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I. INTRODUCTION

Interest in the bend test has gained considerable attention in recent years
= becsuse of the greater use of high strength materials with little ductility and
i because of the development and exploitation of such brittle materials as ceramics
and carbhides.

If tensile properties-of 3 material ar® sought, it i3 only natural to think
of panufacturing and testing a tension specifien made of the material in question.
Because of size limitations, however, even when the material is -easily machinable,
the tash of manufacturing a tension specxner sometimes becdmes inpgésibhle. On the
other hand, even when sufficient material is available, the cast of manufacturing
a tension specimen may become prohibitive as, for example, machining a dumbbell-
shaped tension specimen made of an extremely brittle material as those mentioned
above. In such cases, a bend test with its major advantage of employing a simple
specimen with a rectangular cross section becomes a welcome substitute provided,
of course, that such a test does yield reliable predicted tensile results.

i oo L b o e Dbt FL i i e bt s Ry 1 g

Sudanas o

Wi bt o ¢ $aee g

It has been shows by Nadail! that it is theoretically possible to apply a
‘bend test to determine the tensile and compressive stress-strain curves of a
material, and experimental verification of this hvpothesxs has been accomplished
with 4330 steel heat treated to various strength levels.? Results indicate that
close agreement exists, at least to strains to 1-1/2 to 2%, between the stress-
strain curves predicted from the bend tests and those determined from the actual
tension and compression tests

a1 B TR B 8 Do e AT R

In order to include the gamut of materjal variation, i.e., ductile to brit-
tle, bend specimens were designed and tested according to Reference 2 and tension
specirnens were designed and tested essentially according to Reference 3, Suffi-
cient expressions have been derived and presented from which properties of ten-
sion specimens can be predicted from hend test results. Predicted and actual
properties of tension specimens were subsequently obtained and compared.

R A N U T R R N T I A PR . I Y

In determining fracture stresses of ceramic specimens, recourse was made to : :
a statistical approach, and in this study the Weibull statistical theory of
fiacture,” the most widely accepted theory, was chosen. This theory uses two :
basic criteria of failure: size and normal stress. In the Weibull three- :
parameter analysis, fracture is predicted in terms of the three-material
parameters: cZero probability strength, flaw density exponent, and a scale
parameter. In the Weibull two-parameter analysis, on the other hand, the first

~ of these material parameters is assumed to be zero, and fracture is predicted
-~ in terms of the two remaining parameters.

3 1. NADAL A. Plasticity. McGraw-Hill Book Company, Inc.. New York, 1931,
3 2 CAMPO, §. Unhization of the Bend Test for Determyiming Stress-Strain Curves Aty Matenals and Mechanics Research Center
2 -Technal Report, AMMRC TR 7113, July 1971,
2 3, DRISCOLL, ;. W., and BARATTA, b. 1. Modifications 10 an Axwl Tension Tester for Brittle Maicrials. Atmy Matetials and
Mechanics Research Center Product Technical Report, AMMRC PTR 71-3, August 1971,
g 4. WEIBULL. W. A Stetistical Theory of the Strength of Materiels, Ingemors Vetenskaps Akadamien-Handlingas,

no. 151, 1939,




I1. PROBABILITY OF FRACTURE

Three-Parameter Analysis

For a stress field in a homogeneous isotropic material governced by volumet-
ric flaw distribution, the probability of fracture at a given stress ¢ is given:3

r g-g_\m
p =‘l-c.\’) - U dv =l--l— o5>c¢ (1)
£ l ’ % cR. u
v

L 0 » 9 <0
u

o-g,\Mm
ij(g ) d\ (2)
o

is the risk of rupture, and

e AR 3 S Sl

) e . et Bt o oy
R A LA s 24 a6 b e Bl

1

bt AN

c, * cero probability strength (strength below which there is no fracture)
m = Weibull modulus or flaw density exponent

o, ® scale parameter.

The last three values are material parameters only.

