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DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.



Lo

[

Submitted to Transactions o UCRL-18622 :
Quarterly of the American - - - Preprint
Society of Metals ' o oo

UNTVERSITY OF CALIFORNTA

Lawrence Radiation Laboratory
Berkeley, California

AEC Contract No. W-T7L05-eng-U43

FRACTOGRAPHIC OBSERVATIONS OF STRETCHED REGIONS IN‘FRONT-OF FATIGUE CRACKS
: o " | :
W. W. Gerberich and P. L. Hermings™

November 1968 K



FRACTOGRAPHIC OBSERVATIONS OF STRETCHED REGIONS IN FRONT OF FATIGUE CRACKS -
W.W. Gerberich and P L. Hemmlngs
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Unlver51ty of California, Berkeley, Callfornla

A recent analysis (l) of thé'stretched region formed in frécﬁure
‘surfaces between the férique crack ahd Overload fracture regions indicated
.that thelregionsléould be.relatedvto the plane-strain fracture tbughness,
KIC' Similar fractographic observations on a'métastable-austenitic steel

do not follow this relétionship. From three separate»Spécimens;of this
investigation, fhe stretched regiond Weré observed to.be 2.7 to 7.6 M inv
- width. The corréspénding values of stress intensity.for the onset of
1/2

crack growth were 121 to 153 ksi-in " .. This compares to the_Stretched

1/2)

regions (5-10u) aﬁd_K' vélues‘(51—65 ksi-in

ic observed by Spitzig (19)

for a Q;hS carbon alloy steel. Thus, althouéh the stret@hed regioﬁs were
about the same in siie, the stress intensity lévéls for the onset of.crack

_g:oﬁth were a factor of 2 to 3 aifferent. The following discussion:
explores this discfepaﬁcy further.

Some brevious observatiOns»(Z,B) on theée-metaétable auéteﬁefic steels,
called TRIP steels, indicated Some unUsual.fractureJcharacterisﬁics due to
the strain-induced martensitic transformation occurring at the crack tip.

. From this standpoint, these_éteels‘are not desirable ﬁodel méﬁerialé'with
i : :

which to generalize about fracture surface marking. Nevertheless, the

Cs
&

fracture surface markings were so clear that the Stfetched,regions could

be measured without ambiguity. This is important since'the fatigue and

¥ Present Address: Boeing Company, Seattle, WaShington
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and_stretched regions Wefe_not-well defined.in the sfeeis used by
Spitzig (l).A_With,the TRIP steels, fatigue striatiéns, stretched regions
and dimpled rupture‘were easily_distinguished one from the other. VOne
possible reason for'this was that thelpaftiéular heatrevaluated did‘not
transform to marténsite at room temperature with plastic deformation._
Thus, the fatigue precracklintroduced’at room femperature ﬁas in avfagg-

centered-cubic austenite which gave relatively uniform striations.

MATERTAL, PROCEDURES AND RESULTS

The material processing consisted of forging at 2000°F, austenitizing

at 2200°F for 2 hours, and rolling to a 75 percent reduction at 8LOCF.
This produced 1/2-inch thick plate of the fdlldwing.composition:

13.5 Cr, 9.0 Ni, 3.0 Mo, 2.0 Mn, 1.0 Si, 0.20 C.. Upon testing at room

-

temperature, tensile_sPecimens‘remained austenitic giving a yield strength

of 181,000 psi, an ultimate strength of 196,000 psi and an elongation of

10 percent. Upon testing at ~-196°C, the strain-induced transformation

was obser#ed giving a yield strength of 258,000_psi, anvultimate'stfength_>

of 322,000 psi and an elongation of L0 pércent.' As pertains to ‘the
fracture toughness, crack-line-loaded samples approximately 2.2 inches

wide by 2.2 inches high were evaluated at rbom temperature and -196°C.

With the aid of a crack-opening displacement gage to monitor loadAdisplacement,

/

the following stress intensity factors Weré calculated.

Yield Strength Deviation from Linearity Maximum:Load
kéi ksi—inl/2 ksi;inl/2
Tested S j_.:J B
at R.T. 181 | S 153 23
Tested o | '

at -196°C 258 ' 121 | L 1hk3

[ o

<
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These values were calculated from the collocation solutien provided

by Srawley and Gross (4). The stress intensity value at the deviation

from linearity in the load-displacement Cufve is reported since this

' represents the onset of gross plastic deformation and/or crack growth.

Consideriﬁg the stress intensity levels andithé i/é—inéh‘thick spécimens
utilized, the room temperature data can only Bé copsidéred as ”ap?arent
KIC" sin;é the plastic zoné was fairly largé’cqmpared to the thiékneés.
From the_resulting fracture surfaceé, électfdn fractography was u£iiized

to examine the transition region between the fatigue precrack énd the over-

load fracture.

