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Page 178.

TUE STATISTICAL TUECRY CF THE SCALE PACTOR.

1. A. Kontorova.

Introduction.

At these experimental conditioms the so—called

ductile—to—brittle transiticn temperat ure, i.e., the tempe rature ,

Wh ich correspon ds to the transition of crystal material fr om brittle

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

br ittle strength.

Recal l that , according to Joffe ’s circuit, the

ductile-to-brittle transition temperature is the abscissa of the

point of intersect ion 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 ,

independen t of experimental conditions, each this material always

must answer one and the same value of ductile-to—brittle transition

____________________________________________ ..,~~~~
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t.apetature 7..

More detailed experimenta l research on the conditions of the

esergence of the brittle state of real crystals showed , hO weve r, that

the position of ductile—to—brittle tran~ .ticn temp eratur e

• significantly depends on the rate of the sttaim of sp.ciasn/samples.

By a series of the researchers establ iah9i~stallsd that an

increase in the rate will entail increase 7~,. Sisultaa.oualy it

turned out that the material can be transferred into Nbrittlev state

also at constant temperature of experiment because of an increase in

the rat. to certain critical value V .  The numerical ratio bet ween

velocity ~ and the temperature of •zçeri.ent 7 was for th. first

ti.. establish/installed by Titian [1), that showed that during

• dynamic testing steel specimen/samples is justified veil the law

• (1)

where a and b — constant.

We have examined the theoretical side of the question concerning

the reasons for the effect of the rate cq the tendency of crystals 
V

toward brittle fracture (2]. In this case it was established that the

critical speed of deformation v,, corresponding to the transition of

material to brittle state, must be bonded with the temperature of

_ _ _ _ _ _ _ _  -
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experiment T by the relationship/ratio

(2)

U
where P — brittle strength. ~~~~~~ — the ficticious coefficient of

• the ductility/toughness/viscosity of material, U — the activation

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

lattice.

Page 179.

This relationship/ratio is in good acccrd with empirical formula

(1). We will use it for the deter.inaticn Cf the analytica l

dependence of ductile- to—brittle transition temperature 1~ from the

value of brittle strength P.

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

velocity of deton ation v we obtain

(3)

where A and B — constant, whereupon A=4~ B== Ig(vvj. From fonaula (3)

it follows that decrease in the strength of material F lust lead to

an increase in its ductile—to—brittle transitic; tenperature, i.e.,

at the beginning of brittle fracture in the range of highe r

temperatures.

I
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Ezperi.ental research on the conditions of th. transition of

crystal bodies fros brittle state to plastic shoved, however, that
this transition never ‘ccurs at the stri~~ly defined va lue of V

temperature, but it is realise/acco.plisk.d in certaLa t.sp.raInre

interval, naiad the transforsation range of brittleness. Tb. detailed

study of this interval was for th. first time carri.d out by

Davidenkov , Titian and Sakharov (3) and somewhat later by Titian and

Salitra (14 ), that studied th. conditions of the cold brittleness of

steel specimen/samples.

The existence of the transformation range of brittleness

naturally was in this case bonded fro• themes 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

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

stru~~ure of real crystal material.

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

conducted systematic research on the character of the effect of

different factors on the transformation range cf the brittleness of

• steel.. 

• II~~~~~~~~ L ~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~• V V V~~~ V - - -
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In the first part of the present report were presente d the

results of th. experiments of Titian (5), which showed tha t the

position of the boundary/interfaces of this interval is subjec ted to

the effect of the so—called NscaleU factor, whereupon the width of a

very interval of brittleness was different for the specimen/samples

cf different size/dimension.

Investigating the form of fracture of the cylindrical steel 
V

specisen/samples of different diameter during deformation by their

percussive elongation, Titian reveal/detected that an increase in the

diameter of specimen/samples is accompanied by the shift both of

lover and upper boundary of an interval of brittleness to th. aide of

higher tem peratures. In this case an increase Cf the diameter of

specimen/samples from 2 tc 10 mm leads to an increase in lover

= 
boundary of an interval of T,,,,,~, by 600 (from —160 to —100°), whereas

upper boundary i;,~~ is misaligned altogether only to 15° (from —100 to

—85°C). As a result of this nonuniform shift of boundary/interfac.a

the width of the transformation range of brittleness is decreased

from 60 to 15°.

With an increase in the size/dimensions of specimen/samples

their tendency toward brittle fracture it begins, thus, to be

developed with ever more and higher temEeratures, but the temperature

range, in which can be observed both brittle and plastic for. of
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fracture, becomes narrow.