Two-Parameter Analysis

If it is assumed that o, = 0 (and certainly there can be no fracture at zero
stress level), then Equations (1) and (2) become:

1
P.=1 - exp -/")“‘dv =10 (3)
f (Uo eR

\Y

where

n"/(g—)’" av )
- %

2 v

is the modified risk of rupture.

Application of the two-parameter analysis yielded values of material param-
eters that described the test data very well and the results of this analysis
are herein reported.

5. WLIL.N. A, and DANILL, L. M. Amalysis of Fracture Probabilinies im Nonuniformly Stressed Brittle Matersals, Journal of the
Amett-an Ceramic Sourty, v. 47, June 1964, p. 268-74,

[ ]
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: I11. MODIFIED RISK OF RUPTURE :

e E

£ It should be apparent that the value of modified risk of rupture of a =]

% specimen — in terms of maximum tensile stress, for example, within the speci- 3

£ men — is the result of integration of Equation (4) throughout the total volume. E

= In addition, if the stress throughout the specimen is not constant, this integra- E:

< tion may become rather cumbersome. E

i Generally, however, a specimen is so designed that the greatest risk of E

T rupture occurs in the middle or gage length section, and, therefore, the value :

: of modified risk of rupture determined by integrating throughout the volume of E

g the gage length section will be only negligibly smaller than that determined by 2

B integrating throughout the total volume. : E:

; Equation (4) may always be expressed as: : %;

: ¢ m : ;

: R* = KV ( ”‘"‘) (5) i

where -é

K = a load factor determined by carryving out portions or all of the i Zi

integration indicated in Equation (4), K = K(m). 3

V = volume of all or gage length section only of the specimen, as selected 3

Tmax = maximum stress (tensile in this study) in sp-ocimen i

¢,» M = materia' parameters. ;

3 Shown below are listed values of R' for the cases pertinent to this study 'f
: (see Appendixes A and B for actual derivations): 3
% a. Third-Point Loading Bend Specimen %
; 1. Total volume considered E
v, ;
2o« —total (™3 (% )m 6) E
s 6(ms1)2 % E
% where in Equation (5) K is taken as g
g K=K = -£EI§15 and subscript b refers to bend specimen. %
§ b 6(mel) g

E
E
3
3
E|
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2. Only volume of gage length section considered

Vb ¢, \m
' . 6L [ "b
R ‘:‘(‘m(eb) ™

where in Equation (5) K is taken as

R } . . ;
K = kb * Ty and again subscript b refers to hend specimen

and where
Vb = total volume of bend specimen
totai
Vb = volume of gage length section of bend specimen -
GL
T = maximum tensile stress in bend specimen i

tensile stress in outer fiber in gage length section of
berd specimen. ;

b. Dumbbell-Skaped Tension Spe '

I. Total volume considered

ct m )
R = K’ \'t : 5"’ (8)
- Gl o

where in Equation (5) K is taken as

K = Kt = a function of m (seec Table 3 for pertinent values of Kt)
and subscript refers to tension specimen.

. Only volume of gage length section considered

( Oy )m
=V — §)]
tor \ %

w
-

where in Equation (5) K is taken as

K = Kt = 1,0 and again subscript t refers to tension specimen
and where
Vt = volume of only gage length section of tension specimen
GL
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maximum tensile stress in tehsion specimen

tensile stress in gage length section of specimen.

"

IV. WEIBULL MODULUS

As may be seen, the value of m is determined from test results,

According to Reference 6, the value of m, Weibull modulus ur flaw density 1
exponent, may be determined by use of the expression listed below: H
“fract i
> oe (10) i
fract i
where
g an c s !
fract - M n fracture stress : )
N :
1 :E:: :
s - J,C =
N i fract :
S = standard deviation of mean fracture stress §
“fract ;
N ' T
S VRS 2 PR
N fract fract
n=}
I = gamma function
§ and
g = individual fracture stress
1 9 eract individ fracture stre
% L[4
5 = oy for a bend specimen
- fract
% =2, for a tension specimen.
c fract

