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ABSTRACT

The paper presents a variant of the statistic theory of
brittle strength for determining the reliability of the
built-up glass structures with foreign inclusions being un-
der non-stationary long-term operating conditions. The theo-
ry allows to establish the relation between the short-térm
strength of glass specimens being in the stationary simple
uniform stressed state and the long-term strength of glass
structures under the non-stationary complicated stressed sta-
te. The theory in question is based on the thermofluctuation
mechanism of material fracture being in conformity with the
principles of the fracture linesr mechanics on the experimen-
tal determination of the material strength parameters and al-
So on the experimental and theoretical substantiation of the
statistic function of specimen longevity distribution.

For determination of reliability, the built-up glass structu-
re is separated schematically into the elements uniform by
material, then differential division of the total stress ten-
sor fields is carried out into the surface areas with quasi-
uniform and simple stressed state which is equivalent to the
specimen condition. After that the conception of a weak link
is successively and repeatedly applied. In case of non-stati-
onary stresses and strength parameters the time interval may
be divided into sections having quasi-stationary stresses

and parameters. After that the principle of equal reliabili-
ties at the boundaries of adjacent time sections may be ap-
plied.
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INTRODUCT ION
In order to ensure the reliability of the responsible built-
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red and operateq under non-stationar

Y embient condition ol
:h.anging external lcading, a thorough analysis of thegrslggg—
eérm strength should be carried out, It requires the expen-
Sive and long-term full-scale testing of g large statigtic

ing are valig only for the t
y ype of manufactureg in quest
of a definite périod of production. Therefore the ngcessigﬁ
aTouse to work out Some general methods for determining the
igng;:iﬁgtftren%t?handtreliability of glass structures based
on o e strength i
in the srredl o S eng of material ang manufactures

The problem of establishing the relationship o

: 2 1 £ f th
specimen longev1ty upon the gtress level ang ambiegtgigigiti-
ons is elucidategd in a number of papers. In particular in
%lsam?nographs and articles of Zhurkov (1953?, Bartene;
(1942), Pukh (1973): Razumovskaya (1983), Baker and Preston
1seis) Charles (1958) Mould and Southwick (1959, 1960

§ Vldeghorn (19695, Kerkhoff (1975), Neverthelegs ’the
groblem of interrelation be tween the material strength’and
he glass structure reliability remained unsolved,

This paper bPresents a variant of the
statistic theor by
?i‘gﬁtle strength which establishes the above-gsaid in{egrela—

STATISTIC MOCLEL OF FRACTURE ANT ¢
STRENGTH PARAMETERS = BRSE

Suggested ig the followin ]
g statistic model of fract
glass Specimens made of the same kind of glass e.nccl: g;et}olé‘
sx technology. A part of the surface area §,of these spe-
Cithns is under the simple uniform stressed tensile state
gtatem?;:ir;umlievgl gf nominal stresses 6 o Such stressed
ealized when the discs are loaded
the axisymme trie bending (ASR), ° %7 the method. of

Every specimen has in its zone Se a

great number of -
Ci microdefects (microcracks) with different orieniozat?;ifa
slze and degree of danger. Under the action of stress & J,.o-

on the way of Propagetion of these defects intc i
C 1to the disc
bulk, the mlcrostructure of the material of different degre-

of internal microdefectg and residual stresses of the second

kind (in microzones) The growth of mier
« The g ocracks €(¢)for =
period of time t is accompanied by the rige of local stress-
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08 Bg(¢) which results in increasing the velocity of local
utresses &g . It may be assumed that the increment of va-
lue é’c called forth by a small increment of local stress &g
ls in proportion to the value S¢ achieved by the given mo -
ment of time and to the, increpent 6¢ . In differential form
it can be written as d t=9S¢d6, , i.e.
é}:bexp(gec). 1)
When 6¢(t) achieves the critical value %, the microcrack
begins to grow disastrously quickly during the time of AT
which may be neglected as compared tc the time € from the be-
inning of 6 application to the point of the specimen frac-

ture.
The fracture of the specimen (glass disc) occurs in the zone
where the surface microdefects and microstructure of the lay-
or A lead to the equality of Gy= G4 for the minimum period

of time at the given stationaryg ., Therefore, the fracture
of the specimen takes place due to the most dangerous combi-
nation of initial parameters of €, microcrack and the subsur-
face microstructure, and not because of the maximum initial
value of one of these factors. It should be taken into consgi-
deration that for the majority of the glass menufacture pro-
duction processes, the orientation of defects in various di-
rections is equiprobable, so at the simple uniform omnidirec-
tional tensile stressed state the geometrically equal micro-
defects are under the same initial conditions. Gradient
+*AG(2) of stress 6 (into the specimen bulk in the direction
of Z ) 1s smal} within the limits of the layer A (h =0.25 -
-0.5 mm). On the surface of glass discs, glass shells and
other manufactures (excluding their ends) €,=4-10Mcm ; the
critical parameter of microcracks €4 under stresses & close
to safe (6c) does not exceed 0.35 mm, Taking into account
the fact that the characteristic thickness of glass speci-~
mens vary from several millimeters to several tens of milli-
meters and their curvature equals to several millimeters