The target/purpose of the present report/ccmauaicatio . is

theoretical studies of the reasons for a similar character of the

effect of scale factor on the behavior cf the transformation range at

brittleness in light of the d.veloped by ~is previously statistical

theory of the brittle strength of real crystals (6. 7).

Page 180.

CUALITATITE SOLUTION TO QUESTION.

At the basis of this theory lie/rests the assumption about the

fact that in real crystal •aterial are flaw,defects of the different

hazard level, randomly distributed by its volume, and that for the

brittle fracture of each of the specimen/samples heavy—dut y/critical

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

Already some these purely good—qualit y reFresentations it proves

to be sufficiently in order to understand the reasons for the effect

of scale factor on the transformation range of brittleness and to

confirm that with an increase in the aize/di.enfions of the

specimen/samples:

- —- 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~
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1) both bound ary/interfaces of this interval must be misaligned

to the side of hig h te lFeratures ,

2) the shift of lower boundary of an interval 7~,,, mus t be

sharper, rather t han  the shift of upper boundary rma, as a result of
which the transformation range of brittleness will be narrowed.

If the spread of the values of critical t~aperatur.s. i.e., the

very existence of the transformation range cf brittleness, is caused

by the presence of the scatter of the practical values of brittle

strength F within limits from certain P,,,,1, tc certain ~~~ then,
according to (3) , the position of uppe r bounda ry  of an int erva l ~~~~
will be determined by the  relationship,tatic

A 41 ..s 
__

the position of lower boundary 7 ,,, — by the analogous
= relationship/ratio

A
TP.I. 1~ ~~~ -.- 

(5)

on the basis of the  representation of that  whic h for the brittle

fracture of material heavy—dut y/critical is o;ly the most dangerous

of all available in this specimen/sample flaws, it is possible to

1~
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conf i rm that  an increase in the volume ct sp ecimen/ samples mus t

involve a fa l l  in the numerica l va l ues both Fm’s and 1~,,,3~sioce with an

increase in the size/d imensions of specimen,sauples grow/rises

probabilit y tha t  in each of them will  be net  the  f law/defects, eve n

more dangerous , rather than it is earlier’.

Fall and and , correspondingly, sh i f t  a nd to the

side Cf high temperatures (see (4) and (5) ~ probabl y howev er , not

ident ica l, since values  themselves ,~~~~,, and are deter.i ned by

completely d i f fe rent  conditions. Ac tua l ly ,  it is th e b r i t t le

st rength of that  of all subjected to tes t ing specimen/sa mp les of the

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

all  be in g present in these specime n/ Saiples flaw/detects.

Fall i,,,, can therefore  occur only in tha t  case if as a result of

an increase in the. volume of specimen/samples in them appear the

flaw/defects completely new , of the worse W q ua l i t y l , i.e., only in

such a case, when is expanded the very Nassortuentu of the f l a ws ,

which are contained in the  total the volume of material be ing

investigated.

[f number  of experiments, conducted dur ing  the determination of

the brittle strength of material , in each ind iv idua l  case is 
V

suffic ient ly great, then this expansion of the eassortmemt u of flaws
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one should relate to events little probable.

Page 181.

The bonded wi th  it sh i f t  of lover boundary of an interval of the

possible values of brittle atrengthP,,,,,, and, copsequ.ntly, alsc the

upper limit of the transformation range of brittleness~~~ ,~ mus t not

be therefore considerable.

As concerns ~~~~ this value it is brittle strength th. strongest

made of all subjec ted to testing speci.en/sa.ples, i.e.. the  strength

of that specimen/sample , in which lost dangerous of all being present

i~ 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 P is bonded therefore

not with the expansion of the common/general/tctal assortment of

flaw/defects in all specimen/samples, tqgether taken, but only with

the expansion of the  batch of flaws in each of the specime n/samples

individually.

The latter unavoidably  must , howe ver , accompany an in crease in

the volume of specimens, even under the con diticn of the

invariability of the batch of f laws in an entire mass of material.

I

- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~ ~~~~~~~~~~~~~~~ - •_ -~
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Scale factor must t herefore have a considerably more noticeable

effect on shift  F~~ ,~and , correspondingly, ~~~~ rather than for shif t  Ps,~
and ~~~~~

These good—quality considerations wonderfully are co;fir.ed by

experimental data of Vitaan.

The statistical theory of brittle strength.

