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Brittle Fracture Initiation and Propagation-Arrest Characteristics
in Ferritic-Pearlitic Steels

Yasupa OHMORI, Hiroshi IwANAGA,

Yoshiaki KawacucHt, and Fukunaga TERASAKI

Synopsis:

The effects of the microstructure and alloying elements on the initiation and propagation-arrest pro-
perties of brittle fracture in ferritic—pearlitic steels have been investigated by means of COD (Crack Open—
ing Displacement) and tapered DCB (Double Cantilever Beam) tests.

It was observed that in both cases the temperature at which brittle fracture was initiated or arrested
at a given toughness was linearly related to the square root inverse of the mean pearlite colony diameter.

This implies that the pearlite colony which lay in the plastic zone in the vicinity of the fatigue crack tip
or the propagating main crack tip was cleaved by the applied stress, and that the critical condition whether
this pearlite crack cleaved the adjacent ferrite as a Griffith’s flaw dominated the initiation or the propaga-
tion—arresi properiies of the briiile {racture.

The difference between the result of the static GOD and that of the tapered DCB test might mainly
exist in the strain rate, the strain rate at the tip of the advancing cleavage crack for the DCB test being
much larger than that of the fatigue crack tip for the COD test.

It was also confirmed that the addition of nickel greately improved the low temperature toughness for

the tests with high strain rates.
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Table 1. Chemical composition of materials

used.
Steel V c | si | Mal P S LN A
i i |1 3
270 . 0.10 | 0.26  0.62 | 0.008 0.007 0.03 | 0.045
271 1 0.10 | 0.26 | 1.02 | 0.008 0.008 0.04 | 0.044
272 | 0.11|0.25 | 1:38 | 0.009 0.008 0.04 | 0.041
273 10.10 | 0.26 | 062 | 0.007 0.007 1.02 | 0.047
274 |0.10 | 0.24 | 0.60 | 0.008 0.006 2.48 | 0.046
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Table 2. Ferrite grain size, pearlite colony size,

and unit crack path (linear intercept).

Heat Ferrite Pearlite | Unit
Steel treatment grain sizelcolony sizelcrack path
(#) (&) ()
1 200°C FC 103.0 28.4 123.5
270 300°C FC 21.5 1.8 27.4
900°C AC 20.5 5.88 26.7
1 200°C FC 63.0 28.1 84.2
271 900°C FC 15.5 9.75 26.0
900°C AC 12.4 5.05 26.0
1 200°C FC 44.0 21.2 66.7
272 900°C FC 9.3 9.83 25.3
900°C AC 9.0 3.83 25.3
1200°C FC 62.0 21.6 66.7
273 900°C FC 18.5 9.40 30.3
900°C AC 14.1 5.30 23.3
1 200°C FC 36.5 17.7 38.8
274 900°C FC 18.3 7.00 21.5
900°C AC 13.5 3.73 21.5
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Fig. 3. Relationship between ferrite grain size
and crack initiation temperature at §,=
0.1mm (a) static COD test, and (b)

dynamic COD test.
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and crack initiation temperature by dy-
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Fig. 7. Relationship between ferrite grain size
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4 FOWMMEREBS B U TCEETS. BEREEED
KEVWE T LL, BPEEO/NS WEEE TR L O
BANELS P ULAS—F 4 b T 0 = —FEOSHENET T

Bbhs. FlxiE Ni 3FFEOKNZ W IES08ME, T
T LI 3 5 BIRRASHE LB it
MEZHHTHS.

(3)  EERERIETRA S X ORIBR L O & RIGET T 4
BORMETH 5.
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SRR B NSRS L, R TR IR 3 e b 4,
HE#EB L, RN E Y ET S 2 i
AW DETIC o 7o b HAAEFREREE 7o 75V 2
FREZAFASKIE L, ERTIE B A e 4 i < Rt
Wit LET.
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