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OBSERVATIONS CF STRAIN-INDUCED MARTENSITE AROUND A CRACK

*
W. W, Gerberich, P, L, Hemmings &and V. F. Zackay
Inorganic Materials Research Division, LaWrence'Radiation Laboretary

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

The strain-induced martensitic transformation ﬁay be used to attain’
desirable combinations of strength, ductility and fracture tbughhess.‘ One
of the parameters is the relative stability of the austenite;;sFor_example,.
it has been shown by chkay, ef alol that the volumg perpént of strain- |
induced mertensite is related to the combination of strength and elqﬁgation:
obtained. It has also been shown that the_dégree of.transformation is an
Aimportant factor in the crack propagation.resistance of metastable austenitic;
steels.2 Conéidering both tensile and - cragk-propégationrtesté, it was
of interest to see if there was'any functioﬁglvrglationship bétWeen the o
amount of strain and the volume of strain-induéed martensite,: Previously,3
it hadbeen shown that at room temperatufe,-there was a relationship

between uniaxial tensile strain and the volume percent of resulting mar-

tensite given by
e

The data were obtained by plastically elongating tensile samples to &
certain strain and them measuring the field strength to determine the
‘strain=induced ferromagnetic: volume., This was accompiished for two

conditioﬁs having yield strengths of 229 and 233 ksi. The nominal com-

* .
Present Address: Boeing, Seattle, Washington. -
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‘pos1tion of this material was 9Cr -8 Ni -_3 Mo- 2 Mn - 2 Si -0 d5C - 0.09N.
In evaluation of the strain-induced mertensite at a crack tip,2 thei |
question arose as to whether.Eq. (1) would also be valid undex'triexial'
qtrese conditions. iests were conducted on 1/2 inch thick plate mateiial ' e
‘having & composition of 9 Cr - 8 NL - L Mo -2 My -2 8% - 0027C Tt wa.s
found that sectioning, pOLishing and etching of Iractured specimens“coul&
reveal the strain induced marten51te occurring: at a creck tip. dare hao
to be taken to minimize the final polishing steps 80 as to avold a smeared :
layer of strain-induced martensite. The method for teking metallographic
samples fron‘frECtured crackeline,loaded_type SampieS‘isvsnoWn in Figf*l.ﬁ s
Observations of the strain-induced martensite occurning at room temperature
end -196°C in 0.5-inch thick sanples are shown in-Eig.'Q? th'is.seen that
the'marﬁensite is most pronounced'aﬁ_the fracture surface wherentne etrain L
is the highest..It is also evident that thé nartensite is concentrated eloné i
the maxinnm shear planeslwhich'occur-at angles neanih5°, fLineel anéiyses
at C;dl ineh internals,for'tneAfoom'temperaﬁufe.teet'an&-ef 6;005 inch
.intervais in the 5196 c test were made t0 determine the volume fraction
~of martens1te as & function of distance away from the fracture surface. ,
These data were then compared 6 8 theoretical estlmate that was obtained
in the following manner. L - Lo , S %
If the plastic etrainbdiSfributiOn.gan be described end if Eq. (1)
~ is also valid for conditionSIE£va crack éi@; then a‘relationsnipnhy be
derived.' The plastic strain distributlon wasg assumed tofoxlow that
obtained by Hult and McClintockh for the longitudinal shear case, the ten- .
sile. analogy of which has been shown to give a reasanable estimate of ex- :;

perimentel strain distributions.5 This is given by
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E_z(.ljp__)'fxg__' ""_'.'(2)1
P B | |
where Rp is the plastic zone length, r is the'distence away from the craek.
tip in the direction of crack prolongation, o&s‘is the yield s@rength and
E is the modulus of elasticity. One deviation from Eq. (2) 18 necessary
since the strain distribution in the vertical direction rather than in |
the‘direction of crack_prblongation is desired. Considerihg an approximate
circular zone, the half-height'wouldrbe one;half the plastie3zone lerigth
which woald give -

- (\"R ) e Y
for an estimate of the strain’distributiog.pefpendieularvto the fracture :
sﬁfface. Knowiné praIIOWSVa descriptionvef 6p.° {Eollowingvﬁahﬁ and

