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The Fracture Mechanics approach is now widely applied »
in designing against premature brittle failure. In the
Fracture Mechanics frame-of-reference, failure occurs when
the stress intensity parameter K reaches a critical level.
In plane-strain this critical value is denoted KIC and re-
ferred to as the plane strain fracture toughness. Since
the various expressions for the stress-intensity parameter
explicitly contain stress (or load) and crack length, KIC
can in principle be experimentally determined by simulta- s
neously measuring appropriate load and crack length values. '
Considefable effort has been expended in determining KIC
for many classes of engineering materials. Iin an effort
to standardize and systematize testing in this area, the
ASTM through its E-24 committee has adopted a procedure
(E399-72) which specifies specimen, geometry and other
testing procedures,1 The Standard Method of Test does not,
however, give any clear indication of what the uncertainty
in Kqe determination is likely to be. The purpose of this
paper is to analyze the effect of possible sources of
error on the value of KIC if the ASTM procedures are fol-
lowed. 1In addition to considering the ASTM specimens the
SEN geometry is considered because it is frequently used,
especially in fatigue studies.

The Irwin-Kies relationship states that the stress p
intensity for temsion-type specimens can be computed from
the expreésion: _

K=TP3-W/3.Y(%> S

where P=load, a=crack length, B=specimen thickness, W=
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specimen width, ¥ %-=calibratian function that can be
determined either experimentally or by boundary colloca-

tion techniques. Fguation (1) can be written

a 7

§<=w§’-ﬁ.f(w) e (2)
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where ;f(%)=29”5(%)1f2w135,5g%>3/2+655.,(%}5" -1017(%)

+638.9(2)% % ()

for the Compact geometry2 and
/ 2 a\3/2. .. of8\5/2_ '3\7/2 a\9/2
f(%)=(%)l" - 62(8)3 2eas.8(f) 134.68(2)7/%+242.33(3)
L)
for the SEN geomelry.
The error inherent in K can be apprqximated by the
total differential of Eq. (1).3 The result is that

%& = %g + %§ + %g + % %E ca {83

The ASTM specifications are such that errors inm thickness
and width are negligible so that

%5 = %2 + %ﬁ ... (8)

Uncertainty in load arises from the fact that there is
error in load measurement which is small for good test
machines and some uncertainty as to exactly what load on
the load displacement record is the appropriate one to use
for calculating KIC'l Uncertainty in f arises primarily
from the uncertainties associated with crack length measure-
ments. For example, the ASTM specification states that no
single crack length measurement may differ by more than 5
percent of the average crack length which is determined by

taking the average of the crack lengths measured at the
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mid-thickness and at the quarter thickness on either side.
1t also states that the surface traces must be at least 90

percent of the average crack length. Thus we can write

d2 _ g e (D

and = B L (8

Since W is essentially exact

and A(%) =E- & L (10)

where E can be as high as 0.10 according to the ASTM.
Since £ is a function of the dimensionless crack
length a/W, the uncertainty in £ can be calculated from

the expression x
Af _ df .d(w)

AL df . U ... (11)
a(5)

But, d(%)- @y =8 % L (12)

so that §i=éi(1—§_f%§ ... (13)
W

fquation (13) has been evaluated for both Compact and
SEN specimens: the results are plotted as the percentage
uncertainty in KIC as a function of a/W for various percent-
age uncertainties in crack length (i.e. for various E val-
ues). A similar calculation was carried out for the Bend
specimen and the results are plotted on the same figure.

The ASTM limits the dimensionless crack length to the
range 0.45 to 0.55. In this range the error in KIC (exclu-
sive of errors in load determination) could be as large as
17 percent for both the bend and the compact tension speci-
mens if the crack length uncertainty is 10 percent. It
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should be noted that AK/K for both the Bend and the Compact
Tension specimen exhibit similar behavior. This is ex-
pected since in both specimens cracks are propagated by
large bending sérasses. The SEN specimen appears very
susceptible to errors and its use in determining high con-
fidence data is questionable. If for the Compact Tension
and Bend specimen crack length ancertainty is limited to
on the order of 5 percent, then the error in K§C should be
no more than 10 percent. The validity of this conclusion
is partially borne out by Heyer and McCabe's statistical
analvsis of the results of 3 round-robin test pmgram4
where laboratory mean values obtained were within +10 per-
cent of the grand mean values.

Since the largest errors in determining K,. appear to
£C

i

arise from errors im crack length which introduce under-

tainty into the calibration function, it would appear that
®

tapered specimens,” in which the calibration is independent

of crack length merit careful censideration for use in

determining K?V with a high degree of confidence.

1. Book of ASTM Standards, 1872, Pt. 31, pp. 955-974.

7. W.F. Brown and J.W. Srawley: ASTM STP 410, 1966, p.1i2.

Z. Daniels et al.: Experimental Physical Chemistry,
Fifth Bdition, 1956, McGraw-Hill, New York, p. 325.

4. R.H. Heyer and D.E. McCabe: ASTM STP 463, 1970, pp.
22-41.

5 John B. Srawley and Bernard Gross: NASA TN D-3820,

Lewis Research Center, Technical Report.

[
<

30

COMPACT TENSION
e na SINGLE EDGE NOTCH

o e e e BEND ,/’/

5.40 3.45 0 55 0.60

Parcent error in fracture toughness as a
function of dimensionless crack length for
Sinq}e BEdge Notch, Compact Tension and Bend
specimens. (The assumed percentage crack
lengtn uncertainty is shown on each curve.)
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