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Summary. The changes of cracking resistance
K=f(D) have been investigated for test cylinders with a
circular crack made from thermo stressed and output
reinforcement steel 25H2S and 35HS in the range of
diameters (D = 6 ... 28 mm) and tested by the scheme of
axial tension that appeared to be insignificant for thermo
stressed and significant for output. It is established that
the proportionality of values K=K;c,for thermostressed
test cylinders starts after testing D = 16mm (K;c = 95.5,
74.4 MPaNm) and output (state of delivery) - D = 22mm
(K;c = 60.5; MPaNm 46.5), respectively, both for steel
25H2S and for 35HS. Method of axial tension of test
cylinder with a circular crack is an effective tool to
correctly determine the fundamental characteristics of
crack (K;¢) for the studied steels and ranking the quality
bar steel at the stage of entrance control.
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ANALYSIS OF RECENT RESEARCHES AND
PUBLICATIONS

It is known that for professionals who are studying
the strength of thermo stressed steel rebar, in order to
determine its suitability for use in the construction
industry conduct testing of a specific diameter of
reinforcing rods in axial tension, according to GOST
12004-81 [1] and DSTU 3760-98. [2] By this they found
out that the method of producing bar steel by blanking in
beds in the conditions of heating or cold-working practice
in powerful stamps also change its strength, which,
undoubtedly, is important for practice, especially when it
is subjected the electro thermal heating [3].

Let us try to analyze the state of the researches due to
the influence of scale on static cracking resistance (K,¢) of
structural steel, because there are many works dedicated
to the study. In particular, the impact of test cylinder size
on cyclical cracking resistance of heat-resistant steels was
established [4] or influence of scale factor and residual
stresses on welding and the growth rate of fatigue cracks
was also investigated [5] or the effect of test cylinder size
on the parameters of cracking resistance, which is
determined on the basis of complete diagrams of

destruction of smooth cylindrical samples was also
proved [6]. It should be noted as a little influence of the
scale factor on fragile strength of titanium alloys [7] or
alloyed special steels [8].

However, the impact of the scale factor on K- of
structural material in various types of prototypes is almost
not studied except [9-14], where the authors measured the
changes K;c = f (B) - by three-point scheme prismatic
specimen deformation with side crack and K;c = f (D) —
by the scheme of axial tension of test cylinder with ring
crack accordingly to low-carbon and medium-carbon
steels and titanium alloys.

The objective of the study is to investigate the effect
of different diameter test cylinders made of thermo
stressed (by electric heating) and output (state of delivery)
reinforcing steel bars 25H2S and 35HS on the value of the
fundamental static characteristics of cracking resistance
K¢, by which the brittle fracture resistance of these steels
is established, ie their cracking resistance.

MAIN RESULTS OF THE RESEARCHES.

The effect of different diameters of test cylinders on
static cracking resistance, ie K-=f(D) of thermo stressed
and output reinforcing steel bars was the subject of our
research. The material for the tests were reinforcing bars
of diameters 8; 14; 18 and 24 mm for steels 25H2S and
35HS after electro-thermal strengthening during different
times of heating: Ts = 3; 4; 5; 8 min. on an industrial
installation [15] and reinforcing rods of diameters 8; 14;
18; 24 and 30 mm of this steel (state of delivery),
respectively. It should be noted that the increase in
heating time led to temperature variations along the length
of rods of various diameters ranging from 320 to 410 ° C.

So, in order to study K-=f(D) of thermo stressed and
output (state of delivery) reinforcing bars with a six-meter
lengths, we mechanically cut at 1 m 18 party pieces for
the manufacture of various diameters and lengths of test
cylinders.

General dimensions on manufacturing a test cylinder
with ring crack accordingly to recommendations [16]
shown in Fig. 1.
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Fig. 1. A test cylinder for tension

L=5D;d=(0,6-0,7)D;L1>8D;[,=05(D-d) >
05mmandly>37htga Di=D-2h=085D. ltis
recommended for materials’ research with bar diameter
10 ... 30 mm.

