- b i .
»

AD-A254

64
Wilmay =

TECHNICAL REPORT ARCCB-TR-92029

NOTCH DIMENSIONS FOR THREE-POINT
BEND FRACTURE SPECIMENS BASED
ON COMPLIANCE ANALYSES

FRANCIS L BARATTA
JOHN H. UNDERWOOD

pTiC

gLBCTE 3

%EP‘O.Z‘“’

US ARMY ARMAMENT RESEARCH,

DEVELOPMENT AND ENGINEERING CENTER
CLOSE COMBAT ARMAMENTS CENTER
BENET LABORATORIES
WATERVLIET, N.Y. 12189~4050

APPROVED FOR PUBLIC RELEASE; DISTRIBUTION UNLIMITED

92-24155

92 5 51 ¢ . , Wi\!/I\lliliillillvllilllIllIHlIIIIil@ll!{g




DISCLAIMER
The findings in this report are not to be construed as an official
Department of the Army position unless so designated by other authorized
documents.
The use of trade name(s) and/or manufacturer(s) does not constitute

an official indorsement or approval.

DESTRUCTION NOTICE
For classified documents, follow the procedures in DoD 5200.22-M,
Industrial Security Manual, Section II-19 or DoD 5200.1-R, Information
Security Program Regulation, Chapter IX.
For unclassified, limited documents, destroy by any method that will
prevent disclosure of contents or reconstruction of the document.
For unclassified, unlimited documents, destroy when the report is

no longer needed. Do not return it to the originator.




. Form Approved
. REPORT DOCUMENTATION PAGE OnMB Ne. 0708048
Public mpomng buraen for this collection of information 15 estimated t0 average ! hour per response, including the tume for reviewing instructions, searching existing data sources,
Mda“ ded, and ¢ Qg and r g the coliection of information. Send comments regarding this burden estimate or any other aspect of this

¢ squ for vedu<mq this burden. to o ters Services. Directorate for information Operations and Reports, 1215 Jetferson
Dum n«;rwuy Suotl 1204, Aquton 222024302, and to the Office of Manogemem and Budget, Paperwork Reduction Project (0704-0133) Washington, OC 20503.
1. AGENCY USE ONLY (Leave blank) 2']&?5;?‘“ 3.l_n PRT TYPE AND DATES COVERED
4. TITLE AND SUBTITLE S. FUNDING NUMBERS

NOTCH DIMENSIONS FOR THREE-POINT BEND FRACTURE AMCMS No. 6126.24.H180.0

SPECIMENS BASED ON COMPLIANCE ANALYSES PRON No. 1A12ZWKFNMBJ

6. AUTHOR(S)

Francis 1. Baratta (AMTL, Watertown, MA) and John H. Underwood

I7 PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 8. PERFORMING ORGANIZATION
REPORT NUMBER
U.S. Army ARDEC ARCCB-TR-92029
Benet Laboratories, SMCAR-CCB-TL

Watervliet, NY 121894050

9. SPONSORING / MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSORING / MONITORING
AGENCY REPORT NUMBER
U.S. Army ARDEC
Close Combat Armaments Center
Picatinny Arsenal, NJ 07806-5000

11. SUPPLEMENTARY NOTES

Presented at ASTM Technical Committee Meeting, University of Tennessee, Knoxville, TN, April 1991.
Submitted to Joumnal of Testing and Evaluation.

{ 122. DISTRIBUTION / AVAILABILITY STATEMENT 12b. DISTRIBUTION CODE

Approved for public release; distribution unlimited.

13. ABSTRACT (Maximum 200 words)

Load-line compliance was calculated for various three-point bend specimens containing finite width notches and cutouts, using methods
of engineering strength of materials and elastic superposition. Comparing compliance results for notched specimens with results for the
ideal zero thickness crack promoted the use of two basic notch configurations for fracture testing. A relatively wide notch which could
be produced by conventional manufacturing methods resulted in load-line compliance vaiues 10 percent or more above those of the ideal

crack case. A narrow notch which could be produced by electric-discharge machining resuited in compliance values much closer to those
of the ideal crack case.