For all bend and tension specimens in this work the fracture stresses were
recorded, and these values are listed in Tables 1 and 2. Details of the actual

. . 3

: test systems, procedures, and methods of computation, are contained in Refer- E
E ences 2 and 3. :
f; 6. LENOE, E. M. Army Matesials and Mechanics Research Center, unpublisied research. f
5 5

E
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However, it will be noted here that fracture stress in bending is defined
as the maximum tensile stress in the gpage length section at fracture. and these
values were determined from:

M_c
o = (11)
b 1
tract
where
M=

nax maximum bending moment at fracture

(2}
n

172 depth of specimen

I = moment of inertia of cross section of specimen.

E
3

Fracture stress in the dumbbell-shaped tension specimen is also defined
as the maximum tensile stress in the gage length section at fracture and these
values were determined from:

2
r3-ri
%, =k p; - (1)
fract fract T}
where
= k = constant of calibraticn = 0.97
i Pi = internal pressure at fracture
2 fract
é r, = outside (largest) diameter of spe imen Té‘
3 r, = inside (smallest) diameter of specimen. ks
§ Finally, kquation (10) was used to determine the values of m for all bend
E as well as tension tests, and these values are shown in Tahe 3.
V. SCALE PARAMETER
: The value of o,, the scaie parameter, may be determined as indicated by:®
3 3
g S
S, (KD
- fract ]
3 c (13) ‘%
= ° l.sl E
3 where all terms have already been defined. 5

"
TR T A B

4
A
3
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For the specimens involved in this work, Equation (13) becomes:

a. Third-Point Loading Bend Specimens
1. Total volumes considered
1/m
= [Vb ](m+3)]
b )
o, = fract 6§m+1) , (14)
(1)
m
2. Only volumes of gage length sections considered
vb Tl/m
B'b ____GL
g = fract 2@4'1)_ (15)
° r 1+l
m
b.

Dumbbell-Shaped Tension Specimens

1. Total volumes considered

o]

X K,V ]1/‘“

[ t 't
. fract - GL (16)
r (1+- )

m

where values of Kt are those shown in Table 3.

2. Only volumes of gage length sections considered

5, (vt )1/"‘
g = fract GL

0T T L) )

Values of o,, determined by Equations (14) and (15) for bend specimens and
by Equations (16) and (17) for tension specimens, are also listed in Table 3.

VI. RELATIONSHIPS BETWEEN BEND AND TENSILE STRESSES

The relationships between hend and tensile stresses depend upon the
expressions representing the values of modified risks of rupture. By equating

the expressions for modified risks of rupture for either the total or gage length
volumes the following relationships are obtained:

o o g

R

BTSN R TN PRV e 3 i afand N L e S Ll
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g a. Total Volumes of Specimens Considered
3 ]
% Equating the value of R' shown in Lquation (6) to that shown in Equation (8) Z
3 leads to: :
] (m3) ¥, 1/m
o =g total (18) 3
t b 6(m+1)2 KV E
t tGL p

where values of Kt again are those shown in Table 3. E

e,

b. Only Volumes of Gage Length Sections Considered

L

Equating the value of R' shown in Equation (7) to that shown in Eguation (9)
leads to: :
v, 1/m :

= —GL
t b 2(m+1) vt
GL

(19)

roovtdladadony v T

Note that in both expressions the values of o, factors are out. :

VII. DISCUSSION AND RESULTS

For convenience, the individual fracture stresses have been presented for i
all test specimens, both bend and tension. The bend test values have been :
presented in three groups of 8, 17, and 19, as shown in Table 1, and the tension
test values in two groups of 6 and 11, as shown in Table 2. In either type of
testing, the smaller number of test results is also included in the larger number.

