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ABSTRACT

In a racent experimantal inves-igation of ATJS dieks spun to failure,
maximum strains st fracture ware compared with predictions based on the Weiler-
OAS8iS5 and Jones~Nelson polyaxial atress-strain relationsa. In addition the
fracture data were analyzed to determine approximate . .1lure ve. strain curves
for & number o!{ strcss ratios.

The present paper shows that improved strain predictions are obtained
vsing & stress strain relation propused bv the present author. The paper aleo
shows how the statistical theory of fracture under combined strcsses can be
employed to deduce the uniaxial ae¢ ~ell g8 improved bilaxial atress or strain

failure relations for the particular graphite used,
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INTRODUCTTON

e

Refractory materiale ars f{requencly used in reentry vahicle nowetips to

combat t(he severe heating conditionr encounteied. The thermal strasses

XTI~

therol v induced {ntroduce ¢ risk of fracture. To calculate the surviv. prob-

[PPSR PR PRSI

ability, {t {s necessary to be able to determine the strasses and straine
induced by the combined thermsl and serodynamic loads, to find the probability
of fracture in sach voluse elvment, and from the latter to ertimate the sur-
vival probab{lits of the entire nosetip. among the things naeded tc accom

plish this task are sufficiently accurate constitutive laws {or the matesrials

et e

amployed, and a knowledge of the fracture statistice of the material as

affactad by speciman size and the (geanerally biaxial or triaxial) stress etate
involved.

In a recent experimental utudy1 to shed light these watters, ATJS graph-
ite diske and bars were tested to destruction by epinning. The centrifugal
forces produced blaxial stresies which varifed with the poaition in the disk.
Since only otrains (not stresses) could be measured direc ly, such teats fur- ;
nish & limited but neverthe!ess usef] means of checking the adequacy of
various proposed polyaxisl strews -strain relations. 1In addition, the experi-

ments provide duta on the atatistics of fracture under polyaxial loading con-

ditions.
In Reference 1, strainsg measured at the center of the disk wers checked
againet theoretical predictions of two different theocretical constitutive laws.

In turned out that one theory generally overestimated the straine, while tho

other undersstimated them. The fracture results were given in terss of prob-

ability of failure ve. strain for biaxially loaded speciaons of the size used

¥
"y

in the atandard *orells fewis (U.U/ cubic inchea). _imitoel data were givan on

RS IRLIONEINIONN IR TR YRy 1 T EIT T LA SO SRHINTIE a1 | T T RN IR
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the effact of biaxiality on fracture, but rc correlation with theory was

attasptad,




T T T = N ey 7~ W, T TR TR N TTRMATy, T T EE e Lo mrem—m—re——n v

|
|
%
3
b

T Ty T m—

The primary objective of the present paper is to shuw how the unilanial
streso-strain dats and unfexial fracture statietice can be generalised with
the aid of theory to stress analyze the rotseting disks and aleo eaccount for
the ohsarved faflure statiatice. It fs shown that agreement between theory
and expe:iment s good for hoth typees of problems.

A zacond objactive 1s to investigate the applicability of weakest link
thaory and 1ts sceociated vi !l me effect. In one recent -tudyz ft was con-
civded that larger specimens break at a lower stress fu aciord with theory,
but the quantitat{ve sgreement bhetween theory and experiwent left something
to be Jeeired. In anuther.3 ne volume effect was found. The present
inveat {gation supports weakest link theovry and (he fmplied volume ef{ect
quantitatively as well as qualitatively.,

EXPFERIMENTAL DATA

The exserimental set-up, procedure, and data i1edncticn techniques are
dus.rihed {n detail in Reference 1. Briefly, e ATIS diske were 0.46" thick
and 4" (n diemmter, and were cut so t.at the materia' was isotropic and
axhibired with-grain properties {n the plane of the disk. The with-grain
streas-strain relaticon ie shown (n Fig. 1. The averape specific gravity of
the graphite was 1.83, and the Polsson coefficient was 0.1,