In all the parties’ blanks (6 pcs. in each party), the
size of test cylinders was: @ 6; 12; 16; 22; 28 mm and
ten-fold length of 60; 120; 160; 220; 280 mm, in which a
ring concentrator was cut with notch acuity p<0,2 mm and
depth dy / D = 0,7; firstly with threaded cutters with
carbide plate mark T15K6 and then, with finishing
grinding jeweller's saw with a vertical angle a = 60 °.
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Modes of initiation of fatigue ring cracks of each
diameter of test cylinder were kept by choice of bending
efforts in the condition: Qp < 0,70*, where ¢ * - tension at
the bottom of the ring concentrator at three-point bending
in the middle length of the cylinder L / 2 for the
corresponding diameter, which was carried on a lathe
machine, model 16K20 by the methodology [17]. The
relative depth of the ring crack for different diameters of
the test cylinders was calculated from the ratio: e =d /D
and is within 0.6 ... 0.65, and their testing scheme is
shown in Fig. 2.

Fig. 2. Scheme of axial tension of a test cylinder with a ring crack
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The experiments were performed on test machines
R10 and R25, where, after their accuracy calibration,
were recorded in the stretch charts for different diameters
of samples in the coordinates: F — force, € - deformation.
During stretching, the moving cross head of the machine
made movement of 2 mm / min. For each sample, the
diameter of destructive force F = F * was recorded and
measured the values of d and D of the cylinder and using
the formula [18] calculated the cracking resistance
K~=f(D)

pr
KlC = ﬁ " y, (l)
oo _07976VT=¢ . _d

where: y = eVeis0Boize ¢ D

Results of the obtained values of K-=f(D) are shown
in Fig. 3 from which we can see, that curves 1 and 2 for

thermo stressed (by electric tension) steels 25H2S and
35HS have smooth ups with access to the levels, starting
from the diameter D = 16 mm; and curves 3; 4 for the
output steels (state of delivery) with characteristic steep
climbs with access to the levels, starting from the
diameter D =22 mm.

Thus, based on Fig. 3. for the small-diameter test
cylinders, obtaining lower values of K- may be explained
by the overlapping of the net section of the test cylinder
with a ring crack by the strips of plastic deformation in
the plane of the closed circuit of the cylinder by the
diameter d, (see. diagram in Fig. 4), that means, that the
size of these strips is not compatible with d, diameter,
and therefore do not satisfy the conditions of self-
similarity of prefracture zone in its axial tension [19].
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Fig. 3. Change of K of diameter D for test cylinders of ring crack of 25H2S and 35HS steel: 1; 2 - after electro thermal

strengthening; 3; 4 - delivery condition respectively

When d., of cylinder diameter is greater than the size
of the plastic strips, that is, there is no overlapping of their
net-sectional diameter dp,, thus, we satisfy the conditions
of self-similarity of prefracture zone in its axial tension.
(See. diagram in Fig. 4).

Fig. 4. Scheme to determine the length of the crack I
with correction 4/ on plastic zone in front of the crack to
correctly determine Kc: dp - diameter covered with
plastic zone (dotted line); D and d - outside diameter and

the diameter of the sample of ring crack (I,c = D - dg; 1, =
D-d; Al =d-dy).

In other words, the minimum diameter of the test
cylinder is one in which the determined value of K will
be compatible with K of the next larger diameter of test
cylinder, having reached the value K. = K;c of the
horizontal line (Fig. 3), corresponding to a plane
deformation condition. In this case, we received not the
cracking resistance of a given diameter of test cylinder
K¢, but the actual test material K, cracking resistance.

