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Page 178.

THE STATISTICAL THECRY CF THE SCALE FACTOR.

T. A. Kontorova.

Introduction.

At these experimental conditions the so-called
ductile-to-brittle transiticn temperature, i.e., the temperature,
vhich corresponds to the transition of crystal saterial froms brittle

state to plastic, is determined first of all by the value of its

brittle strength.

Recall that, according to Joffe's circuit, the
ductile-to-brittle transition temperature is the abscissa of the

point of intersection of the curve, which characterizes the

temperature dependence of yield point, with the straight line whose
position on this same diagram is determined by the numerical value of
the brittle strength of crystal. Prom this circuit it follows that,

independent of experimental conditions, each this material alwvays

sust ansver one and the same value of ductile-to-brittle transition
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tesperature 7,

More detailed experimental research on the conditions of the
emergence of the brittle state of real crystals showed, however, that
the position of ductile-to-brittle transiticn temperature

significantly depends on the rate of the strain of specimen/sasples.

By a series of the researchers establishsisstalled that an
increase in the rate will entail iancrease 7. Sisultaneously it
turned out that the material can be transferred into "brittle"™ state
also at constant temperature of experisent Lecause of an increase in
the rate to certain critical value v. The numerical ratio between
velocity v, and the temperature of expeérisent T was for the first
time establish/installed by Vitman [1), that shoved that during
dynamic testing steel specimen/samples is justified vell the law

»

v,==ae 1" 5 (8)}

wvhere a and b - constant.

We have examined the theoretical side of the question concerning
the reasons for the effect of the rate cn the tendency of crystals'
tovard brittle fracture (2]. In this case it was established that the

critical speed of deformation v, corresponding to the tramsition of

material to brittle state, must be bonded with the temperature of
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experiment T by the relaticnship/ratio

L By,
Y == v =~.. (2)
v
vhere P - brittle strength, 7»=veif - the ficticious coefficient of

the ductility/toughness/viscosity of saterial, U - the activation

energy, determining the rate of the process of relaxation in crystal

lattice.

Page 179.

This relationship/ratic is in good acccrd with empirical formula

(1) We will use it for the determinaticn cf the analytical
dependence of ductile-to-brittle tramsition temperature 7, fros the

value of brittle strength F.

Taking the logarithm of (2), at this constant value of the

velocity of deformation v we obtain

1;=T'TA_'._—F’ (3)

vhere A and B -~ constant, vhereupon A=£:-. B=Ig(v.). Prom formula (3)
it followvs that decrease in the strength of material F must lead to
an increase in its ductile-to-brittle tranmsitics temperature, i.e.,
at the beginning of brittle fracture in the range of highof

temperatures.
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Experimental research on the conditions of the transition of
crystal bodies froa brittle state to plastic shoved, however, that
this transition never occurs at the strictly defined value of 1
tesperature, but it is realize/accomplished in certain temperacure
interval, named the transformation range of brittleness. The detailed

study of this interval was for the first tise carried out by

Davidenkov, Vitman and Sakharov [3] and sosevhat later by Vitman and 1
Salitra [4), that studied the conditions of the cold brittleness of

steel specimen/samples.

The existence of the transformation range cf brittleness

naturally vas in this case tonded from theses by the fact that the

brittle strength, determining the position of ductile-to-brittle

transition temperature, is not a constant value, but it is changed

from one specimen/sample to the next as a result of heterogeneous

structure of real crystal material.

In recent years in Davidenkov's laboratory in the L.I.P.T. was

conducted systematic research on the character cf the effect of
different factors on the transformatior range cf the brittleness of

steel.
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In the first part of the present report were presented the

results of the experiments of Vitman [5), which shoved that the

position of the boundary/interfaces of this interval is subjected to
the effect of the so-called "scale" factor, whereupon the width of a
very interval of brittleness was different for the specisen/sasples

cf different size/dimensicn.