14. SUBJECT TERMS 15. NUMBER OFlgAGES
Fracture Toughness, Compliance, Strength of Materials, sending Beam, Notch Analysis

16. PRICE COO¢

“#“_
17. SECURITY CLASSIFICATION 18. SECURITY CLASSIFICATION 19. SECURITY CLASSIFICATION [ 20. LIMITATION OF ABSTRACT
QF REPORT OF THIS PAGE OF ABSTRACT
UNCLASSIFIED UNCLASSIFIED UNCLASSIFIED UL
NSN 7540-01-280-5500 Standard Form 298 (Rev 2-89)

Prescribed by ANSI Std. Z39-18
298102




TABLE OF CONTENTS

NOMENCLATURE . ......0iiutituturaunsenoseaansasacesassoossanatseasssanesnnesns ii
INTRODUCTION . ... it iiiiiirienanaessssanseosesasacenasssaessanassnnseannsas 1
ANALY SIS ...ttt iiiit ittt tenassaessnaetosasssessssanasnsasssnnsassannnsnnns 1
RESULT S . ittt iititenetnnnoeaotossnssenseanssseassesssonssssasssnntonassonssss 2
DISCUSSION ... iiiitt it et tanonetnaessacssosasaaoteansssanssensssnessansansss 3
REFERENCES ... .itiiiitineteneeeesasonettaaseasesasntansstassscessssnecsnnnnns 5
APPEND I ... i i i ittt et et et et 16

Compliance DU to CULOUL . . . ..o v vvu vt i i i it oneuuneonsoesesoscsnasassensanssssss 16

CrackEnvelope Angle ... ... .0ttt ittt inreeennreesoneansonessaneens 16

TABLES
Table 1 Load-Line Compliance for Three-Point Bend Specimens with Various Notch Widths and Crack
ConfIgUIAtioNS . . . ... ivvuvtininnrnorenroneenoeeroennosnssseenasasasnnans . 6
Table 2 Load-Line Compliance for Three-Point Bend Specimens with Various Notch-Tip Included
T T 7
Table 3 Suggested Notch Dimensions for Three-Point Bend Fracture Specimens; see Figs. land2....... 8
LIST OF ILLUSTRATIONS

Figure 1 Three-Point Bend Specimen Configuration . ... ........ it tiiiernererecenroreeseens 9
Figure 2 Notch and Cutout Configuration . ............ccouunteneoesonnnerrnoccnaseanesns 10
Figure 3 Cutout Configurations for Superposition . ............coiiiiiiiirnnerenannnncenans 11
Figure 4 Comparison of Normalized Load-Line Compliance for Three-Point Bend Specimens with Notches

and Ideal Crack; notched configurations are: =90, ayW=0.025, N/ W=02,Ly/W=0.1 ............ 12
Figure 5 Compliance Differences for Three-Point Bend Specimens with Various Lengths of Idealized Crack

and Notch Plus Crack; notched configurations are: ©=90s, NyW=0.2,LyW=0.1 ................. 13

Figure 6 Effects of Notch Width (N), Cutout Dimensions (Nc, Lc), and Crack Extension (F) on Load-Line
Compliance for Three-Point Bend Specimens; notched configurations are: 1=90o, NyW=0.2, LyW=0.1 14
Figure 7 Effects of Notch-Tip Angle (@) on Load-Line Compliance for Three-Point Bend Specimens;
nowched configurations are: agW=0.025, NyW=0.2, LW=0.1 ....... ... ciiiiiiirnnnnnn. 15

Accession Yor
NTIS cmua#_

DTIC TAB 0
. Unannownced O
DTG QUALITY INSPICYED 3 Justification
By _ _ _
Dlstrlbution/

e

Availability vodos
4Ava*1 and/or
Bt Speolal

V]




NOMENCLATURE
a

2
ay
B

&

:Pppbmdwfpsm.c:

