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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 value of haVing closed form solutions for stress—intensity
relafionships'ehould not be underestimated. These are particularly
useful when synthesiiing craek growth rates obtained under fatigue or
stress—-corrosion oonditions inﬁo_failure timee. ‘Of'COurse,.the acouracy

of the'stress intensity factor should not be sacrificed for the sake of

(1)

simplicity. Considering the centrally-notched plate, Fedderson has
. : X N .

(2)

showﬁ'that the secant relationship approximates Isida's solution to

within about 0.3 perceht for 2a/w less than_0f8. The stress intehsity;is

given by

1a) 1/2 W

K = oh a sec =]

where o is the gross applied stress,'a is the half-crack and W is the

(1

plate width. In his disoussioﬁ, Fedderson ) poihted out the importance
_of eurveying numerical solutions.of other configurations for equally
~concise relationships.

Sinoe we were currently performing some:stress—corrosion_cracking'

experiments with single-edge-notch specimens, it was of some value to

have & ciosed form solution for this configuration.  Theé current expression

(3)

proposed for this specimen is given by Brown and Srawley to be

by
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_"‘P'(a)l/2
K=Y B

(2)

- 1.99-0.41(a/W) + 18.70(a/W)? -38.46(a/w)> + 53.85(a/w)"

where a is the crack iength, P is the.applied'load and B is the specimen-
thickness. BSurprisingly enbugh; a trigonémetrié approximation gb thév
polynémial was found in - a very short time.. This was accomplished in the
followingvmannér. First, it is known that the stress—iniensify for.
single- edge—notch specimens rlses mﬁch more rapldly with 1ncfea81ng crack ’
length than a symetrlcally—notched specimen. Thus,- only squared trlgo—:
nometric terms were considered. Secondly, thé'triéonomeﬁric fdnctionbin
this case would involve ﬂa/2w.l Also, it was decided to use 2 as.theb
leading term instead of 1.99. Taking threevtypiéal values of 0.2, 0.k
and O;G_for the aspect ratio, a table Qf sine, téngent, cdtangént and
cosine was formulated. A cursory ekamiﬁation showed. ﬁhat 21 + sin2 {ftanEI
'gave‘a good‘approﬁimatibn to equation'(Q). An even simpler expression‘

uses sin° + éece-éo that Y in equation (2) may be replaced by

!

£(8) = é'[sin2 (?5%) + sect ( T2y : (3)

Valﬁes for Y and f(e) were caléulatéd at 0.05 intervals. of the asPect.
fatio from O to 0.70. In Table l,'if ié seen that the two expressionsr
generally agree within about oﬁe percent for aspeét ratios up to 0.65r.
More important, for the range of a/W from O.3vfo 0.6 where most experi-
ments are evaluated, fhe two expressions coincide within 0.7TT7 percent.
As the deviation of the polynomial from the collocation.solution may be.

(3)

as large as 0.4 percent, a 0.77 percent difference does not seem much
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.iarger. Also, the differences between equations (2) and (3) are seen to
fluctgate about plus and minus as indicated in Table 1. Thus, it is
pbssigle that equation (3).might represent the single-edge-notch case as
 well as equation (2). Considéring-that'a two—ferﬁ trigénométriclfunction
is simpler than;a five—tefm polynomial,vit is_suggésted that'ﬁhe stress-
intensity expféssion might be simplified to |

K = o(a)/2. 20s1n®(T2) + sec®(I2)] - (1)
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Table 1. Stress Intensity Coefficients for Various Aspect Ratios

o 1@ e Singﬂégq sec®(52) £(9)(®) ale) Percent
S . Difference
0 1.9900 0 0 1.0600 2.6000 -0.0100 50Q5%-
0.05 2.0117 .0785k .00796 1.0081 2.0320 ‘;o.oé13 - -1.05%
0.10 2.1029 .15708 .02LL46 1.0251 2.0990 40.0039  40.19%
0.15 2.2466 | .25562 ,osjoh 1.0560 - 2;2182 +0.0284 ;1.26%

- 0.20  2.43L4k ﬂ .31416 .095L8 ©1.a08h 2:&0;8 +0.0326 +1.34%
0.25 2.665% .39270  .14666 1.1718 :2.63f0' 40,0283 +i;o6%
qf3o_ '2.9&72_ .h71éh .20590 -1;2591 - 'é.93ool +o.6172 +0.58%}
0.35 3.2955  .5h978 27319 1.3756.  3.2976 ~0.0021 ~0.06%
0.40 3.7338  .62832 _y .34517 1.5269  3.7hk1 -0.0103 46.28%
0.45  14.2938 70686  .l219l 1.7298 14,3033 20.0095  -0.22%
0.50. 5.0156 .78540 49959 1.9982 4.9955 '+o,oéoi +0.40%
0.55 5.9467 .8639k  .57826 - 2.3710 5.898h +0.0460 40613
0.60 7.1432  .9koks .65L51. 28941 - 7.0972  40.0545 40,775
0.65 8.6700 1.0210 =';72693 3.663k B 8.7806 -0.1106' '71,26%

© 0.70 10.596 1.0996 .T9391 4.8518  11.291 ~0.605 | 5.36%

{a) Equation (2)

(v) Equation_(3)

(a) - (b)

(c) A
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