one can draw the conclusion that the evaluation of maximum
local stresses ©¢ both for glass specimens and glass manufac-
tures can be carried out by using the model of a semidnfinite
space with a surface crack, In this approximation, the self-
similarity conditions (which are in fact the closure conditi-
ons for calculational models of linear fracture mechanics)
are satisfied. Then, (Irvin,1948, Cherepanov, 1974)

6, =K, 6 eV (arc o)~ 1/2 (2)

where /(, 1s the parameter determined by the body geome try
and the  crack shape, 2o is the distance from the crack tip
to the link-breakage zone (%<« € ). Based on the formula T=
=:‘:"J[}'((ﬁ]°‘di( the longevity T° may be determined by the follow-

ing expression (Margolin et al.,1988, 1991; Podstrigach et

al. » 1 991 ) _4 v
. T=(fexp(pcat, o
Here K= Qexp (7/(), C=/G ALYV 4, = BE,s ’ K,=G't;'/";
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@ and ¢ are the constants of the glass and the surface treat-

ment process. The equation (3) is analogous to the well-

known Zhurkov equation (1953), which at constant -
re Tohag 1o po U s onstant temperatu

T =Aexp(-«£ 6), (4)

where A and o are the material constants at the fixed tem-
perature;A=z;exp(Uc/&T“);oL=x/nT‘;'Z:'o,‘u.a Y, R —

are the parameters of Zhurkov's equation, The comparison of
(3) and (4) ghows that these equations coincide forA=
andX=gc¢ €%, Formula (3) follows from the statistic modbl
1n consideration and expression (1), whereas the dependence
of KX upon K, @ and ¢ has been proved experimentally. Hence,
SXpression (4) has ‘been substantiated by another method.
Expression (3) may be written in the form

T=N-VYe, (5)
where [1=~(& @+ &9)is the Statistically avereged glass con-

gat?cz;;ug.?d ‘~P=7gec&, is the coefficient of glass static

Based on the analysis of parameters ¢,/3,%. and €o in the
works of Margolin et al, (1988), Po str’igach et al, (1991)
one can see that longevity € is submitted to the logarithmi-
cally normal law., In these works were also determined expe-
rimentally the parameters of long-term strength with the
help of the exisymmetric bending method for the electron-tu-~
be glasses of C52-1 and C93-2 brands: I, ¥y is the median
coefficient of static fatigue, Pw is the value for determin-

ing the specimen longevity logarithm dispersi i
criterial safe stress. v 8 PesBiony € 1s whs

For determining the long-term strength parameters, the glass
discs fractux-'e probability has been plotted against the lon-
gevity loggrltth( T ) under constant stress G . After
that a family of refetions have been plotted for various
stresses. Then the data have been obtained for two levels
giezi%éagiii? (R:( =o;g'en«:l'.‘t==0,99ﬁ)r required for plotting

elations (5 :59 =J1-%6 end BTCnin=1- . Para-
meterin and W, were d te‘;'mineﬁsdirec l;mbﬁthr?anef’arameter
f{ﬁ=d » where d is the coefficient of proportionality for
the exXpression S@i.g-({G s and Sge is a root-mean-square
deviation of the ongevity logarithm of specimens; Py is al-
so determined by relations (5). LCetermination of 6 parame-
ter is described in the next section.

RELIABILITY OF GLASS STRUCTURES UNLDER

STATIONARY AND CHANGING LOALS AND STRENGTH
PARAMETERS

§eliabilitx of Specimens. Based on the above-mentioned mo-
el o Tacture a e strength parameters of glass discs
in the simple homogeneous stressed state & of the base area
So , the reliability of specimens during the specified
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operating time Te may be determined by the following expre-
ssion (Margolin et al.,1988) : 3
i‘@(gc))e>gﬁ; ~1/2 - ¥/ .
Re=11, s<el; prgo=-ed"fe”dx; ®
Jo = Pu (¥t [ (G T~ 1)/87}.
For the area § , taking into account the scale factor M=
=S5/860 and the weak-link conception, the reliability
should be Rg=R’y . The reliability of Rmo sempling from
M, specimens with different stresses ©i 1n each of them
(t=4M ) and different area St having the simple uniform
stressed state may be defined by the formula

Rno= (‘n)"g RioyRio=[1~P(g:0 1M 7
ML=Si/Se , 90= P { Yut Ll Ty -T/R).
The safe criterial streds Ge may be calculated by formula
(6) where 8> So and Ted>80 years ( Te)s=9,0 ).