Chat i L ML L ) M, i O e W R ]

Based on these experimentally determined values of fracture stresses and
the expressions presented in the text, various properties have been determined
and shown in Table 3. These properties include mean fracture stresses, standard
deviations, coefficients of variance, load factors, Weibull moduli, and scale
parameters. The Weibull moduli and scale parameters were determined both by
expressions in which consideration was given to total volumes as well as expres-
sions in which consideration was given to volumes of only gage length sections
of the specimens,

Values of mean fracture stresses of tension specimens — both thosc determined
from the actual tension tests as well as those predicted from the bend tests —
have been listed in Table 4, Percentage discrepancies, i.e., measures of dis-
agreement between predicted and actual mean fracture stresses, are also shown
in this table.
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§ Table 1. BEND TEST RESULTS OF NORTON HS-130 GRADE SHICON
E NITRIDE SPECIMENS TESTED AT ROOM TEMPERATURES
: ) Fractures Near or Under Fractures Under
9 . Rollers Omitted Rollers Omitted A1l Fractures Included
q 3 g -
K Bfract Ofract Peract
Y n (psi) n (psi) n_ (psi) :
1 1 74,167 1 72,222 1 72,222 3
9 2 82,778 2 74,167 2 74,167 -3
E 3 95,277 3 82,778 3 82,778 3
3 4 95,556 4 85,11 4 85,1 5
9 5 97,222 5 95,277 5 88,889 3
3 6 100,000 6 95,5586 6 88,889 4
d 7 101,389 7 95,833 7 95,277
. 8 106,667 8 96,444 8 95,556 P
y 9 97,222 9 95,833 :
3 10 98,889 10 96,484 q
4 n 106,000 N 97,222 ;
5 12 100,722 12 98,889 9
g 13 101,369 13 100,000 3
2 14 103,194 14 100,722 P
3 15 106,667 15 101,389 7
g 16 107,611 16 103,194 ]
- 17 109,444 ] 106,667 E
-+ 18 107,611 A
% 19 109,444 3
E Note: A1l fractures occurred in gage length sections only. 2
E n = number of specimen when fracture stresses are listed in E
£ ascending order of magnitude. E
3 °p = fracture stress of bend specimen
3 fract | maximum tensile stress (in outer fiber of gage length :
. section) of bend specimen at fracture. i
3 Table 2. TENSION TEST RESULTS OF NORTON HS-130 GRADE SILICON §
1 NITRIDE SPECIMENS TESTED AT ROOM TEMPERATURE E
3 A1 Fractures 3
. Fractures 1n Gaage (Inside and Outside %
4 Length Sectians Only Gage Length Sections) 3
4 Yeract Lrract %
n {psi) DU Y 13 ) BV
3 ] 62,880 ] 61,821 3
3 2 63,0190 2 62.88" i
1 3 65,460 3 63,1130 !
3 4 73,540 4 63,620 i
3 5 76,776 5 65,390 E
3 6 78,400 6 65,460 :
1 7 69,820 :

8 73,540 i

9 76,770 .

10 78,400

I | B [
Legend
n = number of specimen when fracture stresses are
iisted in ascending order of magnitude.
"t = fracture stress of tension specimen
fract |

mayimum tencile stress (in gage length section)
of tensile specimen at fracture,
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able 3. VALUES OF MEAN FRACTURE STRESSES, STANBARD DEVIATIONS, COEPFFICHINTL OF VARIANCE,
AUIBHL MODUL Y, LOAD FACTORS, AND SCALE PARAMLTLRS FOR NORTON HS-130 GRADE
SILICON NITRIDE SPECIMENS TESTED AT ROOM TEMPERATURE.

