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ABSTRACT

This vaper offers structures of small-size cylindrical
samples with a ring crack in order to determine a fracture
toughness characteristic (Kq ) of structural materials and
their welded joints with the” average and low strength.

They include a solid cylindrical samnple with a ring crack,
a sample with shrunk-on thread rings on an outer surface

of the base, a sample with a ring groove for weld-on of the
material investigated and a ring crack within this weld-on.
Relationships are calculated in order to determine the ch
characteristic of the material for these structures and

are presented here too.
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IIITRODUCTION

‘/hen studying half-brittle materials in order to determine

the X, or {40 characteristics according to the British
2 c

(Dr?fg for Development.%:1971) and American standards
(£.3929-74), corrections have been made vertaining to the
crack length with account of the top size of a nlastic zone:

ryzq/Qgr(Kq/Géoz)Q, ry=1/6TT<K10/66'2>2 N

According to these corrections the width of the sample dur-
1ng an eccentric tension test is equal
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for flat-strained and flat-deformed states respectively.

Proceeding from the condition of the pre-destruction zone
onconformity (Panasyuk, 1991; GOST 25.206-85) the dimensions
of the cylindrical sample with the ring crack are

, > ; P
D22.3(Kq/0y. )%, «94.5(}(10/60'2), 1-10D  (3)

where D is the outer diameter, d is the diameter of the
sample with the ring crack, L is the length of the sample,
6’0 > is the mafterial yield limit.

However, in various authors’ opinion the above mentioned

correlations need to be corrected because the factual values

of qu and K, are influenced by the sample size, the amount
\ 4 v

and configuration of the plastic zone before the crack,
deformation rate, temperature, medium, defects scale, mater-
ial strength etc. When investigating half-brittle materials
in order to determine factual ch one needs large-size

samples and a powerful testing equipment due to the great
consumption of the material to manufacture them and diffi-
culties of the test methods.

We shall make an attempt to define the most important fract-

ure toughness characteristic K of the material for the
28 ok @ 9. :
cheaper cylindrical samples with the ring crack.

DETERMINATICN OF qu CHARACTERISTIC OF MATERIALS

Calculating K,, of the Material for the ymall-Size vylindri-

cal Damples. Having analysed numerous experimental results
(Kogut, 1986) for the small-size cylindrical samples
(D=8...10 mm) with the ring cracks we found that during
investigation of brittle materials the factual characterist-
ic K c of the material had been obtained for the sample with
smali diameters and visa versa, less brittle materials

required samples of a larger diameter. We have also discover-

ed that during theé;pst uction of brittle and viscous mater-—
ials, correlation O /C 0.2 where O* is the amount of

the'ultémate tensile stress during extension of a small-size
cylindrical sample with a crack, and 6'0 ~ 1s the vield

limit of the given material, varies differentlyv.

*
“/hen €§ /G;O 2éﬂ the value of the outer diameter is calcul-
ated by formula (3) and K=K Taking this into considera-

tion and accounting for a large number of experimental dats
regarding KC for small-size sanples of various types of n

rials a simpler empiric dependence is sugzrested:
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*
7 !
Kyp=Kg 5 I ()
* . .
“ihen (; /E;O Phs (where n is the material strengthening
coefficient) formular (4) may be generalized as follows:

K =K
Kqo=Kg m - s)
As it apveared, n may essencially change, dgpending on the
proverties of the material undex investigation and the
le dianeter, i.e. N:f(O.B, , D). In the experiments
carried out N=0.9 .o 2.5. Then Kp' n=const independent-
ly from the dianeter of fthe tegsted ~sample with the crack,
i.e. maximum ¥, pertsins to minimum K,~ and visa versa.
1 P L Vo2 (R %7

=K, n<l.
ynen A(J f\,]c N

formulas (4) and (5) have been proved true with 40 grades
of the materials under investigation (low—carbonz low—
alloy, multi-alloy steels and high-durable titanium and
aluminium alloys), which have different structural states
(QSB=FﬁO...2250 MPa) corresponding to the values of ch,

which were determined when teking into account correction

of the size of the plastic zone ry=Al+l in reference to the
crack length, after nmeasuring nicro-hardness in its top

and taking Ky data for the large-size samples (Kogut, 1980)
Thus, during K,. test a sample should have such a diameter
+that it do not ° pernit crossing its netto-section by a
plastic deformation zone starting from the top of a ring
crack (D210 mm).

