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assumes any legal responsibility for the accuracy, completeness, or usefulness of any
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I. INTRODUCTION

This note presents'fréctﬁre toughness déta obtained during the devel-
opment of a.ffécture teéting proéedure for use ih allqy develoﬁment pxo?
éfams in the aﬁthors? laboratory and includes data 6n several pl;stics, aﬁ
alloy §teei, | aﬁd an aluminum alloy. Theée results'arévreportéd to;il-
_'luétrate the‘use of.diﬁensioniess parameters in meésuring fraétureltough—
pesé. In addition,'it is copsideréd desirable to'report these results to
édd,édditioggl_confi;matibn tq_fracture togghness feéting ppdcedures.and‘

thus aid thgir‘more‘univgréaljacceptancé. |
IT. EXPERIMENfAL

i
|
i

.The fracture specimen design chosen for testing.ié shoﬁn in Fig;'l;_'
thisvspecimenvwas'chosen for its small load requiremeﬁt, eéonomyvoffmatérf
.ial,'and theAgood'agreémentbbetween fracture déta obtained with it and with

“other fracture specimens.1 It is recognized that thié specimeﬁ.méy'hot
giﬁe valid plane strain fracture.tOughﬁess vélueé fbr‘all.materialszéés—

-pecially those exhibiting large plastic flow at the crack tip. However,

-

we consider that the specimen is useful for some studies, 'such as prelim—
inary survey programs and programs-involving the investigation of many

“ variables with the reservation that Iargef specimehs'may be needed to
' ' | ‘ . "1
; . L

1
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establish accurate KIc values for design use or to confirm results obtaiﬂed
with the small specimen.

- Ftécture toughness was measured with this specimen byvthe ekperimental
K—célibration-method of Irwiﬁ and Kies.2 This'approach utilizes a general
relation2 between the strain energy release rate, G, in a specimen contain-
ing a crack 5ﬁd the change in élastic compliance as tﬁe crack propagates:

2
¢ = %g& 3 (W
 Here, P is the applied 105d,‘3 is tﬁe speciﬁgn*ﬁhickness; c is the Specimen~
éomplianée (extension per unit‘léad) and a is'the crack léngth, ThiéAex—
preésion can be'pué in a more useful, dimehéibnléss form in terms-bf_the

- 'stress intensity factor, K, by using the relation .

oo g

E
for thé‘daée'of'plane strain. Thus,
2K2(1 ='v2) _  d(EcB) 3
2. = - 3)

‘where w is the specimen widfh,_o'is;the,applied stress, aﬁd v and E are
Poiséon'é'rétio and Young's.quulﬁs reSPectivelyf.

The-tight hand side of.Eq; (3)ﬁés obtainéd':experiﬂEﬂtally“by meas—v:
uring -the compliance of sPeciméﬂs ﬁith ﬁarrow'ma¢hinéd slotsVof.ﬁériQUS
lehgthSQ Speciméné with fhe loading holesvat.Both.the:w/Z positioﬁ (ten;'

sion) and the w/3vposition'(tension:plus ﬁending) weré calibrated.. For



=-3- UCRL-17895

the w/3 position, épeciméns were machined from polystyreéne and 4340 steel

" (austenitized at 850°C, 30 minutes; oil quenched; tempered-225°C, -2 +

1-1/2 hours); fdf'thé w/2 position, acrylic spécimen$ were prepared.' The

specimens were loaded in tension in a 5,000 kg Instron testing machine.

The extension of the specimen between the loading points was measured with

a strain gage extensometer. A dimensionless compliance term, EcB, was plotted

_ as a function of relative slot length and a curve fitted to the results.

This curve was differentiated to give the right-hand side of Eq. (3) and‘

the results are shown in Figs. 2 and 3.

In order to check the calibrationvénd testing procedure being used,

_the fracture toughness of 7075-T6 aluminum alloy was measured and compared

to results in the literature (Table I). Additional values of fracture
toughness have now been obtained using this procedure during currgnt frac-
ture studies and selected values are shown in Table II. These values of
“Ic

K. were obtained either from pop-in type load displacement curves or from

flat, abrupt type failures.
IIT. DISCUSSION

The dimensionless form of Equatioﬁ (3) suggests that. this equation
is independent of specimen <size ahd material properties. Experimentally,

the reéults‘shown in Figures 2 and 3, which include data from the litera-.

