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ABSTRACT

In 1939 Weibull applied weakest link theory to the interpretation of

the variability of fracture stress of nominally identical specimens. He

attributed this variation to the presence of sources of weakness, or

flaws, that were given a strength, but no other physical properties.

According ly, his theory rests primarily on the statistics of extreme values.

it is now generally believed that the most important sources of

weakness are microcracks. Thus an ideal statistical theory of fracture

mu’~ take Into account of fracture mechanics and material microstructure.

Present paper outlines recent progress along these lines, and shows how the

resulting more fundamental theories reduce ~o Weibull theory when certain

simplifing assumptions are made .
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N ‘I ROD ti C TION

In 1939, Weibu ll int r oduced weakes t  link theory into mechanic s with
the p r i m a r y  purpose  of accounting fo r  experimentally observed va r iation s
in the f r a c t u r e  s t r e s s  of nominally identical specimens. He showed how
test  data on laborato ry specimens uniformly s t ressed  in simple tension
ca n be used to find the fa i lu re  s ta t is t ics  of specimens of dif fe rent size
and nonuniform loading. B y assuming that onl y tension contributes to
fr a c t u r e . he extended the theory to app ly also to bending,  and in fac t to

any um axial combination of bending and tension . Because of the essen-
t ia l ly rational nature of the  t h e o r y  and its genera l ly good ag reemen t  with
ex per i ro ea t . it  L a s  hec ome widel y known and used . For convenienc e thi s
body ‘ t~~u u r y  v.111 be r e f e r r e d  to he re in  as Theory A.

W i ihu l l  also gave a procedure for f inding the probabil i ty of fai lure for
f ind ing  the pr&,abi litv  of failure for polyaxial stress states. This procedure ,
which we shall call Theory B, requires a treatment of uniaxial tension ‘,omevhat
different from that employed in Theory A. For instance, the number of weak

3pcts per unit volume found using Theory B differs from that found using

Theory A.

Theory B has been questioned by a number of investigators. Barnett , et al.3

considered Weibullt s rule for polyaxial tension to be plausible but not

necessaril y correct , and listed five simila r procedures they considered
e qual ly plaus ib le . Some i n v e s t i g a t o r s  who acc ept Theory A choose not

to u s e  Th eory  B , and emp loy some o ther  approach to pol yaxial s tr ess
state s, suc h as the ~t s s um pt i o n  of independence of principal  s t r e s ses . 4-6

It may be that  ~\ I ~:1)u ll C a m e  to doubt Theory  B himself  sinc e he wro te
in  I 9~~( , 7 A n o t h e r  p r o b l e m  of a more  theore t ica l  n a t u r e  will be to deduce
i h e  e f f e c t  of hi  - a rid t r i a x~ a 1i ty  on the d: st r i hu t i o n  funct ions  of one-
di mens iona l  s t r e s s e s ,  If the p r inc i pal s t r e s se s  are  act ing independently
of each o the r , and i t  seems that  such ma te r i a l s  may exis t , then the
p rob lem may he solub le along line s p rev ious l y sketched . Ir . o ther  cases
the solut ion is v er y  int ~’I e at e  arid will c e r t a in l y r e q u i r e  close exa mina t io n
of the ph y s i c a l  b e h a v i o r  ~~f the mater ia l  in ques t i on .

~~
T ( , i l ) l l l l  • i s s i ime d  ~h . t t  the f l tnda rn en ta l  c ause  of the va r i a t ions  in

f I ’ t c t I 2 r e  s tr e s s  was  th e p r e s e nce  of weak spots or f laws  in the material. 
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lie suggested that they might be due to minute foreign bodies, impurities,

or cracks. The flaws were given strengths, but no other properties. Thus

Weibull theory is based mainly on extreme value statistics.