Investigating the form cf fracture of the cylindrical steel
specimen/sanmples of different diameter during deformation by their
percussive elongation, Vitman reveal/detected that an increase in the
diameter of specimen/sasples is accompanied by the shift both of
lover and upper boundary of an interval of trittleness to the side of
higher temperatures. In this case an increase cf the diameter of
specimen/samples from 2 tc 10 mm leads to an increase in lower

boundary of an interval of T by 60° (from -160 to ~100°), whereas

min
upper boundary Taas is misaligned altogether only to 15° (from -100 to
-85°9C). As a result of this nonuniform shift of boundary/interfaces

the width of the transformation range cf brittleness is decreased

from 60 to 159,

With am increase in the size/dimensions of specimen/samples
their tendency tovard brittle fracture it Lkegins, thus, to be
developed with ever more and higher temperatures, but the temperature

range, in vhich can be observed both brittle and plastic form of

dhaun e a0
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fracture, becomes narrow.

The target/purpose of the present report/ccamunication is

theoretical studies of the reasons for a similar character of the

effect of scale factor on the bebavior c¢f the tranmsforsation range of

brittleness in light of the developed by us previously statistical
theory of the brittle strength of real crystals [6. 7).

Page 180.

CUALITATIVE SOLUTION TO QUESTION.

At the basis of this theory lie/rests the assumption about the
fact that in real crystal material are flavsdefects of the dif ferent
hazard level, randomly distributed by its voldle. and that for the
brittle fracture of each of the specimen/samples heavy-dutys/critical :

is only one, most dangerous of all being presert in it flaw/defects.

Already some these purely good-quality representations it proves j
to be sufficiently in order to understand the reasons for the effect j
of scale factor on the transformation range of trittlemess and to

confirm that with an increase in the size/dimensions of the

specimen/samples:
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1) both boundary/interfaces of this interval sust be misaligned

to the side of high temperatures,

2) the shift of lower toundary of an interval 7, , must be

sharper, rather than the shift of upper boundatyI;“as a result of

which the transformation range of brittleness will be narrowed.

If the spread of the values of critical tesperatures, i.e., the
very existence of the transformation rapge cf trittleness, is caused

ty the presence of the scatter of the practical values of brittle

strength P within limits from certain F,,, tc certain F,,,u then,
according to (3), the position of upper boundary of an interval §;¢x

will be determined bty the relationship/ratic

A
"‘_F.—.ll."- B : (4)

T--l =

the position of lower boundary7;“” ~ by the analogous
relationship/ratio

A
igF . +B" : (5)

T-i- =

on the basis of the representation of that which for the brittle
fracture of material heavy-duty/critical is only the most dangerous

of all available in this specimen/sample flaws, it is possible to
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confirm that an increase in the volume cf sgecisen/samples nmust

i
involve a fall in the numerical values both £, and /,,ysince with an 1
increase in the size/dimensions of specimen/sawsgles grow/rises i
probability that in each of them will ke met the flav/defects, even 4
more dangerous, rather than it is earlier. j
]

Fall ’;m and Ena,\( and, correspondingly, shift 7:,,1( and 7;./;; to the

side cf high temperatures [see (4) and (5) ] protably however, not
identical, since values themselves F,,,,,, and F,,,u are deterained by
completely different conditions. Actually, it is the brittle
strength of that of all sukjected to testing specimen/samples of the

given size/dimension, in which accidentally located most dangerocus of

all being present in these specimen/sasgles flaw/defects.

Fall /5,, can therefore occur only in that case if as a result of
an increase in the, volume of specimen/samples in them appear the

flavw/defects completely new, of the worse “guality", i.e., only in

such a case, when is expanded the very "assortment" of the flawvs,
vhich are contained in the total the volume of material being

investigated.

If number of experiments, conducted during the determination of

the brittle strength of material, in each individnai case is

sufficiently great, then this expansion of the ™assortment" of flaws
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one should relate to events little protable.

Page 181.

The bonded vith it shift of lowver btoundary of an interval of the
possible values of brittle strengthf;”, and, ccpsequently, alsc the
upper limit of the transformation range of trittleness 7;@)( sust not

be therefore considerable.

As concernsf;lx this value it is brittle strength the strongest
made of all subjected to testing specimen/samples, i.e., the strength
of that specimen/sample, in which most dangercus of all being present

ipn it flaws turned out to be less "dangerous®, rather than the most

dangerous flaws in each of all remaining specimen/samples.

Shift £,, to the side cf the low value of F is bonded therefore
pot with the expansion of the conlon/general/tctal assortment cf
flav/defects in all specimen/sanmples, tqgethef taken, but only wvwith
the expansion of the batch of flaws in each of the specimen/sasples

individually.