~ture, show good agreement for materials with large differences in elastic

mdduli (steel, aluminum, and. plastics). Theoretically, this.indepeﬁdence'
of élasticvmodulus can bevprgdicted.from either:the left-hand or'right—
hand sidevqf Equation (3); Consi&ering tHe;left—hand side, onlf the étress
intensity féctor;_K; can involve the'elastic modulus. Hoﬁéver,‘the étress
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ihtensity factor is derived from the stress field and the condltions for A
the independence of the stress field from the elastic constants hasvbeen
discussedAhf Mich‘ell.9 Specifically, Michell cbnsiders-planar states of
- stress and.shows that the stfess'tield is independent of elastlc'propertles
'for‘simply;connected bodies;p'For multiply’connected bodies,‘the'stress'v
rield.is independent of the modulus, but may depend'upon Poisson's ratio,
depending upon the boundary=conditions. Thus, Kyand hence the left-hand
vsidedof Equation (3) is'independent-of modulus; hut may depend unon Pois-
sonfs ratio. Since the variations ianoiSSOnfs_ratio for most materlals
isVSmall 'this'effect7is-expected to be’small; as.shownlin;FigS¢ é and 3..

Alternately, the 1nf1uence of spec1men size . and mater1a1 prOpertles
-on the r1ght—hand side of Equation (3) can be 1nvest1gated w1th d1mens1ona1
.:analysls con51derat10ns. The quantlty (cB) ig expected to depend upon. &,
TV, E W, and 2 where % is the spec1men length Accordlngly, (cB) is ex-

pected to have the form:

1 (.8
= = X v
(cB) = 2 f(wfw—’r ]
whetre f{i %16 is an unknown functlon of the relative specimen dimensions and -

i\ . . . .
Poisson's ratio. Thls expreSS1on demonstrates that the rlght—hand s1de

- of Equat1on (3) is 1ndependent of modulus and spec1men scale. "
This 1ndependence of elastic modulus suggests that low modulus materlals
~such.as plastlcs would be useful,ln establlshlng(callbratlon curves, since"

the dlsplacements would be larger and more accurately measurable. 'This
o —— .

o ——

Trapproach has been used by the authors w1th the acry1lc and polystyrene

f:specimens, o
AR I
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Table I

Comparison of specimen types'for K. measurements on 7075-T6 aluminum alloy

Ic

K .
Specimen Le 1/2 Reference
o ksi (in)
1 x 2 SEN, w/3, 1/16 thick 40 . this work
1 x 2 SEN, w/2, 1/16 thick 36 : this work .~
1 x 2 SEN, w/2, 1/4 thick 41 8 |
3 x 12 SEN, w/2, 1/4 thick 38 8
3 x12 CN _ 0 36.7 9
‘Notched round ‘ - . . 38 9
Table II

Plane'Strain‘Fractﬁre Toughness -

: : v C .KIC
Material v . Specimen

ksi‘(iﬂ)l/éy

4340 steell 1 x 2 SEN, 1/16 thick, w/3 75
Polycarbonate2 1 x 2 SEN, 1/4 thick, w/3 =~ 3.20.
Polysty_rene2 1 x 2 SEN, 1/8 thick; w/3 1.61

 Acrylic? 1 x 2 SEN, 1/8 thick, w/3 - 0.99
‘Vinyl Chloride- 1 x

Vinyl Acetate? 2 SEN, 1/8“thiCk;:W/3 S

1. Aqétenitized at 850°C, 30 minutes; oil quenched; tem-
' pered at 225°C 2 hours; fatigue cracked; tempered at
-225°C 1-1/2 hours. Yield strength 200 ksi,

2. Notch sharpened with a razor blade; notch radius less

" than 0.0005 in., Specimens conditioned at 23°C and 50
percent relative humidity in accordance with Procedure
‘A of ASTM D618, ' : ' ' '
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Y

Fig. 1 Dimensions of Single Edgé Notch Fracture Specimen.

|. Thickness: l/.é to 1 inch

.’ .Eccentrlcuty e = I/3 or I/2 inch

Né )

. Crack ‘sharpened by fohgue (metols)
or razor blade (plastics). Total crack
~length approximately /3 inch.

XBL 6711-6025
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Fig.'Q Dimensionless Fracture Tbughness:Parameter f@r Single_

Edge Notch Specimens_(W/B).
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_20— A Numerical (ref. 6)
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XBL 6711-6024

' Fig. 3 Dimensionless Fracture Toughness Parameter for Single
- Edge Notch Specimens (W/2). ’
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