At the center of the rotating diek the radial strain (r is equal to the
circumfarential strain €g- Figure 2 shows how this strain varies with speed
of rotation for an elastic disk and aiso for disks obeying the Weiler—OASIS
and Jones-Nelson constitutive relations. Alao shown is rhe range of asasured
valuey of this otrain at the tixe of disk fracture. The axpecimental data
axhibit considarable scatter as a result of variations {n material roparties,
but cae theoretical calculation slmost always underestimated the strein, while

the other nearly alwayes overestimated ‘'t.
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Table 1 summarizes the frzcture data. For each specimean the rotation
speed at failuve is listed, together with the center strain and the maximum
principal strain 1t the location of the crack causing the failure, as cal-
culated by 2 method described in Reference 1. Thase data were processed by a
method also discussed in 7 Jerence 1 to give the probability of failure vs.
maximum principal strain for specimens having a volume nf 0.07 cubic inches-
By considering separately the cases of fractures originating at radii less
than 0.65", 1.1", and 2" respectively, an approximate measure of the effect
of biaxiality was obtained. The biaxial results are displayed in Fig. 3.
Also shown are uniaxial data obtaired from standard test specimens.

STRESS ANALYSIS CT DISK

The stress analysis of a loaded body requires the siuultaneous satisfac-
tion of the equations of equilibrium, ~ompatibility, and the conetitutive
equations for the material. Because of the radial symmetry of the problem !
under ccnsideration, derivatives ia the tangential direction vanish and the

equations of stress equilibrium reduce to the single equation ;

2.2
d . - _pwr’
a (09) =05 -3 o))

with the boundary condition dt(2) = 0. p is material density, and w 1ie

angular speed in radians/second. The equations of compatibility also reduce

to a single equation;
d
ar (t€q) = €. 2

The above rtwo equations in four unknowns can be solved when we add two stress-
strain equation’ involving the same unknowns.
In Reference 4 a stress-strain relation for ATJ-S5 graphite was proposed

that becomes in the biaxial case

un

e s i



TABLE 1

BIAXIAL DISK DATA OPDERED BY INCREASING MAXIMUM
PRINCIPAL STRAIN AT FAILURE

"..‘::.“:‘ Fracture Messuremeass
Frasture Lecstion
ox Specimen =

(Mieresrain) Ne, Smax RPM (ineh)
1, 824 12R4.2 2z, 280 33, 000 1.8
i, 858 m3a1 3, oW 37,000 1.4
2,618 12R4-4 2,930 37, 000 1.
2, 648 1k3-2 2,780 36, 000 065
2,680 1R1-2 1,680 36, 500 [}
2, 964 R4-3 3, 000 38, 200 0.4
3, 000 1R3-8 3, {00 8, 220 0.6
3,072 IR1-4 3,200 36, 400 o7
3,118 BR2-2 3, 300 38,900 1.1
3, 119 1R1-3 3,300 19, 00¢ [ ]
3,13 12R2.5 ), 200 37,600 oS
3, 1y7 12R4-2 3, 150 35, 700 0.2
3,179 1R3-) 3,400 40, 300 0.8
3,214 9R3-4 3, 260 37,600 0.4
3, 2% i12R4-1 3,550 19, 400 1.0
3,232 8R2-4 3. 420 40, 000 [N ]
3, 28) 12K 2-4 3, 350 39, 000 [
3, 286 9R}Y.2 3,200 38, 800 03
3, 29 “R4-4 3,360 39,700 oS
3,2 9R3-2 3,400 40, 400 0.5
3, 360 12R2-) 3, 680 3K, 400 6. 25
3,398 SR4-2 3, %40 40, 800 0.7
3,379 M-S 3,53 38, 700 0 65
3, 448 YR1-4 3, 480 40, 000 0 )
3, 446 9R1-2 3, 460 39, 600 02
3. 458 iR1-% 3, 860 40, 400 0.4
>, 471 8R2-3 1,900 40, 400 1.1
3, 5490 9R1-% ), 0.0 41, 000 06
3, 363 ene-3 3, 100 40,400 0. 6%
3,871 8R2-5 3,650 38, 800 0.9
3,600 9R 1.3 3,750 40, 100 o7
3, 626 IRL-1 3,700 40, 400 0.%
3, 708 8R4-1 3, 900 42,400 0.7
3,107 IR}-1 4,030 41, 000 0 95
3,952 9R3-1 4. 250 43, 000 0.9
3, 91 12Re-5 4,170 42, 300 [0 3]
3, 99} sK2-1 4,040 41, 000 0. 40
., 031 1R3-4 4,220 40, 400 0.7
4,413 12R2-2 4,550 42,000 o
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ATJ)S GRAPHITE
o DATA FROM 30 ROTATIN7 DISKS, FOR V = 0,07 INS
SYMBOL | MATERIAL CONSIDERED | MINIMUM BIAXIAL
STRESS RATIO
1
90 b 0 ENTIRE DISK, R=2" 0
o Y VOLUME WITHIN 1.1” R, 0.7 -+ 0.86
o8 b A | VOLUME WITHIN 0.65” K. 0.9 — 0.96
/
s g /
o 7
W /
P sof i
(3]
s g r /
% W ’
c 6o} |
£ 50}
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Figure 3. Ogives for Failure Strain, Calcuisted for 8 Voiumse of 0.07 Cubic Inch
i (Adepted tfrom Ref. 1),
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€ "% 1L+F) 7 %9 (3)
€y = —-lo + 9(:l-rl') ()
wherxe
ot + ah
P=K\—7 -1 (5)
[»3
(Ot)