Reliability of Glass Structures under Stationary Conditions.
In order to determine the reliability of glass structures
made of one kind of glass with complicated inhomogeneous
tensor field with the total stressed state 67(x,Y) , this
field is divided into ™ zones with quasihomogeneous stress-
ed state 6F (§={;M ). The division is carried out by spac-
ings AX &and AY ‘after the coordinates of the surface of
gtructures X and ¥ . Teking into consideration the fact
that in any system of coordinates the orientation of planes
of microdefects propagation becomes equal through 180°, eve-

ry § zone is divided into Kgy+4 , the angle interval *
+t AY./R is from O to 180° with quasisimple stressed state
ST, - T T T T

2 672 =L G{1+8[a+(G 4 —-6]) 032 Y/2, @)

where @)y and €y are the main stresses of S zone and ¥, is
the angle between vectors @Y, and @%4 . Livision spacings

5 and are selécted allowing for the accuracy
of obtaining the end result.

In compliance with the above-said, application for many ti-
mes the weak-link concept and the formulae (6)-(8) results

in obtaining the expression for determining the reliability
of sampling from M structures when they are operated in the
stationary conditions for a period of the arbitrary time % :

M My M‘:F r
Rs(t)= ((Il ) éﬂﬁ.mw(*ﬂ » 85>6e;  (9)
. » Py < Bc- r
Here Ro.'__‘--z('t) is determined by formula (6) at6=6e and
Te=t ; Misz = S /8% = AXig AYiy AN /480° S,
Thus the interrelation has been established between the
strength of glass specimens having simple uniform stressed

state and the reliability of glass structures with compli=-
cated stressced state.
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Reliability of glass Structures under Non-st

: ~station -
ions. The depe_ndence of reliability upon the tim:rz.‘f(co'fi%i
under non-statn_.onary conditions and strength parameters may
b;:: determined in the following way. The operating time range
from O to Te may be divided into small intervals Aty (g =4,Q).
Wi hln_these intervals the stresses and parameters Zu}e qt’za—
sistationary, The spacing of division A% should be chosen
in view of the stress gradient and parame ers, in order to
ensure the accuracy of the end result,

It is also O8sible to divide the tim i i

2 € range into small in-
:Cgr;/:'ils A(cgty) . The changing stresses and parameters with-
< i sald intervals are substituted by their extreme values.
“or all that the amount of calculations is reduced.

The dependences F1(t) , Y(t) , Pw(t), @e(t) and 6Tse(e
are repJ'.aced by step functions ha\(ring’mea.n ithegral Jal(zeg
of stationary parameters n%;'ﬁ, » Pw » ©Ocg and stresses
- Time intervals 4n which
rs-i’- g (t) < Gc(t) are negledted, Then the principle of equal
et ability is applied for neighbouring intervals Ate and
vt 9¢1tbeg1nn1ng fromeg= 1 in two stages (first,by t
‘iae]n% h parameters, s cond, by stresses). In compliance
g his principle, the equal reliability conditions should
?L observed at the end of the previous R and at the begin-
?93% o:]t: the next R34+4 time interval (Podstrigach et al.,,
- ,t990, 1991). "The said principle being applied, inter-
al A may be substituted by interval 4¢€¢,, equiva-
lAent b reliability and heving stress and pgraxfe'%ers of
stat’i*i 1nter\_ra.l. As a result, the problem is r .uced to g
el gnggv;r?g:‘tant, first for two, then successively for all

6 is29 in the intervals 4 i

In compliance with the above-mentioned works the algorithm

has been obtained for determinin
g the structure reliabili
under non-stationary conditions of operation : : R4

v = Xt :
Rv(Te): n) "gﬁ‘j(Roqtg)ﬂrﬂ . (10}
> = =1 =0 ; E -
Here Roigzg =Roop )12;99 =1—?{£9[‘f£,"‘ (4t6.7'+A I=1n J}1

e _ &7 ; gee
Atop =t QLIS (4 ot51g-Tp)+ [Ig], sty =ant G,

6°¢
Rug-g Ly (AtGg-s+ At g-1) - [T9-4
[ Fwg (%8‘4+ B%yep-a __) -y{ag]"‘”y}o

Reliability of Built-up Glass Structures. In order t
mine the' reliabiTity of these structures they may beod(:'z\er;cggd
sihematlcally into L nods consisting of the same kind of
gl;.ats)f..Taking into account the independence of the nods re-
b;? lity, the concept of a weak link ig applied.The relie-

ity of sampling from M built-up structures for a time
period T if determine‘d by Lfhe expression M

i x> s
Ria(To) =y SITHRZG (T )
ix =0

(=4x
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where X:EL;RZ;:(TQ)J'.S reliability of the glass not
can be determined at M=4 by formula (9) under stationary
and formula (10) under non-stationary conditions of operati-

on. The strength parameters are established for every kind
of glass.