Ideally, statistical fracture theory should also give consideration to

fracture mechanics and material mierostructure. Progress made along these

lines in recent years provides fresh insight into Weibull’s theories. The

primary objectives of the present paper are to outline a more general and

fundamental treatment of the fracture statistics of a solid containing randomly

oriented microcracks, and to show how it reduced to Weibull ’ s results when
certain simplifying assumptions are made.
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F U N D A M E N T A L  EQUATIONS OF WEAKES T LINK THEORY

Let it he assumed that ~ . s t r e s sed  solid can fail  due to any  of a number
oi independent and mutuall y exc lusive mechanisms  or causes, each ha ving 

-

an in f in i t e s inia l  p robabi l i ty  of fa i lure  (~~Pf ) 1 .  The probability that the i ’th
mechan i sm will not cause fa i lu re  is (P 5) = I - 

(~~P~) r The overall
probabi l i ty  of survival  is the product  of the individual probabilities of
s u r v i v a l, i . e .

= = ~i ~ l - 

(~~P1)

~~ ~ 
cx p [- (~~Pf ) ~~~ exp [- ~ (~~P~~) ] . ( 1 )

The ~iim of t h ~ i nd iv idua l  ~i rob abi l it i cs  of f a i l u r e  appear ing in th e f inal

eq u a lity  above w a s  ca l led  oy ~t’e bull the “ r i sk  of rupture ’ an d was g iven
tae  symbol  B. Note Uiat the ‘ r i sk  0 rupture ” so de fined can be a rb i t ra r i ly
l a r g e , hut  r e g a r d l e s s  of i ts va lue  0 s P � 1 , as of course it must on

physical grounds.

Let us assume that the potential causes of failure are many individual
cracks . For purposes of analysis it is convenient to group the cracks accord—
ir~ to  location , the applied stress state, and crack critical stress. We

assume t h a t  the stress state varies slowly so that within a volume element AV

a lt cracks will be subject to essentially the same macroscopic stress. We also

assume that the material is macroscopically homogeneous, so that a function

N(ci,,) depending only on the material can be defined as the number of cracks

per unit volume having a critical stress equal to or less than a~. When

we can regard it as the probability that a crack of critical stress

0c will be found in a unit volume. The critical stress of a crack is defined

as the remote stress which will cause fracture when applied normal to the crack

inc . The probabflity that a crack having a critical stress in the range

to 0,. + dGcr exists in volume element 1W is then

..

~

. r

~

na,]fffl 
~~~~~~ :. :T: ~ : ~~~~~~ 
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If such a crack  is present , the p robabi l i ty th a t it wi ll f ractu re depends

on its o r i e n t a t i on , t he st r e s  state , and the f r a c t u r e  c r i t er ion .  We assume

th at t h e re  is a solid ang le ~ suc h that a c rack  will f r ac tu re  if and onl y if its

n o r m a l  l ies w i t h i n  ci . Th i s  means  tha t  if the normal lies within ~~~, a > a

w h e r e  a is the e f f e c t i v e  s t r es s  co r respond ing  to the fr a c t u r e  c r i t e rion

se lected , If t he c racks  a re  randomly or iented , the p robabil i ty that a c r a ck

wil l f r a c t u r e  under  the applied s t ress  Z is Q ( ~ , a )/4 i r .

The p robab i l i ty  of fa i l u r e  due to a c rack  in the cri t ical  s t ress  range

loca ted in volume element  ~~V is the product  of the above probabilities,

i . e . ,

dN(a  ) ~~(t,a ) \
= 

(~ v da da~~~ ( C (2 )

Suhst~tut in g equ ation ( 2 )  into equation ( 1 )  and changing sums into in tegrals ,

we obtain

1 - P~ = exp [-fdVfd a ~ 
~~~~ ~~~~~~ I - ( 3 )

Now , if v. e a ssume that the flaw s are  isotrop ic as , for  instance , sphe ri-

call y dist r ibuted local impuri t ies  would be , equation (3) becomes much simpler. In

simple t ens ion  a , ~~/ 4 i i  beco mes 0 or 1 depending on whether a is less or

c r e at er  than~~ - Over  the range  0 < a  <a , C~ /41T = 1, so
C C

f d a ~~~~!~L ~ N.( a ) , (4)

w h e re  N .  i s  t he  d en s  i t y  n: i so t ropic  f l a w s .  Thus ,

= 1 - exp [-fd v  n(a ) ] , (5)

c have  changed ~~~~~ to n(a ) to ag ree  w ith  Weibull ’ s no tation.

