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It is well known that sustained, sub-critical tensile loads on glass
i .
1
articles may result in the slow growth of pre-existing flaws in the
glass surface. 1t is necessary that the flaw-containing glass surface
be exposed to water (liquid or wvapor) for such slow crack growth to
occur. This process is commonly known as ''static fatigue". When a flaw

has grown £o a certain critical extent, the glass fails in an unstable

manner.

Eariier work has shown that the critical flaw size necessary to cause
failure is dependent upon the level of the applied stress., For a given
pre-existing flaw size, the present study shows that there is a minimum
applied stress level below which slow crack growth will not occur. This
threshold level of applied stress or static fatigue limit has been
found to be a constant fraction (0.27) of the inert strength of the
pre-existing flaw. This criterion in terms of applied stress is
equivalent to a stress—intensity factor KO equal to 27 percent of the

fracture toughness K of the glass.

IC
*Presented at German Glass Technology Society, Augsburg,, Germany,
iay 24-26, 1982.
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Alternatively, the static fatigue limit can now be expressed in terms
of the particular time to failure when the applied stress is equal to
this threshold stress level. We define a static fatigue endurance
duration to exist at that point. The endurance duration represents the
longest possible time rto failure, and has been found‘to be dependent on
the pre-existing initial flaw depth in a given environment. Examples
are given of the application of these two equivalent concepts of a
static fatigue limit to the practical use of glass as an engineering

material.

INTRODUCTION

When a glass object is subiected to a sufficient tensile load over a
_period of time in the presence of an active environment such as water,
failure may occur at applied stress levels below those necessary to
produce failure in an inert or water-free environment. The strength
decrease due to such loading in an active environment is commonly
referred to as static fatigue. The fatigue phenomenon results [rom the
slow growth or extension of mechanically produced flaws in the glass

surface.

In the presence of sufficient tensile stresses, an active warer environ-
ment may lead to rupture of atomic bonds at the highly stressed flaw

tip through a process commonly referred to as stress corrosion,

effectively increasing the flaw depth, reducing strength. If such flaws



are subjected to an active environment in the absence of tensile
stresses, the flaws may age or become rounded due to chemical inter—
actions between the glass at the flaw tip and the environment. As the
flaws age, the corresponding strength of the object is increased. Aging

and fatigue have both been shown to be time-dependent phenomena.

When aging proceeds at a faster rate than static fatigue, a fraction of
the strength loss produced by the introduction of a given flaw may be
recovered. When the rate of slow crack growth or static fatigue exceeds
that of aging, continued strength loss results. When the two competing
processes counterbalance one another, neither strength loss through
fatigue nor strength recovery due to aging occurs. Since the fatigue
phenomenon is associated with the presence of a tension stress, the
counterbalancing of the fatigue and aging phenomena implies that, for a
given initial flaw size, there exists an applied stress level below
which crack growth or fatigue will not ocecur, i.e,, a fatigue limit
will be established. The concept of an "endurance iimit", i.e.,
survival under load for a minimum period of time would guarantee
survival under the same load for a much longer time period, was first

advanced by Holland1 in 1936.

. . A ,
Alternatively, as first expressed by Mould and Southwick® in their
pioneering work on static fatigue, a normalized strength under constant
tensile loading conditions may be defined as the rario between the

applied stress at which a given flaw will fail in an active environment



(denoted by UA) and the inert strength of that same flaw determined in
an inert environment (denoted by GN). When the normalized strengths

were plotted as a function of the time to failure, t_, a series of

F’
fatigue curves resulted as seen in Figure 1. The lower strength curves
showed some evidence of approaching an asymptotic normalized strength
at relatively longer times to failure, i.e., at a normalized strength
of circa 0.20 in Mould and Southwick's original work. The implications
of the existence of a fatigue limit are of importance to the design and

application of brittle materials such as glasses which are subject to

the static fatigue phenomenon.

At this point, it is important to emphasize that the fatigue limit
cannot be expressed as a single unambiguous stress value. The fatigue
limit or failure criterion in a given environment is determined
relative to a given initial flaw size which exists at the beginning of
the static fatigue tensile loading interval, and which also has

assoctated with it a specific value of o the inert strength.

