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NOTCH TOUGHNESS VARIATTIONS IN STEELS WITH
THE SAME TENSILE PROPERTIES

Y, Katz and M, D, Merz
Inorganic Materials Research Division, Lawrence Radiation Laboratory,

Department of Mineral Technology, College of Engineering,
University of California, Berkeley, California

Various authorsl’2 have attempted to make some quantitative corre-
lation between uniaxial tensile properties (such as yield stress, work
hardening rate, and ductility) and fracture toughness as measured in a
notched specimen. The criterion for fracture is taken to be the attain-
- ment of a limiting value of stress or strain or energy at or near the
crack tip. The predicted fracture toughness based on such models depends
oniy on the mechanical properties es measured in a tensile test, 1.e.,

materials with similar tensile behavior should have similar values of

' f fracture toughness.a The purpose:if the present study was to investigate
the relationship between fracture toughness and unlaxial tensile properties
in a high strength steel and to study those_microstructural features which .
- might have a marked influence on this relationship.

Following the work of Raymond et al.3 and Gerberichh a modified H-l1l

steel was chosen for the study., The composition is glven as followst

Fe Cr Mo V. M st N c

bals L4.85 1,3k 0.50 0.22 0.84 ° 0,30 0.21

Two separate processing treatments were used in the present study. One
series of specimens was deformed by rolling 50% at tﬁree different tem-
peratures (375°C, 410°C_and 565°C)- ‘above the M teﬁperature after austen-
itizingifor 1/2 hour at 1050°C. A second series of specimens was iso-
thermally transformed for 4 hours at the same temperatures, All specimens

were double tempered for 2 + 2 hours at 565°C after the above treatments,
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 single edge notch specimens after Sullivan.”
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The tensile properties‘were determined with lﬁin.:gauge length sheet .

specimens; The fracture toughness was evaluated using 1 in. X 2 in.

5

These were fatigue cracked

_-prior to testing, Microstructural details of the crack path were inves-

tigated by bending the notched specimens and observing under a light
microscope at hlgh magnification.

The tensile properties of the two series are shown in Fig, 1. . It

""" can be seen that there is little variation in yield stress, tensile

' strength elongation, and reduction in area within each series. Comparing

the two series it can be seen that the material deformed 50% rlor to
transformations has higher values of yield and ultimate strength but -

that within a given series the tensile properties were essentially inQ ‘

. dependent of processing temperature, The toughness values vary considerably

within each series as 1s shown in Fig. 2. Figure 2 also ShOWS the agree— ;
ment between the present work and that of Gerberich et al.3’h
The fracture toughness of the material ausformed at 410°C is much

higher than that for the other two deformation temperatures, Moreover

-the material deformed at 410°C fractures hy an intermittent series ofv "

vcrack bursts and at ever Increasing loads, whereas the other two cases

‘ fail in a brittle catastrophic“ manner once the crack is initiated at -
'.:a relatively low stress. 'For the isothermal treatments the specimen pro-

':-cessedlat 410°C has the lowest toughness talue. It was also obsefved that.

the fracture mode of the specimens isothermally transformeéd at 375°C and

: 575°C was very similar to that of the specimen ausforrmed at th°C.:

Raymond et a.l.3 attributed this behavior at the intermediate deforma- o

1
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tién’femperature tb the exlstence of tﬁé phases in the structure, i.e;,
Low toughhess teﬁpered martehsite and_high toughness lower bainlte, He
suggested ﬁhat the crack is arrested whenever it encounters the bainite.
It was felt by the authors that ausfbrming per se was not the source
for the enhancement éf toughness at a péfticular processing temperature
since ausforming just raises the general strength level of steels.
Rather,.it is thought that the existence of lower bainite is respoﬁsible
" for the toughness peak, Examination of the TTT curvel’ | shows that it is
feasonable to expect bainite both when deforming‘af thdC and when iso- |
thermally.transforming at 375°C since ausforming should enhance the nu-
cleation and growth of bainite and cause its appearance at a temperature
| higher than ﬁhat when isothermally transforming., It is suégested that
the isothermal 375°C treatment results in a two phaée structure (tempered'
martenéite and bainite) whereas the material deformed at‘375°q is pri-
marily tempered martenéite. The materlal isothermélly transformed at