E quat ion ( - i ) i s  ident ic a l  to tha t  employed b y Weibull  in T h e o r y  A . 

--
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According l y, the simplest in terpre ta t ion of Theory A is to say it is based

on the assumption that the f J aw s are  isotropic .

There  is anothe r possible inte rpretat ion of equation ( 5 ) .  This is to

permi t  the f laws  to be cracks but take n(a ) to be the number of cracks per

un i t volu me that wil l be f rac tu red  b y a uniaxial s t ress  a app lied to the

specimen. Some c racks  wi th  an intr insic  s t rength  considerably less  than

a will  s u r v i v e  because  the i r  c ra c k  planes a re  parallel or near l y parallel

to the t e n s i l e  axis . Thus n(a) is smaller than our N(a ), which is defined

to be the number of cracks  per  uni t  volume having an in t r ins ic  s t rength

equal to or less than a . We can also regard  N(a ) as the number  of c racks

per unit  volume that would be f r a c t u r e d  b y an equi t r iax ia l  tension equal

U) 0.

Re tu rning now to the assumpt ion  that flaw s a r e  c r acks , the probabi l ity

Ut surv iva l  can be found us ing  equat ion  ( 3 )  p rov ided  we know N(a
~~

) and ~~~~.

The l a t t e r  is a func t ion  of s t r e s s  s ta te , the c r i t i ca l  s t r e s s  of the c r a c ’~
u n d e r  c o n s i d e r a ti on , and the assumpt ions  made conce rn ing  the f o r m  of the

~ iiei t i v c  s t r e s s  a . In simple tension and equibiaxial  tens ion , anal yt ical

expression~ Can be found fo r  ~~, 8 In the genera l  case , we find ~ by inte-

g r a t i n g  d Cov er  the range  in wh ich  a > One way of accomp l i sh ing

i h i ~ i s  to i nt e cr a t e  ove r the e n t i r e  angula r r ange  hut  include an ope rator

w h i c h  goes to zero  when < c~~. Thus ,

exp [- ~~~ Jffd V dada 11(0 , a )  
~~~~~~~~~ 

] , (6 )

w h e r e  H(a , o ) = 1 wh en ~ > a
I: C C C

o w hen C < a .
e c

V.’ ~ no ’& c a r r y  out  t h e  i n t e i ~ ra l ove r 0 with the r e s u l t

P = exp [
~ 

-~-_
Jf

d V  d C ~ N ( 0 )  

-~~~ 
— -  - -

~~
-
~~
-- — -