If for the br itt le fracture of crystal bears responsibility

“dangerous itself” of all, being present in it flaw/defects, then from
r the point of view of determining the bri t t le strength of m aterial 

- •

there is practical interest in onl y the questics concerning are such

the parameters , wh ich characterize this aost dangerous fla w/de fect.

As the parameter, which characterizes the degree of the dange r

of each of the being present in material unhomogeneity, we wil l

selecc the value of br ittle strength F, which wculd possess the

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

unhomogeneity.

I

• 
- - - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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With the aid of the very elementary cons iderations of theory of

probability it is possible to show that prcbability N (F) dF that

that the brittle strength, which correspqnds to the most dangerous

flaw/defect, i.e., the strength of specimen/sample as a whole, mill

turn out to be that which lie at an interval between F and P • d?,

will be de termined by the funct ion

W(F) dF =NVCe ’(’.- ’) ~[ 1_ 
2 

~~~~~~~~~~ ] d F, (6)

where F0 - the value of brittle strength, which corresponds to the

most frequently being encountered flaw,defect, i.e., to the

flaw/defect of the “average/mean hazard level”, ~ — the average

number of flay/defects, which is necessary per unit volume of

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

Relationship/ratio (6) testifies from that that probability ~ 
V

(F) dF meeting of one value or the other of the strength of

specimen/sample, determined upon consideration of all numerous

material defects, depends not only on the value of strength it self F,

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

It is easy to show , fur ther  that the most probable st rength P.

the group of the specimen/samples of vc lum€ of I , i.e., the streng th ,

~:
‘

~i I
I

‘-n. ~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - - • -



= 

DOC a 77126300 PIG! 12

which is deter m ined by the condition

V ow,
0,

also is fu nction of V. With an increase La the volume of

specimen/sampl.s of V it diminishm according tc the law

p=F,—~’C1 Ig Vi- C,. (7)

Page 182.

EFFECT 0? SCAL E FACTOR ON THE SCATTER OF THE PRACTICAL VALUES OF

BRITTLE ST RENGTH. 
V

At this constant value V dependence of probability V (F) dF

meeting of certain determined brittle strength F on value itself p V

will be depicted as the asymme t ric curve, given in Fig. 1. On the

axis of abscissas is noted the position of the most proba b le strength

P*,, aqd also strengths 
~~~~~ 

the corresponding to flaw/defect V

“average/mea n danger” .

After manufacturing the inf in i te  t imb er  of experiments regardin g

the brittle strength of the specimen/samples of certain specific

size/dimension, we would be obtained, after all, all points of the

I

- —  
~~~L~~~~~~

- -~~ ~~!VáV’ ~~~~~~~~~~~~~~~~~~~~~~~~~ j ~ .wrV V ~~~~~~VV~ _~
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theoretical curve of Pig. 1. In actual i ty ,  we always have, however,
matter wit h the f in i te  number of experiments and practical interest

for us it represents only the range of the lost tregmently being

encountered values of strength F, i.e.. the range of values F, of

close to PC. The approximate  position of ~ pper and lower bovadaries

of this range ~~ and 1~,,,,, is shown in Pig.. 1. Difference F — f ~.= iF

is the effective width 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

N (F) dP for the specimen/samples of intended sizes. During a change

F in the vol ume of specimen/samples the raqge of the procedurally

important values of strength F is misaligned. The relativ• attitude 
V

of the cur ves of V (F) dP , which correspond to two different  values

of volum e V~ and V 2, where V2 > V 1. it is represented in rig. 2.

Increase in V will entail the shif t  of the most probable

strength F* to the side small P (see formula (7) J during a

simultaneous increase in the probability of meeting P = F~ . The

latter means 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 Vs.

Wit h respect is changed the positic~ of upper and lov er - 

~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~
,. -
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boundaries of this range Fm~ ~~~~~~ Schematically the shift ~,,.)J(andFm is,
/kaused by a change in the volume of specimen/samples of V. it is

noted in P ig. 2 under the plotted function N (I) dP.

-

/.

I I

p
~
,t

— aP— -~
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’
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Prom the figure follow s that decrease in the scatter of the 
V

procedurally important values of brittle strength is explained by the

preferred displacement/move•ent of upper bcundary ~~~ the range of
the maximu m of the distribution curve of the possible values of P in

question.

- 
The analytica l dependence /~,~~~and ~~~ on the volume of -

specimen/sample s of V can be found on the basis of the followi ng

simple considerations.

If we define 5na~ and Fpin’l as upper and , correspondingly, lower

the bounda ry of the region , in which are included the most frequently

being enco untered in practice values of br i t t le  strength F , then this

means that the probability of the meeting of values P , exceeding /5n~~~
but it is equal also values F less F,,,,~ is small .

We wi ll assume in connection with this:
,_tII - - -

- f ) V(F) dF~= y, f W (I;.) dp V (8) 
V

F1,, 0

where 7 <( 1.

These relationship/ratios will give us possibility to

I

_______________________________________________________ _____________________________ 
~~~~~~~~~~
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establish/install interesting us quantitative

com.unication/conaection between and ,4~,4~ and vain. of V..

