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CALCULATIONS OF THE SUPPORTING POWER OF
PARTS WITH CRACKS IN CASES OF BRITTLE OR
QUASI BRITTLE STATES OF MATERIAL
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ABSTRACT

The Lask is to Provide a structural design melhod of comeler
reometry full-scale cast rarts., made from middle stegls wilh
Cracks, located in a stress concentration Zone. Direct
fracture eEperiment on the Parts in the condilions Providing
brittie or quasi-krittle fracture 15 carried on  The orack
rropadation 13 assumed to g0 by way of separating to Lhe [irst

Lrre. There exist tihree 5tates of material: Flastic,.
masi-brittle, brittle =iates and the corresronding tyees of
[racture. Fracture efperiments of lautomatic coupler)

rdris  cases were carried on. Hore than 50 cracked partg from
the cars in operation have been invesiigated. Considered Ehe
“fructural  desiegn of the cracked parts for the cases of the
mosEt  dangerocus  brittle fractures. Using +the sectlon method
lor a2 case of a Lypical surface seml-elliptic crack gave the
relaticnshlP of the maximum stress.  Particular dttention was
ra1d Lo defining of the resistance Lo breakKing (EJc) of everr
tested part. Considered the quasiy - brittle fractures with
somewhat ldrege values of plastic deformation.
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The task 18 to provide a structural desien moethod of complex
weometlry  full-scale cast rarts, made from mild zleels wilh
rracks. located In a siress concentrallon Zone

A3 far as Ln solvine of this rather compl icated problem M s
mPossible 1o avoild some d3sumPtlons, direct {fracture
sxperiment on the pariz after variocus orerating service ]jves
'n the cenditieng providing brittle or quasi-brittie fracture
Iz rarried on; the accoracy of compatatlon methods 13 evaluated
by comparing the design and the cxperimental Ioads. Taking 1nto
vonsideration the detalled information on the automalic coupler
of frejght cars (Fig. 1), Including 1ts lond service 1ife. its
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orperational failures, POSs1bility of full - scale fracture

€Xperiment the ) st ¢
from steer g L.problem was solved on the cast component, made

In the investigation dan '
» geér area A (Fig.1) the component has
é?gcxgogrogggstggn115xl30 mm with wall thickness of 23 mm. The
S ass
according to enaol L typg}xmed to go by way of separating

F18.1 Places of situation cracks in the investigation part

According to modern aPProa i

d1ne C : ches there exist three states of
Tiég;laé% P;astlc. quasi-brittle, brittle and the corresronding
fractur racture. Bqundarv surfaces of different types of
L tare the first (Tcr1) and the second (TcrR),
ko VISnggegﬁgg{Ss of Tbrlttleness (Hakhutov.1973).'re> Tcr

b re, cry > Te > Tcrg - quasi - 1

fracture, Te < Tcrp - brittle fracture. prittie

Sg;;icgéttemmeratures of brittleness (the first and the second)
dlned by relation suggested in the Institute of

Hachine-dealing of i
(Hakchtov.1973): the USSR Academy of Sciences

Tériz) - 1éfyy + 5 AT (1)

where Tcr+(2) -the first'or the second critical temperatures
0f the part brittleness;
AT -deviation of the first or the second critical
temperatures of the specimen brittleness
depending on diftferent factors of the part.

The first critical temperature for the specime

‘ C n was defined by
é?ftgﬁiéga§pp gf‘2$a§ture type, namely %B:=50; the second - by
tor fie ch —Ke%- u i Where Q,- fracture stresses, obtalned
IS 1o s?c eccepiric gens n specimen. For the cast part
mage, m eel 20L TCrf =-5°C; T¢T2 =-120°C. Minimum value of Tcro
: neéw" automatic courlers wWith cracks 1is equal to (+50 ), it

15 hieher for ihe rest. The second critlical temperatures of
brittieness for a zone in question 4re presented in table 1.