*see Figs 1-3

total length of crack plus notch*

extension of notch by fatigue crack*

notch dimension*

specimen thickness*

specimen dimensions*

elastic modulus; (E’ for plane strain)

notch dimension*

notch length*

cutout dimensions*

notch width*

applied load*

elastic strain energy; case a and b, see Figure 3
specimen span*

specimen depth*

normalized total length of notch plus crack (a/W)
normalized notch dimension (a,/W)

crack envelope angle*

included notch-tip angle*

load-line displacement of beam*

normalized load-line compliance (SEB/P)
normalized load-line compliance due to cutout (5.EB/P)

Poisson’s ratio




INTRODUCTION

Technical committees within ASTM Committee E24 on Fracture curreatly are developing a comprehensive
fracture toughness test method which will include many of the existing fracture testing procedures. The intent is
to provide a "common” fracture toughness test method for any of four basic types of fracture behavior which are
currently investigated using the following methods: E399 for Plain-Strain Fracture Toughness of Metallic
Materials; E813 for J,,, A Measure of Fracture Toughness; E1152 for Determining J-R Curves; and E1290 for
Crack-Tip Opening Displacement (CTOD) Fracture Toughness Measurement.

The specimen configuration which is included in each of the four test methods is the three-point bend
specimen. Two of the methods, E813 and E1152, require load-line compliance determination by both
experimental means and theoretical analysis. These test methods refer to a formulation of load-line compliance
based on results generated in the referenced authors’ work [Ref.1]. This method represents any given
combination of machined notch plus crack extension as an ideal zero-width crack, and ignores the effect of the
finite width notch on the beam compliance. The compliance contributed by the finite width of the notch,
although not the major contributor to compliance, can be substantial, depending on the notch and crack
dimensions. In many cases this additional compliance attributable to the notch width can be ignored; but if
accurate load-line compliance results are desired, the notch configuration should be considered in the analysis.
Baratta [Ref2] recently provided relevant resuits, wherein he determined that in some instances errors resulting
from the use of reference 1 as applied to fracture testing were considerable.

In response to the above determination, the objective of this text is to use Baratta’s method and results [i] to
calculate load-line compliance for various notch and crack configurations, and [ii] to provide guidance to ASTM
technical committees in defining appropriate and practical geometry limits to minimize load-line compliance
errors in fracture testing with three-point bend specimens.

ANALYSIS

Because the method for obtaining load-line compliance of a three-point bend beam is well-documnented in
reference 2, little detail is necessary in this document. Some general comments about the method appear in the
following paragraphs.

A simple yet accurate way of calculating compliance for stepped structural elements has been provided by
Bluhm [Ref. 3]. Engineering strength of materials analysis was combined with elastic fracture mechanics to
obtain deflections of geometrically discontinuous structures. The method was based on the work of Paris [Ref.
4] and subsequentdy Tada et al. [Ref. 5], which suggested techniques for computing certain displacements in
crack-related problems. The approach used in reference 3 as applied to stepped structures was adapted in
reference 2 to various V-notched configurations using superposition. Specifically, the configuration examined in
reference 2, which is also appropriate to the topic here, appears in Figure 1. Using the methods from reference 2
outlined above for a three-point bend specimen with S/W = 4, the normalized load-line compliance including the
effects of notch configuration is':

A= [ (/WY/4] + [ 3(1+p)/5) /W - 2 wan(z/2) In(l-0y/{1-QD]]
+ [ 3 an(12)] [ [S/QW(1-Q-0)) - BA2W(1-Q})}]
- (2 tan(%/2)] [S/2W{1-Q-ay}) - b/(2W(1-02})
+ an(t2) In(1-0/{1-QD11  + [ fla)]
Eq. 1)

'Note that this equation in reference 2 has a typographical error; Eq. 1 above is comect.
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According to the work of Wu [Ref. 6]:

f(@)= 18 (S2W)* [- 0365 & + 1326 * - 2.71 o + 3.87 &2
- 8.614 a - 2.268 + 6.018 in(1+2ax) - 1.015 In(1-ax)
+ (2.829 o? - 4437 a + 2.268) /((1+20) (1-0)*)]

(Eq. 2)

Equation 1 applies to a piane-stress condition; simply muitiply f(a) by the quantity (1-p2) to realize the
plain-strain condition. Equation 1 does not account for the compliance due to the radius at the apex of the V-
notch nor for the local discontinuities at the junction of the V-notch and the straight sides of the notch.
However, it is expected that the effect of these subtle geometric details of the notch on the load-line compliance
will be negligible.