N’
Since Mould and Southwick's original fatigue studies, more recent inves—
tigators have produced fatigue limit data for soda-lime—-silica glasses
under a variety of experimental conditions as seen in Table I. Ritter
and Sherbourne3 determined that a fatigue limit exists for a soda-
lime-silica composition at a normalized strength of 0.32 in a liquid

water environment, and a slightly higher fatigue limit value in a 50%



relative humidity environment. Pavelchek and Doremusq found a fatigue
limit at a normalized strength of 0.40 for abraded soda-~lime-silica
glass in a 23°¢ ligquid water environment. Charles and Hillig5 recorded
a normalized strength of 0.15 at the fatigue limit for a similar soda-
lime-silica glass, while Wilkins and Dutton6 determined a static
fatigue limit of 0.17 for abraded soda-lime-silica specimens at a Zem-

perature of 400°¢.

The range over which unstable crack prepagation will occur may also be

expressed in terms of the stress intensity factor KI' Weiderhorn and

7 , . (. . - .
Bolz determined the fatigue limit for soda-lime-silica glass in water

at 23°C under double cantilever load conditions to be given by a K

1/2

I

value of 0.25 MPa-m Simmons and Freiman8 reported a fatigue limit

1/2
value under similar conditions, of 0.27 MPa-m / . Assuming a fracture
1/2
toughness KIC = 0.8 MPa-m / for scda-lime-silica glass, the above

fatigue limit stress intensity values may be converted to normalized

strengths (UA/UN) of 0.31 and 0.34, respectively.

£ was our purpose to experimentally determine the existence of the
static fatigue limit for mechanically abraded scda-lime-silica glass
specimens under constant loading conditions. Our data show that a
fatigue limit exists at a normalized strength of 0.27. Previous experi-

menters have shown the existence of a fatigue limit expressed in terms



of applied stress and the inert strengths. It is our further purpose to
show that a reduced time-to-failure parameter may be used as a new,
alternative failure criterion at the static fatigue limit. The ratio of
time to failure to initial flaw size (tf/ai) at the fatigue limit is
uniquely determined and may be used as an alternative failure criferion
for a specific environment. This endurance duration, if exceeded by a
given article, ensures, that under a constant applied stress, failure

will not occur regardless of how long the load remains in place.

THEORETICAL

Many of the recent advances in the understanding of glass strength and
glass fracture processes have been due to the development of fracture
mechanics as applied to brittle materials. The basic principles and
underlying assumptions used in fracture mechanical analysis of glass
fracture processes have been described in numerous articles in the

glass literature, and will not be repeated here.

The static fatigue limit or failure criterion is the applied stress
level which, if exceeded, will lead to failure. It will have a unigue
value for any given initial flaw size and may be expressed as a

fraction of the inert strength associated with that flaw.



A functicnal relationship may be derived expressing the region I crack
propagation velocity V in the K-V diagram illustrated in Figure 2, in
terms of the crack opening stress intensity factor K1 and the

appropriate crack propagation constants A and N, which are temperature

and environmentally dependent. The region I crack velocity may be

written as:

V= da/dt =AK (1)

where V is the crack velocity, a is the crack depth and, ¢ is the time

of lead duration.

At failure, the following integral expression results from manipulation

and substitution in the above expression:

a t

c §
f a V2 G A(oy)N f dt (2)
a 0

where tf is the time to failure, ay and aC are the initial and critical
flaw depths, respectively, and y is a constant relating te flaw

geometry,
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Performing the appropriate integrations in equation 2 yields an

equation for the time to failure t_ in terms of the previously defined

£

parameters and the failure stress g:

1-N/2 1-N/2
a a

¢ = o -3 (3)
t N
(1-N/2)Aloy)
. a \N/2
f _ 2 [ c
a " N-2A N jlE )] (3a)
Kic [\

1f (aC/ai)N/2

>> 1, this means with N > 17 for applied stress levels
below approximately 80% of the inert strength, the above expression may
be simplified and rearranged to give the following expression which is

. . 1/2
linear in In (tf/ai) and In (ai/ac) .