Rosenfield}? an estimate of the plane stress”plestic zone .length is' given

: : ' R = oK K2 f" o . ' (h) '
P , 8 o : ' '
‘ ys.

where K'is the stress intensity faetor.t

There is one question as to whether this estimate is reasonable for the
stress.intensity values encountered in these 1/2 inch thick specimens.
That 1s, the ca'.lc‘ulated a.nd obgrerved plastic' zone 'sizes do not traverse

the section thickness. However, . the type of plastlc deformation observed :

' along shear bands does indicate a relatlvely plane stress situation as

: suggested by Hahn and Rosenfield.6 Also, a calculation from Eq. (h)

"‘shows that the plastlc zone lengths should be 0 173 1nches for the room

temperature tests with a K of 141 kai- in.-l/2 and a o&s of 213 ksi; and

0.051 1nches long for the ;196 C test with a K of 8l.5 ksi-inl/2 and oys
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of 226 kei. These represent half-heights of 0.0815 and 0.0265 inches which_
. are closé to the observed Qalues of 0,070 and 0.030 inches taken ffbﬁ%ﬁg;.21
Combining Eqa. (1), (3) and (h)-givé | | |
’ j / 2 | ..o /2 o
y'ox L (—-——-————-— I Ké —_'> _YEE - (5)
o ]__‘603’81. : - J B
Comparing this estimate to the experiménfai observations fof'the room
itemperature test are shown in Fig. 5. Near the fracture'surfgce it 1s gb
seen that the‘predictedvvalues ofAVa; deviate froﬁ those observed by'
about a.factor of 2. Théré would.be an even larger deviation for the aataj
obtained at ~196°C, - Inspection of Eq.'(5)wrevéalédithat the COefficienf)v
1;2, rather than the exponent, 1/2,'wés in.error. Adjuétment'of the
coefficient in Eq.(5)'waé.made to arrive at a féésoﬁable fit to the data.e.
Coefficients ofve at room temperature and é at -i96éCvare seén to bring -
"Eq. (5) into reaéonable'agreement with'theVdata shown in F1g. ﬁ.: The
- fact that there waé ébcut three times as much stralnvinduced m;rtensite :
per unit strdin at ~196°C . as compared‘to room tempéiature is significanf.i
The tentative¢conclﬁsions are (l)vthe_effect of & partially tri-
éxial sﬁfess distributién is tbvgive more strain-induced m%rtensité per -
gnit strain than a.ﬁniaxial.stress distribution andﬂ(?) that'gs M is
appfoached, e.g. -l96°6, the aﬁoﬁnt'ofvstréih;induced martenstie increases
by a; muéh a8 é factor oflthree;- - | | | |
Acknowledgements -~ This wofk was'suppbrted.by‘the Unlted States Atomic

Energy Commission.
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a) ROOM TEMPERATURE TEST. b) -196°C TEST.

XBB 6811-6878

Blig, & Metallographic sections showing strain-induced martensite

about fracture.
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Fig. 3 Distribution of martensite about fracture
compared to theoretical estimate based upon
uniaxial behavior,
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Fig. 4 Distributions of martensite about fracture
compared to corrected estimates
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LEGAL NOTICE

This report was prepared as an account of Government sponsored work.
Neither the United States, nor the Commission, nor any person acting on
behalf of the Commission:

A. Makes any warranty or representation, expressed or implied, with
respect to the accuracy, completeness, or usefulness of the informa-
tion contained in this report, or that the use of any information,
apparatus, method, or process disclosed in this report may not in-
fringe privately owned rights; or

B. Assumes any liabilities with respect to the use of, or for damages
resulting from the use of any information, apparatus method, or
process disclosed in this report. :

As used in the above, "person acting on behalf of the Commission”
includes any employee or contractor of the Commission, or employee of
such contractor, to the extent that such employee or contractor of the
Commission, or employee of such contractor prepares, disseminates, or pro-
vides access to, any information pursuant to "his employment or contract
with the Commission, or his employment with such contractor.
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