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Influence of Martensitic Islands on Fracture Toughness and Strength of Weld Heat-affected Zone

Tetsuya Tacawa, Takashi Mivata, Syunji Amara and Kentarou Oxamoro

Synopsis :

Formation of martensitic islands is one of the most significant causes of deterioration in toughness of multi-pass weld

heat-affected zone of high tensile strength steels. This paper presents the influence of the size and the volume of the
martensitic islands on the primary mechanical properties and the cleavage fracture toughness of steels simulated to
intercritically reheated grain coarsened HAZ of multi-pass weld. Various thermal cycles simulated to HAZ were applied
to five kinds of laboratory melted steels produced by hot rolling, direct quenching and tempering process to reproduce
of different states of the martensitic islands. The states of the martensitic islands represented by the average and the
maximum size, the volume fraction and the aspect ratio were investigated in correlation with the thermal cycles. The
yield and tensile strength increased with the increase of the volume fraction of the martensitic islands. However, the
toughness was so sensitive to the formation of the martensitic islands that small amount of the martensitic islands

significantly decreased the toughness.
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Table 1. Chemical compositions of steels tested.
(mass%)

Steel C Si Mn P S Cu Ni Nb Al Ti

Steel A 0.08 0.22 1.49 0.004 0.003 0.31 0.31 0.009 0.032 0.008
Steel B 0.08 0.21 1.48 0.004 0.003 0.30 0.30 0.009 0.030 0.008
Steel C 0.11 0.22 1.44 0.001 0.005 0.21 0.20 0.021 0.027 0.011
Steel D 0.11 0.19 1.44 0.011 0.005 0.21 0.20 0.020 0.028 0.012

Steel E 0.08 0.27 1.39 0.004 0.003 — — 0.009 0.031 —
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Fig. 1. Simulated HAZ thermal cycles..

Table 2. Materials code and thermal cycles.

1st heat 2nd heat 3rd heat

Code| Steel | Peak Cooling rate Cooling rate | Peak Cooling rate | Peak
temp. 800C/500C  500C/200C | temp. 770°C/200C [temp.

P1(’C) CRL(C/sec) CR2(C/sec) |P2(CT) CRI(C/sec) [P3(C)
A-S1|[Steel A| 1400 7.5 25 — - —
A-S2 |Steel A| 1300 7.5 2.5 — - —
A-S3|Steel A| 1200 7.5 2.5 — - —
A-54|Steel A| 1400 7.5 7.5 — - —_
E-S1|Steel E| 1400 7.5 2.5 — - —
A-D1|Steel A{ 1400 7.5 25 770 7.5 —
B-D1|Steel B| 1400 7.5 2.5 770 7.5 —
C-D2|Steel C| 1400 75 25 770 15.0 —
D-D2|Steel D| 1400 7.5 25 770 15.0 —
A-T |Steel A| 1400 7.5 25 770 75 450
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Fig. 2. Specimens, dimensions are in mm.
(a) Smooth round bar tensile specimen.
(b) Three point bend specimen.
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a) A-S1 b) A-D1 ¢) A-T
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Fig. 4. SEM micrograph of simulated HAZ, show-
ing M*.
a) A-S1 b) A-D1
c) A-T d) Magnified view of A (in ¢).
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Fig. 5. Size distributions of M*.
(a) A-S1 (b) A-S4 (c) E-S1
(d) A-D1 (e) C-D2 (f) A-T



Table 3. Volume fraction and size of M*.

Material Volume Average Maximum Aspect
fraction(%) size(um)  size(um) ratio
A-S1 2.0 1.0 2.17 2.43
A-S2 1.7 1.2 2.10 2.35
A-S3 2.1 1.3 2.70 2.15
A-54 4.4 1.6 3.27 2.73
E-S1 0.4 12 1.70 2.04
A-D1 4.7 1.2 2.90 1.87
B-D1 5.9 1.3 3.86 2.06
C-D2 11.0 1.3 5.85 2.09
D-D2 12.0 1.3 4.05 2.01
A-T 35 0.9 2.70 1.78
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Fig. 6. Correlation between maximum size and vol-
ume fraction of M*.

