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‘gre Iarger than 2.5 (X /cY) as ip requivcd for ASTH cvaluations of K

crack oéening displacement to epplied tensile load for each cracﬁ size,
assuming linear responee and negligibie plastic straia. It caﬁ'also be
assuced that the.ratio of opening displacement to load when a visible
indicstion of non-linear responsé is 9re;ent, provides as good a |
imeagure of a, as would te obtained through addifiqn of Ty o the
directly observed crack size. 1In fact, for some alloys which st%ain .
age at voem temperaturé (e.1, 2024~T351 aluminum), it ia difficult to

guess what value of Oy gshould be used in computing r_, 2nd use of the

Y
value of a, inferred from the ratio of npening é%sglacemént to load
is preferable.

Heagurements of EA and K sre useful primarily for situztions in

“which the tengency point on the R—curve is unlikely to differ signif-

icantly from the plateau level of the churve. The ideal situation ;

would be cne in which the R-curve would rise steeply and turm abruptly

onto ite plateau. The behaviors of many waterials correspond approxi-

mately to this ideal situation when the crack size and net aection

Ic

Ia the preceding comments, we have inferred that calcnlations of

¢ end K using the effective, or Ty corrﬂctnd, crack size retain

characterization value even when Ty is, eay, half oa lafga-as the

9 - ' T
dimeasion, @, ¢f tha track. That ia te aay, we have assuymed the values

‘of f snd X, thus caleclated, continuas Mo zerve oo vseful weasvres of the

tendency teward onset of rapid franturing even vhen the net szction
strese is pmearly lazga envugh for genarael yielding. 4 iustification for
this -can be faruished In tewwy % tha {zen that z uaaviy constant
proporifonality of tha plautizity corrented 2 49 the: crach comning

eixetch fg retainad throughzus this acrres ranzge, Additional commenis

en this point will be provided In other lertures, bo T e SRR
75
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F;racture Toughness Mea'surements

From previous discuésion, measurements of the resistance to crack
gxtension as a function of effective crack size (R-curves) are assisted by
two factors: (1) Use of wedgé loading to postpone onset of rapid fracturing
and use of large enough lateral dimensions so that the maximum Kﬁ can be
measured prlor to ylelding of the specimen. Because of the fact that the
latéral dimensions are often large relative to‘ﬁhe plate thickness, arrange-
ments foriR-curve testing should include fixtures whieh prevent out-of-plane

deformation of the test plate. A compact tension specimen shape is sﬁitable

with the loading positions shifted to near the line of the crack simulating

notch énd revised to accommodate loading’by alﬁedge dISplaqément method.
Since there is no'éirect record of the load applied by the wedges, crack
opening displacements are recordéd at two videiy separated points.

| A sinmplified versiop of R-curve testiné can.be done using a centér-notched
ﬁension specimen. " Lubricated plates to preventbout;of-plane deformation near
the crack line can be held against the test plate using moderate clamping

pressure."After calibration, a single measurement of crack opening displace-

ment across the center of the erack simulating notch provides an estimate of

the effective crack size durihg loading. - SRR BN

Although onset qf rapid fracturing occurs prior to-achievement of an

- upper plateau value of Kﬁ, the portion of the R-curve provided by this test -

. method can be extended by use of & displacement control loading method and

may be édequate for practical applications, particularly if the test plate is
relatively large.
The R~curve method for characterization of fractureAtoughness is of basic

reference value in the case bf‘Kc'and Kic testing,
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K Testing
desciassed
Methods for K testing of high strength sheet materials were gﬁ;ﬁ%&}n»
the ASTM Bulletin, January 1960. For best accuracy of this work, the
esting arrangements do not differ significantly from those which would be
used to make simplified R~curve determinations. An aprropriate specimen
decign 1s one in which the crack simulating notch, including segments of
fatigue crackiné, hes a total length of about one-thi?d of the specimen width.
A specimen length.of twice the plate w;dtb between thé loading reinforcement
plates is desirable. Ké test results obtained with the net séction stress
less than 0.8 OYS generall; @o not differ significantly from‘the maximum
value of KR. | .
3tatic and-dynamic measwurements of Ké for structural stéels have been
performed using a 3-point loaded bend specimen with the crack simulating
nbtch extending to 0.3 W. In this case W 1is ihe depth of the bend s?ecimen.
The principal simplification in fracture-testiné of relativéiy iow cost '
structural steels is the absence of appreciable slow-stable eracking prior
to onset of rapid fracturing. For slow loading measurement;; detérminatioh
of effective crack size can be assisted by use of a crack "mouth" Opening
displacement measurement. This is impractical in dynamic testing. However,
the maximum load of the test can be obtained e*ther from 1nstrumentation on