Table 1. The automatic couprler case (a zone of cofferdam).

lL.ifetlime 0-8,5 8,5-12 12-20 20-30
(yedars)
rcrg, -99 -59 -T7 -47 -65 -21 39 -15

l.evel analysis of critical temperatures obtained reveal that
the investigated parts are either in a quasi-brittle or in a
dangerous brittle state.

IFor checKinsg of the conclusion obtained wide fracture
cxperiments of automatic courler cases were carried on. HMore
than 50 cracked vrarts from the cars in operation have been
tnvestigated (Fig. 2). In expreriments breaking stress,

F1g. 2. Parts which were tested on fracture.

temperature, eccentricity of 1loadinsg, a portion of fibre in
fracture, and what 1is more important, the dlagrams of
tracture, loading-orerating of crack were recorded (Fig. 3).

The diagram type evaluation was done 1in accordance with 3
conventional criteria (Markochev and Morozov, 1976); the
conditions also were checked, where 6, /6, < 0.8, O,- maximum
stress. By the results of checking the€ fracture diagrams
were divided into two groups: brittle and quasi - brittle
'hus, experimental data reaffirmed the theoretical results
obtained (Fig. 3): wunder 1low breaking stress the "old" (with
longer lifetime) parts with Tcrg =(-40...-15)° C had brittle
fracture; more "yvyoung" parts had hieher breaking stress and
thelr diagram corresponded to a quasi-brittle fracture

Thus, reliability design algorithm of these parts during the
design stage should provide the possibility for two types of
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tracture,
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Fir. 3. DIagrams of leading - displacement,
fraclure experiment for tulil
under 4if ferent temperatures,

e,

recorded in  the
seale paris with  cracks

First-of al] tonsider the  structoral dezlgn of Lhe crackod
Parks  top Lhe Cdzes of Lhe most dangerows fractures, The
standdrd reliabjlity conditionsg n dCrordance With a
vonventiond]l foroe crilerion of fraciure 12 pged:

Erdes » KIU (2}

where Kigpe-andlvyticaj BERreszion of Lthe siress |ntensity factor
tor the particuolar COomPonent ;
ETC the limsting value of Lhe =iress intensity fAC Lo,

For full scale parts of COWLP!CK ERODELrY it iz wepy dlLificnult
Lo define Lhe leFl as well 43 the right paris of the CEPressIon
() Accurate  solutiom of 4 eroblem 41 determining (K-taring)

(Erdec | for  Lhe full-scale parts mepts BEreal mslhemal jcal
difficulties,

Considering Lhat factor  an ENEINCErINg 4Pproach based on the
method of zmecLion tHorosow, 1969) gan UL, L would Ere
Merfasary to get andormsl jop on Lhe sirecss disiribulion 1n Lhal,
Farliculdr section Whilr'e o Crdck = located, The ziress =lgle
Lveshigal jon - had  bepn caTtied  on by Lhiroe melhods; slrarn
medAsurement by smal ) lenk Lh 1 nmn Hauges, volwmtiric
rhoetoelsal ety AT a e L hod of finiie elemenls n
three -demensional variant (Eostenco, |19Eg), Combination of these
three approdaches Permilied Lo #el the trge diztribution piciure
af 41l Parts ot Lhe zblress tenzor,

Nsing the seclisn method for 4 Cage of 4 L¥eical surface semi-
ellipetic cpack (FIe 4 shows only Lhe ueper shelf of d box
Sezlion) gave the relaflonshie for Lhe fracture foad p.
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P s - 4 diven function of the ellipPtic 1nlegral:
ﬁ';fe%] - ‘fhe result of the numerical integration of the
cEPerimental stresses Tield, obtained for

foad value P-1 MH (Mesganewtons} andfact:0 by
Simp2ons  rule. in Newtons;

4ct actual ecceniricity of loading in m; e
Ec;‘ic - the =#iresses. e3atimated EKPHFLI!E']’I}_EI.I-I!" Eor
i P-1 HH (Meganewlons) and fact : 0. Consider a

@edn stress aglong Lhe crdacks {rontl dependlng
on 1Ls laocation.

