table 2. Estimation of the embrittlement caused by formation of upper bainite (°C).

Ny L Apparent embrittle- Embrittlement by Calibrated embrittle-
Steel ment by formation | increase in fracture | ment by formation of
at 1002,UB | at 09, UB* | of upper bainite facet size upper bainite

HT-50 + 6 — 38 44 7 37
HT-60 +15 — 64 79 21 58
H'T-80 +71 — 68 139 35 104
HT-100(A) +55 —108 163 57 106
HT-100(B) 446 —131 177 55 122

vTps in mixed structure of M+LB, ie minimum v s

Photo. 1. Upper bainite of steels after synthetic welding thermal cycle.
a) HT-50 Tc=20s, b) HT-60 7,=25s, c) HT-80 T',=1000s
E d) HT-100(A) T:=2800s, ¢) HT-100(B) T.=2 800s
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Photo. 2. Electron micrographs of martensite-austenite constituent in HT-80 after

synthetic welding thermal cycle. (T ;=1 000s)
a) Plastic negative replica, b) Transmission electron micrograph

BIRELBAER LTS, S0 X5 GBRE, ©
ORI X o CEiER O UB bR AT L S
HURER AR LTV 5.

L= AT, Mmura B9 i3, {ERESE Mo giilo HAZ
oDk 57 BikE 235 high carbon martensite
islands 23ER L, ZOEMEHEIRETLEHLN
=L C\%. ¥, COLDREN 519 & ELISHEL MR
iz E T, BHIR D martensite-austenite constituent
FiR B AR RD T 5.

Photo. 2 3Bk X > T B L1z HT-80 IR
HBoO—FlZR b0 THS. V7Y PERETRE, %
DIRER L HBER ) b b MM E 2 LT\ 5. £,
HEEE T, BRERFCSHORMEIBE SR, &
MEELG O TWA. 20X 5 st HABRAKEN
B D5 x7,
Mimura 5@ high carbon martensite islands D%z
E—5T5. i, TOMREBPCRE r "EET S
Z EAEHBRTL AR, KPR ISWTh, Z O
WG E ST UB AR THHARIT, ThBRFELT
W5z EEXBEITC X DR L.

PlERNE X 5, AR TEREIhICHRD
BT, HABRAKEN B O#ifE L7 austenitic-mar-
tensitic regions, ¥ f-, MIMURA B D\~ 5 high carbon
martensite islands » 3 \ITEEER=AT v 4 112
IR THB D ER—TH Y, KRBT, TD
B OIbe$ % = DR DRERRET 5.
3.4 BRTAFVYL MIKBHIE

ER= AT v A A RIE TR EERC Y
ST BT, ZORMEANERTS Te OfHES
IO EDERE, KX, EREXHEEL hbk
vTrs DRI OWTHRE L.

Fig.9 gk~ 7 vy A P ERTS Te DH%
FBLELDTHY, BR<=AT VA F OEBEHEE,

austenitic-martensitic regions,

Tc, Cooling time frorn 800°C to 500°C(s)
R U, PR v P
- —— HT-50 ——
t HT-60 -
' HT-80 -
————— HT-100(A) ————

F——— HT-100(B) ———-

Fig. 9. Cooling time range for the formation of
martensite~austenite constituent.

EEHTLRENS VI L REFACZE L5 2 &
MNdoind., ZOEFEBEEE TS T OB DWT
H% &, Fig.2 L oXfts b, HT-60~HT-100(B) o
BE, T id, BR~AF vy A4 PBMER LIBD S T,
ORI ERLTWE Z L5,