1/2

ai ' tf
LN e = C-g"|\=- @)
c I
where:
1 N-2 N (5
= — |n A K
c N 2 IC
K., = material fracture toughness

1C



The functional form of the above expression is seen to be similar to
the universal static fatigue curve determined by Mould and Southwick2
as seen in Figure 3, in which the ratios of fatigue strength o normal-
ized by the inert strength Oy ©OT G/GN were plotted using a reduced time
to failure (t/tO.B) as the independent wvariable., The normalizing factor
or characteristic time tO.S was the time to failure for each individual
set of fatigue data, at which the normalized strength equaled 0.5, Such
normalization allowed the generation of a single universal fatigue

curve of the form

g/lc = f(t/t ) (8)
N 0.5

The characteristic time was found to have a functional dependence on
the irnert strength as seen in Figure 4. For both point and line flaws,
the characteristic time was found to increase with the reciprocal
liquid nitrogen strength. That relationship shows that a specimen with
a low inert strength or a large initial flaw size fatigues less rapidly
than a specimen containing a smaller initial flaw size and having a

higher strength.

The relationship between the normalized strength (O/UN) of Mould and
Southwick, the stress intensity ratio (KI/KIC), and the initial and
critical flaw depths, a, and a.» vespectively, may be seen from the

following:
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K a \1/2
g - - i
o K a (7)
N 1C C

1/2
Thus, the normalized flaw depth, (ai/ac) / in equation (4) may be
replaced either with a normalized strength term (O/ON), as in Mould and
Southwick's universal fatigue curve, or with a ratio of normalized
stress 1nten51t1es-KI/ch.
A separate and unique fatigue curve will then be established for each
glass composition, dependent on the nature at the fatiguing environment

and the fatigue environment temperature.

At the fatigue limit, the normalized streﬁgth is defined as a constant

given by

a \1/2

In = constantY (8)
. |

Static Fatigue
Limit

2
The constancy of ln[(ai/ac)l/ ] at the facigue limit in turn suggests
that the reduced time-to-failure parameter (tf/ai) may be expressed
in terms of the material and erack propagation parameters KIC’ A and

N in the following manner
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tf/ai = exp [N(C-Y)]

Static Fatigue
Limit
where C is as expressed in equation (5).
Thus, a comparison of the experimental 1n(tf/ai) values and those calcu-—

lated for a given envirconment and temperature should prove the validity

of using (tf/ai) as a new, alternative failure criterion.

EXPERIMENTAL METHODS

Static fatigue data were generated in room temperature water by simulta—
neously subjecting a series of mechanically abraded microscope slides

of a soda-lime-silica composition as listed in Table 11, to comstant,
long load duration four-point bending. A testing device was constructed
which was capable of being submerged in a deionized water bath of the
desired temperature. These specimens were loaded in four-point bending.
Since no two specimens had exactly the same thickness, provisions were
made to allow variable weights to be added to each test station to

generate the desired tensile stress on the abraded face of each glass

7

(9)
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slide. Microswitches were fashioned at each individual station to

electronically record the time to failure of each specimen.

A sample size of twenty specimens was used for each of the static
fatigue samples at a given applied stress level as well as for each of

the control or inert strength samples.,

Prior to fatigue testing, a central 1 cm2 section of each slide, from a
group of 40, was given a uniform grit-blast abrasion treatment. Silicon
carbide grit, passing a 50 mesh but retained on a 60 mesh standard
'sieve, was entrained in an 80 psig pressure nitrogen gas stream and
directed at each slide. The specimens wefe aged by immersion in 23%
deionized water for a 24-hour period for the 23% fatigue tests. The
samples for the 60°¢C fatigue tests were aged by being placed in water
initially at 23°C, and then heated to 60°C over a two-hour period. The
samples were then maintained in the 60°C water for an additional 22
hours. The abraded slides were then randomly selected and separated

into two groups for each set of experimental fatigue data.

The first set of abraded slides was used for the constant load static
fatigue testing, while the second set constituted a control sample
whose inert strengths were determined by testing the specimens in

liquid nitrogen conditions, The inert strengths of the control specimen
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set were used to determine the initial flaw size distribution in each

set of abraded samples from the relationship

-

IC (10)

where y = vV nw ,

The applied stress level used in each constant load static fatigue

test was a specified fraction of the median inert strengths of each of
the cor?esponding control sets. Initially, an applied stress level was
chosen to be a sufficiently high fraction of the median inert strength,
such that a large number of the specimens in each sample set failed.
Subsequent sets were tested at lower applied stress ievels, corres—
ponding - to smaller fractions of the median inert strength. As g3

result, smaller numbers of each sample set failed.