CONCLUSIONS

Due to impossible ring cracks circuit coming out on
the free surface of the external diameter of the cylinder,
the minimum outside diameter (Dy,;,) of this sample will
always be less than the minimum thickness (T,) of beam
or any other type of sample, and therefore the fair value of
the fundamental characteristics of crack resistance -
viscosity destruction (K;c) of the material can be defined
in less material consumption and using standard test
equipment and test facilities and the proposed
methodology of research.
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For the studied thermo stressed steels 25H2S and
35HS the minimum diameters on the correct definition
K¢ is diameter @ 16 mm (see. 1 and 2 curves in Fig. 3),
for which K¢ = 95.5; 74.4MPaVm, respectively. As for
the studied steels 25H2S and 35HS in a state of delivery,
then for the correct definition K- the minimum diameter
of the cylinder is @ 22mm (see. 3 and 4 curves in Fig. 3),
for which K¢ = 60.5; 46.5MPaVm, respectively.

It should also be noted a significant increase in the
values of K=f(D) for steel 25H2S compared to K=f(D)
for steel 35HS consistent with data [20] for these steels.

REFERENCES

1. DSTU 3760-98. Blanking reinforcement for
concrete structures. General specifications. - K: State
Standard of Ukraine, 1998. - 20 p.

2. GOST 12004-81 Steel reinforcement. Methods
for stretch tests.

3. Hnidets B.G.Concrete structures with electro
thermal prestressing / B.G. Hnidets, P.P. Zavadyak, M.R.
Schehlyuk. - K: Technology, 1996. - 240 p.

4. Troshchenko V.T. The effect of sample sizes on
the characteristics of cyclic crack resistance of heat-
resistant steels / V.T. Troshchenko, V.V. Pokrovsky, V.G.
Kaplunenko // Ann.1. Strength problems. - 1986. - No. 4.
- P. 3-9; Msg. 2. 1986. - No. 6. - P. 13-18.

5. Trufyakov V.I. The influence of the scale factor
and residual welding stresses on the velocity of
propagation of fatigue cracks / V.l. Trufyakov, P. P.
Mikheev, A. Z. Kuzmenko // Strength problems. - 1980. -
No. 6. - P. 20-22.

6. Chausov N.G. On the influence of the dimensions
of a sample on fracture toughness parameters, determined
on the basis of complete deformation diagrams / N.G.
Chausov // Strength problems. - 2004. - No. 5. - P. 117-
123.

7. Cherepanov G.P. On the influence of the scale
factor on brittle strength / G.P. Cherepanov, A.B. Kaplun,
Yu. I. Puchkov // Strength problems. - 1970. - No. 7. - P.
36-41

8. Evaluation of the crack resistance of 15X2MFA
steel body in different states according to the data of tests
of small-sized samples / N.G. Chausov, A.A. Lebedev,
Yu. G. Dragunov, et al. // Strength problems. - 1992. -
No. 12. - P. 3-10.

9. Kogut N.S. On an approach to the determination
of the K;c material on small-sized cylindrical samples.
N.S. Kogut // Phys.-Chem. Mechanics of materials. -
1984. - Ne 5. - P. 115-117.

10. Kogut N.S. The influence of technological
factors on changes in the crack resistance of thermally
stressed reinforcement / N.S. Kogut, R.V. Humenyuk //
MOTROL. Commission of Motorization and Energetics
in Agriculture. 2014. Vol. 16, No. 4. - p. 189 - 192.

11. Kogut N.S. Crack resistance of structural
materials and their weld surfacing of junctions / M.S.
Kogut, N.M. Lebid. - Lviv: Aral, 2008. - 286 p.

12. A nev regeneration method of barethread roller
bracers / W. Piekarski, J.Gromko, N. Kohut, et al. //
Motrol. Motoryzacja | energetyka rolnictva. - Lublin. -
Tom 6. - P. 220 - 226.

13. Kogut M.S. Fracture toughness of structural
materials and their welded joints / M. S. Kogut, V. A.
Shabaikovych // Fracture mechanics successes and
problems. Collection of Abstracts. Part Il. ICF-8. Kiev,
1993. - P. 603 - 604.