Fig. 10 3T O, T7bb, Mk M+LB 2
b UB eBbTBBoER=LVT v 1 b OERE, K
EXBIVCEREY TcedLTT ry b LALDTH
%. HT-50 CIRBk~ V5 v A + OEREIDEL,
F ez Em A I, HT-60~HT-100(B) ki35 B
ks v A b OEREL, Te O#INE & il
SN L, TOBEMT 5, HHViEME LR
ONABYTH. LT, ZOEREORKELEST
ZEOEWRBIZERE L KO TWE., WwoIiEd, B
< T VYA FOKRE X, BABMICIRIZIE—ETDH
n, BAEAITIE T Do CTEBHERT 5.
Tk, EBABMITIE, Te DEMCE DT, &
R=LrF vHag FPOREIIBFEEDOE FERB O
AL, SABMCIE, EREZBIE-EDEELD
EXDLAHERT S, COBE, ERHEAII0R
TEPLIRD BRR~A1TF v A P DERER, Te O
e & & 7o CHEEFCIEM LT 5.

DX ER=AT V-1 P OERIREESR KT 3

_. 98 —



DR .

;
>

HERERERNIMOBERYEROMECRET Bk~ 7 VL L ORE 1229

8 40 T e
< S - el - S,
Zl g ,’/ ,'A- ’/‘ // I
w- O 4 J
° :200'_/ ]—/ 7 —z T{Mark | Steel
g § ' 4 Lo —0—| HT-50
E= --@--| HT-60
zZ 0 S HT-80
— [~~~ HT-100(A)
5 =3 - [HT-100(B)
k- E A
: S A
g3 2 TR e T
B oo A
c ¢ ’--Q"""g;"—g/
é ; 1.0
8
20 P
,/5 D2
iz e
=< V-4
% e A et }(/
c 3 ! ,{,-/' I 2
£ 3 P
o 0 o .
" £ e
N 2 e CT d
5 10 50 100 500 1000 5000

Te, Cooling time from 800°C to 500°C(s)

Fig. 10. Effect of cooling time on size and disper-
sion parameters of martensite-austenite
constituent.
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Fig. 11. Apparent influence of martensite-austenite
constituent on simulated HAZ toughness.
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Table 3. Chemical composition and mechanical propertics of extremely low carbon steel.

Plate Chemical composition (wt.%) Mechanical properties
thickness
. . x| Tensile property | Impact property
(mm) C 1S Mal P IS ICuiNiICr IMo vV [Al (Ceq V.Pll TS, EL. virs Wire veaey!
(kglrrm)l(logimn'ﬁ ey |eey [ec) Jg-m)

25 002026176 |0010|0005]025 |05t }036]022

|

005 |0031]0468 1534 | 628 | 31 }-92 |-96|31.2

*x  Ceq.= C+1/24Si+1/6Mn+140Ni+1/5Cr+1aMo + 1714V
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Fig. 13. Variation of area fraction of martensite-
austenite constituent, 7 g, and microstruc-
ture with cooling time in extremely low
carbon steel.

T+ Evbh T, 22T, CEREZEED
EIE TR IS, 1250 e LcEE C o 60kg/
mm? FHEEE oW, Te ORI E D75 Bk~
AT A b DERE kOB LA HE L.
pratgAr 100kVA EEBKRERE, BAKRKEDS
Lic Yo CBE L b0 TH Y, T DL & e
WE% Table3 @Ry, 2T Fig. 13 1% T, OHEhn
kb7 s Bk AT v A MERER X v Tr O
(b2, Sercdicfesko HT-50 3 08 HT-60 L3I
LCGRLELDTH Y, iy LB+UB 225 UB 2
< UB+FP wZ{btLT\%. Photo. 3L, = DRR{E C
%@%Ok%%ﬁv»%y%4b§&§@%v%é,
T, 90s D To HETS 3 7 rfAfERLICD
@f%é.%ﬁﬂw?y%4béﬁ§m,@ﬂﬁ&6ﬁ
© To e &bl 5B L bi/hE L, TOERBIIRE
ETh 4% €T i, t0Xdi Te DIz & %

258,

Photo. 3. Upper bainite of extremely low carbon
steel after synthetic welding thermal
cycle. (T:=905)

75 Bk= T v A MEREOERIL, ZOERED
e BN A 5esk 0 HT-60 034 L1k F Dl < KR
Bch b, frLs, HT-50 o Fhic T@UL b, L
7980T, T SRIE ORI b BB HE S HH
n, Te RWMIBTHIZEAE ER LV, L,
o Trs OEFEBAZE 150k]/cm BEWR HET5 Te
DBEAETY, —30°C & XhbdC/ERBMELTVS.
DEoiER Ly, EC{LIOTER~AT v 1 b
ERERRD X85 20, HAZ ORiEHERR S0
CELDTEHTHS LiEwmIhs.