Two criteria, ©¢ and 6‘; are employed in the suggested vari-
ant of the brittle strength theory. For stresses which maxi-
mum value does not exceed a criterial one (6’,..56}: ) the re-
liability R= (defects do not propagate). When the stress

exceeds the level G'c,based on the above-said,the value of
structural strengtﬁ G§ is determined for the specified value

of reliab}lity L . The value &§ limits the level
(6m < 68 ) of stresses which ensure the reliability RY for

a period of gspecified time of operation.

The theory was aprobated and introduced in the process of
evaluation of reliability of glass shells of vacuum electro-
nic devices. With that the problem was worked out pertaining
to elaboration of operative methods and meens (including
forced testing) for evaluation of the structures reliability
at the stage of elaboration and constructive-technological
correction of vacuum electronic devices.

REFERENCES

Baker T.C.,Preston F.W.(1946) Wide range static strength

testing apparatus for glass rods. Fatigue of glass under sta-
tic loads. The effect of water on the strength of glass.

Je.Appl.Phys.,V.17,p.162-188.

Bartenev G.M. (1984) Prochnost' i mekhanism razrusheniya po-
limerov. Khimiya,Moskva.

Charles R.J. (1958) Static fatigue of glass. I,IT,J.Appl.
Phys. V.29,No 11,p.47-58,

“herepanov G.P. (1974) Mekhanika khrupkogo razrusheniya.
Nauka, Moskva.

Irwin G.R. (1948) Fracture dynamics. In: Fracturing of Metals,
P.147-166.ASM,Cleveland.

Kerkhoff F. (1975) Bruchmechanische Analyse von Schadensf#llen
an Gldsern. Glastechn.Ber.,B.48,H.6,S.412-124.

Margolin A.M.,Osadchuk V.A.,Podstrigach Ya.S.(1988) Metod us-
korennykh ispytaniy stekloobolochechnykh konstruktsiy dlya
otsenki ikh dlitelnoy prochnosti i nadyozhnosti.V.Mekhaniks
i nauchno-tekhnicheskiy progress. V.3,p.86-103, Nauka,Moskva
(In Russian)

269



Margolin A.M., Osadchuk V.A. and Podstrigach Ya.S. (1991)
Accelerated testing of glass shell structures for evaluation
of their long-term strength and reliability.In: Mechanics

of deformable solids (Parton V.z.) V.3,p.85-101.Hemisphere
Publishing Corporation,New York, Washington, Philadelphia,
London.

Mould R.E., Southwick K.D. (1959) Strength and fatigue of
abraded glass under controlled ambient conditions. I, IL.
J-Amer.Ceram.Soc., V.42, No 11,p.542-547; No 12,p.582-592,

Mould R.E, (1960) Strength and fatigue of abraded glass un-
der_controlled ambient conditions. III.J.Amer.Ceram.Soc.,
V.43, No 3,p.160-167.

Mould R.E. (1961) Strength and fatigue of abraded glass un-
der controlled ambient conditions. IV. J.Amer.Ceram.Soc.,
V.44, No 10,p.481-491.

Poddtrigach Ya.S., Margolin A.M., Osadchuk V.A. (1988)- Metod
opredeleniya nadyozhnosti steklokonstruktsyj pri peremennykh
nagruzkakh. Dokl.AN USSR,Ser.A, No 12, p.32-35.( in Russian)

Podstrigach Ya.S.,Margolin A.M., Osadchuk V.A. (1990) Nadyo-
zhnost!' steklokonstruktsiy pri peremennykh parametrakh proch-
nosti materiala i nestatsionarnykh nagruzkah. Dokl.AN SSSR
V.312, No 4, p.818-822 (in Russian)

Podstrigach Ya.S., Osadchuk V.A., Margolin A.M. (1991) Osta-
tochnye napryazheniya, dlitel'naya prochnost' i nadyozhnost'
steklokonstruktsiy. Naukova Dumka, Kiev.

Pukh V.P. (1973) Prochnost!' i razrusheniye steklsa. Nauka,
Leningrad

Razumovskaya I.V. (1983) Vliyaniye usloviy ekspluatatsiyi na
Mekhanizmy khrupkogo razrusheniya tvyordykh polimerov.Avtore-
ferat dis.d-ra khim.nauk, MITHT,Moskva (in Russian)

Viderhorn s. (1969) Vliyaniye sredy na razrusheniye stekla.
V.Chuvstvitel'nost' mekhanicheskikh svoystv k deystviyu
sredy, p.309-327.Mir, Moskve (in Russian)

Zhurkov S.N., Narzullayev B.N. (1953) Vremennaya zavisimost'

%rochnosti tvyordykh tel. ZhTF, V.23,i88.10, p.1677-1689
in Russian)

270


User
Rettangolo