In Bq. (5) 0: is ths elastic limit strass in the with—grain direction and
K1 is a constant tc be adjusted to give good agreement with the uniaxial
stress strain curve near the fracture point.

The stress-strain curves shown in Fig. 1 do not exhibit an elastic limit,
so for simplicity of analysis it {s assumed equal to zero. As a result, Eq.

(5) bacomes

Rj 2
¥ '“':\/0,2. + o5 - @)
EAVAFR I

2 2
- Kz \/Or + Ue | (6)

when og approaches gzerc. The choice E = 1.5 x 107 ksi and K, = 0.048 (ko)1
leads to good a reement with the uniaxial stress strain curve, &s is appareat
from Fig. 1. Thus our choice of biaxial stress-strain relations becomes

0
r 1500

~5 Y% \ 2 z)
€g = = 6.7 x 10 o, < 1500 (1 + 0.048 % + o (8)

In the above equations stresses are expressed in ksi.

’ 2 -5
€ 1+0048V0 +0p )~ 6.7% 107 3 (7

Tu Fig. 4 the equibiaxial stress-strain behavior implied hy equations (7)
and (8) is compared with the uniaxial behavior. For compariJon, the corre-

sponding curvc s as calculatei in the Weiler-OASIS and Jones-Nelson approachus

o - -
i st e . . L.
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are given in Fig. 5. Whereas in the Weller-OASIS treatmart the egquiblax curve
is generally higher than the uniaxial and in the Jones-Nelson treatment it is
sudbstantially lower, Eqs. (7) and {(8) imply the two curves are very clcee
together, espacially at the stresses at which most of the fractures occurred.

Equations (1) and (2), (7) and (8) wera solved simultaneously by itera-—
tion for a series of values of w, and the results are given in Table 2. The
way in which stress and strain vary with radius ie shown in Figs. 6 aad 7

respectively. Figure 8 shows the manner in which the maximum strain varies

with spead of rotation and compares the result with the experimental data from

Reference 1. The present calculation agrees significantly better with the
data than the calculations based on the Weiler-OASIS and Joues-Nelscn
approaches.

FRACTURE STATISTICS

stresses. The simplest trestment involves the use of Veibull's 2~parameter
iorns‘which nssumes for the probability of fracture in uaiform uniasxial ten-
sion

Po=1- axp[-woo“] (9

In this squation V is the volume, and the parameters ko and m are chosen for
optimum fit to the experimental data. Figure 3 contains experimental data on
probability of fracture of standard tensile test specimons as & function of
strain, but the data apply to highey strains than those at which the majority
of digk fractures occurred.

There is no reliable way of extrapolating the standard tensile spscimen
data to the strain levels at which most of the disks fractured, expecially

since the data as presented in Fig. 3 do not conform well to any of the

10
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TABLE 2

STRESSES AND STRAINS IN

ROTATING ATJS DISKS

W(Rad. /sec.)
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Figurs 6. Computed Stress Distribution in Rotating ATJS Disks.
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theoretical formulations in gensral! uvee. Accordingly, weo shall umploy theory
to deduce from the disk fracture data w.at the uniaxiel fracture statfetices
{n the desircd =1ress range must be The procedure followsd here is to aesume
! the uniaxial statistics obey Eq. (9) and then apply the stotisticul theovy for
blaxicl streeses to determine what values of m and ko lead to the observed
disk fracture statistics.
Wien it 12 sssumed tnat the uniaxial tensile “racture statistica obey
EG. (9) and that fracture is determined solely by the component of stress

normel to the crack plane, the dlaxial tensile statistics becoms (Ref. 6)

0
P, =1 - exp|- Vk{—2 ,m}c® (10)
14 01 1
wvhere 01 and 02 are the principal stresses with 02 < ol and
| (0 )
; k{— ,m 1
. “) @3? & @oizeEgn [%2)
. - Fa e L, T T T T T G' \hay
*o R feo (11010 "1

Table 3 lists the values of this ratio for a number of values of m and 02/01,
and Fig. 9 contains curves for selected values of m.