~~~
- --- -

~~~
.- —- --~~-— i~~~~j

- i
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If we assume the e f f e c t i v e  s t ress  0 e is simply the component of

applied st r e s s  normal to a ~ rack  plane 0n’ equa t ion ( 7 ) is essentially

the same as the basic equation of We ”ull1 s Theory B , and equation (3)

becomes equivalent to the basic equation in the paper b y Batdorf and

Cr ose .8 This means that Weihull Theory B is valid under the assump-

tions of I3atdorf and Crose , i. e. under  the approximations that cracks

a r c  non- in teracting , that the y are  stable until such a s t ress  is reached

that they fail  ca t a s t rop hicall y, and that the y are  shear - insens i t ive ,

i . e .  the e f fec t ive  s t r e s s  is the norma l s t r e s s  0 -n

• Other  assumptions concerning the f r ac tu re  c r i te r ion  can , oi course ,

be made . A number  of authors 9 1 3  have assumed that fr a c t u r e  occurs

when  th~ ensu e s t r e s s  at some point on the su r face  of the crack cavity

exceeds the in t r in s i c  s t rength of the mater ia l . The effect ive s t ress  in

this case depend s on the c rack  shap e and may also dep end on Poisson ’ s

ratio. This approach permits evaluation of the contribu~ .on of com-

press ive  stresses to fracture . Other authors have assumed that fracture

occurs when the strain energy release rate reaches a critical value~
417

I’~ e corresponding effecti~ e scress is readily de termined for  in-plane

c r~~ck extensio~i, b u t  d i f fe rences  of opinion exist on how to trea t  the more

r ea l i s t ic case of out -of- -niane  c rack  extension . The f r ac tu re  statistics

in pol yaxial  tension have been worked out for a number of d if ferent

f r a c t u r e  c r i t e r i a  for  shear -sens i t ive  c racks  b y Batdorf and Heinisch~’8

E nuu~ici i s  ( 3)  and (7~ a re  al ternat ive and completel y equivalent

f o r m u l a t i o n s  of the same theory .  The ph ys ica l  j u st i fica~~on of equ ation

( 3 )  i s  more readily apparent than that of equation ( 7 ) ,  but eq uatio n ( 7 )

is pre fe rable f r o m  a computationa l point o~ view.



~~~~~~‘~~~ — ,—‘- w~~~~~~ ~~~~~ —- ~~~~~~~~~~ • ,• •. -—— ,• - •~~ • --“ ----.-• ~ --- ~~~~~~~~~~~~~~~~~~~~

—7—

FLAW DENSI TY IN THEORY B

We have already discusbed flaw density n(a) in theory A. Welbull did

not explicitly introduce flaw density into Theory B, but he did the next

thing to i t .  In Theory A he assumed

Pf 
= 1 — exp [_Jn (a) dv] (8)

with

n(a)  = kOm 
(9)

In Theory B , he ass~~ ed

P f = i — exp [_ J’jni(a~) dVdc~] 
(10)

where
nj ( a )  _ k1~~ (11)

and the integ ral extends over a half—sphere.
Weibul.1 then showed that  fo r simple tension

ki  = (2m + l)k / (2 iT ) ‘~l2)
or

(2m + 1)n(a)/ (2 ’rr ) (13)

We next  see k a quantitative relation between N(a ) and n(0 ) which we

can  obtain f r o m  equation (4 )  when we know ~~~. Now fl depends on the

f r a c t u r e  c r i t e r ion  assumed.  If we assume shear - insens i t ive  cracks ,

then 
~ e = a , and f o r  th i s  case it has been shown7 that in u niaxial te nsion

I_-

~
_ ---

:j
~
-:
~ 

1 - \ /~~~~ . (14 )

Inserting equation (14) in to  equa t ion  (4) and i n t e g r a t i n g ,  we obtain

N(ci) = ~2m + I )  N .(o) = (2m + 1)n(~ ) . (15)

Comparing equatLons (13) and (15), we see that Weibull’s n1(a) differs only

by the contant factor 2ii from the N(o) in the present paper. He did not give

i t  i hvsical int~~rnretatfon , but n1
(rT) can he regarded as the number of cracks

hav i~ng a critical stress less than a that are contained in lf(2ii) units of

i,olume . This furnishes additional evidence of the formal equivalence between

(Jeibull ’s Theory B and the theory of the Batdorf and Crose paper.
8

- --——-

~

--

~

- -

~ 
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MATHEMATICAL EXPRESSIONS FOR CRACK DENSITY FUNCTION

More often than not , V~ eibull assumed that n(0 ) take s the form of a

simp le power law as in equation (9) .  This leads , in the case of a unifo rmly
loaded specimen , to the resul t

Pf
= l _ e x P [_ v n ( c J )]= l_ e x P [_ v k c

] 

- 

, (1 6)

In practice , a number of specimens may he tested to obtain Pf (cl) ,  and k and

in are determined by a least squares fit to the data. The probability of

failure under non—uniform or polyaxial loading is then found by inserting
n(a) = k ~~ into Eq .(8) or Eq. (10). The result of integration is an

equation of the same form as Eq. (16), in which in is unchanged but k is

modified by some numberical factor . Batdorf and Heinisch’8 showed that this

result holds not only for the shear—insensitive flaws considered by Weibull,

hut also for shear—sensitive cracks.