kesed on Volumes of

Based on Total Only
) v . Volumes - Gage lenath Section
Type of  Number fract fract fract ' ) o v v 0
__Test  of Tests Ipsi) {ps1) () " b t fpst) b ‘v Apsi)
Bend ¥ Q.13 9,903 | IR L5 00044 12719 65,177 0.939948 1.0 60,35
17 REC- R R LU 11.9% 10 .94 GYRZ? 1 2406 B0 PG 0164 1.0 60,012
1a §5,75%3 18,173 .74 11.27 Aihan 1,749 61,072 4075 1.0 60,259
Tersion € 7,011 6,440 9.20 13.27 01332 1.2146 58,679 03508 1.0 57,823
1] 65,649 ;.40 173 13,29 AOTH77 0 1.2345 0 56,626 04aneg 1,0 55,579
Ltevend
Tfract = mean fracture stress
S = gtancard deviaticn of mean fracture stress
fract S-f . See fquation {10)
V- = coefficient of variance of mean fracture stress = - -S&% x 100
fract ‘¢
fract
m = wWeibull rodulus or flaw parareter
lb = load parareter of bend speciren
>
= 5727%77 when total volumes are considered, see Equation (A19)
i . .
S icA when volumes of only gage length sections are considered, see Lauation (21)
Kt = lead factor of tension speciren
= values indicated in fquation (B14) when total volumes are considered.
= 1.0 when volumes of only gage length sections are considered, see Equation (B11)
0 ° scale parameter, see fquations /14) thraugh (17}

Plots of modified risk of rupture of teasion specimens versus maximum
tensile stress are shown in Figure 1, and plots of probability of fracture of
tension specimens versus maximum tensile stress arc shown in Figures 2 and 3.
These figures offer a means of comparison of tensile properties predicted from
bend tests to those determined from actual tension tests, In addition, Figure 1

shows the effects of consideration of volumes of gage length sections in lieu of

total velumes of specimens; Figure 2 shows how well a fit exists between the

predicted and experimental probabilities of fracture values, i.r., how well the

predicted values fit the data; an- both Figures 1 and 3 show the effects of a
number of tests on the validity of test data.

In Section I1] only the expressions for determining values of modified risks

of rupture have been listed, hut the actual derivations of these expressions are
shown in the appendixes.

Although it was planned to test 20 cach of both bend as well as tension
specimens, it should be noted that 19 bend but only 11 tension test results are
reported, Extreme difficulty in machining the tension specimens is the primary
cause for this difference. Some tension specimens broke during machining and
never could he tested. Those that were completed had machining lines in the

10
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1 - Table 4. VALUES OF MEAN FRACTURE STRESSES OF TENSION SPECIMENS DETERMINED BY %
4 ) TENSICON TESTS, MEAN FRACTURE STRESSES OF TENSION SPECIMERS HLTEPMINED ]
B : BY BEND TESTS, AND PERCENTAGE DISCREPANCIES FOR NORTON HS-130 GRADE ]
3 SILICON NITRIDE SPECIMENS TESTED AT ROOM TEMPLRATYRE. 3
1 . volumes of Only Gage g
£ - Length Total Volumes

3 Sections Considered . . Considered 3
4 t t Discrep- 't Discrep- :
A Type of Number fractact fractpred ancy* fractorcd ancy~ :
E Test of Tests {psi) {ps1) {) {psi) ) ]
L ¢ Tension 6 70,013 ;
3 1 69,642 4
2 Bend g 75,287 7.5 74.394 7.5 ;
3 17 75,765 8.2 75,356 8.2 :
5 19 75,444 7.9 75,144 7.9 ]
§ *Discrepancy between predicted value and actual value of 70,013 psi, 1
X “Discrepancy between predicted value and actual value of 69,649 psi. 3
4 Legend %
% 7 = actual mean fracture stress of tension specimens determined ;

tfractact from tension tost results (Equation (12)).

i
]

= predicted mean fracture stress of tension specimens detennined

d from bend test results. (Equation (18) when total volumes are
pre considered and Equation {19) when volumes of only gage length
sections are considered.)

tfract

NIRRT A

Discrepancy . disagreement between actual and predicted mean fracture

stresses of tension <pecimens,

e b RA B

~

vtfract - atfract
pred ac

t

X 100

%t
fractact

circumferential direction and the finishes were poor. Some of these were tested
and broke below the expected tensile strength. It was theorized that the low
strength values were due to direction and degree of surface finish. Recourse

was made to machine lapping each of the remaining tension specimens to a 4 rms
finish in the longitudinal! direction, the same direction, and degree of surface
finish as any of the tend specimens, The effect of this operation was to increase
the tensile strength substantially. The only bend test result not reported was
one in which premature failure occurred because strain gage wires were inadver-
tently placed between the specimen and one of the steel rollers (load surfaces)

of the test fixture. Necedless to add, the cost of machining the tension specimens
was unusually high.

