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Abstract

An analysis method for the reliability of ceramic structures subjected to thermal shocks
is presented. Flaws with the size of given probability distribution function are assumed to

be distnbuted at

random with a certain density per unit volume in the structures.

Criterions for crack instability are derived for brittle solids under general thermal stresses.
A probabilistic failure model is presented to study the probability of crack instability for
brittle solids containing cracks with uncertain crack size. The reliabilities of brittle

structures are evaluated based on the weakest-link hypothests,

which states that a

structure fails when the cracks in any differential volume become unstable. A numerical
example 1s given to demonstrate the application of the proposed method.
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Fig. 2 Differential volume of a small sphere

2.2 Weibull 84 ol 2

BEE cl&Er) fsted 22 AgEe #89Y
=385 Ane 59 35377 Ark

o A THELE

o Weibull &%

Ax) = —%(

x_r)m—l

; exp[~(x_r>m].x>0(13)

7

A7NA, pE
2} (standard  deviation),
m< 3
+ ##] 2. 4>(location parameter)®]t}.

Weibull2+E2£"= Weibullell 2] 5} xﬂiﬁl
g7tze] ¥xygog Agd Z1og 74 -
AH-oke] ol AEFH= 2R A _wr°ﬂ 2
sto] FE 2] Ado] Wislstng ofe] dlo]Efdl] of
o] #F 02 o B AP 99 g5

-2 (mean value), o+ ETH
A & 2 4 (scale

A} ¥ 4=(shape parameter), y

7 t
parameter),



dgHe] Agste AT A=A H7}

B xFoA] 71 g3 WebulldEF-E2 3le
Aslgich 9714 Age FHAelH AEJY
eje] wiAHY A Fojal 7pEF o] A
22 94Y g0 By THis Hogyzo
dog 2 & o) Al o] Al 7
+£& deozgitly 78S i

NS Age N Fz2 vehdd $
ool &% }EHE Flo) &

%

Xorr o

Fio) =1-[1-F(a1"

o},
P29 A% N AA Vel vidsieg deal
2ol ] H&gE P

P, = l-—exp[l—V(

P/=0

o—a,
4

)] o> g,

0= 0,

(15)

2 Foalt) o714, ¢, = 31Fo] 2HE3sle] &
gE0) 0 & FAY wo HANSHolxm Yty L.
2 HHARAAE o, =00tk o= EEUAA
°l3, m< FAEFEZH AEFEAGFolH £
A ool o] gl A& £F ME= HAIth

a8=g HAHABAMN ¢, = 001822 215
o4 YFZRE S+

S = fomexp [ —('fo—)mV] do 06
= T,-.%;r(w—};)
L8 Fojzirh o7, Tr(-)= vt @+

(Gamma function)o}t}.
3. FM Fxeo MEIN HIL

HA Fzo AA Hrhe olv] AE wie} 72
o] ot mstd RS 7|22 FERDS A}
43 & vladAe] dAY FPEASHe] &
o et ¥ g o 2 F2e g
Aolv, FEFEY =z:rZ AYE sHHAct
(D) & FEAA 74 ANge) &9 AXT 2§
oz A rEA FUEALH oshe] @

,61,‘

AN g adyd@d o7 9¥A o (HE
H oo A E gz AdgalEgE pE

PAV=1,0=f(Ddl a7

22 Fozlet,

AH el dd=ar)g FEFER 83ty
el A A & $E-E 3&-E(failure intensity)
AR e o

A=PA(V=1) (18a)
P
ly
A= flfL(l)dl (18b)
ole

9] Al(18b)ell A A 2o) AFEA LA} LE O
2 g, 2 HFAF)E A4l 2 AA )
S7heAed 59 Agsteld cladA Ve

s, 9ld S(dV, o) &

_ [
S(dV, o) = adV=aV [ fi(Ddl (19)

o8 FoiAldh
FAE S7hpAEHe] Aeshe vlaAgH gV
8 A FEL o Q04 T F Aot

dP(A4Vv)

qv - = ALL=P(4V)] (20a)

ola, 4V =019l Aeholl4E

P =0 (20b)
olER, o] A2 =

P(av) =1—¢ " @

o 2 # Aol W A2 E P(4V) &

P4V) = ¢ ~54V (22a)
o7 1A Hdg S(4v) &

S(4V) = 2 4v (22b)



o] x| §--
olr}.
Formgridudd o HAHH Ve gt
7x2) A P(V) &
P(V) = ];IPS(AV) (23)
2 FojRt}

ol R mlAAA 4V e FoT Fojzl Aolw,
](ZZ)E EHO\:]B-}'L I:}--%— '1(248)3‘} 7Fl'r”]'

PAV)=exp [—S(V)] (24a)
HAFxo g g S(V) =

S = [ Aav (24b)
2 FoiAlct

dwtxew 7z N fiw FAHD &
AR po] 2t 8x0) AHo2 Folarhd, ol A

(24b)E T A(25)2 vehd 4 e
S(V) = ‘g‘Vk gEi/l, (25)
od71H, ML S2oM HEBEH 4 E =

Integration weight, V,+ 842 Alo]r},

4. Mg of ¥ Zzt
2 2
b b
; =
~—1
1]
g re h o
S T
v ko
’x Y
x
(a) (b)

Fig. 3 Circular cylinder(a) and solid beam(b) in
thermal shocks
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Table 1 Maternial properties

Young's modulus E = 3.7%10" kg/cm®

Poission’s ratio v=10.25
Surface fracture energy | G = 1.2 N/cm
Coefficient of thermal o= 7.7%10°

expansion

Table 2 Geometrical data

circular cylinder
h b a
20 cm 10 cm 5 cm
solid beam
h b
20 cm 20 cm

Table 3 Distribution of crack size

mean value L=3%x10"cm

variance Var, = 1.8x10™" cm?
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