The use  of a power law for n(0) implies that the weakest  possible flaw -: -

has a strength of zero. Weibull also considered the possibility that the

str ength of th E- weakes t  flaw mi ght not be zero  but ~~~~~~~ In this case he

su~~ ested that failure probability in simple tension should be expressed b y a

3-para me te r re la t ionshi p in the form

m

- - cx~~
[
~ v (~~~

0

u) j = I - exp {
~ 

V k( O
~~

C ) m 1  . ( 1 7 )

This introduces no serious comoll,cations for Theory A , and the probabilities

of failure under variable uniaxial stresses can be given in equations of

analogous form . Uowever , there are difficulties in the case of Theory B, i.e.

biaxial and triaxial stress states. Basically the problem arises from the

fact that , as Vardar and Finnie have pointed out1’9, the integral of (a — 0 ) m

over fi called for in Eq . ( 7 )  does not result in a constant times (a — au
)m.

Using Theory B, Dukes carried out extensive calculations for various values

of stress ratios and values of and expressed the results in graphical

form . Evans20 has carried out analogous calculations for pennyshaped cracks

f r  equlbiaxial and equitriaxial stress states, but using maximum strain energy

release rate as the fracture criterion .



- -~~~~ - -

—9—

If the cumulative probability of failure in equation (15) is differentiated

to get the probability density , the result within the range 0.01 ~ < 0.99 is

a somewhat skewed Gauss curve, with a skewness determined by the value

of m. Consequently, with the proper choice of m, the equation can be

used to describe not only fracture statistics but also many other phenomena

quite accurately, as Weibull pointed out in 1951.
21 It is not clear that

Weibull a t t r ibuted any fundamental physical significance to the form of

equation (1 7), hut there are some who have. Epstein
22 was among the

first to point out that this equation coincides with one of the three

as y mptotic f o rm s of e x t r eme va lue statistics . It has been suggested 23

that all s ta t is t ical  f r a c t u r e  theories must  reduce to one of these forms

in the i i i ni t  of la rge  specimens (i. e. V -, 
~~

). We shall show in the

next section tha t  this  is not  the case. Fi rst , however , we enquire wh y f t  has

appeared p laus ible .

Let u~ assume that n (cT) can be expanded about in the rather gen~ ra 1 f orm

In ( o ) = (0 — 0 )  ~ a . (0 — 0 )  (18)
U 1 0  1 U

where a k ~‘ o , and m is a positive ntmiber ,no t necessarily an integer. We

now ask how P
f
(0) behaves in a region of interest such as 0.01 < <0.99 when

hecome~ very large. From Eq.(16) it follows that 0.01 < Vn (a) < 4.61. Clearly

as V ‘+ ~, n(m) -* o, so that (a — a) + o and n(a) -* k(a —

Thus from Eq . ( 1 6 a)

P
1 

-
~ 1 — ex~~[_ V k(o - 0)m ] (19)

Now equation (19) i s  the t h i rd  asymptot ic  f o r m  of extreme value

r t ~t t 1 S t 1 (  ~~~. It should  be noted , however, that thi s equation was obtained

r”~~ult of t h -  a s s u mp t i o n  tha t  N (a) could be expanded in a gener-

alized Taylor series , as in equation (18). While equation (18) is

plausibl e, i t  ! S  not necessarily a valid description o~ crack density in
real mate rials . In 1:tet , as we shall show next, it probably is not.