The latter unavoidably must, howvever, accospany an increase in

the volume of specimens, even under the conditicn of the

invariability of the batch of flaws in an entire mass of material.
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Scale factor must therefore have a considerably more noticeable

effect on shift F,,cand, correspondingly, 7, rather than for shift f,,

and Tpax.

These good~quality considerations wonderfully are cogfirmed by

experimental data of Vitasan.

The statistical theory of brittle strength.

If for the brittle fracture of crystal bears responsibility

"dangerous itself* of all being present in it flaw/defects, then fros

the point of view of determining the brittle strength of material
there is practical interest in only the questicm concerning are such

the parameters, which characterize this most dangerous flaw/defect.

As the parameter, vhich characterizes the degree of the danger
cf each of the being present in material unhomogeneity, ve will
select the value of brittle strength P, wvhich wculd possess the

specimen/sanple if the source of its fracture they was this

unhomogeneity.
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L ? With the aid of the very elementary considerations of theory of
probability it is possible tc show that prcbability W (F) 4F that

: that the brittle strength, which corresgonds to the most dangerous
flavw/defect, i.e., the strength of specimen/sasgle as a whole, will
3 turn out to be that which lie at an interval between F and F ¢ 4P,

will be determined by the function

et (h—rp P

W(F)dfl':NVCC_""—n[l—m i dF, (6)

vhere P, - the value of brittle strength, which corresponds to the
most frequently being encountered flaws/defect, i.e., to the
flav/defect of the "average/mean hazard level", W - the average

nusber of flaw/defects, which is necessary fper unit volule.of

material, V - the volume of specimen/sample, a and C - constant.

Relationship/ratio (6) testifies froa that that probability W
(F) dF meeting of one value or the other of the strength of

specimen/sample, determined upon consideration c¢f all numerous
material defects, depends not only on the value of strength itself F,

but also on the volume of specimen/sample of V.

It is easy to show, further that the most grobable strength P*

the group of the specimen/samples of vclume of V, i.e., the strength,

,
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vhich is determined by the condition

oF =0,

also is function of V. With an increase ia the volume of

specimen/sanples of V it dimianishs according tc the law

F*=F,—VGlg V+C,. (7

Fage 182.

EFFECT OF SCALE FACTOR ON THE SCATTER OF THE PRACTICAL VALUES OF
BRITTLE STRENGTH.

At this constant value V dependence cf probability W (P) d4F
meeting of certain determined brittle strength P on value itself P

vill be depicted as the asymmetric curve, givenm in Pig. 1. On the

axis of abscissas is noted the position of the most probable strength
P*, and also strengths ,, the corresponding to flaw/defect '

"average/mean danger®.
After manufacturing the infinite rumber of experiments regarding

the brittle strength of the specimen/samples of certain specific

size/dimension, ve would be obtained, after all, all points of the
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theoretical curve of Pig. 1. In actuality, we alvays have, however,
matter vith the finite number of experiments and practical interest
for us it represents only the range of the most frequently being
encountered values of strength P, i.e., the range of values P, of
close to P*. The approximate position cf ugper and lower bouandaries
of this range F,,, and Fni, is shown in Fige 1. Difference Fuu— Fuu—AF
is the effective vidth of the maximum of the distribution curve of

the possible values of brittle strength.

The curve, given in Fig. 1, illustrates the behavior of function
W (F) 4P for the specimen/samples of intended sizes. During a change
in the volume of specimen/samples the range of the procedurally

important values of strength F is misaligned. The relative attitude

of the curves of W (F) dF, which correspond to two different values

cf volume V, and V,, where Vv, > Vv,, it is represented in Pig. 2.

Increase in V will entail the shift of the most probable
strength F* to the side small F [see formula (7)) during a
simultaneous increase in the probability of meeting F = P*. The
latter neans that an increase in the volume of specimen/samples leads
to decrease in the scatter of the values of brittle strength near the

most probable strength Fs,

With respect is changed the positicn of upper and lower

bk e B e
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honndaries of this range /,,, and Emn' Schematically the shift F».xand
/l:ma'\rsed by a change in the volume of specimen/sasples of V, it is

noted in FPig. 2 under the plotted functiom W (F) dr.
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Page 183.