E - taring dependance was alsao defined:

L:'Idﬁsﬁ'n\f;fmbﬁcd.lp J*ﬁ.-ﬁ':l-'cperiﬁiﬂ -6, (o,.¢) - E‘n-?f (4]
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Fi1d. %, Exploltation cracks in the Parts of carrizsges,

i value of Lhe 3Siress Lolenosity  Factor in d
v.lalllge I{Eéuti'ﬂ;ture range on the e::centr:c_tgr&sujrl fu;'ﬂqr:::
specimen With a 1ihicKness according to _1.:[.]..:* A5, iﬂ] : (.;f A
def lned. The results of Lhese tesls gave l.hfz_ '.r.=1 T;‘- .::_iu"-'{_:]
nnder the temperature of brittle siate en I.h1sm+,.::s:t '1'1-r~ ﬁa-upa
and  the sgecond criticdl temperature Tora 120 {,.: I'1.ld3- H
of ELC for every particular part were defined by Fformu S
4nd &) (Hachutow, 1973),

K1c - Fpezel (rhre - rexpi); 159
I3 2 % ); (B
E1c = KI':EJ:P[ H[TEI‘: =TF)E
3 i »f  th slresa iglensity
the imiting value of the s _ r
AR factor of a rart under the Lemreraluore 1 2 :
BR - coeefficient of derendance from Lhe vield 1mit
o) under the normal temeerature; R
TeErl - temperature at a moment of Lhe part I‘I-J‘.Lfr;:li.'l
Ex Slress lnl.!?nslt.v facler under the briltle stale

temprerature TH(T': -230°C 1n  the case).

i 2 of Cracks ecometrical
= ice LiFe, testineg temperalures, size z | e ;
-1tll$nsmr1 and other faclors influence Exc by way of shifts of



critical temperatures in a formula (1),

For i i

stang;?éuggégfm of the service life influence uron K ¢ the
ot o automg?'Of stretching were cut from the investigated
Testing results gave changes " in yonigiS PEriods of lifetime.
g, L ] _ imi of this par
tempg;g:urgdgigg tgv their 1life time. The shift of crit;é;}
the vaThe ok o 'e Cyclic damage was defined by loffe scheme;

[o) Ic was defined by formulas (7 and 8).

Des
(3)}gnug?£ge(7?f breaking 1load Pdes, obtained from a formula
, (8) were compared with exprerimental Pexp.

Discrepancies h :
ave : ;
within 23-307. both positive and negative values ard are

Consi z .
ValuegEPoftg?ag¥?31 ~ brittle fractures with somewhat large
Viewpoint of b C deformation. They are investigated from the
criteria of quagT © linear  mechanics  of  fracture.  Some
Here 1s given the Ca?g&};{?onfractuggs are Known at the ime.

1l | on €  basics sLress
Intensity factor (Makhutov, 1981, GOST 25, 508.”525. ())f the stress

The fracture conditions are as follows:

-— -— ”E T —
Kledes -67chp (6 cpyFT vo)= Kcg»  when 6, >t 1
where ¢ :
condit;gggen;]gn%]]y the left part describes operalional
and  ite -ri gt Lonstructlonal figures of the rarticular par!
ght Kce - resistance characteristic of the Daf;

material under quasi-brittle fracture

Consi N . ~
- nm;gfgu;ht }gf}tpdrt Of the equation (7). Here: H'cp oy
the  £racture a 1ve. loca} stress i1n a concentration Zone i
expression g moment.; Yo‘: Y, V7 - coefficient in  (to-
ACCOTdanCE Wl{i.th which is definéd by the dependence (4). in
e characterfs}?Chnque (Hakhutov.lQBl; GOST 25. 506. &%),
conditions are 49 foflgis:Of the part material and Toadiny