~
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F R A C T U R E  STA TISTICS FOR INTERGRAN U LAR CRACKS
24

McClintock was the f~ ~st to show that use of a physically plausible
model for crack size can lead to a probability of failure that does not

reduce to any of the asymptotic forms of extreme value theory. This was

accomplished with the aid of a two-dimensional material model. McClintoclc

assumed that the probability that any two adjacent grains are not bonded is
some small number  p, and that a long crack is simply a random aggregation
of unbonded pa i r s  of g r ains . He then showed that the probabili ty that a
c rack  is longer than x is equal to exp {- x I X ] . From the statistic s
of crack size and e quations of f r ac tu re  mechanics , he derived the statistics
of cr i t ical  s t r e s s , and from thi s the statistics of fai lure . Ea rlier , Fisher
and kioll~ rnan 2’ had worked  ou t a s ta t i s t ica l  th eor y of f ractu re f or mate ri als

wi th  randoml y oriented pennyshaped c racks , us ing the jud gme ntall y ba sed

ass ump t i o n  that  the probabil i ty tha t a crack has a radius greate r than r

is equal to exp [- r / X ] .  The resul t ing theories were  basically ve ry
si milar , hut  the s imi lar i ty  is obscured b y the fact  that Fishe r and HoUoman
‘etained t he bino mial p roduc t  fo rm in their calculations ra ther  than con-
v e r t i n g to exponentials  see equation ( 1 ) . Thus , the relation of their work
to \~ eibu lPs .  and the implications of t he i r  w o r k  with respect  to asymptotic
fo;;ns , escaped general a t tent ion.  Batdor f 26applied the McClintock h ypo-
thesis concerning crack origin to obtain crack size statistics for penny—

shaped crack~- , and showed that it leads to a probability of having a crack of

radius greater than r that is equal to exp [_ (r/a)2]. The resulting

statistics for N(a ) take the form
c

N(a
c) N0 exp [- A/a 4 ] , (2 0 )

v~1 e rc N
0 

is the total numbe r of c rack’~ per unit volume and A is a somewhat

complicated function of p, grain diameter , and fracture t~ ghness . We note

that N (a )~ 0 onl y when a 0, hut  t h a t  N(~~) cannot be expanded as a Maclaurin

series about a 0 because at that point all its derivatives vanish. Thus, we

v . o i lc! not expect P1 (a), as give n by t h i s  crack density functio~~ to be asymptoti-
call y s tab le  and , in fac t , i t  is  not . The t h e o r y  leads to the following result ía’-

-~~~~ ~~~~ - -- - ——- -  - - 
_ _ _j
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small fa i lu re  probab i li t ies

4 - B  Ia4’
P1 1 - exp - B

1
a e ~ . (~~0)

The deviations between this theory  and Weibull theory a re

not as large as one mig ht expect f rom the dramatically di ff e ren t  equa tions

for  the density funct ion and the probability of fa i lure .  Probability of

f a i l u r e  c u r v e s have been cons t ruc ted  fo r  various value s of the pa rameters

(N , p, K 1 ,  etc . ~, and it  has been shown that use of Weibull’s 3-parameter

equation lead s to a good fit ove r a limited range of fa i lure  probabili ty (such

as 0 , 01 ~ P1 
0. 99) . Howeve r, the Weibull parameters a and m giving

t h e  b e s t  f i t  a re  weak func t ions  of specimen volume instead of being volume-
independent as in Weibu i l  theo ry .  In addit ion , the two classes of theory

diffe r marked l y in the i r  ext rapola t ion to very  low values  of

It is not suc~~ested , of cou r se , tha t  the theory f o r  int e rgranula r c r acks

l u F t  de~~c r i hed is an a c c u r a t e  p o r t r a y a l  of phys i ca l  real i ty . Several

a pproxima tions a rc  made , s i c h  u s  the as~ umptions that neighboring

~ r~~ ns are  e i t h e r  pe rfectl y bonded or  com pleted unbonded , t hat c rac k s

ar e  non- in te ract ing and pe n n y s ha ped , etc . F u t u r e  w o r k  wil  undoubtedl y