O : Single cycle
@ : Double cycles
" @ : Triple cycles

M* average size , um
[\8)
T

| —O-—i _______ oe-
1 'O_ﬁ_._! ___________ ._ _
0 1 - 1
0 5 10 15

M* volume fraction , %

Fig. 7. Correlation between average size and vol-
ume fraction of M*.
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Fig. 9. Relation between aspect ratio and area of
M* on A-D1.
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Table 4. Mechanical properties of materials tested
and facet size of cleavage fracture surface.

Atart Cys O R.A. Facet size
Material — (MPa)  (MPa) %) ()

A-S1 434 599 79 13
A-S2 422 592 79 12
A-S3 402 573 81 9
A-54 441 633 79 18
E-S1 425 589 78 17
A-D1 451 638 74 28
B-D1 451 638 74 10
C-D2 519 732 66 15
D-D2 518 739 67 17
A-T 470 635 79 15
1000

Oys Cu
200 O A Single cycle
@ A Double cycles
[ @ A Triple cycles
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Fig. 10. Relation between volume fraction of M*
and tensile properties.
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(a) Materials subjected to single thermal cycle.
(b) Maﬁerials subjected to double and triple thermal
cycles.



P BRI P {EIER I H 2, “HEY A 2D
S PZEFA 7 THOZEBMRIZE— A 2 vSHC i
L T50°C» 6 150°CiE { iRl b v, BBMHET b EH I
Witk ~ SBHBRERFE 2 L TV 3,450°CTHER LICA-TH T
BREEIRA-DIM I ENEFTERHELTC 5 50D, £ DR
B8 v,
Fig 121 Z R OBRIEE # MR N L TRT,

2 2T Keh$150MPamV2 & & 5B E # AN ERIRE L
EFELTV S, MBS LEIRREODERHAEY, 5%
REM*AERI NS L, ZEROEEM OB E, BRIEE
CLTISOCRELFRTAI LTh 5 M* DI S HOB
L3 LHESATV S, ERINCHERIRD
Griffith®Z L L TOEIB o~ SPIBUEY R S h, &FH Y
VISP PR RT LIKET 5 L, MBS DEIN,
REOHEE, T X ELTH, M*OTEE LR ER
DOFEFRET A EBELONSG, 2 I TRM* OBRKT
HEZo W TR L TAR M* OFEER S HEK TRV
0 BUET BB # Fig 13, Fig.l4(i/RT, Fig13T i3 &R
MO 0°Ciz ) 2 MM 2 MEERIZH L T, FigldTik
M*EAKHECA L THRLTH 5, Figl3io & 3 L BUEMEIR
M*OERIZL DFEL (BT 2235, MFHEE 4 QEEL
FTRIFTFTRREZRL, »2REL EOM* £ BIEME S
FNBRFEEPRIFLTURECE5TH 5, —K, Fig.144
TR LIEM* Bk~ b Fig 130 M* & & FARCEEEC K
S{WEBPRIELTH Y, M*OTREI AL KIGIET 3
¥ 555, AR OMBETIEFig. 6 (2R L7I2 & 3 o M*DO K
BOHMIZL b ReBRRNEVEML T2, EEL
XERFHETH 55, M*I2 & 5 HflbOiBY Z nh 6 OFs
BOA»CHEMET 5 2 LIdEEL O MEERDOKR S AR
TEHIECEACNRLEC I LR, M*OERREBIIELAE
EZMaonvic bbb, WHEECIKRSLENAS

£ 100
«— O : Single cycle
& @ : Double cycles _

g [ @ : Triple cycles /‘,’

2 o0 7

- i O/ P

4 - P

) ’ .7

) Q d <

Ié 2 4 /‘

ﬁ s 7 s -

§ -100 o .