4.

50~100kg/mm? #FEEIMC BT 5 HAZ o &
it D\ CHE L. TOMREERN TS L 0&
DBHTH5D.

1) ARG ORI & b7 5 Wiko iy, B
AzZhE ORI o T, BMEAE BT HR, EES
(b3 % 8IS L ONE & A EEL Lisw b3 hic B1e T
LR 3 EHR YT Bhb. T LT, KABGBETER
5 HAZ LR EOEGE IR T, FEAZEDHE

il

— 100 —




BEBENEEINOBESIREROMECRETERTAF VY1 o 1231

e & ik M+LB 238 UB &b+ 5.

2) v KB XOBEEMIIEEABEOHINC O T
WRT50, MM RIET b0/ NS, £&Mf
DI b3 2 F 5T REOMEILED 30% KiETH %,

3) fHREA M+LB 55 UB wZ kT 3EE0MbE
3, M X oCRich, UB oERBEOLCILHE T
=N

4) UB ogEIL, S Lo CRDOTH D, HT-
50 CixstRICBOTe vy =54 F 7 AR, £&LTx
AVEAFBHHLCWSDR LT, HT-60~HT-
100(B) T ER~=LF v 1 FIER LTS,

5) 4 M+LB 205 UB i@ b 5D T
DOEIT, BR=AT vya COERECEKEL, BIX
=T VYL P OERECHFA LT ERETS.

6) MIECHD HAZ T, BR=AF vva b4k
HEILE D TAIRL, o HAZ O, HHEAR
ENEMUTHIBEAE R Ui, LedioC, RIE
Cibiz, RABBERMORB L Z D TEM L
ThH5b.

Row, BTEEEBRSChH>Es EERYE,
R TH 7 () M BT R OFERT  JTREE R
KB sle L ES 3.

1)
2)
3)

4)

)
6)
7)
8)
9)
10)

11)

12)

13)

X oy
7z & 2V, E. F. Nipepes, W. F. SaAvagg, and
R. J. Airio: Welding J., 36(1957), p. 513S
BHEKDT, FAEKE, REREI, ER=. &
By RN AEEE SRS, 43(1974), p. 1047
HN &, REIRE: EEx4L5%, 46(1977),
p. 713
H. Mimura, M. lino, H. HAacA, N. NOMURA,
K. Aoki, and K. Aoki: Trans. JWS, 1(1970),
28-34
FRIEER, PRWE, ME U BE¥sch 34
(1965), p. 1064
FEEILER, FWEAR, KFEHH, REEK:
[ o3 ##: | Climax moly. (1971), p. 85
A &, PEERE: [$koMLER & T ]
#REMAE P SL W I PR & S M Ef 4 (1975),
p. 215
WHE—, #FE & =K £, BEF&EL: [H
D& #: | Climax moly. (1971), p. 47
J- M. Carus: JISI, 200 (1962), p. 922
A. P. CoLpreN, R. L. CRYDERMAN, and M.
SEMCHYSHEN: Symposium “Steel-Strengthening
Mechanisms”, May (1969), p. 17
L. J. HAaBRARKEN and M. EcoNOMOULOS:
Symposium “Transformation and Hardenability
in Steel”, Feb. (1967), p. 69
e xiE, FIR O, RibEE, HERER: (W
D35 | Climax moly. (1971), p. 103
FiEit=, 4% — BHURE: AEXE&EBE%&H,
31(1967), p. 758

— 101 —