Calculating K,. of the naterial in the Cylindrical samples
C
with Lhread Rings. When defining Kqﬁ fracture toughness of
v
viscous materials valuable information can be provided
by test nethods of the cylindrical sanples with thread

rings. The structure of such a sample (Fig.1) comprizes
a4 buse 1, a ring cut 2, a ring crack 3, a thread surface 4

SHS

d two thread rings 5. Fatigue fracture has been formgd
a circular bend =according to the methods described 1n
gut, 1986).

Tue to the fact that the material for rings is harder than
rial for the base, and the very thread Jjoint is strain-
plastic yield of 2 viscous material is retarded during
the extension and consequently the possibility of brittle
destruction arizes. The investigation results obtained after
t ne samples if the suggested structure (D=16 mm,
d=11mm and L=150mm) with shrunk-on thread rings
hich-carbon steel CT8 after hardening in oil (thread
16x2, D =EO0mm, 2L=64mm) were (ch=58,9 MPaV@) for normaliz-

ed steel 20X, (K1ﬂ=6€.2 1'Pm) for normalized steel 40X and
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(qu=62.5 MPa¥m) for steel Ct3 of the initial state. These

results are well agreable with K o tests carriod out with
the large-size samples of the sa%é steels.
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Figel. Structure of a cylindrical sample with
shrunk-on thread rings.

Calculating ch of the Materials for the Cylindrical Samples

with a Ring (Groove for Weld-on. We also sugze
N U : sugzest methods of
calculating 10 of viscous materials for the samll-size

cylindrical samples with a rin groove for th -

the material under investigatign (Kogut et al? w?%%ﬂ?? zg 1t
has been earlier found the flat-deformed stnte’occurs in the
top of the crack during the extension of the cylindrical
sample and plastic zone, which appears %o have two isoclinic
lines directed at the angle of 72° to the crack plané (Frig2).

Their length equals to
* 2
1 —0.484(K10/6;_2) &2

ggnghls.casg the condition of the pre-destruction zone in-
ormity is being preserved. Then, the diameters of the

s3amples will be 5
. > L 2
de4.6(K10/65.2) 5 DEE.p(nqc/e%'2>;-
And under the conditions
%,%£0.035d or €,€0.015(D-d) (&)

3 o
= &
zy 1. cos 727, (

0

)
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where X is the length of the plastic zone, 1 is the

crack length. Having taken that the groove height is
2¢c=3m1m and assuming that relative size of the crack

A =d/d=0.7 by formulas (7) and (8), the outer diameter

of the cylindrical sample can be calculated proceeding
from the condition

céXo - tg 720 (9

or
cttg 72° - 0.035 - 0.7D (10)
From the above we have D220.78 mm 11

i"
] Y'_\-’§~ 4

A
~
N \'_,f—-\l,_,\,//'

X N L S S
XD S/

O N

[~
Z

N

Fig.2. Loading diagram of the sample with a ring
crack and configuration of the plastic zone
in the crack top of the weld-on (a) and its
structural elements (b).

1-base, 2-ring groove, 3-cut, 4-crack.

.8 we see: if a cylindrical sample is made of the material
fcr which the inconformity conditions are preserved at
D=21mm and at the groove height 2c¢=3%mm for the weld-on, K,
being determined is a factual characteristic of the mater-~
ial under investisation.

Tor the material which Jdoes not meet the pre-destruction
zone inconformity conditions the base (diameter) of a sample
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should be increased or the size of the plastic zone before
the crack should be limited in the following way.