The above considsrations can be used to calculate the probabilizy of
survival of the rotating disks of Referunce 1 as a function of the speed of

rotation. The applicable equation 1ia

a
r »
Pf(m)-l-nxp »fk(o.-)cedv

® (12)
[ m
= 1 - exp i ko Unnx C-]
} vhere (or
v 2 k -6-- . DB -
] <, *f Pre - ‘k" (0 ) dr (13)
§ (o] [v] maAX
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Table 3

/v
Valueg of k(or,‘_a)/kO

m
2 J bl 7 1 20
0 1.0 1.0 1.0 1.0 1.0 1.0
¢.2 1.173 1.153 1.135 1.129 1.124 1.122
0.4 1.427 1.400 1.35%3 1.331 1.311 1,302
0.6 1.760 1.793 1.758 1.710 1.646 1.615
0.8 2.173 2.377 2.549 2.584 2,017 2.399
0.9 2.410 2.756 j.188 3.430 3. 604 3.653
0.95 2.536 2.970 3.593 4.026 4.678 5.113
0.98 2.614 3.106 3.867 4,455 5.518 6.588
1.0 2.667 3.200 4.063 4.774 6.204 7,975
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The k ratio and the 0 ratio appearing in the integrai in Eq. (13) are
both virtually independeat of the rate of rotation. Accordingly we evaluate
the integral after m is determined, using the stress ratios for the rotation
speed in Table 2 coming closest tc a failure probability of 50X, i.e.,

w = 4200 rad./sec.

The experimental dat« in Table 1 can be used to datermine Pf as a func-
tion of the rate of rotation. A plot of failure probability vs. rotation
speed is given in Fig, 10.v We £find the values of m and kao to fit these
data as fcllows. For two selected valuer of & for which Ooay 2PPEATS in
Table 2 we require that Eq. (12) gives the experimental rasults of Fig. 10.

It then follows that

2n[1-P_ ()] om(wl)]m i
14

1P (w,)] "o _(wy

max “2)

Agsseming Pf at 3800 rad. 'sec. is 0.1 and P

at 4200 {is 0.6%4, we obtain m = 12,
8

f

‘Then using Eq. (12) we find that kocm = 1.43 x 10 7, Pf(w) is now completely

defined, and is plottcd in Fig. 10.
To find ko we must evaluate Cm. This can be dove as followa. Figure 11
shows 00/0max as a function of r for w = 4200 rad/sec. To a close approxima-

tion the ratic i1s given by

o,(x) »
09 -1 - 0.086 2 (15)
aAX

Figure 12a shows or/o9 as a function of r. Combining this resuit with the
date in Table 2 for m = 12, we obtain the results shown in Fig. 12b for

k gg; 12 /ko. Evaluating the integral in Eq. (13) with the &id of Eq. (15)
and FPig. 12 we obtain Cm = 3,4, from which it follows that ko is 4.2 x 10—9.

Thus we conclude that in the stress range within which disk fractures occurred,

simple tensile fracture obeys the equation

19
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Pp=1-ex [~ V4.2 x107 012] (16)

Before proceeding further it is appropriete to examine tha compatibility
of the reault just obtained with the results of standard tensile tasts at a
higher stress range. This ies done in Fig. 13, which shows what Eq. (16)
implies for specimens having a volume of 0.07 cubic inches. The stressas

have been converted into atrains using Eq. (8) for the uniaxial case, 1i.s.,
€==3— (1+ 0.048 0) (8")
1500 )

Also shown for comparison are fracture data for 20 selected standard test

specimens.

The rationale for this selection is apparent from Fic. 14 which shows
that the fracture origins tended to concentrate heavily at the ends of the
test section (i.e. the region of uniform croes section), and even outside
the test section. To compensate somewhat for this anomsly, only fractures
occurring at least 0.05" inside the test section were included.