Equation 1 also does not account for a displacement gage cutout, such as that shown in Figure 2. The
displacement and associated compliance due to the cutout can be readily accounted for by superposition of the
two cases shown in Figure 3. This superposition (see the Appendix) results in an additional normalized
compliance, A, based on the following:

Ac = 3 [{®2W) - by2W)}/(1-Qc)® - 2(b2W - bo2W) ({14}/5 + 1/{1-Qc))]

The total load-line compliance, Ay, is simply the sum of Eqgs. 1 and 3:
Ay = A+ Ac

(Eq. 3)

(Eq. 4)

In the results to follow, load-line compliance for various notched configurations are presented and compared
with the ideal crack resuits [Ref. 1}. The expression for load-line compliance for the case of an ideal crack, A,
from reference 1, is the following:

A = [(S/W)/(1-a)? [1.193 -1.980 o +4.478 a* 4.443 o +1.739 ']

(Eq. 5)
RESULTS

Notch and cutout configurations were selected to show what were believed to be the key factors which affect
load-line compliance and also to show the more significant differences in compliance for the finite-width notch
and the ideal crack, Eqs. 4 and 5, respectively. The range of configurations selected covered those of interest in
the fracture test methods mentioned earlier. Figures 4-7 and Tables 1 and 2 present the resuits,

Figure 4 compares the normalized load-line compliance, A = SEB/P, for the ideal zero-width crack (Eq. 5)
with resuits for notches of various widths (Eq. 4), over a range of &/W. Note that the increase in compliance due
to the finite width of the notch becomes more significant for deeper notches. The relative change in compliance,
compared to that for an ideal crack, can be more directly considered when plotted as a ratio, A/A,., (see Figure
5). These results can be used to show the upper bound differences in compliance between three-point bend
specimens with a finite thickness notch and specimens with an idealized crack, for a variety of notch and crack
lengths. For example, consider a beam having a notch length, L = 0.425 W (the lower curve) and a fatigue
crack length of 2y = 0.025 W (the smallest fatigue crack considered here) giving a total notch-plus-crack length
of a = 0.45 W. For this configuration the difference in compliance from that of the idealized crack is 7.3 %.
However, as a, is allowed to increase this difference diminishes to a value of 2.0 % when a, = 0.32S Wand a =
0.75 W. Thus, a large notch depth with a small fatigue crack produces a significant increase in compliance over
that of the ideal crack. The end points of the family of curves for a range of L/W values produce an upper
bound description of the increase in compliance (see the dashed line in Figure 5). For most real testing




situations the difference in compliance will be less than these maximum values, because ag > 0.025W.

Figures 6 and 7 show the effect on compliance of important configurational variables. Figure 6 shows the
A/A,, values for three finite notch widths (solid lines with symbols) compared with the ideal crack, with AJA
= 1 (the solid line). The nowches each have ayW = 0.025 and t© = 90°. Note the significant effect on
compliance due to notch width, with a value of N/W = 0.10 resulting in a 10-19 % increase over that of the
ideal crack, for the range 0.45 < a/W < 0.75. The lesser effect of two other configurational features on
compliance can also be seen. The amount of crack extension from the notch tip, aF/W, has less affect on
compliance than nowh width; note that the dashed curve for ayW = 0.050 is reduced as would be expected (the
additional crack extension makes the notch behave a bit more like an ideal crack), but the reduction is only about
2 %. The effect of the cutout on compliance can be judged from the dotted curve. The cutout with Lo/W = 0.1
and NyW = 0.2 adds only about 1 % to compliance for a/W = 0.45, and its addition diminishes as a/W
increases.