lead to i m p r o v e m e n t s  in the model. T b ~ po int  to be emphasized , howeve r ,

is th at  an imp roved t h e o r y  can be expected to d i f fe r f rom Weibull theory  in

muc h the  same manne r as the theory  j u s t  outl ined does. It seems likel y

tha t  phy s i c a l  rea li ty  di f f e r s  f rom We~ hu ll t h eory  i n a so mew h at s imila r

wa y. but possibl y by a small enoug h amount  to make it d i f f icu l t  to establish

thes d i f f e  re rices expe rirnentally w i t h  complete confidence. 

~~~~~~- - -- - - - - _
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C O N C L U D I N G  REMARKS

Weihul l  was the f i r s t  to apply the weakest  link concept to brittle frac-

tur e. He showed that any weakest  link theory must resul t  in a failure

pr obabi l i ty  for  a bod y un i forml y s t ressed  in simple tens ion In the form

Pf - 1 - exp [- V n(a)] , (2 3)

where  n( O ) is a positive and monotonic , but o therwise  a r b i t r a r y ,  func tion

of the applied s t r e s s . He proposed two computationall y convenient repre-
sentations for  n~c ) .  one involving two pa ramete r s  and one involving three.
These are so wide l y used that often experimentalists present  their data
simply b y statin g the values of the Weibull parameters  leading to the bes t

f i t .

‘~:eib~ill ~‘i su  s i - o w e d  how to apply his theor y to predic t  the p robabilit y
of f r a c t u r e  in a r b i t r a r i ly s t ressed  bodie s when the fa i lure  statistics f~’r

~:i i n p h  t e n s i o n  a re  known . His work was prima ril y founded on the consider-

a t !~~ I s  of e~< t r c i ne value theory ,  wi t h no exp lici t  attention to eithe r f r a c t u r e
mechanics  or mater ia l  mic ros t ruc ture .

in the ~- -tse of uni.ztxial stress states , Weibull assumed that only tension

co n t r ibu t e s to f r a c t u r e . As a result , it was not necessary to adopt a

f r ~s~ t u r e  c r i t e r i o n . This t heo ry  is basicall y valid for tensile typ e f r ac tu re s,
su~~~~ct however  to c e r t a i n  limitations. Use of either
the  ~~~- or the 3-pa ramete r Weibull re pr esen tat ion of f ractu re  sta tis t ics in a

stress range for which t es t  data are not available is unsafe.  This means we
have no j u s t i f i c a t i o n  for  extrapolati on to very  low probability of failure or to

sp e c i m en s  v er y  much l a r g e r  or smaller  than those tested. The hazard
involved in such extrapolations is made especiall y clear by the results of
the theory  for  the f r a c t u re  s ta t i s t ics  of inte rg ranu la r c racks  discussed in the

previou s section.

To deduce the pol yax ia l s t ress  f r a c t u re  s ta t i s t ics  f rom uniaxial data,
i t  is n e c e s s a r y  to speci f y a f r a c t u r e  c r i t e r i o n . Weibull did not do this
ex p l i c i t l y ,  but  h is  recommended procedure  impl ies  the assumption that 

—i --- - ------ — - -—-- . — - — ~~- —-—--- -
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f r a c t u r e  occu r s  when  the component of tensile s t ress  normal to a c rack

plane exceeds some critical value.

Recent improvements in weakest link theory include incorpo ration of

more accurate fracture crite ria and explorations of the implications of

fracture mechanics and material microstructure. While these develop-

ments are important theoretical advances, it is too ear ly to assess  full y

how much they will improve f rac ture  s tat is t ic s f rom a pract ical  point of

view . In any event, it remains an impressive tribute to WeibulPs technical

g ras p and physical  insig ht that the world  has required several  decades to

discove r how to advance f r a c t u r e  s ta t is t ics  s ignif icant ly beyond the point

he had alread y reac hed in 1939.

- - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ —-——-
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