Aft er using fo rmula  (6) , which determines function W ( ?) dF, after

approzimative integration we obtain

I .“ \“ r •
_

~
(7’—,

~~.~ ~
IV

V ~~ 2%’~~
’F.)  L’ 2Vi F,J r
r ~~~~~~~~~~~ } %T

V L’ 2V ~~~F1 J ~~

Solving equations (9) relatively ~~ and we f ind

p 1 a (10)

where

2 ’~~7.’-”
—N

Of relationship/r atios (10) in accordance with the de veloped

above good—quality considetations it follows that an increase in the

volume of specimen/samples of V will entail  f a l l  both and 
~~~

These relationship/ratios testify also abcut the fact that
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change in V differently affects position f~,,,), an d /~,,~%causing the
relatively sharper shift of upper boundar y ~~~~ investigated by us the
range of the pr act ical values of brittle strength.

The effect ive wid th  of the maximum of the distribution curve of
the possible values of brittle strength A? will be determined by the

expression :

~~~~~~~~~~~~~~~~~~~~~ (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

practical values of brittle strength F near its •ost probable value

P..

• Page 184.

5.
THE INFLUE NCE OP TH~~~ SCALE FACTOR ON THE CRITICAL RANGE OF

!RITTLENES S

After using establish/installed by us ratics (4) and (5) between
the boundary/interfaces of the transformaticn range of brittleness~~,~~ V

