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Role of Microstructures on Fracture Toughness of Heat Affected Zone of Ti-killed Steel

Ken’ichi Yokovama, Hiroaki Isuixawa and Michihiko Nacumo

Synopsis

: Role of microstructures on the improved fracture toughness has been analyzed for the heat affected zone of weldment

in Ti-killed steel. A microstructural features of Ti-killed steel is decrease of coarse bainitic ferrite, ay°, and increase
of the mixed area of as’and quasipolygonal ferrite, aq, besides the presence of intragranular ferrite. The brittle fracture
initiation is not from large particles or inclusions, but at the intersections of small ap® grains with different orientations

in a mixed area of ap’ and aq in the proximity of boundary between coarse as’.

Ductile crack growth resistance

represented by the slop of R-curve is also higher in Ti-killed steel compared with Al-killed steel. Together with
observation of deformed microstructures, it is discussed that the decrease of coarse as® grains in Ti-killed steel
suppresses brittle fracture initiation by reducing plastic constraint and the increase in the mixed area of as® and aq,
enhances ductile crack growth resistance by accommodating large strain.

Key words : Ti-killed steel ; heat affected zone ; bainitic ferrite ; fracture toughness; R-curve.
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Table 1. Chemical composition of the steels (mass %).

C Si Mn P S CGu Ni Cr Mo Nb \4 Al Ti Ca N

A 0.062 0.363 1.47 0.010 0.001 0.91 0.52 0.24 0.11 0.011 0.025 0.028 0.012 0.0017 0.0037

B 0.057 0.248 1.40 0.006 0.003 0.93 0.41 0.27 0.10 0.011 0.030 0.003 0.016 —

0.0022

Fig. 1. Optical micrographs of specimens (a) steelA and (b) steelB.
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Fig. 2. Size distribution of a3’ areas in steel A and B.
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Fig. 3. Size distribution of M-A constituent includ-
ed in coarse ap° for steel A and B.
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Fig. 4. Histogram of aspect ratio of M-A constitu-
ent included in coarse a3’ for steel A and B.
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Fig. 5. SEM micrographs and the correspondin,
EPMA analysis for typical inclusions in (a
steelA and (b) steelB.

Number of IFP nucleated

. . 2 .
Steel Number of inclusions (mmr?) from inclusions (mn1?) Ratio (%)
A 19.0 9.5 50
B 20.5 17.8 87

Table 2. Ratio of inclusions

( nucleating Intra-
granular Ferrite Plate.
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Fig. 6. Energy transition curves of 2mm V-notch
Charpy tests.

PlECH T, B#IZEBRIEE 0 CU LIz TTF 3RO
L 6 BESHOERBYR NI, Thids v v —FHE
AEBROMEREE U L, BHOF»HERE T LIZ WS

L2RRL T3, 272, M—EEDOHBTRFEKXRTD
BIIBHO B H/NS o1z,

JHEOECH L TRESHESAaDERBORBUER L o172
bDOWFig 8 TH 5, WESHREFMETDH 2 R-HiR I
LA ERBERGTED LI LITRENTI H 112, Fig. 8
k2 LB BRRE B 2 Aa JHEAMEL OB LT
W AD, THIE—TEOR-ME AL LT, R-HIEEDME



B806 k& $RVol. 83(1997)Nal2

1000 |-

J-integral, (N/mm)
[
]
o
1

0 [ 1 A A
80 -60 -40 20 0 20 40 60 80 100 120
TEST TEMPERATURE, (C)

Fig. 7. Temperature dependence of the J-integral
values at the onset of partial load drop.
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Fig. 8..J - integral values associated with the
advance Aa of stable crack.
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Fig. 9. Fractograph of a steelB specimen (a) before
and (b) after etching by the SPEED
method'®. The initiation site locates near the
boundary of radiational and convolutional
river flow areas.

Fig. 10. Fracture surface of a steelB specimen. The
left arrow indicates the inclusion.
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Fig. 11. Ductile fracture surface near fatigue notch
tip in a three point bending test specimen in
(a) steelA and (b) steelB.
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Fig. 12. Histogram of primary dimple size on the
fractographs in the early stages of the
ductile crack growth.

w

[

-

LATH WIDTH, (ym)

o

(1] 100 200 300 400 500 600
DISTANCE FROM SURFACE, (1m)

Fig. 13. Meah lath width in ay° grains located at
distances from the fracture surface.
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