£ -7

2 et

£ et

é. _200 1 — 1 s 1 4,
= 0 2 4 6 8

M* volume fraction , %

Fig. 12. Relation between transition temperature at
which Kc=150MPam!? and volume frac-
tion of M*.

SR MERMGERCEC S BR T A b LRE - MR RITTRE

700
' 6 at-60C O: Single cycle
600 | @: Double cycles
at-11C @: Triple cycles

S
(=]

(=]
T

LA

X

300+
200}

100}

Fracture toughness Kc(J) at 0°C , MPam 12

0 " L 31
0 5 10 15
M* volume fraction , %

Fig. 13. Influence of M* volume fraction on fracture

toughness.
o 700
g % at -60C O : Single cycle
§ 600} @ : Double cycles
3 at-11C @ : Triple cycles
O 500+
(]
-
<
2 or é 69°C
[>] at -
N
2 300
-4
£ 200
7)) o
g
[}
lé 100+ ® o
g
= 0 1 L — 1
1 2 3 4 5 6

M* maximum size , um

Fig. 14. Influence of M* maximum size on fracture
toughness.

NasLE, EEI M OR, THEOALZL>THRE-> T
ROUZERRBELTVS,

5. BE

TR B % i L 72500 ~ 600MPafk DK IR & &% 1
SRS T 2R B RO EBREISMM I L, M*AERK
RESHMPEE 23, LTO/RmERN.

1) 2BBRIEHHAZH 2 EIR LIS A 2 v OM* 4R
R, M—F A 2 DA, ZOC—2RERD T HYBE
PHZGHEDD, 500°CH 62000C 3 TOWHEEIL K &
BHERE LA, S6IIAGEACDFRIDIRE CHEHMEL
R_EFA 24Tk, M*EREIZS 68 mT 5,

2)M*DPEHEEMEEEPEILLTHIR LA L KD
LU L, M*OBKRFERIRIM R ICILE L TH
KT 5,

118! .



I 1182 %k & R Vol. 79(1993)No.10

3VHE—F A 2 DG LT, ZEY A 2 TIEM*
DRBBFEOENPS L, EFED 5 CIIAECET L Eh
WhHhb, 210, ZEYA 2 vMPICERINIMAE, K3
HYDREMICECEIRE L B,

4 IYM*OFEEROBMZ L b v, BRISH, 5IEHRS
B ERTAEEYA NS,

5)BEEEMEE I M OAERIZL Y ELIETT 255, 1k
ERIGEBETTREYRNL, 20 EM*PERLTY,
AT LA LN G,

X B

1) 5 %, mWBiEE, MAaRER  $ L, 65(1979), p.1222
2) PHAER [ BEFELE, 50(1981), p.37

54

3) T. Haze and S. Aihara : Proc. 7th Int. Conf. and Exhibition
on Offshore Mechanics and Arctic Engineering, 3(1986),
p.515

4) T.Haze and S. Aihara : II'W Doc. IX-1423-86,Tokyo, (1986)

5) LERRINE, REFEREZ, FTREITA, NEFEH— NESEHER &
HER, T2ENP | AREMELHRE, 162(1987), p.424

6) S. Machida, T. Miyata, M. Toyosada and Y. Hagiwara:
ASTM STP 1058, (1990), p.142

7) FHHKE, TAEH, KHEESE, B AN AR, 34(1985),
p.638

8) S. Aihara and T. Haze: TMS Anual Meeting, A88-14,
(1988)

9) American Society for testing and Materials, Standard Test
Method for Jic, A Measure of Fracture Toughness, ASTM
E-813-88, (1988)

10) WEHH—, KIFHF 8 LM, 72(1986), S1159

11) BT, SHER, BRERZ, MAREKE g EM, 79
(1993), p.1183