The effect of notch-tip included angie, T, on compliance is considered in Figure 7. If T were 30° rather than
90°, about one third of the compliance increase due to the notch would be eliminated (for this notch N/W =0.10;
ay/W = 0.025). However, the fabrication difficulties associated with a 30° notwch-tip angle would be significant
for many users. In addition, the effect of a small t in eliminating some of the compliance increase due to the
notch will be greatly diminished for notches with smaller N/W and larger ay/W.

Values of normalized compliance for various notch and crack configurations, including many of those of
Figs. 4.7, are listed in Tables 1 and 2. Also shown are the values of the crack and notch eavelope angle, 8, for
each configuration, see Figure 2. Historically, a limitation on this envelope angle has been used to insure that a
given notch configuration is a reasonable simulation of an ideal crack (see Appendix). Although a general trend
can be noted in Table 1, in which a smail envelope angle is associated with a smail difference between notch
and ideal crack compliance, the trends already described between notch dimensions and compliance are better
defined.

DISCUSSION

The results of solid mechanics analyses described here were used to suggest two sets of notch and cutout
dimensions for use in fracture tests with the three-point bend specimen. We believe that these same dimensions
are aiso applicable to other configurations which are subjected to predominantly bending stresses, including the
compact specimen used in many fracture tests and the arc and disk-shaped specimens used in ASTM Method
E399. In addition to analytical results, some engineering experience and judgement were used in arriving at the
suggested specimen dimensions, particularly as related to specimen fabrication and test procedures in common
use today.

Table 3 gives the two suggested notch and cutout configurations, as a list of five required dimensions: the
maximum allowed notch width, N/W; the maximum allowed notch-tip inciuded angle, t; the minimum required
crack extension, ay/'W; the maximum allowed cutout length and width, L and N.. The current requirements in
ASTM Methods E399 and E813 are listed in this table for reference.

The most significant change in specimen configuration involves notch width, where a wide notch with N/W
=(1.063 is suggested for tests in which specimen fabrication requirements are controlling, and a narrow notch
with N/W = 0.01 is suggested for tests in which a close modeling of the ideal crack compliance is important.
The wide notch can be easily cut in relatively large specimens using conventional machining, whereas the narrow
notch requires a quite narrow slitting process, such as clectric-discharge machining. The other notch and crack
dimensions are unchanged from existing methods. Although some narrowing of the difference in compliance of
the real notch and cutout compared to the ideal crack could have been accomplished with tighter dimensions, the
user would have paid dearly in fabrication and testing difficulties.




The final result of the suggested notch, crack and cutout dimeasions is: [i] for the wide notch the compliance
can be 7-12 % above that of the ideal crack, for 0.45 < a/W < 0.75, respectively; [ii] for the narrow noich the
compliance is 3 % above that of the ideal crack, for the range 0.45 < /W < 0.75. It should be noted that
generally only the lower end of the possible 7-12 % increase in compliance mentioned above would be

experienced in fracture testing because, although R-curve type tests are often performed for a/W = 0.7, the notch
length is generally at /W = 0.6 or less.
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Table 1 Load-Line Compliance for Three-Point Bend Specimens
with Various Notch Widths and Crack Configurations

Notch Catout Tio Crack | Envelope | Nowh+Crack | Nommalized
Width Dimensions Angle | Extension Angle Length Compliance
N/W LJW NgW t aWwW 8 W SEB/P
- - de‘ - des - -
0.100 01070320 %0 0.0% "1 "33 0.473 353977
0525 68.51
0575 3675
0.625 113.20
0.675 153.34
0.725 218.03
0.063 0.10 020 %0 0.025 58.1 045 49.67
0.50 60.51
0.55 75.49
0.60 96.88
0.65 128.65
0.70 178.44
075 26243
0.010 0.10 020 90 0.025 189 045 47.46
0.50 5739
055 7.07
0.60 90.49
0.65 119.16
0.70 163.77
075 238.42
0.010 00 00 90 0.025 189 0.4s 46.87
(No Cutoat) 050 56.80
055 70.48
0.60 89.90
0.65 118.57
0.70 163.19
0.75 237.83
00 | (ideal Crack; Eq.5) 045 4629
0.50 56.05
055 69.41
0.60 8828
065 116.01
0.70 159.08
075 231.10
‘ - 6
.