Prom the figure follows that decrease in the scatter of the
procedurally important values of brittle stremgth is explained by the
Freferred displacement/movement of upper bcundatyf}ux the range of
the maximum of the distribution curve of the poisibie values of F in

guestion.

The analytical dependence F,'m,‘\ and me cn the volume of
specimen/sanples of V can be found on the basis of the following

simple considerations.

If we define /C;na;( and F,,,m as upper and, correspondingly, lower
the boundary of the regicn, in vhich are included the most frequently
being encountered in practice values of brittle strength F, then this
seans that the probability of the meeting of values F, exceeding Ei7ax

but it is equal also values F less Eﬁ,nis small.

We vill assume in connection with this:

Fain

[ wrrar=y, [ wiErydr=y, - )

Piax [

vhere y << 1.

These relationship/ratios will give us possibility to




/6

DOC = 77126300 PAGE ¢

establish/install interesting us guantitative

cossunication/connection betvcen/%," and A;‘xand value of V.

After using formula (6), which determines function W (P)dP, after

approximative integration we obtain

o e (F—Tanp
(1 2\/1::5'.) [1_ wur. ]h—""
e (Foe—Fnar)
[ T TavmR | T

©®)

Sclving equations (9) relatively "fm,, and E:ax we find

F-|I~__lg(1+7)
(10)
sz_ﬁ; lg—v'
vhere
=2\’1;F—.c'n'.
N
Of relationship/ratios (10) in accordance with the developed

above good-quality considerations it follows that an increase in the

volume of specimen/samples of V will entail fall bothli”” and F},d"

These relationship/ratios testify alsc abcut the fact that

cabiuss " it 2 bt - i b el
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change in V differently affects positicn F,,,,,, and l';,,“ causing the
; ‘ relatively sharper shift of upper boundary 5,,3,( investigated by us the

range of the practical values cf brittle strength.

The effective width of the maximus of the distribution curve of
the possible values of brittle strength AP will be determined by-the
expression:

el R | a

AF—-qu—Fnll-—ﬁlz r,—_._"’:;' (11)

From (11) it is obvious that an increase in the size/dimensions of
specimen/samples is accompanied by decrease in the scatter of the

Fractical values of brittle strength F near its most probable value

F*,

Page 184,

i
THE INFLUENCE OF THE SCALE FACTOR ON THE CEITICAL RANGE OP

ERITTLENESS

After using establish/installed by us ratics (4) and (5) between
the boundary/interfaces of the transforsaticn range of brittleness7;gk~

amd']:,,,)1 on one hand, and by the boundaries of the region of the most
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frequently being encountered values of brittle strength F/mn and F;ux‘

with another, wve ve can nov find the nuserical ratios, which

detersine the dependence of the position of the boundary/interfaces

of the transformation range of brittleness frcs the sizes/dimensions

cf specimen/sanmples.

Substituting in (5) found by us above apprc¢ximate value Engand,

correspondingly, in (4) value F,,, ve cktain

T ey

—lglg(l+TT;-)+b

vhere constant a it is determined by formula (10), but constants A

and b make folloving sense [see (2) and (3) ]z

A=Y, s=—_1g(2F, Vn). (13)

The width of the transformation range cf brittleness AT is equal to

respectively

AT = Tllll o Tmh= A[ : 1 }' (14)

~lglg(l+Y~l;)+b lglg-;-+b
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From relationship/ratics (12) it follcus that an increase in the

volume of specimen/samples of V must be accompanied by shiftz;,, and 7 »

to the side of high temfperatures. A change in the size/dimensions of
specimen/sanmples (“scale factor™) will in thii case have a preferred
effect on the position of lover boundary of the transformation range

of brittlenessz;,n (recall that the factor j, entering the

detetlination7;lx is much less than the unit). The transformation

range of brittleness (14) with an increase in the size/dimensions of

specimen/sanmples vill as a result become narros.

All these conclusicns are in full/total/complete accord with the
given in the first part of the report experimental data on the
tendency of steel specisen/samples toward brittle fracture, which

testifies as it seems tc us, in favor cf the developed above

representations of the statistical nature of "scale" effect.
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