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Effect of Microstructural Factor on Ductile and Brittle Fracture
Toughness Parameters in SS41 Steel

Toshihiko KAzZINO, Toshihiro HAYASHI and Toshiro KOBAYASHI

Synopsis :

Static fracture toughness test at room temperature and — 196°C was carried out on JIS SS41 steel
specimens which had different notch root radii and microstructures, then, effect of microstructural factor
on ductile and brittle fracture toughnesses were examined.

At room temperature, it was observed that the local model of ductile fracture initiation criterion was
valid. Characteristic distance in ductile fracture has nearly corresponded to void initiation distance ahead
of the crack tip and the spacing of inclusion, therefore, it was presumed that a microstructural factor
associated with the ductile fracture was mainly inclusions. Ductile crack initiation toughness and crack
propagation toughness were measured. It was observed that the crack propagation toughness rather than
the crack initiation toughness was susceptible to variation of microstructure.

At very low temperature, it has been shown that the variation of the fracture toughness with notch root
radius follows the theoretical formula presented by Williams. Characteristic distance in brittle fracture-
has corresponded to a multiple of martensite packet size or spacing of precipitated carbide, therefore, it
was presumed that a microstructural factor associated with the brittle fracture was mainly carbides.
Brittle fracture initiation model taking the process zone at the crack tip and distribution of carbides into
consideration was presented. ‘
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Table 1. Chemical composition of SS41 steel
(wt%).
C Si Mn P S Cu Cr Al

0.13 0.12 0.67 0.016 0.017 0.01 .0.01 0.016

Table 2. Heat treatment conditions.
Material Solution treatment Tempering treatment
A 850°C 30 min 0Q 300°C. 2h AC
B 1100°C 30 min OQ 300°C 2h AC
C 1100°C 30 min OQ 650°C 10 h AC

* 0Q:0il Quench AC : Air Cool
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(a) Pre-cracked specimen (b) Blunt notched specimen

Fig. 1. Specimen geometries.
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Table 3. Mechanical properties.

Yield Ultimate

. tensile Elongation YOUNG's
Material strength strength EL (%) modulus
oMPa)  ZEAED E (MPa)

A 452 638 23.7 178 600

B 812 920 9.2 239750

C 819 1123 29.3 221730

(a) Material A (b) Material B (c) Material C
(d) Precipitated carbide in material C

Photo. 1. Microstructures of materials.
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Fig. 2. Relationship between fracture surface

roughness and notch root radius.

Table 4. Microstructural feature of inclusion.
Volume fraction Mean radius Mean spacing
o (%) Ry (um) dp (um)
0.05 1.8 108
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Fig. 3. Microscopic fracture criterion pertaining

to critical stress-modified critical strain-con-
trolled model.
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Fig. 4. Relationship between void initiation dis-
tance ahead of crack tip and notch root radius.
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Fig. 5. Relationship between characteristic dis-
tance in ductile fracture and notch root radius.

Table 5. Crack initiation toughness and crack
propagation toughness at room temperature.

Crack initiation Crack propagation

) toughness
Material TIOL('f‘}I';';Szj (Tearing modulus)
¢ ' Tml
A 124.6 351.1
B 160.2 572.2
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‘ (a) (b) Microvoids and crack along inclusion(MnS)
(c) (d) Initial microvoid coalescence

Photo. 2. Typical microvoid appearance at crack
tip.
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(a) Transgranular crack propagation path in material A
(b) Intergrapular crack propagation path in material A
(c) Branching crack in material B

(d) Crack along precipitated carbide in material C

Photo. 3. Typical crack propagation appearance.
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Table 6. Relationship between fracture toughness
and characteristic distance at —196°C.

Fracture . T Martensite
Material toughness Characteristic dl:tan?e packet size
G, (kJ/m? lo (um) Lh™=41h D (um)
A 5.4 25 100 21
B 16.5 39 ~ 156 41
C 5.3 18 72 39
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(a) Sharp crack

(b) Blunt notch

Fig. 7. Schematic illustration of brittle fracture
initiation model considered with process zones at
sharp crack and blunt notch tips.
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