Table 2 Load-Line Compliance for Three-Point Bend Specimens with Various

Notch-Tip Included Angles
Noich Cutout Tip Crack Envelope Notch+Crack | Normalized
Width Dimensions Fugle | Extension Angle Length Complisnce
N/W L/W NgW T wW 8 W SEB/P
- - dg‘ - dgs - -
"~3.100 6.107 030 30 0.02% 68 0.43 2963
0.50 60.49
055 75.45
0.60 96.70
0.65 128.09
0.70 17693
0.75 258.52
0.100 0.10 020 45 0.025 379 0.45 50.20
0.50 6126
0.55 76.54
0.60 128.09
0.65 130.48
0.70 180.72
0.75 264.92
0.100 0.10 020 60 0.025 483 0.45 5055
0.50 61.75
055 7124
0.60 99.31
0.65 13207
0.70 183.30
0.75 269.43
0.100 0.10 0.20 %0 0.025 614 0.45 50.99
0.50 6237
0.55 78.12
0.60 100.64
0.65 134.16
0.70 186.78
075 275.69




Table 3 Suggested Notch Dimensions for Three-Point Bend Fracture
Specimens; see Figs. 1 and 2

B Existing Standards | Suggestions from Compliance |
E399  E813 |Wide Notch Narrow Notch

max_width; N T0.100W~"0.063W T 0.063W 0.010W

max tip angle; * 90° - 90° 90°

min extension; a2, | 0.025W 0.050a | 0.025W 0.025W

max_cutout Le| - 0.10W | 0.10W 0.10W

max_cutout; Nel - 020W | 020W 0.20W
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Figure 2 Notch and Cutout Configuration
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0 EB/P

300
— |IDEAL CRACK; [1] Q
= N/W = 0.01
2601 | o n/w =010 /
200+
150
100
50
O L 1 L
0.4 0.5 0.6 0.7 0.8

a/W

Figure 4 Comparison of Normalized Load-Line Compliance for Three-Point Bend Specimens with Notches and Ideal
Crack; notched configurations are: 1=90e, a/W=0.025, N/W=0.2, Ly/W=0.1
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A7) ideal

112 F - -
MAXIMUM 4
Lol DIFFERENCD\\ 0.67
e 0.62

1.08 R

1.06 )

1.04

1.02
a I_./ W = 0.025 min to 0.325 max
N/W = 0.063

l.w L . 1 1 1

0.45 0.50 0.55 0.60 0.65 0.70 0.75
NOTCH + CRACK LENGTH; a/W

Figure § Compliance Differences for Three-Point Bend Specimens with Various Lengths of Idealized Crack and
Notch Plus Crack; notched configurations are: ©=90e, NyW=0.2, Ly/W=0.1
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A /A ideal
1.2

1.1

y - A A A 2\
f dom p =1 (==

T ﬁ.i l’.:.} _rl_ 1
- T T

—— IDEAL CRACK
—— N/W=.010; no cutout
- N/W=.010; 0.025W
-S- N/W=.063; 0.025W
8- N/W=.100; 0.025W
--%-- N/W=.,100; 0.050W

0.8 : : '
0.4 0.5 0.6 0.7 0.8

a/W

0.9

Figure 6 Effects of Notch Width (N), Cutout Dimensions (Nc, Lc), and Crack Extension (F) on Load-Line
Compliance for Three-Point Bend Specimens; notched configurations are: 1=90¢, No/yW=0.2, L/W=0.1
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A /A ideal

1.2
1.1F
1r
— IDEAL CRACK
0.9 — N/W=10; 30 deg
% N/W=.10; 45 deg
-B- N/W=.10; 60 deg
-2 N/W=.10; 90 deg
0.8 1 I i
0.4 0.5 0.6 0.7 0.8
a/W

Figure 7 Effects of Notch-Tip Angle (@) on Load-Line Compliance for Three-Point Bend Specimens; notched

configurations are: ay'W=0.025, NyW=0.2, LyW=0.1
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APPENDIX

Compliance Due to Cutout

The displacement due to an additional cutout, such as that shown in Figure 2 to accommodate a
displacement gage, is required to obtain the total displacement of the beam configuration. All that is needed is
the superposition of the two cases shown in Figure 3. This contribution is then added to the compliance given
by Eq. 1.