LT T b Rt

ke

et L 841

An important question arises concerning differences in results obtained from
expressions involving total volumes to those involving volumes of only gage length
sections. The answer to this question may be observed from the plots of modified
risks of rupture versus stress level based on both types of expressions as shown
in Figure 1. Since for any stress level the lower the value of modified risk of
rupture, the lower the value of probability of failure and, conversely, the
greater the chances of survival; a plot of this type is uscful for comparison
purposes. For the results herein reported, it may be seen that little or no
diffarences exist between values of modified risks of rupture determined from

11
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cither set of expressions, i.e., those involving total volumes and those involv-
ing volumes of only gage length sections., Where the slight differences do exist
(bend test values only), the results derived when consideration is given to total

5 vt D M RV SR

% volumes are more conservative, i.e., at any given stress level, the probability
3 of failure is greater. When there is any doubt, therefore, as to whether or not
2 the contributions to the value of modified risk of rupture of a specimen due to

3 the omitted sections really are negligible, the expressions involving total

3 volumes should be used.

'3

g Another important question arises concerning the number of tests that should

be made before valid data can be expected, and this question may be answered with
the help of Figures 1 and 3. The spread between the plots in either group (results
based on both bend as well as tension tests) indicates differences due to the
number of tests selected while the spread between groups of plots indicates dif-
ferences between values predicted from bend tests and those determined from ten-

sion tests, i.e., how well the bend test replaces the tension test. The latter
will be discussed shortiy.

sy elty s L e e

o

ot T AU el

From Figure 1, plots of modified risk of rupture versus maximum tensile stress
within the tension specimen, it may be seen that considerable spread does exist
when the number of tension tests is increased from 6 to 11 and when the number of
bend tests is increased frem 8 to 17 or from 8 to 19. What is more important is
that considerable spread (in the reverse direction in this case) exists even when

a relatively high number of tests is increased by only 2 more, from 17 to 19,

2 T gt DS

3
E

These spreads are to be expected, however, since R', modified risk of rupture,
really depends upon m (sce Fquations (8) and (9) where K, and ¢, are both func-
tions of m), and m in turn depends upon 5} and S— [see Equation (10)].

ract “fract
These last two terms are experimentally determined, and it should be obvious that
the smaller the number of tests involved in determining these terms the greater

will be the effect on their values when one or more test results, either exces-
sively high or low, are added.

Lt b i ds

Gl

Fortunately, however, the indicated spreads in the probability of fracture
plots of Figure 3 are not too bothersome. Only 3% disagreement exists when the
tension tests arc increased from 6 to 11 or when the bend tests are increased
from 8§ to 17. Even less disagreement exists when the bend tests are increased
from 8 to 19 or from 17 to 19. The rcason for these close agreements is duc to

the insensitivity of the value of modified risk of rupture on the value of prob-
ability of fracture as indicated in Equation (3).

o B L BB Bl

R i R

AMAL v A

To answer the question of required numher of tests for valid data, the

greater the number of tests, the more valid are the results likely to be, and :
certainly 20 tests are not too many.

One final question remains concerning suhstitution of the bend test for the
tension test. As mentioned earlier, the spreads between groups of plots of Fig-
ures 1 and 3 arc indications of the answer tc¢ this question, The smaller the
spread in any one group of plots, the closer the agreement. In addition, the
percentage discrepancies between mean fracture stresses predicted from bend tests
to those determined from tension tests, indic:ved in Tabie 4, also bring out the
answer. It may be seen from thesce values thst the bend test may be substituted

for the tension test, at least for the specimens tested, within an accuracy of
ahout 8%.
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APPENDIX A. DERIVATION OF MODIFIED RISK OF RUPTURE

FOR THIRD-POINT LOADING BEND TEST SPECIMENS K

betermination of the value of modified rish of rupture may be made by carry- 3

ing out the integration indicated by Equation (4} of the text which is repeated E

here: E

- . \H\ .