Ne= (4 = m) / (m (1 + m));
Pos @ 205 (1 - mct -6cpy) 7 (1 v m; (8
where - ]
m ;Fqix‘oj mﬁterlal hardening 1in elastoplastic zone
Q?% erial constant), which is defined for SIOOLh
specilmen, tor example, by way of unjytor
ndrrowing V@ "
M - 2,3 18 (100/ (100 -¥§). {9)
The i ies of
undeglféﬁggit{tg of the strensth evaludtion of cracked paritye
Ehie Lot p;r1 v{r1tt1g~frdcpure are redoubled by the fract, iju”
e ] and‘ 2 ~Lhe criterion condition 18 changed by way of n
lOddllgelpvellﬁ 1nf1uenced‘upon by the number of loadings, dﬂdf
o 2 , the part dimensions, the temperature and some

other fa(:‘t()l S The c i = =
. S1
cycle fati sue desj En tuat 1on descr ibed 1s similar to the ‘mall

The fac 5
hdrdeniﬁgrindén question are considered by means of the
"X I 1n the elastoplastic Zzone, which is estlmdted

not a3 4 material constant, but as a value, dependent from the
loading prehistory in a formula (5,6).

'he right part of the condition (7) Kc is defined according to
GOST 25. 506. -85.

Ior calculation of particular part according to the egquation
(7y, the 1limiting deformation intensity factor Kcgefor this
rart material 1s needed, which is determined by the testing
temperature, the degree of material cyclic damage, variations
in crack sizes and also in dimensions of a specimen and a part.
In this connection the right part of the criterion condition
1130 needs some correction. The most convenient way to do this
13 to use the critical value of the deformation intensity
tactor (Makhutov, 1981) by means of fracture local
deformation in the crack tip (ef) (11), which, in its turn is
related wi the_ relative 1local deformations of a smooth
jpeclimen ég = @K according to (12), estimated by means of
ndarrowing in the smooth specimen neck according toYloc with

the formula (13)

Kce - €1\ enlo (11)
Ej,: De-€, / 1 (12)
€ =17/ ey In (1 /7 (1 -W1loc)) (13)
where De - coefficient of fracture deformation reduction

in a concentration zone under non-linear stressed
state which is estimated according to (Makhutov,
1981);

I - coefficient of resistance rising to the plastic
deformation by means of the volume stressed
state (Makchutov, 1981);

{o - 1initial dimension of a crack in a specimen;

gy - deformation of initial vieldinsg

Some corrections were carried strictly according to the
procedure without any relations to the factor in estion: at
first the changes of mechanical characteristics (O6y andloc)
influenced by the particular, factor were defined; after that
the values obtaineddy, €y and¥loc were put into (13), a local
deformation in a crack tip (€f) was defined according to (12).

The coefficients are defined according to the suggested scheme:
Co - reveals influence of the temperature difference of the

2 . : :
xnvestigatgg,59601nen under the eccentric tension and a part
(reflation y andY¥l1oc experimentally obtdined and influenced

by the temperature (Makhutov, 1981) were used); Cy - defines the
difference 1in dimensions of a specimen and a part according to
conventional relation (Makhutov, 1981); defining of the
coefficient Cy, revealing the difference in the crack
dimensions in a specimen and in a part, was considered 1n

detail.

The resultineg deformation intensity factor of the particular
part i1s defined _on the basis of the specimen deformation

intensity factor iﬁ@ from a relation:

Kce - ReerC. (14)




T™he analysis shows the values C ard ¢ top pe negligiblao, that
13 why C = C.C,,

) b
on the basi1s of the condition (7] in the above mentioned Lesls
the breaking Ioads Pdes of cracked full scale paris fanlomat g
vourlers of the frejght vars) ror the cases of quasi britile
fractures were calculated.

ComParing the calculated Talyes wWith values obtalned
SEPETImENntal 1¥ we sep that the mean divergences are within
(+20, .. 25)%. The value of the breakine 1ocad Fdes., calcolated
without taking into consideration the aystem of corrections are
received too. The Andl¥318 of Lhe results show Lhat the
corrections of the both PAria of the criterion egualion (|
increase anfficiently up to 15 .. pox) ACCUrdcy of
calculation,

Working up the calculations 1n HUestlon 13 necessary for

obtaining ihe eeneral algorithms for the design reliability
rrediction,
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