The fatigue test duration for each level of applied stress was deter-
mined from the fatigue and control sample failure probability dis—
tributions. A maximum projected time to failure, beyond that of the
last failing fatigue specimen, was obtained from the fatigue data at a

failure probability matching that of the highest inert control samp le
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strength. The applied stresses in the fatigue determinations were main-
tained for durations at least twice the longest expected time to fail-
ure based on the last-failing specimen of the fatigue set at each

applied stress level.

EXPERIMENTAL RESULTS

Inert strengths were determined from liquid nitrogen strength data as
illustrated in Figure 5, arranged in cumulative failure prebability
form. The times to failure in the active water environment were also
plotted on a cumulative probability plot. The normalized strengths,
used to determine the fatigue limit in each case, were found by divid-
ing the fatigue strength dara fitted to a linear regression at a given
probability by the similarly determined inert strengths at the
identical probability in the inert strength control sample. In those
cases where not all the fatigue specimens failed, the data were
assigned probabilities based on the full set of 20 samples with the
times-to-failure distribution plots being truncated at the last failing

specimen.

Since the static fatigue limit has been defined as the applied stress
level for a given initial flaw size below which static fatigue will not
occur, the failure criterion for a given enviromment was associated
with the smallest normalized strength at each applied stress level at

which failure oeccurred.

%
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The above procedure was performed on data obtained for constant applied
load levels at varying fractions of the median inert strength levels
for eight sample sets held in deionized water at 23°C as seen in Table
I11, and six corresponding sets in deionized water at 60°C shown in

Table 1V, to determine temperature sensitivity.

The first four columns in each of the tables list the constant applied
stress, the number of specimens failing at each applied load level,

the equivalent inert strength in liquid nitrogen, and the derived nor—
malized strength at the fatigue limit fof each data set. The time to
failure for the last failing specimen in each test is given in Column 5
while the calculated values of initial flaw size a, are given in Column
6. This latter column was obtained from the inert strengths of the
control samples. The reduced time to failure at the fatigue limit is

listed as ln(tf/ai) in Column 7.

DISCUSSION

For a given unimcdal distribution of initial flaw depths aps the num-
ber of failing specimens in a constant load fatigue strength deter-
mination should increase linearly with increasing applied stress. If a

static fatigue failure limit exists at a unique value of the normalized
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strength, then as the applied stress is decreased, the number of fail—
ing specimens in the distribution having normalized strengths greater
than or equal to the static fatigue limit should also decrease. This
behavior was observed as seen in Figure 6 for specimens in water at
both 23°C and 60°C. The average normalized strengths at the statie
tatigue limit for both environment temperatures resulted in essentially
the same normalized stress values of 0.273 and 0.271, with standard

deviations of 0.009 in both cases, respectively.

Further confirmation of the existence of a static fatigue limit at a
constant normalized strength was obtained from the relationship between
the inert strengths of the last failing specimen in each fatigue group
and the applied stress level. Again, for a unimodal distribution of
initial flaw depths, the inert strengths associated with the last fail-
ing specimen at a given applied stress level should increase linearly
with increasing applied stress regardless of environmental temperature.

Such behavior was observed as seen in Figure 7.

The natural logarithms of the mean values of the experimentally deter-
mined (tf/ai) parameter at the fatigue limit were 22.27 and 20,12,

with standard deviations of 0.674 and 0.607, for the 23OC and 6000
water environments, respectively. Using A and N data listed in Table v
as determined in other unpublished fatigue studies, calculated
ln(tf/ai) values of 22.55 and 20.20 were obtained for 23° and 60?0,
respectively. These values compare very favorably with the experimental

data seen in Tables I1 and TITI.
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The experimental reduced times to failure at the fatigue limit were
markedly different and were found to be markedly dependent on environ—
mental temperature. The reduced time-to-failure parameter at the

. PR : o . o
fatigue limit was significantly shorter in the 60°C, than in the 23°%¢
water environment, the relationship between the two parameters being

the following:

(tflai) = 0.156 (tf/ai)
Static Fatigue Static Fatigue
Limit Limit
(80°C) (23°C)

Since the static fatigue limit has been uniquely determined at a
constant value of normalized strength for a water environment at two
different temperatures, static fatigue curves determined in different
envireaments will accordingly produce a different value for the corres—
ponding reduced time parameter (tf/ai) at the fatigue limit. Those
values of (tf/ai) may be used to determine a maximum time to failure
for a given initial flaw size, which if exceeded without specimen fail-
ure will insure that the object containing that flaw will never fail,
as long as the same enviromment and constant loading conditions are

maintained.