L ring groove with the deuth »=0.2D and the height 2¢=3mm
is recessed in the crlindrical samnle made of the material
that meets the inconformity corditions (Fig.2 (a),(b) ).
It is then welded on by the i-vestipated viscous material
and turned and grinded to the din ieter D. Alongside the
middle of the weld-on heicht 2 ring cut dk/D=0.8 is done
and a ring fatigue crack is lored with d4/D=0.7. Ki5 is
calculated by 7

r (12)

0.7976 N 1- A
R~ | o (13)
NA' - V-0.20127

where Y is the function which depends upon relative size of
the crack ring A =d/D.

The sample structure suciested has been tested on the base
made of high-carbon steel Y 7 with D=22mm diameter with

a ring groove of 2c=3mm height and 2a=18mm depth, which was
welded on by the argon-arc welding using the following ma-
ferials: Cv 3 for the first batch, 20X for the second batch
and 40X fo the third one. Final sample dimensions after
srinding and formation of the ring cut (Q ¢1mm) and the ini-
tial ring crack (Kogut,1986) were D=21mm, dk=18mm, d=16mm.
The obtained values of ch for the weld-on materials are

K)5=62.7 nPa\m' for 20X, K,0=65.7 MPa\m for 40X and
K15=63.3 MPa\m for CT 3. They totally agree with K,; values

for the same steels for the large-size samples (Zazulyak,
1981; Kogut et al., 1991).

Hence, the plastic zone in the top of the ring crack of the
weld-on material when axis loading,is stopped due to the
confrontation with a facing groove surface of a sample with
much harder base. This causes favourable conditions for
brittle destruction of the viscous material under investiga-
tion. This is confirmed by the fact of brittle reliefs which
a.pear at the fractured surface,proving that the obtained
values of Kﬂc are true.

GCHCLUSIONS-

. Testing smnall-size cvlirdrical samples enabled to discover

theoretical evidenrce of +he determination of factual value

of ¥ ?hrough K\,j and n - the material strengthening coeffi-
cienty i.e. KWC = K, n. This is approved experimentally with
+0 naterials of various strength.
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2. Application of shrunk-on thread rings of an increased

strenghth and hardness at the outer surfacetoiigge gii:
hinders plastic deformation of a viscous ma etion.and -
causes favourable conditions for f%at iﬁgogzill—size &y
termination of factual ch values for tt

rical samples.

he cylindrifal sample with a ?ing sroove
a viscous material in the gaslngfofhz
i i forrmity conditions of €
one implements the inconi 3
hi£§§Zstructign zone when defining fracture toughneiz ch
gf a welded Jjoint for a small-gize cylindrical samp
as well as for a large-slze One.

3, Application of t
for the weld-on of

REFERENCES

: for plane-strain
£ Development 5.19741 Metho@s‘ I .
giggzurgrtoughnegs (K;c) testing. British Standards Institu

tion. London, 1971, 20 pp.

ane-strain fracture
. -7, Standard method of test for plane-s in fra 8
%oazgnZss of metallic materials.-Annual Book of ASTM Stand

ards. 1974, No 10, pp.432-451.

i i f cylindrical sample
Kogut M.S. (1980) About the selection o 3 an;
dig:eter for determination of ch of materials. Zavodskaya

Laboratoriya, No 3, pp. 277-279.

Kogut M.S. (1986) Fracture toughness of structural materials.
Lviv, Vyshcha Shkola.

Kogut M.S., ohaknmatov M.V., Yarofeyev V.V. (1991) Carrying
ability of welded joints. Lviv, Svit.

Panasyuk V.V. (1991) Mechanics of half-brittle materials
destruction. Kiev, Naukova Dumka.

i i f cylindrical
lyak 7.A. (1981) About the optimal sizes ol cylin
2:;3123 with a ring crack when determining ch.— Soviet
Materials Science, No 5, pp. 107-110.

i i ts. liethods of
25.206-85. Calculations and strength ftest 1
gggﬁangcal testing of the materials. Determining lricture
toughness characteristics at the statical loading. lloscow,

1985.-62 p.

473






