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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. .
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THE EFFECT OF GRAIN ‘BOUNDARY CARBIDES ON FRACTURE TOUGHNESS
W. W. Gerberich and P. J. Guest
Inorganic Materials Research Division, LawrehcebRadiation Laboratory

Department of Materials Science and Engineering, College of Engineering, = .. _
University of California, Berkeley, California :

V*_region ahead of the crack front in which non-propagating cleavage,

It is Q;ilrkhOanfgaf'fractured carbides at a grain boundafy nucleate
clea&age frécture in low carbon steels as showﬁ by McMahon and Cohen,l
and Almond et él;2 It is of interest to know-if some relationship can be
determined which might‘predict the .effect of cérbide at the grain-'
boundary on impact toughness or the resistance to crack propagatiOQ,

In fhe.course of gnalyzing thg cleavage fracture.problem>_with
respect to grain size effects, it wés;diséovered that theleffect of
carvide thickness could also be detérmined using a relationship defelqpéd;‘
by Almond et al.2 describing the effect of carbide thickness oﬁ the
fracture stress.. However, there was little significant daﬁa found to
test this relationship. Somewhat later,%%ﬁ came to our attention that
some data concerning the effect of carbides on impéct toughness had

3

been published by Karchﬂer and Stephenson in'Mo;B—V steels. - -The.
following discussion demonstrates that the proposed‘theory is indeed
-compétible with this new information.

II: RESULTS AND DISCUSSION

Gerbefich.et;gl.h developed a relationshiﬁ describing the ceritical *

et

microcracks occurred before unstable fracture. - This is given by

| 1/2 T
o pef-1 nd iy
K=m pcf OYS % § —%}{ > g _ ‘g;)'

“where K is the critical stress intensity for unstable cleavaege and is

related to the plastic flow in the critical microcrack region, nd, 4

teing the grein diameter. The plastic flow in the region, nd, elevates
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the stress due to plastic constraint, the factor for which is given by
o ¥ ‘ '
pcf = of where of* is the cleavage fracture stress and o is the
. ¥s
ys : .
vield strength. Tetelman, et al.5 using the microcrack density observed

from tensile samples showed that the stress intensity should be some
function of a grein eize hultiple. From the stress wave emiSsionv
technique6 uSed to determine the number of microcfacks leading ué to the
critical.cleavage event, the value of nd was determined as & function of
grain size which resulted in

| na = falt/t @)
where Cl‘= 0.182 in3/h. Inborporating this with'equation-(l); the stress
intensity can be determined if the cleavage fracturevetress and the
yield stressbare known. The fact that the cleavage fracyure stress varies

.with the thickness of carbide at the grain boundary has been shown by

Almond et al.2 to be given by

: - o8 y M1/2 1/2
o ¢ = | o —SB 0 E (3)
£ l_ ht2 (1+v)t | .2t

wnere kt'is 685 p'si'—.i'nl/2

, t ié'the carﬁide thiekness aﬁ the grain
boundary,‘aﬁd Yeff ;s Coﬁrell's effective surfaee energy fof ferrite-
being about'O.llh_lb/in (20;000 dyne/cm). Thus if the yield etress_is
known,'the stfessAintensiﬁy may be determined fromeeQuations {1y, (2)
~and (3)-._ |

This develOPment can now be applied to_Kafchner and Stephenson's
data.3 These Mo-B steels exhibited an increasing carbide size at the
grein boundary as‘the vanadium content was increesed ffom O%Vto 0.33%.

Also, an increase in the vanadium content resulted in an increase in both

the h&rdnees‘and yield strength as well as a higher transition
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temperatufe for a given tempgring time and temperature. So that the
yield strength was not a‘variable in the analysis, impact reéhlts from.
Karchner and Stephenson were taken for a conétant yield strength at a
constant temperature of -50°F. Sinée this temperaturé was néar or beiow
tﬁe ductile - brittle transition for allkof the varying-amounts of
vopadium, suffiéiently brittle enough behavior resuited so that a
cleavagé‘fracture criterion was reasonable.

In ofder'to compare theée impact values to the proposed theory, it.

IC

values. Although several attempts have been made in correlating CVN

~was necessary to translate tne Charpy impact V-notch values into K
and KIC data, there is sufficient deviation from material to material to
make such correlations suspect. Nevertheless, in order to compare the
trend in the data with the theory, an empirical correlation as ceveloped

by Rolfe7 was utilized given by

. 2 ; :
K L s
N (e AP ('

ﬁ‘ .

where E ié the'éléétic modulus, KIC is in psi—inl/2 units, CVN is in inch-

1v units and'C2 = 0.0L48 in_S/2 lb-l/e. The CVN data are given in Fig. 1,

at -50°F. It can be seen that tﬁe impact toughness decfeases by more than

a factor of five (as the carbide thickness increases by about a factor of
eight) from 0.5 to W, Tt may be noted that -all of these steels

had a similar grain size being about ASTM 11 + 0.4, which is a givenm size

of about 9.05@. Hence, this was not a variable in the analysis. Thus, as

the carbide thickness approaches an appreciable fraction of grain diaméter, '

there is a drastic decrease in the toughness. - Insertion of the CVN data

from Fig. 1 into equation (k) allowed experimental estimates of K_ . at

| Ic =
~50°F to be determined.
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For the theoretical determlnatlon of KIC’ several constantv had to be
determlncd.‘ A oys value of 120 000 psi was obtalned by Karchner and
Stephens§n3'at roémAtemperature. For the ~50°F analysis, this o 5 value
was adjusted'to 130,000 ps; by taking into account an_additional 10,000 psi
due to én increase. in the thermal component of thévyield strength as
suggested by the data of Wessela on éimilar stéélé. The size of the
critieal microcrack region, nd, found Ey applying equation:(g) and a
grain size'of d = 9.05u gives a value>of nd = 0.0103 inches. The values
‘of the parémeters kt and Yeff are known from Alﬁond's? data and Poisson's
ratio, Vv, was taken to be approximately 0.3. Using equation (3), the
cleavagé fracture stress was calculated and is-tabulated in Table I, for
varying cqrbide thicknésses and vanadium content.

.Téble I.

Calculated Values of Of* Using Equation (3).

Carbide Thickness. Percentage ‘Cleavage fracture'
at graln boundary Vanadium #° . stress
t, U IR . ' 0¥, ksi
] 0.0s : . 0 . . ] 282
1 o 0.04 ‘ , 236
2 0.09 . 189
L 0.33 ' lh6

The stress intensity values as a function of carbide thickness were then.
calculated uéing the cleavage fracture stress values in equation (l). The
resulting curve of stress intensity, KIC’ versus carbide thickness, t,-

shown in Fig. 2 is seen to agree well with the experimental data. The

fact that the data is nearly in perfect quantitaﬁive agreement is undoubtedly

N B

sepa




o

UCRL-19139

fortuitous because of the many assumptions and uncertainties involved. The

important factor to be accentuated is that the trend in the data is almost

- exactly predicted, which lends support to the theoretical interpretation of

the effect of carbide boundéry thickness on crack propagation resistance;
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ABSORBED ENERGY IN CVN IMPACT TEST, ft-1b
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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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