(11)
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Each of the above (tf/ai) constants for a particular environment may
then be used to predict the maximum expected time to failure under
constant loading conditions for a given initial flaw size. Should the
flaw not grow by fatiguing to critical dimensions a. in the calculated
time tes one may be assured that the article containing the flaw will

never break under the specified loading conditions.

The alternative failure criterion is to assure that the applied stress
level in a glass object, containing a flaw of initial size ai corres-

ponding to an inert strength Oy is maintained at or less than 0.27 ON.
If this condition is maintained, the flaw will not fatigue and failure

will not occur.

The point of particular interest here is that the failure criterion may
then be defined, once an initial flaw size and environmental condition
is specified, in terms of either the applied stress or the time to
failure. If an applied stress level is maintained at or less than 27%
of the inert strength of the maximum initial size flaw in the sample,
or if the object survives constant loading for a minimum time as deter—
mined by the environmental parameters A and N and fracture toughness
KIC’ one will be assured that fatigue and failure will not occur under

the stated load.
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CONCLUSIONS

The two major goals of this study were to theoretically model and exper—

imentally determine the static fatigue limit for a given soda—lime—

silica composition in tensile loading for a water environment.

It has been shown that one failure criterion for a particular soda—
lime-silica glass composition in water may be expressed in terms of
the normalized strength ratio G/UN = 0,27, If applied stresses are
maintained at less than 27% of the corresponding inert strength, fail-
ure will not occur under the conditions specified, regardless of load

duration.

Alternatively, should an article containing an initial flaw size, a,,
1

be stressed and survive a time under load Le given by

where O is an envirommentally determined constant derived from Equatien

(9), failure will not ocecur.

(12)
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At the fatigue limit, the competing rate processes of aging (which
increases strength) and fatigue (which decreases strength) offset each
other. Below the fatigue limit, aging predominates, with the resultant

effect that failure will not occur due to slow crack growth,



+(¥€0)

+(I€°0) ~
LT°0~

+ST70~

INAY
(AN Viaad

7e°0
ze"0

02°0~

ITWT

andtiey p
No /¥p

daaem -~ 0,2¢
193BM — D,62
@1TE - D, 00%
A93BM ~ D,EC

HY %09
*Hd 709

L1
o0
o o
[
[S Y

HA %0S — D,ET
1918M - D,£2

IA¥IBM — DEC

JusmuoXTaAUuy

andtiey

2151 TIS-9WI[~EPOS
931BOI[IS~-9MI[-BPOS
91BDTITS—SWFT~EPOS
23BOT[IS~9WI-BPOS
53RO T[FS—aUWF[-BPOS
931EBOTTIS—RWLT~BPOS
23BOFIIS—OUIT-BPOS

91EDTTIS~-9WLI-EBPOS

%SSEID

I dT4VL

*BIEP 10310€J AITSUSJUL SS2I3S WOLJ PIATIRQ
-pBOT OTTSuU®3 iepun aTIys Jusuzesis Supeeuue D,0Qy INOY ¥ B BUFMOTIOJ aanjeasdwel wool 3® pa3sel yiB3uails g

. *BIEP WOTMAUINOS PU®R PINOK U0 P25BG 93BUTISH o
-juswlea1l FBOS 5,006 IO Q0% ANOY SUO B IYITS BuIMOTTod x
suor3Fpuod Triusuiiedxs pue suoTlTsodmod sse]3 J0PXD 103 SIDUIADIDA PIIST] 995 &

‘ON 22Uad9jwoy

£iewmng Ele( 2anlexe3Tl IFupT ondrieg o1ieis

UBWTSl] /SUOUWTS
zTog/UIcyIapaTm
voling/SUTHTEM

8TTTTH/S2TarYD

MSENHOQ\&M£OHUPNQ

QuInqiIays/ae3aTy

MUHBQUSOW\ﬁHﬂOX

s103e3T189aU]