The smooth solid curve through these data looks like a reasonable |
sxtrapolation of the disk data, except for a slighc vertical offset. However
if the lowest point were eliminated, the resulting smooth curve would ba

approximately that shown dashed in the figure, which has virtually no vertical

discoutinuity. Thus we conclude that the disk data are compatible, within
normal experimental scatter, with the data obtained using standard test
specimns,

Assuming, then, that the uniaxial behavior of ATJS in the disk fracture
stress range is given with satiafactory accuracy by Eq. (16), we use this
relation to predict theoretically the three disk failure curves of Fig. 3.

This can be done as follows:
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Figure 13. Comperison of Py(:) Deta for 20 Selectad Standard Yensile Specimons

With Py(r) Dedused from Dick Dets.
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Since the 1isk data represent resulta for a degree of blaxiality that
is averaged over the region under consideration (1.e., r < rl) ve avaluate
the quantity E(rl) that represents k(cr/oe,m) averaged over this region.

This k must cbay the relation

) o

k(tl) fl c'; dv = f 1 k(or/oe.m)o‘: dav (17)

(o] (o]

or -
.[1 kiai,u!
£ 8L (1-n.086 )7 ¢ ar
1 o

X r (18)

° f 1 (1-0.086 r2)1? ¢ dr
(o]

The denominator can be integrated analytically by elementary means,

yielding

r
1
,f (1-0.086 »2)1?

0

r dr = 0 437 [1~(1-0.086 rf.\nl (19}

The numerator can be evaluated wumerically with the aid of Fig. 12. The
result is

k(0.65")/k = 5.1

k(1.1")/k = 4.0

k(2")/ko « 3.4

lising these wvalues of k instead of ko in Eq. (9) and ccnverting to
strains, we obtain the curves shown in Fig. 15 for r, = 0.65", 1.1", end 2".
Comparing this result with the experimental data portrayed in Fig. 3 some sig-
nificant differences are apparent (see Fig. 15). We now address the questions
of what these differences are and how to resolve the discrepancies. For sim-

plicity, attention wil) be limited to r, - 0.65" and r - 2",

26
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Figure 17).
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The firat differerce noted is that the curves just ralculeted are nearly
straight lines on probability paper, vYereas the curves of Fig. J are quite
irregular The reason for this turns ouc to be that in effect. Reference 1

processesa bar graph data with the aild of the eguation
¥

8P (€) = o5 P (€) (20)
where AN is the number of failures in a chosen strain interval and M is the
equivalent number of specimens of 0.07 cubic inches contained in the total
volume of ATJS that was strained to at lsaet the value €. If tha equation
is applied to smoothed data (see Fig. 17) we obtain for Pf(e) for the case
r, - 0.65" the circles shown in Fig. 15. Thesc 1l1ts are smoother and also
closer to our theoretical calculation.

It is difficult tc carry out an analcgous treatment for r, = 2" because

1
. the large scatter in the test data makes the smoothing process very uncertain.
Aceordingly we esvii Lo a diiferent approech,

From Table 1 we can conntruct the sxperimental plot of Pf(emax) shown 1in

A Fig. 18. Wa rher assume that an average k exists for probability o! fracture

as a function of strain level which satisfies the rquation

Po(c) = 1 - exp [- fi" e;' dv] (21)

It car. be verified from Table 3 that for w = 4200 rad./sec., the strair ratic
is closely approximateiy by

r £ 2

F
nAaxX

Toserting this ralation fn Eq. (21) we obrafn

g . m' 2,m
P (Eux) - 1 - exp [— k* 2me € nax [ r dr(1-0.105 r )] (23)

lawindialinl AR N A ar Sttt b -




BIAXIAL DISK DATA
30F  CONSIDERING MATERIAL WITHIN 0.86” RADIUS ONLY
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(Adayrcad from: Ref. 1)
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Carrying out the in. ral and fitting the curve of Fig. 18 at the points
corresponding to w =~ 3800 rad.,/sec, and 4200 rad./sec. we obtain m' = 9.4
and k' = 7.7 x 1072,

The theoretical curve corresponding to these values is shown in Fig. 18,
and the fit 18 very satisfactory. Accordingly, we compute che probability of
fracture as & function of ctrain for biaxially stressed 0.07 cubic iach

specimens as deduced from data on the complete disks to be
r
P (e) = 1 - exp l- 0.07 x 7.7 x 1022 e9'€] (24)

A milar treatment of the ipner 0.65" .f the disks leads tom' = 9.6,
k' = 3,2 x 1023. These recults, shown as circles and triangles in Figure 19,
turn out to be in excellent agreement with the theoretical predictiom.