FRACTOGRAPHIC OBSERVATIONS

Two typical :fractographS‘ of the stretched region are shown for

‘each of three specimens in Fig. 1. In 1(a) and (b), replicasvtaken

from the transition region of a spécimen tested at room temperature

clearly show three regions starting from bottom to top: fatigue striations,
stretched region, and shear dimples repreéenting overload fracture.

Similar markings were observed in the two specimens tested at. -196°C,

- typical results being shown in Figs. 1l{c) through (f). A slightly

different procedure was used for the last two fractographs in that

the fracture surface was slightly etched before the replicas were taken.

. It may be noted that the etching, which more séverely attacks martensite,
‘brought out a region of martensite fracture in Fig. 1 (f) which is quite

. different than the shear dimpies observed in the austenite.

Four to seven separate fractographs were taken of each tranéitidn
region allowing a reasonable estimate of the stretched region.

Spitzig (1) has indicated that these may be related to the fracture:
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toughness through either Krafft's (5) process zone size or the crack-tip
displacement. As these two theoretical estimates give similar numerical
results, only the crack-tip displacement will be considered here which,

for plane strain, is given by (6)

N — . (1)

The suggested relationship (1) between stretched region andrstress'intensity -

- used KIC in Eq. (1). For comparison, the K at fhe deviation froi ;inearity.
was utilized in Eq. (1) since this répreééhts an estimate of "apparent

KIC". As ﬁiil be shown, this does'pot show aﬁ& cOrrelatibn tblfhé strétchéd
'regions in this investigation. if was surmiséd that some other factor

might be controlling the size of this region.. If one considers thatvthis
stretching process might occur over a regioh.of highlyvdislocated |
material, then»it would'séem that the fatigue precraéking'operation may
be‘an appropriate parameter. Tﬁat is, the crack-tip displaceﬁent occurring
during fatigue might coﬁtrol the subsequent siée of the stretched fegion.
fherefore, a calculation of,QvC‘was“aisérmgde based ﬁpon the.fatiéuée

1/2

cracking stress intensity which ranged from 45.6 to U7.3 ksi-in The
resulting ébservations and délculatioﬁs of stretched regions. are gi#en
in Table 1. It is obvibus that the estiﬁates obtainedvfromvthe fatigué;
cracking value of K match the observations best. Thus, it is possibie‘---
in this steel thaf the stretched region is cdhtrolléd by the fatigue—
precrack operation.

One  further comment about the ébéervations in Table 1 iézih order.

Although the stress intensity values for fatigue éracking, for linear

deviation and for maximum load were. nearly identical in specimen 2
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compared to 3, the average.stretched:regions differed by a factor of two.

It is possible that the'gtChing,_which was. used exciusiyely in specimen

‘3, might have brought upfsome‘suﬁwsurface markings which_téndéd to narrow

down the éctual_stretched‘fegion. Further confirmation that etching
resulted in narrower stretched regions was obtained from an additional

fractograph'taken"éftef etching specimen 1. The observed stretched region

_in'this fractograph was 3.6u as compared to. 5.9 - 9.5 u for all others.

In summary, it appears that the stretched region in these metastable
austenitic steels may be related to the stress intensity level used to
fatigue precrack the sample. The authors make no claim that thé present

B | . . . N

observation is any more nearly valid than the previous one by Spitzig'(l).

- Because-of the limited dafa»and'the unusual fracture characteristics

accompanying TRIP steel;fracture, it is not réasqnable to generalize this

vvfindingt .Héwever, béCausebof.tHe variance between those two findings,
additional fractographic observations on a wide varietyhof materialé would

seem to be in order before any conclusions can be drawn. Thus, it seems

that an orderly inveétigation of this phenomenon should be undertaken
to determine if'thesé_stretched regions are a consistent fracfure surface

marking relatable to the loading cqnditiOns.
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Table I. Comparison of Stretched Regions to Crack-Tip DisPIACéments

Test Temperature Observed Stretched Region. Calculated Crack-Tip Displacement,Zvc
Range, u‘a) Average, u ’ '_Fér Fatigue, W  For Linear Deviation, u .
Spec. 1 R.T. (1) 3.6 = 9.5 7.6 5.2 ‘ 55
Spec. 2 =196°C (6) 2.3-10 6.5 | 4.8 o 2l
Spec. 3 -196°¢ (P) (4) 2.3 - 3.0 2.7 o ho 29

(b) Fracture surfaces slightly etched before replicas were taken.

(2) Number of fractographs observed in { ).
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FIGURE CAPTION

Fractographie observations of stretched regions in
TRIP steels tested at room temperature (A,B) and

-196°C (C-F).
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A. Makes any warranty or representation, expressed or implied, with
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fringe privately owned rights; or

B. Assumes any liabilities with respect to the use of, or for damages
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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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