The increase in strain energy of a notched beam due to shear loading and beam bending can be obtained
from reference 2, Eqgs. 40 and 42, respectively. With © = &, oy = 0, and redefining Q = Q. = LW, then for
case a, b = b, and for case b, b = b, Substitution of these values into the appropriate equations cited above and
subtracting the strain energy due to case 5 from that due to case g results in the following:

U,-U,= [3P/2BE] [(W(2W{1-Q}))* - (b/2W(1-Q.}))*
- 20/2W(1-Q.)) - b/2W(1-Q.)))]
- 3(Q+mP* /W - by/W) / (10BE)]

(Eq. 6)

Since the displacement of the beam due to the cutout, 3, is

S = d/dP (U, + Uy

(Eq. 7)

Then

A, = 3[((b2W)? - (b2W))/(1-Q)
- 2(b2W - b2W)({1+p)/S + 1/{1-Q.})]

(Eq. 8)

which is added to Eq. 1 to obtain the total compliance A,.

Equation 8 accounts for the additional compliance due to a cutout. Although this equation ignores the
compliance due to discontinuities at the corners of the cutout, this variance should be relatively small.

Crack Envelope Angle
Historically, the crack envelope angle, B, shown in Figure 2, has been used (see ASTM Methods E561 and
E647) to insure that the fatigue crack extension to the notch is sufficiently large enough that the stress intensity

factor (or compliance) is not overly influenced by the notch configuration. With the aid of Figure 2 the envelope
angle is readily defined in terms of the notch configuration as follows:

8 = 2an'(N2(ay+ay)]
and since a, = N/2(tan{t/2}) , then

B8 = 2uwan'[1/(1/tan(t/2) + 2a/N)]
Eq. 9

16




TECHNICAL REPORT INTERNAL DISTRIBUTION LIST

CHIEF, DEVELOPMENT ENGINEERING DIVISION
ATTN: SMCAR-CCB-DA
-0C
-0I
-DR
-DS (SYSTEMS)

CHIEF, ENGINEERING SUPPORT DIVISION
ATTN: SMCAR-CCB-S
~-SD
-SE

CHIEF, RESEARCH DIVISION
ATTN: SMCAR-CCB-R

-RA

-RE

-RM

-RP

-RT

TECHNICAL LIBRARY
ATTN: SMCAR-CCB-TL

TECHNICAL PUBLICATIONS & EDITING SECTION
ATTN: SMCAR-CCB-TL

OPERATIONS DIRECTORATE
ATTN: SMCWv-0DP-P

DIRECTOR, PROCUREMENT DIRECTORATE
ATTN: SMCWvV-PP

DIRECTOR, PRODUCT ASSURANCE DIRECTORATE
ATTN: SMCWV-QA

NO. OF
COPIES

— e e

-

[T PN I S XY

NOTE: PLEASE NOTIFY DIRECTOR, BENET LABORATORIES, ATTN: SMCAR-CCB-TL, QF

ANY ADDRESS CHANGES.




TECHNICAL REPORT EXTERNAL DISTRIBUTION LIST

\SST SEC OF THE ARMY
IESEARCH AND DEVELOPMENT
\TTN: DEPT FOR SCI AND TECH
"HE PENTAGON

VASHINGTON, 0.C. 20310-0103

\DMINISTRATOR

JEFENSE TECHNICAL INFO CENTER
\TTN: DTIC-FDAC

;AMERON STATION

\LEXANDRIA, VA 22304-6145

-OMMANDER

JS ARMY ARDEC

\TTN: SMCAR-AEE
SMCAR-AES, BLDG. 321
SMCAR-AET-0, BLDG. 351N
SMCAR-CC
SMCAR-CCP-A
SMCAR-FSA
SMCAR-FSM-E
SMCAR-FSS-D, BLDG. 94