R* = ( - d\ (A1) e

O E

v

Diagrams indicating type of loading and distribution of bhoth moment and '
A stress will help in carrving out the indicated integration:

P2 P2
~— {3 -bee (3 M- 3 -

1 ;“b.b 1
Y |

it
L ek i b

FUTTRRATNE L

i
4
4
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P2 P/2
,: THIRD-POINT LOADING BEND TEST
M = P\ 6 - - —-T 3
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M = Px2 / !
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op = Mh/21

V_h \\
R —_—
Tenﬂgg’/:::;’ _¥~
P T
h/2
Neutral * ) }
Axis—™ T , - T

¢

e Compression .
STRESS DISTRIBUTION

In the gage length section (middle third of specimen in this case)

M:E:gizri

and in the end sections,

.

o « M _Pxh _ Phx
b 2T~ 273 T a1
o Phx 12 3Px

b — 3 bhI " bhZ
o 2y 3Px _ 6Pxy

(A2)
(A3)
(A4)

(AS)

(A6)
(A7)
(A8)

(A9)

Carrying out the integration throughout the total volume of the specimen

leads to:
+/3 h/2 . m /3 h/2 mn
R* = b // (3;;-7;—) dydx*Z//(gpxo) dydx
0o Jo 0 0o 7o °

16
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3 i
5 !
%
where oy = maximum tensile fiber stress (in gage length section) of specimen g
:
3 or i
o = 3P L _ P2 4
b~ BT 3 " bhT !
3 :
Continuing with the integration leads to: :
E” oo (22 Fr ™ ayax + @] 28— )" ey dydx |+ (A1D)
] = \fe, yody bR, X"y dy
: °% Jo Jo °" Jo Jo
E
E h/2 h/2
E
| PN Al N SN il il i Oty g (A12)
B oM 3 dy p™ h3m m mel y <
% 0 %o 0
: h™!
w2 2" %% | 2™ 3" P A13)
mel ™ 3™ " h o ()
b K™M*! 2" og 2 L msl 3 pM oy M
R* = .= (A14)
] ™ men) | 3™ 3™ " A" A (e
; b p™*! Bm c: e 22" o::
3 Rt = + (A15)
2™ oT ey | 3" 3" (men)
. bih b 2 X
3 R = (D) (3) (me+1) (g) 1+ mel (Ai6,
4 (Contribution from gage | ‘ ‘(Contribution from the
3 length section) ‘ | two ends)
3 m
, _bih [ me3
é R = D) (T) [m] (A17)
V, (me3) m
= h o]
3 y . _total I"b
E R' = =T y? ("o (A18)
;E
3 and finally
17




R = 'b v (A19)
btotal co

where

me3

% = s

And listiag only the first half of the expression shown in Equation (Al6)
leads to that portion contributed to the value of R' from only the gage length
section of the specimen:

m
v . bih ‘_’_b_)
R =T (% (A20)
V m
b g
v . 6L [
i m(ao ) (A21)

or

o S P S 1 O it B i et UL R s

(A22)

e
=]
e

18




B - ¢ ot ot Rd_ o A1 b

N At e e S e, - ==

APPENDIX B. DERIVATION OF MODIFIED RISK GF WPTURE

FOR DUMBBELL-SHAPED TENSION TEST SPECIMENS
a Determination of the modified risk of rupture of any specimen may be made t:-
3 by carrying out the integration indicated by Equation (4) of the text, and again i
E this expression is repeated here: : 3
R = / (96-) dv (B1)
% o -
- v .-1
; A loading diagram and information concerning stress distribution that will ‘i
& help in carrying out the indicated integration are: 3
5 G. L. Section Ellipt. Section 45° Sect, 4
3 0.7500 ~——pt——— 0.7373 —>=<¢ 0.2837 54¢— 0.604 — A
7 ! :
P; f 3
r; = 0.100 } +b a ro = 0.498 g

— e

+

!