the specimen or from instrumentation on the striking ﬂao. ~In the latter case,

. thé load application should be cushioned" so that the loadlng time 1s about

1 millisecond. Only a formal Ty type ad justment to obtaln effective crack
gize is feasible in dynamic (impact) K, fracture testing.
Although K testlng methods have not yet received standardization treat-

ment, such tests have been quite useful. Currently there is a considerable

interest in the development of relationships between relatively simple impact

/'g. ‘/I’d” k 7 -



fracture tests (fof example, Charpy-V-Fotch tests) and tests which can

be aualyzéd using fractﬁre mechanlcs. fxcept for very low amounts of
fracture toughness, the Charpy test appears to be too small to permit more
than an empirical comparison. In the case of dynamic-tear tests, If the
specimen indentation energy is taken into account, there is an understandable
comparison between the values of gac (when measurable)_ﬁnd ﬁhe total
fracture work per unit area. |

With regard to the dimensional requirements for the centrally notched

specimens, an approximate rule 1& that a close approach to general ylelding

occurs vhen 2rY = 1/2 (“g - a). In the éase of the notched-bend specimen,

the corresponding equation is
' 1
= We
ary = § (v-a)
. ' §ic Testing
ASTM test.method E-399 gives a complete and detailed description of

I
in test method E-399 resulted, in part, from the idea that the KIc valve for

K, testing. The stringent requirements for test validity which one finds

any metal (of largey enough section size) is of special fundamental importance

and can be determined without allowance for R=curve influences such as the

_plasﬁic zone and slow-stable cracking.

In its present form the test method depends rather cfiticaily upon 8
good determination of load as a function of crack "mduth"‘opening displacement.
A line is drawn on the test record having a élope 5 percent less thaﬁ thé
slope of a tangent to the initial portion of the test reéord és shown in

Figure 1.
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Figure 1

The highest point of the losd-displacement line between OA and-OB

" is the load, By, used to calculate & K value for the test. The crack

size used for this calculation is measured on the specimen after fracture

and is the average of the center and Quarter points of the sharp crack

front established by low-amplitude fatigue cracking. Theiforward measure-

ment poéition of any two points on the leading edge of the crack should

[

differ by less thap 10 percent of the cra&k.size.
The principal dimension requirementéAare examined after calculation

of & tentative-estimatevof-KIc termed Ka. It is necessary that the speci-

‘men thickness, B, the crack size, &, and the net ligament, W-a, are all

. 2 '
greater than 2.5 (KQ/UYS) . An additional, after the fact, check is &
comparison of the KﬁAX used dwring the last segment‘of fatigue cracking to

the value of K the test method requires 'Km (during finsl fatigue

cracking) to be 0.6 KQ or less.

The final validity requifement of the test method concerns the appearance

of the testing record beyond the point, %Q' If the test record shows &

PR
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load maximum beyond PQ, the magnitude of this load maximum must not exceed

PQ by more than ten percent..
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(c) When the stress field is 3-dimensional, except for special situ-

" ations of axial symmetry, the J calculation must be resstricted to the

region near the crack front where the stress-strain field is nearly :-
2-dimensional. (d) 1In all of the above special situations, a proper
calculation of J can be obtéined by taking a limit of the J-intégral,
in the Rice form, as the dimensions of the qontour approach Zero. Wﬁcn
this limiting procedure is used, any fixed shape‘of-the contour can be .
selected arbitrarily. '

For calculation purposes, it is often convenient to replace the
vector (Rice) form of the J-integral equation by the following equiva~-

lent expression,
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