and 7 ,) ,  on one hand , and by th e boundaries of the region of the most

~~
_
~~~~~~~~~~~~~~~~~~~ V~~~~~ V ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ A
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frequently being encountered values of brittle strength fm,~ *dj~~~~—

with another, we we can now f ind  the numer ical ratios, which

VS . determine the dependence of the position of the boundary/interfaces
V of the transformation range of brittlenqss irce the size/dimenaio;s

• Cf specimen/samples.

Substituting in (5) found by us above appr~ximate value /~,,LXand,

correspondingly, in (Is) value Fm,~, 
we ottain

A
TI1111 — —

(12)
A 

_____

Tw.l.l = —

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

and b make following sense (see (2) and (3) 3:

A=~~ b =—!g (2ci~~VzJ. (13)

The width of the t r ans fo rmat ion  range of brittleness AT is equal to

respectively

~T= TL.Z _ Tr.IU A[ 1 ‘ 1. ~~~~~~~~~ IgIg~~~ +.b]

—
h ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ‘~~~ ‘~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~ • .
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Prom relationship/ratios ~12) it follows that  an increase in the

volume of specimen/samples of V must be accompanied by shifti 1 and l~~,

to the side of high tempe ratures. A change in the size/dimensions of i
specimen/samples (“scale factor”) will in this case have a preferred 1:

effect on the position of lower boundary of the transformation range

of brittleness~~,,,,, (recall that the factor y, entering the 1:
determinat ionTm~~ is much less than the unit) . The transformation

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

specimen/samples will as a result become na r ro w .  1

S All t hese conclusions are in full/total/comple te accord with the

given in the first part of the report experimental data on the

tendency of steel specimen/samples toward brittle fracture, which

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

representations of the statistical nature of “scale” effect.

BIBLIOGRAPHY..

1.0 . 0. B I I T Il , .. )KT0~~~ , 1070, 1939.
2. 7. A. K o .io po i a.  ~NT0~~~ , 1086, 1939.
~ 0. 0. Bwi~g~, H. H. 4 0 1 aA e i i K o ,  a F. C Cais po .  S 418, 19354. 0.0. B I I T M N N  *R. Cas. .Tp .. flcl(1) 1, 1356, 1938.
5. 0. 0. B NT MO N  BAwawo. KacWTa6uIoro 4aaTopa (cs. B OT OM C60p1Hu1.).6. T. A. K oa TO ~~ o. a. flIT(D 10, 886, 1940,
7. T. A. Ko.iopo.a M. H. Opeiiao~~~. 2KT(1) 11. 173, 1941.

!ND NT/ST—77—1263. 
-

__________________ 
J

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
- 

•~~~~ 
.-



F UNCLASSIFIED
SECURITY CLASSIFICATION OF THIS PAGE (W71.n Data EnS.r.d) 

__________________________________

b~ bf ~~r ~~~~~~#9IL ~~I? A ? I A I J  DA (~ READ INSTRUCTIONS
l~~I~ r~~~l~ I ~~~~~~~~~~~~~~~~~~~~ ~~~~ I~~1~’ ~~~~~~~~ BEFORE COMPLETING FORM

I. REPORT NUMBER 12. GOVT ACCESSION NO 3. RECIPIENT’S C A T A L O G  NUMBER

FTD—ID(RS)T—1263—77 ________________________
4. TITL E (wd Subtfll.) S TYPE OF REPORT 6 PERIOD COVERED

THE STATISTICAL THEORY OF THE SCALE ______________________
FACTOR •. PERFORMING ORG. REPORT NUMBER

1. AUTHOR(.) I. CONTRACT OR GRANT NUMBER(s)

T. A. Kontorova

9. PERFORMING ORGANIZATION NAM E AND ADDRESS *0. PROGRAM ELEMENT. PROJECT . TASIC
AREA 6 WORK UNIT NUMBERS

Foreign Technology Division
Air Force Systems Command
U. S. Air Force ______________________

II. CONTROLLING OFFICE NAME AND ADDRESS 12. REPORT GATE

___________________

13. NUM B R OF PAGES

_________________________________________________ 19
*4. MONITORING AGENCY NAME a AODRESS(Sf diit.r.n t fr om Controiiin4 0u Sd ) IS. SECURITY CLASS. (of hi. report)

UNCLASSIFIED
IS.. DECLASSIFICATION/DOWNGRADING

SCHEDULE

*6. DISTRIBUTION STATEMENT (of this R.p orf)

Approved for public release; distribution unlimited

17. DISTRIBUTION STATEMENT (of the .bat racI entered in Block 20, ii diff.r.nt from Report)

*0. SUPPLEMENTARY NOTES

Ni 
- 

‘ 

-D0..

*9. KEY WORDS (Continua on reverie aIde if nec.a.ary and identify by block number) - -
JJ~ i C ~~’

PY

20. ABSTRACT (Continua on r.v.ra. aid. ii n.c....ty and identity by block number) -

20 ____

DD , 
~~~~~~~ 

1473 EDITION OF 1 NOV OS IS OBSOLETE UNCLASSIFIED
SECURITY CLASSIFICATION OF THIS PAGE (P3..n Dat. Entered)

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~-‘.,w.--



F-- ~~
--- -  ~~~~~~~~~~~~ ~~~~~~~ ~~~~~~~~~~ 

_ _ _ _ _ _

V
~~~~~~~~~

_ _ _ _ _

SECURITY CLASSIFICATION OF TMI$ PAGI(N9tsn Oat. ~~~~~~~~ V

I

I

L
SECURITY CLASSIFICATION OP THIS PAQE(Wh.n Oat. Entered) 

-V 
~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~ ~~~~~~ V..;



DISTRIBt7~I0N LIST

DISTBIBI.rrIoN DIRECT TO RE CIPI~~4T

ORGAN IZATION !.~ CR0FIQIE ORGANIZATION MICROFICHE

A205 DMATC 3. E053 AF/INAKA 1
.A210 ~~~~ 2 E017 AF/RDXTR—W 1
B31~I DIA/RDS—3C 8 E404 AEDC 1
CO1~3 USPJ4IIA I E408 AFWL 1
C509 BALLISTIC RES LABS 1 E410 ADTC 1
C510 AIR MOBILITY R&D 3. E413 ESD 2

LAB/PlO FTD
C513 PICATINNY A1~~ENAL 1 CCN 1
C535 AVI A~I0N SYS COMD 1 ETID 3

C557 USAIIC 1 N I A / P H S  1
C591 FSTC 5 NICD 5
C619 MIA REDSTONE 1
D008 NISC 1
H 300 USAI CE ( USABEUR ) 1

- V P005 ERDA
P055 CIA/CBS/ADD/SD 3.
NAVORIETA ( 501.) 1

NVASA/KSI 1

AFIT/LD 1

FTD-ID(RS)T-1263-77 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~ V ~~~~~~~~~~~~~