hio°c is tempered martensite and is therefore of relatively low tough«

ness, The speéimen 1sothermally reacted at 575 C contains pearlite which
accounts for the low strength and high toughness pbserved.
Studies éf the adﬁancing crack tip revealed a marked difference o - g
between the material with high toughness (th°C ausformed, and iso£herm-
ally transformed at 375°C and 575°C} and the material with low toughness
(575°C and 57560 ausférméd, and isothermally transformed at 410°C).
Figﬁre 3 shows a typical éompafison between the crack in a matérial

with high toughness and one in a specimen with low toughness. As can
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be seen the crack in the tough-matefial is very blunt with a relatively -

large crack opening displacement while themcrack in the low toughness
material is very sharp, Although not shown here,. it was also observed
that the crack for the brittle case.folldwed the carfide—matrix inter-
face, |

A replication of the fracture surface (Fig. 4) of the material
deformed at 410°C shows that alternate reglons of cleavage and dimpled
rupture occﬁf, as posfulated by Gerberich.h Presumably‘the dimpled
rupture occurs In the bainite,

This stud& has emphasized the necessity of considering theimicro~
mechanics of fracture, with due consideration to thevimmédiéte micro-
structural environment of the advancing crack tip. A tensile test in-
volves bulk behavior of the material whereas crack propagation involves ,
" the microscopic behavior in the vicinity of a crack and its streés fleld.
Since fracture involves the propagation of & local defect, it 1s not
surprising to find that local variations in structure (which will be
averaged out in a tensile teSt) have o dlrect controllihg infiuence on
the fracture toughness., In the particular case studied here, the
fracture toughness wés enhanced by the presence of a tough second phase

whereas the tensile properties were little affected,



C o -5- | o UCRL-18015

* ACKNOWLEDGMENTS
‘The .authors wlsh to thank V. Fs Zackay and We We Gerberich for their

helpful suggestions, This work was supported by the United States

Atomlc Energy Commission.



1.

2.

e

Te

6=  UCRL-18015

REFERENCES.
Ge To He.hn and A. P, Résenfield Sources of Fracture T-oughnessx
The Relation Between KI and Ordlnaxry Terisile Properties of
Metals, presented at ASTM Symposium, Los Angeles, Californie., 1967. )
J. M, Krafft, Applied Materials Research, April 1964, p, 88,
L. Raymond, W, W. Gerberich and W, Ge Reuter, Aerospace Report
TR-669 (6250-10)-7 Aerospace Corporat%on, Los Angeles, May 1966,
W. W. Gerberich, Trans., ASM 59, 899 (1966). |
A, M, Sullivan, Materials Research and Standards, Vol, 1, pp. 20-2},
(1964). |
D. Kalish, é. A. Kulin and M. Cohen, ASTM Special Technical Publi-
cation 370, (1965), p. 172,
@. A. Roberts, J. C. Hamaker and A. R. Johnson, Tool Steels, (ASM

Publications, Inc., Metals Park, Ohio, p. 549) .



.;Fig. 1.

‘Fig. 2

Fig. 3

Fige 4

R -7~ . UCRL-18015

FIGURE. CAPTIONS

~Variation of tensile properties with ausforming and isothermal - -
: _tfansformation temperatures.,

Variation of fracture toughness'with processing or transforma-

tion temperature.

Comparison of crack’in tough material to that in brittle

material. Note difference in megnification,

Replication of fracture surface of material deformed at Lio°c

showing alternate regions of cleavage and dimpled rupthrea

' Magnification: X10,000
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FRACTURE TOUGHNESS, K, KSI=IN/2
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