-

x‘\
o
x‘\ \
xq
|

oo |2
R =1
g§8"

)

.
. wd i) 1o ikt liy
L ettt WA umu‘*‘.,yu.m.mma:.mmmm L, el

ORI LML,

o e

2375 -—
LOADING DIAGRAM
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1. Gage length Section
ro=r 0.100 (B2)
0.4982 - 0.100%) Pj _
%% T % ° ( 0.1007 - = 23.80 Py (B3)

2. Elliptical Section

2
x \2
r.o=0.24 - 0.1 {1 -(0—7—3) (B4)

“x 0.01
23,80 Pl ri
. 0.238 Pj
= (BS)

238 P;
. 0.238

X re
X

With the above
three parts:

0.7500

R' = 2= (
0

where the values of
information,

r = x + 00,2143 (B6)

(B7)

information, the integration may now be carried out in

0.7573 0.2837
m m
°x °x \ x
) ridx s 2¢ 1 rldxs2n — ] r2 dx
o 0 o X 0 % X

(B8)

Cy and r, are those listed in the stress distribution
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T
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E4

T

=

%

Carryving out the required integration leads
l.

- e
-

Contribution to R' from Gage lLength Section

- 0.7500
s B4 "
R' = (27) (:3-0-8-0.‘1) / (0.0100) dx

° 0

or

c m
tot\ %

i.e., the value of Kt = 1.0 regardless of the value of m.

2. fontribution to R' from Elliptical Sections
D.7373
R' = (27) (n.:ssri )" f ri-?-’" dx
0

0.7373
R* =0 ms-(?‘iﬁ_"i’i)m _(2)(0.238)"

2-2m
T dx
% (0.015) (23.80)" ,0[ X

or

© n
R = (K) (\'t )(;-t-)
GlL ‘o

(89)

(B10)

(B11)

(812}

(B13)

(811}

and by numerical integration for the pertinent values of m the values of Kt are:

m kt"
10,94 D.2386
11.27 2348
11,29 L2345
11.52 L2319
15.27 L2140
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3. Contributions to R' by 45° Sections

0,2837

. m
R' = (2m) (o.zss)m(gk) (x + 0.2143)2-2m gx (B15)
0 0
n o 0.2837
R' = (0,015m) (_2_3_-0_%) (2)(0.238) — / (x + 0.2143)2-211\ dx
0 (0.015) (23. 80) 0 (B16)
0.2837 0.2837
(x + 0.2143)2-2M = | x + 0.2143 (B17)
0 3-2m 0
n n 0.2837
R' = (0.0157) (zs.sopj) (2)(0.238) (x + 0.2143)3-2m
' o m 3-2m
0 0.015) (23.80
( )( ) o (B18)
R' = (0.0157) (23.80) " _(@¢0.239)" (0.498)3-2m  (0.2143) 32"
% (0.015) (23.80)™ 3-2m 3-2m
(B19)
m
. 23, 80P 2 0.4983-2M _ 0,21433-2m
R' = (0.0157) ( 5 ) (T 0TS) (32 = (B20)
g m
t
R' = (K.) (v ) (--) (B21)
t tGL oo

where for the pertinent values of m the values of l(t are:

m Kt
10.94 3.974 x 10-°
11,27 2.322
11.29 2.247 0
11.52 1.547
13.27 0.091
22
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: Contribution to R' from Total Specimen

: The values of R', then, for the total specimen is simply the sum of the %
1 values contributed by its parts, or

R' = K, v, |-t (B22)
: tota\ 9,

where for the pertinent values of m the values of K, are:

Z
A
E
k-
k-
4
¥
3
p
E
E
-
4
i
E
=
o

3% WAL AR ot o Ll A

m Kt

g e

T

] 10.94
i 11.27
: 11.29
11.52
] 13,27

0.2386
.2348
.2345
.2319
.2146

1,2386
1,2348
1.2345
1.2319
1.2146
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