L 0%

Z €ol1v
¥ OB
L | 0®9
4! 0%eN
O/M BL ¢ois

Apnls jwi] anbied dlelg
8y} ul pasn uoi}isodwoD sse|n

I eiqel



%970 =

i

IXANAA
98°CC
£8°T¢
20" T¢
89°7¢
[ A
Ww.ﬂm
€6 ze

01°¢¢

(Fe/3r)ug

x.
 OTX7YL €

,x.
¢ UTHETE "€

,x.
UTHIST €

x.
¢ OT*970°€

x.
¢ _0T*089°C

X[76"
_OTXLE6°T

X -
_0TX559°C

¢ OTXSE9°

% (W)
yadag
#eTL
Ter3atul

oI N0k
= A M um-—-e b = a ¢ ‘Okﬂ
=S g 80 Al
x
600°0 = — §
£/2°0 = UB3I}
mOwamH.m TL20 9L7EL
moHM¢¢o.H 99770 L 8L
¢OHMomm.¢ 29¢°0 7£°08
moaﬂcwa.m %LZ°0 8L°18
moaxwwm.m 19270 6T°L8
qoaﬁoom.m T8Z°0 [AAR%:
qoaxomo.ﬁ 9L2°0 09/.8
moaxqqo.ﬂ 687°0 £6°.L8
(*098) ITWTT (edl)
uswiosedg andrieg yadusa3ag
durTies a1se] 2T3®18 Jjaaug
1IBJ 031 SWL] JuaTeatnby

JUSWUOATAUT I81BM D, £T UT
A1eung eje(q 2n813ieg 2I3IT1S

IIT @798l

A) =

e

0z/¢
0z/¢
0z/L
0Z/6
0Z/ST
0Z/9T
0Z/91

0Z/6T

SuriTeg
SUBMTIIAG

WOol1J PoATISPx

€0°02

28702

6e 12

§% LT

9L°¢CT

07°€¢

81"%e

(AT

(ed)

sS$3138
patr1ddy



£09°0 =

]

21702
18702
$6°6T
62°07
SL°0T
6T

ST 6T

(Te/FyuT

uesy

.m.\p“sh.
X . X7
mIOH 7L6°C qoa ?7°¢
x . Xt *
mtoa 62T ¢ qoa A
X . X0Q*
m;oa 99/.°2 qOﬂ 08°T
X . X7G*
mioa 8CY°C ¢OH [AA
- . .
m|OH 6572 mo&%om L
¥ . X0z "
mEOﬂ wLG*g moﬂ 0¢* L
% (1) (ro9s)
yadaq uswEoadg
MeTy Surrred iseq
TeT3TUL TTef 03 SWUTL

600°0
1L2°0
952°0
€£2°0
892°0
92" 0
082°0
£€82°0
TATeTT

sndTaieg
9T3e3sg

o1

B0 = | MNAZD%\UHMV = Te WOI] POATIDOPy

i
!
w

H

ueay
9,778
69°08
[4°98%:1
€0°16
9788

96°88

(BdW)

y3duailg
3asul
JuaTeaTnby

JusuuoITAUY A93eY J,09 UT
Aiemmg Blmg ondTiBg 2TIRIS

AT 9TqEL

0Z/% 1¢°22
0z/s £0°¢2¢
0z/1T 06°2¢
8T/C1 w1 %we
0¢/%1 08°v¢e
0z/e1 ¥Z2°ST
3uTrTRs (BdW)
susuroadg $89.I38
paTTddy



Fatigue
Environment

Temperature

23°¢C

60°C

Table V

Crack Propagation

Fatigue
Environment

Water

Water

Constants

I

1.714

0.484

|=

16.349

13.870
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REDUCED STRENGTH Vs. LOAD DURATION (LOG SCALE) FOR VARIOUS ABRASIONS.
STRENGTH VALUES, 0" ,DIVIDED BY ADJUSTED LIQUID NITROGEN STRENGTH (oy')
FOR EACH ABRASION. VERTICAL MARKS ON 0,/¢ )y’ = 0.5 LINE INDICATE
VALUE OF to.5 FOR EACH GURVE.
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FIGURE 3

UNIVERSAL FATIGUE CURVE FOR VARIOUS ABRASIONS. STRENGTH DIVIDED BY LIQUID

NITROGEN STRENGTH Vs. LOGARITHM OF LOAD DURATION DIVIDED BY to.5 FOR
EACH ABRASION.
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