As a final check on the theory we calculate the frequency of fracture

as function of distance from the center of the disk. The relative frequency

ie given by the integrand of the equation

2 12
Pf =1 - exp [— 2ne ko 012 f r dr(1-0.086 r2) %—] (25)
o )

Accordingly the suitably normalized function
2.12 (%
F(r) = Kr{1-0.086 r“) &k T 12 /ko (26)
8 .
is plotted in Fig. 20. Also shown are the experimental data, as s plot of

fracture location vs. rate of rotation, and the corresponding bar graph. The

theoretical prediction is seen to be in excellent agreement with the bar graph.

DISCUSSION
As mentioned earliier, Reference 1 emp’oyed the principal strains at the
locations of tha fractuvre origins to reduce the disk failure data. XNo use was

1

waL

- of the statistical theory of fracture under biaxial loading. As & result,
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41l that could be obtained was the probability of frecture vs. principal
strain for several blaxial strees ratios that :ould only ba approximately
identified.

Application of the statistical theory :f fracture togsther with the
computed stress distribution has made it possible to deduce from the disk
failure data the uniaxial failure statistics as well as the biaxial failure
statistics for any stress ratio. Thie renders the results directly useful
for structural eiplications. Agreement between theory and experiment was
very gocd.

The computed stress distribution and the stat! -* ‘cal theory of fracture
under biaxial loeding were also applied to determinc the probability of frac-
ture origin as a function of radial distance from the disk center, again
obtaining very good agreement with experiment. Since the experiment did not
provide a basis for chacking polyaxial fracture arstistics and strege di.-
zribution individually it cannot be asserted that these were unambiguously
confirmed. But the fact that the theory of biaxial fracture statistics and
the assumed polyaxial stress strain law combined to give so accurately the
overall fracture statistics of complete disks or portions thereof as well aa
the radial distribution of the fracture origins and the strain at the disk
center, is rather persuaeive indirect eviience of the accuracy of both theo-
retical inputs.

The experimental data and the success oY the theoretical analysis can
also be regarded as evidence supporting weakest link theory as epplied to
graphite fracture. Thie is of particular inter. t in the light of finuings
in two earlier studies di-=~r2d more specifically &t looking into this ques-
tion. In both studiee attention was focussed on the volume effect. According

to weakest link thecry, the probability of fracture takes the form
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b Pe=1- exp [-VE£(0) ]

L vhare £{0) is a monotonic function, the form of which dependr on the particu-
lar theory. Thus for a chosen value of Pf. the product V(o) is constant,
and this relation determines the volume scaling. The earlier studyz led to
the conclusions that Weibull thaory is qualitatively correct in predicting
a lower msan fracture stress and smaller dispersion for larger specimens,
but that the Weibull parameters are somewhat dependent on specimen volume,
The second atudy3 led to conclusions contradicting weakest link theory. It
was reported in fact that "no size dependence of critical stress was found
in the data obtained.”

The present findings are compatible with those of the first study, but
at variance with thoge in the second. A discussion of possible reasons for

the negative findings in the second study is beyond the scope of the presant

paper. However it is apparent even without any anaiysis that the utatamoent b

TR

in quotes is not supported by the data in the ATJS fracture study of Refsrance
1. Here the maximum strains in the large disks at fracture ranged from
0.C023 to 0.0046 whereas in the small standard tensile specimens they rang.d
from 0.0038 to 0.0057.

The applicability of weakast link theory to the graphite disks 1is

.~

l

{ intuitively evident from the fact that in almost all cases it was possible

} to identify the flaw that initiated the fracture. In addition, the assump-

| tion of weakest link t} ory led to excellent detailed agreemen® with the
experimental data. It may be that although not planned with that in mind,

the test data of Reference 1, interpreted as in the present paper, constitutes

one of the most definitive confirmations of weakest link theory available.
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CONCLUSTONS

Measured maximum straine in ATJS disks at verious rates of rotaticn
wers in excellent agreement with calculations based on a polyaxial streass
strain relation proposed by the present author.

The corresp.nding stress snalysis coupled to tha theory of biaxisl
fracture statistics 1led to very good sgreement with all the observed
disk fracture data.

The agreement between theory and experiment strongly supports the
thesis that veakest link theory is applicable to the fracture of ATJS
graphite.

The success of the analysis illustrates how theory can be used for

the purpose of enhancing the accuracy, consistency und pructical useaful-

ness of experimental iesults.
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