NO. OF
COPIES

12

SMCAR-IMI-I (STINFO) BLDG. 59

ICATINNY ARSENAL, NJ 07806-5000

JIRECTOR

JS ARMY BALLISTIC RESEARCH LABORATORY

\TTN: SLCBR-DD-T, BLDG. 305

\BERDEEN PROVING GROUND, MD 21005-5066

JIRECTOR

IS ARMY MATERIEL SYSTEMS ANALYSIS ACTV

TTN: AMXSY-MP

\BERDEEN PROVING GROUND, MD 21005-5071

'OMMANDER

Q, AMCCOM

TTN: AMSMC-IMP-L

'0CX ISLAND, IL 61299-6000

N b b b b d e

1

1

NO. OF
COPIES

COMMANDER

ROCK ISLAND ARSENAL

ATTN: SMCRI-ENM 1
ROCK ISLAND, IL 61299-5000

DIRECTOR

US ARMY INDUSTRIAL BASE ENGR ACTV
ATTN: AMXIB-P 1
ROCK ISLAND, IL 61299-7260

COMMANDER

US ARMY TANK-AUTMV R&D COMMAND

ATTN: AMSTA-DDL (TECH LIB) 1
WARREN, MI 48397-5000

COMMANDER

US MILITARY ACADEMY 1
ATTN: DCPARTMENT OF MECHANICS

WEST POINT, NY 10996-1792

US ARMY MISSILE COMMAND

REDSTONE SCIENTIFIC INFO CTR 2
ATTN: DOCUMENTS SECT, BLDG. 4484
REDSTONE ARSENAL, AL 35898-5241

COMMANDER

US ARMY FGN SCIENCE AND TECH CTR
ATTN: DRXST-SD 1
220 7TH STREET, N.E.
CHARLOTTESVILLE, VA 22901

COMMANDER

US ARMY LABCOM

MATERIALS TECHNOLOGY LAB

ATTN: SLCMT-IML (TECH LIB) 2
WATERTOWN, MA 02172-0001

OTE: PLEASE NOTIFY COMMANDER, ARMAMENT RESEARCH, DEVELOPMENT, AND ENGINEERING
CENTER, US ARMY AMCCOM, ATTN: BENET LABORATORIES, SMCAR-CCB-TL,
WATERVLIET, NY 12189-4050, OF ANY ADDRESS CHANGES.




TECHNICAL REPORT EXTERNAL DISTRIBUTION LIST (CONT'D)

NO. OF
COPIES

COMMANDER

US ARMY LABCOM, ISA
ATTN: SLCIS-IM-TL

2800 POWDER MILL ROAD
ADELPHI, MD 20783-1145

COMMANDER

US ARMY RESEARCH OFFICE
ATTN: CHIEF, IPO

P.0. BOX 12211

RESEARCH TRIANGLE PARK, NC 27709-2211

DIRECTOR
US NAVAL RESEARCH LAB
ATTN: MATERIALS SCI & TECH DIVISION

CODE 26-27 (DOC LIB)

WASHINGTON, D.C. 20375

DIRECTOR

US ARMY BALLISTIC RESEARCH LABORATORY

ATTN: SLCBR-IB-M (DR. BRUCE BURNS)

ABERDEEN PROVING GROUND, MD 21005-5066

NOTE :

1

1

COMMANDER

AIR FORCE ARMAMENT LABQORATORY
ATTN: AFATL/MN

EGLIN AFB, FL 32542-5434

COMMANDER

AIR FORCE ARMAMENT LABORATORY
ATTN: AFATL/MNF

EGLIN AFB, FL 32542-5434

MIAC/CINDAS

PURDUE UNIVERSITY

2595 YEAGER ROAD

WEST LAFAYETTE, IN 47905

NO. OF
COPIES

PLEASE NOTIFY COMMANDER, ARMAMENT RESEARCH, DEVELOPMENT, AND ENGINEERING

CENTER, US ARMY AMCCOM, ATTN:
WATERVLIET, NY

BENET LABORATORIES, SMCAR-CCB-TL,
12189-4050, OF ANY ADDRESS CHANGES.