14. Humenyuk R.V. Laboratory installation for
strengthening and control of steel thermo-elastic
reinforcement / R.V. Humenyuk, N.S. Kogut // Mechanics
and physics of destruction of building materials and
constructions. - Lviv: Kamenyar, 2012. - No. 9. - P. 233 -
237.

15. Kogut N.S. Crack resistance of thermo stressed
reinforcements and the influence of temperature
fluctuations / N.S. Kogut, R.V. Humenyuk // Strength
problems. - 2011. - Ne 5. - P. 82 - 89.

16. Kovchik S.E. Mechanics of fracture and strength
of materials. Reference manual in 4 volumes. T. Z.
Characteristics of short-term crack resistance of materials
and methods for their determination / S.E. Kovchik, E.M.
Morozov // K.: Science. Dumka, 1988. - 435 p.

17. Panasyuk V.V. About one way of formation of
surface axisymmetric cracks in cylindrical samples / V.V.
Panasyuk, S.E. Kovchik, N.S. Kogut // Phys.-Chem.
Mechanics of materials. - 1972. - No. 2. - P. 95 - 97.

18. Kogut N.S. Crack resistance of structural
materials / N.S. Kogut. - Lviv: High School, 1986. - 160
p.

19. Andreykiv A.E., Spatial problems in the theory
of cracks. / AE Andreikiv. - K.: Science. Dumka, 1982. -
348 p.

20. Buzhanskyy M.I. Evaluation of the strength
reinforcing steels with their prior electric heating and
deformation / M.I. Buzhanskyy // Engineering. - 2006. -
No 11 -12 - p. 36 - 40.

BJIMAHUE MACHITABHOI'O ®PAKTOPA HA
TPEIIUHOCTOMKOCTH

TEPMOHANPSKEHHBIX M BBIXOTHBIX
APMATYPHBIX CTAJIEN

I'ymeniok P., Byiinuk A.

AHHOTaUMA. UccnenoBansl WU3MEHEHUS
tpenmHocToiikoctd Ke = f (D) mns mmnuHIpHYecKux
00pas3IoB C KOJBIEBOW TPEIIMHOM, WU3TOTOBJICHHBIX W3
TEPMOHAMPSDKEHHBIX U BBIXOAHBIX apMaTypHBIX CTalei
25I2C u 35T'C B guama3one muametpoB (D = 6 ... 28mMm)
U UCHBITAHHBIX MO CXEME OCEBOI0 PACTSXKEHUS, KOTOPbIE
OKAa3aJIUCh HE3HAYUTEIHHBIMHE JIJISI TEPMOHATPSIKCHHBIX H
CYIICCTBEHHBIMH U BBIXOTHBIX. Y CTAaHOBJICHO, YTO
COpa3MepHOCTh 3HAYCHUI K=K, LIS
TEPMOHAIPSHKCHHBIX HUAJIUHAPUIECKUX 00pasIoB,
HAYMHACTCs mocie ucnbitanuii D = 16Mm (K¢ = 95,5;
74,4 MITa\m) 1 BBIXOJHBIX (COCTOSIHHE TOCTABKH) - D =
22mm (K;c = 60,5; 46,5 Ml'[a\/M) COOTBETCTBEHHO, KaK
mrgs cramn 25T2C tak m 35T'C. Meroamnka OCEBOTO
PaCTSDKEHUS IWIIMHIPHYECKOTO 00pas3a ¢ KOJbIIEBOK
TPEIMHON  sBIsAeTCS A(PQPEKTHBHBIM HHCTPYMEHTOM
KOPPEKTHOT O onpeJeNeHus (dhyHIaMeHTaIBHOM
XapaKTepUCTHKH  TpemuHocToikoctn  (Kj¢) s
HCCIICAYeMBbIX CTaJed W  pamKUPOBAHHE KadecTBa
MPYTKOBOHM apMaTyphl Ha CTAJUH BXOJHOTO KOHTPOJIS.



